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Abstract 

Changes of the nerve activity of the sympathetic renal and vertebral nerves were elicited by microinjection of sodium glutamate 
(50 nmol/100 nl) into the pressor areas of the dorsal (DM) and rostral ventrolateral medulla (RVLM) in cats under urethane-chlo- 
ralose anesthesia. Animals were bilaterally vagotomized, artificially ventilated, and paralyzed with gallamine triethiodide. The 
vertebral nerve activity always increased when pressor responses were induced by DM or RVLM stimulation. However, the effects 
of medullary stimulation on the renal nerve activity were variable. Three types of renal nerve responses concomitant with the 
pressor responses were observed in either baroreceptor-intact or baroreceptor-denervated cats. They were: (1) augmentation (type 
I); (2) attenuation (type II); and (3) insignificant change (type liD. Type I responses were often elicited by RVLM stimulation 
whereas type II responses were often elicited by DM stimulation. Findings suggested that neurons integrating these sympathetic 
nerve activities were not equally distributed in the pressor areas of DM and RVLM. This result supports the notion that neurons 
located in different pressor areas of the brainstem exert differential effects over different sympathetic nerve activities. 

Introduction 

The rostral ventrolateral medulla (RVLM), 
specifically the area of 'subretrofacial nucleus' 
have been studied extensively and well docu- 
mented for supplying the basal sympathetic tone 
essential for the maintenance of systemic arterial 
pressure (SAP) [6,8,12,17,29,35,37,46]. Similar 
types of experiments have shown that the dorsal 
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medulla (DM), covering the areas of parvocellu- 
lar nucleus (PVC) and the nucleus tractus solitar- 
ius (NTS), are also important in the integration of 
vasomotor activity [2,10,21,36,40,42,47,48]. Our 
previous studies [24,25,39], using excitatory amino 
acids as a tool, have demonstrated the existence 
of pressor neurons in DM, activation of which 
produces a prominent increase of SAP. More- 
over, bilateral destruction of the pressor neurons 
in DM with kainic acid significantly decreased 
the resting SAP, suggesting a role of DM in 
maintaining vasomotor tone [39]. Furthermore, in 
studying the generation of sympathetic rhythms, 
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Barman and Gebber  [2] reported that the basal 
activity of RVLM sympathoexcitatory neurons 
were derived from that of DM. Such results add 
support to the findings of current investigations 
regarding SAP integration in the medulla. 

Recent evidence indicates that activation of 
pressor neurons in RVLM may affect vascular 
beds differentially. For instance, Lovick [28] ob- 
served that application of DL-homocysteic acid to 
RVLM produced vasoconstriction or vasodilation 
of the hindlimb accompanied by vasoconstriction 
of the renal and mesenteric arteries. The neurons 
responsible for the vasoconstriction of the 
hindlimb were distributed more in the rostral 
than in the caudal RVLM. Such a topographical 
organization is similar to the findings of Damp- 
ney and McAllen [13] in that sympathetic fibers 
innervating the skin and muscle of the hindlimb 
may not respond uniformly to RVLM stimula- 
tion. In their study, sympathetic fibers innervat- 
ing the skin were activated by stimulation of the 
medial part  of the subretrofacial region while 
those innervating the muscle were activated by 
stimulating the lateral part of the same region. As 
these differential responses result from activation 
of different neuronal populations in the central 
nervous system, it is reasonable to speculate that 
DM may also affect the sympathetic outflow in a 
manner different from that of the RVLM. 

The present study was conducted to compare 
the influence of DM and RVLM on sympathetic 
nerve activity. Renal sympathetic nerve originat- 
ing from the celiac ganglion and vertebral sympa- 
thetic nerve originating from the stellate ganglion 
were chosen as indices to evaluate the responses 
of different sympathetic nerves elicited by mi- 
croinjection of glutamate (Glu) on the pressor 
areas of DM and RVLM. Results of the present 
study suggest that DM and RVLM exert differen- 
tial effects over sympathetic nerve activities. 

Materials and Methods 

General procedure 
Twenty-eight cats of either sex (2.0-3.3 kg) 

were anesthetized with urethane (400 m g / kg )  
and a-chloralose (40 mg/kg) ,  and paralyzed with 

gallamine triethiodide (2 mg/kg /31 l  ram). This 
regimen of anesthetics produced a stable condi- 
tion of anesthesia for 8 h at least, as indicated by 
a steady level of blood pressure and heart rate. 
The femoral artery and vein were cannulated for 
measurement  of SAP and administration of drugs 
as described previously [9]. The trachca was intu- 
bated and artificial ventilation was adjusted to 
maintain an end tidal CO~ level within 4-4.5(:,;. 
The rectal temperature  was kept at 37 + 0.5 "(i 
with a feedback-controlled thermal blanket. Rest- 
ing mean systemic arterial pressure (MSAP) was 
maintained above 80 mmHg, if necessary, by in- 
travenous (iv.) infusion of 5% dextran solution 
(1(1 ml /h) .  

The animal's head was fixed in a David Kopf 
stereotaxic apparatus and occipital craniotomy 
was performed. The pressor sites in DM and 
RVLM were approached stereotaxically using the 
following coordinates: 3-5  mm rostral to the obex. 
2-4  mm lateral to the midline, and I -7  mm 
ventral from the dorsal surface of medulla. A 
30-G stainless steel insulated needle, cxcept its 
tip, was used as a monopolar  electrode to explorc 
the pressor sites of DM and RVLM, first by 
electrical stimulation (100 / ,A, 0.5 ms, 80 Hz) 
then followed by chemical stimulation (sodium 
glutamate solution (Glu): 0.5 M, pH 7,4, contain- 
ing 1% Fast green in artificial CSF) [9,11]. By 
manually pushing the Hamilton syringe (10 #1). 
which was connected to the electrode-tubing via a 
piece of PE-tube, the Glu solution was injected 
slowly (10(1 n l / 1 0 - 2 0  s) to avoid volume effects. 
Histological verification showed that such an in- 
jection produced a stain of 300-750/.t in in diam- 
eter. Successive injections of Glu were made after 
an interval of at least 15 rain. In this way thc 
effects were reproducible even when Glu was 
repeatedly applied to the same site two or three 
times. No more than 10 injections were made in 
an experiment. Control injection of the vehicle, 
the artificial CSF, did not produce any dis- 
cernible effects. 

All observations were made after bilateral 
vagotomy at the cervical level. Among the 28 cats, 
17 cats were further subjected to baroreceptor 
denervation by sectioning both carotid sinus and 
aortic depressor nerves. Complete denervation 



was ver i f ied  by the  loss of  ref lex sympatho inh ib i -  
t ion and b r a d y c a r d i a  dur ing  S A P  increase  by 
p h e n y l e p h r i n e  (5 ~ g / k g ,  i.v.). 

Neural recordings 
T h e  left  rena l  or  the  left  ve r t eb ra l  sympa the t i c  

nerves  were  a p p r o a c h e d  dorso la te ra l ly  th rough  
incisions m a d e  in the  abdomina l  or  thorac ic  wall.  
U n d e r  an ope ra t i ng  microscope ,  the  nerves  were  
d issec ted  f ree  f rom the su r round ing  connect ive  
t issues,  de shea thed ,  and  cut  at the  dis ta l  end.  A 
conven t iona l  e lec t rophys io log ica l  se tup  and a 
b ipo la r  p l a t i n u m  e l ec t rode  were  used  to record  
and  amplify  the  e f fe ren t  who le -bund le  nerve ac- 
tivities (bandpass :  1 0 - 3 k  Hz). The  signals were  
m o n i t o r e d  with an osc i l loscope  (Tekt ron ix  5113) 
and s to red  on a t ape  r eco rde r  ( N e u r o  Da ta  D R -  
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886) for l a te r  analysis.  Ac t ion  po ten t i a l s  were  
rect i f ied,  and  in t eg ra t ed  by an in t eg ra to r  ( G o u l d  
13-4615-70) with a rese t  t ime of  1 or  5 s. To 
acqui re  the  ac tua l  neura l  activity (an example  is 
shown in Fig. 1), the  noise level of  the  r eco rded  
nerve con ta ined  in the  i n t eg ra t ed  n e u r o g r a m  was 
m e a s u r e d  by in tegra t ing  the null  nerve activity at 
10 min af ter  the  animal  was ki l led,  and  the noise  
value  sub t rac ted  to ca lcula te  the  ac tual  nerve 
activity [49]. 

Histology 
At  the end  of  each exper imen t ,  the  animal  was 

sacr i f iced by an inject ion of  a bolus  of  s a tu r a t ed  
KCI. The  b ra in  was r emoved  and fixed in 10% 
formal in .  F rozen  sect ions  of  the  bra in ,  50 ~ m  
thickness,  were  cut  with a cryosta t  mic ro tome  and 
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Fig. 1. An example showing the responses elicited by microinjection of Glu (100 nl) into RVLM in a cat with intact baroreceptors 
($91229). A. A prolonged increase of SAP occurred concomitantly with the transient increase of RNA (excitatory phase) followed 
by prolonged inhibition of the nerve activity (inhibitory phase). A1. Fast tracings show the nerve activity before Glu injection. A2. 
Fast tracings show the nerve activity at the period of maximal excitation. A3. Fast tracings show the nerve activity in the inhibitory 
phase. B. The null nerve activity (background noise) at 10 min after the animal was killed. Histological verification of the injection 
site is indicated by the solid circle as shown in the brain drawing. The nerve activity was integrated with a reset time of 5 s. 
Horizontal calibrator represents 25 s in panels A and B or 1 s in panels AI, A2 and A3. Abbreviations in this and the following 
figures are: SAP, systemic arterial pressure; MSAP, mean SAP; HR, heart rate; RNA, renal nerve activity; INT. RNA, integrated 
RNA; VNA, vertebral nerve activity; INT. VNA, integrated VNA. Abbreviations in the brain drawings: 12n, hypoglossal nerve; 

5SP, spinal trigeminal nucleus; ION, inferior olivary nucleus; RFN, retrofacial nucleus; ts, tractus solitarius. 
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s t a ined  wi th  Cresy l  v iole t .  C h e m i c a l  s t imu la t i on  

si tes  w e r e  r e c o n s t r u c t e d  f r o m  sec t ions  c o n t a i n i n g  

the  e l e c t r o d e  t racks  and  m a r k s  o f  t he  Fas t  g r een .  

D a t a  a n a l y s i s  

P e r c e n t  c h a n g e s  for  S A P  inc rea se  and  for  t he  

p e r t u r b a t i o n  o f  n e r v e  act ivi ty  in r e s p o n s e  to mi-  

c ro in j ec t i on  o f  G l u  in to  the  p r e s s o r  si te w e r e  

c a l c u l a t e d  by d iv id ing  the  va lue  o f  m a x i m u m  

c h a n g e  wi th  the  con t ro l  va lue .  As  i l lus t ra t ed  in 

Fig. 1, the  con t ro l  va lue  o f  n e r v e  act ivi ty  was 

a c q u i r e d  by a v e r a g i n g  the  i n t e g r a t e d  n e r v e  act ivi-  

t ies f r o m  six c o n s e c u t i v e  5-s r e c o r d i n g s  b e f o r e  

s t imula t ion .  T h e  l a rges t  va lue  d e v i a t e d  f r o m  the  

con t ro l  level  wi th in  30 s a f t e r  s t i m u l a t i o n  was  

c o n s i d e r e d  as the  va lue  o f  m a x i m u m  change ,  

which  was  pos i t ive  d u r i n g  exc i t a t ion  and  n e g a t i v e  

d u r i n g  inh ib i t ion  o f  t he  n e r v e  activity.  P e r c e n t  

c h a n g e s  o f  r e s p o n s e s  w e r e  g r o u p e d  and  c lass i f ied  

a c c o r d i n g  to t he  p r e p a r a t i o n  o f  an imals ,  in jec t ion  

sites, and  types  of  n e r v e  r e s p o n s e s  ( e x p l a i n e d  

lat ter) .  S ign i f i can t  c h a n g e  o f  a da t a  set  f r o m  the  

con t ro l  level  and  d i f f e r e n c e  b e t w e e n  the  re la t ive  

d a t a  sets  w e r e  ve r i f i ed  by S t u d e n t ' s  t - test .  Di f fe r -  

ences  b e t w e e n  the  c h a n c e s  in o b s e r v a t i o n  o f  a 

spec i f ic  type  o f  n e r v e  r e s p o n s e s  e l i c i t ed  by D M  or  

R V L M  s t imu la t ion  w e r e  c o m p a r e d  by the  chi-  

s q u a r e  test .  D a t a  w e r e  p r e s e n t e d  as mean_+ 

s t a n d a r d  e r r o r  mean .  P va lue  less than  (1.05 was 

c o n s i d e r e d  to be  s ta t is t ical ly  s igni f icant .  

R e s u l t s  

In 11 b a r o r e c e p t o r - i n t a c t  and  17 b a r o r e c e p t o r -  

d e n e r v a t e d  cats,  a to ta l  o f  64 si tes  in D M  and  60 

sites in R V L M  w e r e  i den t i f i ed  as p r e s so r  s i tes  

w h e r e  i nc r ea se  o f  S A P  ( >  10%) w e r e  e l i c i t ed  by 

m i c r o i n j e c t i o n  o f  Glu .  T h e  e f fec t s  o f  c h e m i c a l  

s t i m u l a t i o n  o f  these  si tes  on S A P  and  sympa-  

the t i c  ne rve  ac t iv i t ies  a re  s u m m a r i z e d  in "Fable !. 

In the  c u r r e n t  p r e p a r a t i o n s ,  G l u  p r o d u c e d  no 

s ign i f ican t  e f fec t  on  the  hea r t  ra te  in a lmos t  all 

the  s t imu la t i ons  (an e x a m p l e  is shown in Fig. 1). 

TABLE 1 

Re,sponses o f  systemic arterial pressure and sympathetic nert'e actiHties produced by microinjection of  glutamate into the pressor areas 
q(  dorsal (DM) or rostral centrolateral medulla (RVLM) in baroreceptor-intact or baroreceptor-denercated cats 

DM RVLM 

Type I Type I1 Type Ill Type 1 Type 11 Type IIl 

A. Renal nerce actiHties (RNA) 
Intact cats 
SAP(C';) 17+ 3 * 29+ 5 * 22-+5 * 34+ 5 * 33+_12 3 3 4 9  ~' 
RNA(%) 25+ 4*  - 4 6 +  9 * I} 34± 5 * -47-5-I8 (} 
n 8 10 13 18 3 4 
Baroreceptor-denerrated cats 
SAP(%) 47-+ 9 * 36-+12 * 30_+5 * 37_+ 6 * 31+ 9 * 25-+9 
RNA(%) 30+ 8 * -40-+ 6 * {/ 49-+12 * 22_+ 3 * 0 
n 11 8 5 22 3 6 

B. Vertebral nerce actit'ities (VIVA) 
Intact cats 
SAP (%) 34 + 14 - - 30_+ 11 - 
VNA (%) 46 _+ 10 * - - 18 _+ 8 
n 5 0 0 3 (I (I 
Baroreceptor-denercated cats 
SAP (%) 30_+ 6 * - - 25-+ 3 * - 
VNA (%) I0t _+ 22 * - - 51 + 8 * 
n 14 0 0 15 0 (/ 

NA (%): percentage change of nerve activities. SAP (%): percentage change of systemic arterial pressure. All values are 
mean ± S.E.M. n = number of experiments. *: changes statistically significant from the control value, P <  0.05, calculated by 
Student's t-test. 



Only in three DM sites and four RVLM sites did 
the change of heart rate exceed 10%, but the 
change was still minimal (less than 15%). There- 
fore, the effects of stimulation on the heart rate 
were not analyzed further. 

Changes in sympathetic nerce actiuity elicited by 
actieation of the pressor areas of DM or RVLM 

During activation of the pressor sites, the di- 
rection, magnitude and time course of sympa- 
thetic nerve responses varied extensively. The 
vertebral nerve activity (VNA) was consistently 

145 

increased during DM or RVLM stimulation along 
with the SAP rise. In contrast, changes in the 
renal nerve activity (RNA) were not consistent in 
spite of the fact that SAP rise was always elicited 
by the stimulation. As shown in Fig. 2, three 
types of renal nerve responses were observed; (1) 
augmentation (type I); (2) attenuation (type II); 
and (3) insignificant change (less than 10% of the 
control value) of the nerve activity (type III). 

The type I renal nerve responses observed in 
cats with intact baroreceptors could be further 
divided into an excitatory and an inhibitory phase 
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Fig. 2. Three types of RNA produeed by mieroinieetion of Glu (100 hi) into the pressor sites of DM (dots in the brain drawing) in 
three baroreeeptor-denervated cats (S00808, S00629, S00307). A. Type | response: the nerve activity increased parallel with the 
pressor response. East tracings at top center illustrate a small segment of the neurogram before (AI) and after (A2) Glu stimulation. 
B. Type H response: the inhibition of nerve activity and SAP rise occurred simultaneously. Such inhibition was not secondary to 
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(Fig. 1A). Within a few seconds after the injec- 
tion, RNA exhibited a rapid initial increase, 
reached their peak values earlier than the plateau 
of SAP rise and then was followed by an immedi- 
ate decay. Following the excitatory phase, a 
prominent inhibition of the nerve activity, the 
inhibitory phase, was always observed. The dura- 
tion of the excitatory phase was short (5-30 s), in 
contrast to the prolonged period of inhibition 
(1-10 min). The type I renal nerve responses in 
baroreceptor-denervated cats were different from 
that in baroreceptor-intact  cats. In the barorecep- 
tor-denervated cats, excitation of the nerve activ- 
ity was stronger and the time course of the change 
of nerve activity was concordant with the change 
of SAP (Fig. 2A). 

The type II renal nerve responses were charac- 
terized by an inhibition without any preceding 
excitation of sympathetic nerve activity during the 
SAP increase. These responses were observed in 
both baroreceptor-intact (Fig. 3) and -denervated 
cats (Fig. 2B). In animals with intact barorecep- 
tors, most stimulations produced inhibition of 
nerve activity simultaneously with the onset of 

pressor responses. In some stimulations, the nerve 
activity decreased earlier than the SAP rise (Fig. 
3), suggesting the inhibition was a result of direct 
activation of the inhibitory component,  but no[ 
secondary to SAP increase. 

Type III renal nerve responses were character- 
ized by an insignificant change of nerve activity in 
spite of a substantial increase of SAP (Fig. 2C). 

Comparison between DM and RVLM actit'ation 
Changes of RNA Jbllowing DM or RVLM stimula- 
tion. Several differences were observed between 
the RNA responses produced by DM and RVLM 
stimulation (Table l). First, RVLM stimulation 
produced stronger augmentation of the RNA 
(Type I response) than DM stimulation did in 
both the baroreceptor-denervated animals (49 ± 
12% in RVLM versus 30 + 8 ~  in DM, t '  < 0.05) 
and the baroreceptor-intact animals (34 ± 5~;~ in 
RVLM vs. 25 _+ 4% in DM, P < 0.025). It is note- 
worthy that in the barorcceptor-denervated cats, 
the SAP increase elicited by RVLM stimulation 
was even smaller than that of DM stimulation 
(37 _+ 6% vs. 47 _+ 9%). Second, in barorcccptor-  
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Fig. 3. An example showing that the decrease of RNA occurred earlier than the increase of SAP in a baroreceptor-intact cat 
($91227). A. the latency between the onset of RNA inhibition and SAP rise was 13 s (indicated by the dashed lines). Bottom panels 
showing the fast tracings of nerve activity before Glu injection (100 nl) (AlL showed the maximum inhibition of the nerve activity 23 

s after Glu (A2), and its recovery (A3). The nerve activity was integrated with a reset time of 1 s. 



intact animals the frequency of occurrence of 
type I responses (Table IA) was significantly 
higher in RVLM stimulation (18/25 or 72% in 
RVLM vs. 8/31 or 26% in DM, P < 0.025). Third, 
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in baroreceptor-denervated animals the magni- 
tude of RNA inhibition (type II responses in 
Table 1A) was more pronounced in DM stimula- 
tion ( - 4 0  _+ 6% in DM vs. - 2 2  + 3% in RVLM, 
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Fig. 4. Changes  of the VNA and R NA elicited by microinjection of Glu into the pressor areas of DM and RVLM in a 
baroreceptor-denervated cat (S10517). A. A substantial SAP rise concomitant with increase of VNA but decrease of R N A  was 
elicited by Glu (100 nl) at DM. The change lasted for 50 s in VNA and up to 5 min in RNA. AI. The fast tracings show the nerve 
activities before Glu injection. ,4,2. The fast tracings show the increase of VNA in contrast to the decrease of RNA after Glu 
injection. B. A prominent  SAP rise concomitant with the increase of both VNA and R N A  was elicited by a same dose of Glu at 
RVLM in the same animal. B1. The fast tracings show the nerve activities before Glu injection. B2. The fast tracings show the 
increase of both nerve activities after Glu injection, Note that the patterns of pressor response in A (decaying impetuously) and in B 
(decaying gradually) were different. Note also that the maximum increase of VNA over its control value was 86% in DM and 45% 

in RVLM. Horizontal calibrator represents 25 s in panels A and B or 1 s in panels AI, A2, B1 and B2. 
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P < 0.005). These findings suggest that the RVLM 
is more powerful in RNA excitation while the 
DM is more effective in RNA inhibition. 
Change of VIVA following DM or RVLM stimula- 
tion. Difference between the responses of VNA 
by DM and RVLM stimulation was also observed 
(Fig. 4, Table IB). The excitatory effect of VNA 
consequent to DM stimulation was more pro- 
nounced in either baroreceptor-intact  (46 + 10% 
in DM vs. 1 8 + 8 %  in RVLM, P < 0 . 0 5 )  or 

baroreceptor-denervated cats (101 + 22(~ in DM 
vs. 51 _+ 8% in RVLM, P < 0.001), suggesting that 
the DM is more powerful to evoke VNA excita- 
tion. 

In two haroreceptor-intact and four baroreccp- 
tor-denervated cats, RNA and VNA were simul- 
taneously recorded in order to further cross-cor- 
relate their changes in response to DM or RVLM 
stimulation. As shown in Fig. 4, VNA was consis- 
tently increased either on DM or RVLM stimula- 

• A u g m e n t a t i o n  
• A t tenuat ion  
• No r e s p o n s e  

A5 

A 

RNA 
A5 Intact BaroX  A.~ 

VNA 
Intact B a r o X  

Fig. 5. Distribution of medullary sites where mlcroinjection of Glu produced pressor responses with different types of nerve activity 
changes. Triangles, circles and small stars in the brain drawings represent the sites where type I (augmentation),  type It 
(attenuation) and type lII (change less than 10% of the control) nerve responses were elicited, respectively. The microinjection 
sites, either in the left or right side of the brain, are reconstructed and pooled in the same side. Left side represents the 
observations made in baroreceptor-intact cats, while in the right side baroreceptor-denervated cats observations are shown. In the 
left halves of the left drawings, the 12n (hypoglossal nerve), the 5SP (spinal trigeminal nucleus), the ION (inferior olivary nucleus), 
the RFN (retrofacial nucleus) and the ts (tractus solitarius) are used as histological landmarks. In the right halves of these 
drawings, the approximate localization of the NTS (nucleus tractus solitarius), the PVC (parvocellular nucleus) and the RVLM 
(rostral ventrolateral medulla) are indicated. AS, A4, A3 = 5, 4, 3 mm rostrol to the obex, respectively. In the middle drawings, 
RNA, in either baroreceptor-intact or baroreceptor-denervated (BaroX) cats, most of the type l renal nerve responses were 
aggregated in the region of RFN and scattered in the region of PVC at A4-AS. Points giving type II and III responses were found 
mainly on the level of A.3. Some were scattered at levels of A4-A5 close to the area where type I responses were elicited. In VNA 

(the right drawings), only augmentat ion of VNA was elicited at the pressor sites in the regions of RFN, PVC and NTS. 



t/on, whereas R N A  was inhibited on DM stimula- 
tion. 

Histological distribution of  the pressor sites in cor- 
relation with different types o f  nerue responses 

Distribution of reactive sites where microinjec- 
t/on of Glu produced pressor responses and three 
different types of nerve activity is shown in Fig. 5. 
The pressor sites in RVLM were confined to the 
vicinity of the retrofacial nucleus (RFN), whereas 
the pressor sites in DM were located around the 
areas of NTS and PVC. 

For RNA, most of the type I responses were 
elicited on RVLM and PVC stimulations at the 
level of 4 (A4) to 5 mm (A5) rostral to the obex. 
A higher proportion of type II and III  responses 
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were produced on stimulation around NTS at the 
level of 3 mm (A3) rostral to the obex in cats with 
intact baroreceptors,  but not with baroreceptor-  
denervation. This suggests that a portion of the 
type II and III  responses may be a result of 
baroreceptor  activation secondary to SAP rise. 

In contrast, only type I VNA responses were 
observed on stimulations of NTS, PVC and 
RVLM regardless of the integrity of baroreceptor  
reflex. 

Comparison of  effects elicited by electrical and Glu 
stimulation o f  DM 

Electrical or Glu stimulation produced differ- 
ent patterns of sympathetic responses. As shown 
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Fig. 6. Effects of electrical and Glu stimulations of DM on the vertebral and renal nerve responses in two baroreceptor-denervated 
cats (S10122, S10514). A. Both VNA and RNA were excited during electrical stimulation of the pressor point 'a' in PVC. B. Only a 
prominent increase of VNA concomitant with insignificant increase of RNA was elicited by microinjection of Glu (100 nl) into the 
same point 'a'. C. A prominent increase of VNA concomitant with a slight increase of RNA was elicited by electrical stimulation of 
a pressor point 'c'. D. Only the VNA was excited while the RNA was inhibited after microinjection of Glu (100 nl) into the same 

point 'c'. Note that electrical and Glu stimulations produced similar responses in vertebral nerve but not in renal nerve. 
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in Fig. 6, the effects elicited by electrical and Glu 
stimulations of DM were similar in VNA, running 
in a similar direction. The effects on RNA, how- 
ever, were different. Electrical stimulation pro- 
duced excitation, while Glu produced inhibition. 
Because Glu excites cell bodies and dendrites but 
spares the passing axons [18] while electrical cur- 
rent excites all of them, the differences between 
Glu and electrical stimulations may reflect the 
proportion of cells bodies and passing axons. It 
appears  very likely that in DM the following 
components exist: (a) passing axons that may in- 
crease RNA upon activation; (b) neurons that 
inhibit RNA; and (c) neurons that excite RNA. 
Therefore,  during electrical stimulation, the exci- 
tatory effects of passing axons and excitatory neu- 
rons (Fig. 6A-B)  may mask the inhibitory effects 
resulting from activation of the inhibitory neu- 
rons (Fig. 6C-D).  This also speaks for the advan- 
tage of using chemical instead of electrical stimu- 
lation. 

Discussion 

The major findings of the present study show 
that both RVLM and DM exert a differential 
effect over the vertebral and renal sympathetic 
nerves and that the patterns of effect differ. Acti- 
vation of neurons in the pressor regions of RVLM 
and DM excited VNA but either excited, inhib- 
ited or had no effect on RNA. Neurons in DM 
had stronger excitatory influence over the verte- 
bral sympathetic nerve, whereas those in RVLM 
excited the renal sympathetic nerve more. 

The renal nerve is one of the postganglionic 
nerves originating from the celiac ganglion [23,38] 
specifically for innervation of the kidney, where 
1/5 to 1 / 4  blood flow of the cardiac output is 
regulated. The renal sympathetic nerve may also 
participate in the regulation of glomerular filtra- 
tion rate and renin secretion [45]. The vertebral 
nerve, also a sympathetic nerve, originates from 
the stellate ganglion and courses along the verte- 
bral artery [31]. It may be involved in the control 
of the vascular beds of the cervico-thoracic por- 
tion. However, the functional details have yet to 
be explored [7]. 

In the present study, the pressor areas of 
RVLM and DM were defined functionally, i.e., 
locations where significant pressor responses were 
elicited by Glu. In this sense, our samples of the 
RVLM were taken around the retrofacial nu- 
cleus, a region caudal to the facial nucleus and 
mostly ventral and lateral to the nucleus am- 
biguus at the level 4 to 5 mm rostral to the obex 
of the cat. In recent years, numerous experiments 
have shown that this region is critical to vasomo- 
tor functions. In cats, the evidence includes the 
connection of RVLM with the baroreceptor  relay 
station, the NTS [27]; the connection with the 
intermediolateral column (IMLC) of the spinal 
cord where sympathetic preganglionic neurons 
reside [1]. Single unit recording experiments re- 
vealed that some neurons in this region rcccive 
baroreceptor  inputs a n d / o r  modulate sympa- 
thetic activities [3,4]. Moreover, direct activation 
of RVLM neurons with excitatory amino acids 
produces strong pressor effect, whereas localized 
bilateral lesion produced pronounced hypoten- 
sion [14]. 

Our samples of stimulation sites in DM werc 
taken in and around the region of the rostral 
NTS and the parvocellular part of the medullary 
reticular formation. NTS at this level is rostral to 
the baroreceptor  afferents '  relay station but may 
receive the secondary projections from the 
baroreceptor  inputs (Fig. 5 in [27]). DM is an- 
other area in the medulla for cardiovascular inte- 
gration [9,10,24,25,39]. This area contains a large 
population of neurons projecting to IMLC [l]. 
Single unit recording experiments also revealed 
that DM neurons receive baroreceptor  input and 
modulate sympathetic functions [4,15]. 

Here we used Glu for neuron activation in the 
pressor areas of DM or RVLM. Microinjection of 
chemicals into the brain tissue has its own limita- 
tion and problem of diffusion [26]. In this study, 
after 100 nl Glu injection the resolution area 
indicated by the Fast green contained in the 
vehicle reached a radius of 300-750 p~m close to 
the theoretical calculation by Nicholson's equa- 
tion [32] of a radius of 610 p.m. 

The response of RNA to microinjection of Glu 
to DM or RVLM was not consistent. As shown in 
Fig. 5 and Table I, in many brain stimulations the 



elicited pressor response was accompanied with 
direct inhibition of RNA (type II nerve response). 
This inhibition might not be related to barorecep- 
tor reflex activation because the decrease of nerve 
activity occurred much earlier than the onset of 
SAP rise (Fig. 3). Similar RNA inhibition during 
pressor response was also observed in animals 
after baroreceptor denervation (Figs. 2B, 4A and 
6D). This suggests that microinjection of Glu into 
the pressor areas of DM or RVLM activates 
simultaneously two categories of neurons that 
excite or inhibit RNA. On the other hand, the 
same stimulation always increased VNA, a result 
of activating the neurons that excite the vertebral 
nerve. This suggests a heterogeneous organiza- 
tion of the sympatho-excitatory and -inhibitory 
neurons in the medullary pressor areas. Further- 
more, the proportion of sympatho-excitatory and 
-inhibitory neurons activated determines the pat- 
tern of the pressor responses. As shown in Fig. 4, 
the pressor response decayed impetuously (more 
sympathoinhibitory effect) when VNA increased 
but RNA decreased (Fig. 4A). The pressor re- 
sponse decayed gradually (less sympathoin- 
hibitory effect) when both VNA and RNA were 
augmented (Fig. 4B). 

The sympathetic nerve responses differ from 
each other both quantitatively and qualitatively. 
Qualitative differences included: (A) three types 
of renal nerve responses against only type I verte- 
bral nerve response were found in DM or RVLM 
stimulation. This suggests a wider distribution of 
neurons that excite vertebral nerve in the medulla; 
and (B) Type I renal nerve responses occurred 
more frequently with RVLM than DM stimula- 
tion (Table IA), suggesting that the ratio of 
renal-excitatory to renal-inhibitory neurons is 
higher in RVLM than in DM. Quantitative dif- 
ferences included: (A) when the effect of barore- 
ceptor reflex was unmasked (Table IA), the in- 
hibitory effect on RNA elicited from DM ( - 4 0  
+ 6%) was more potent than that from RVLM 
( - 2 2  + 3%), suggesting either a much denser 
population of renal-inhibitory neurons in the 
pressor area of DM, or that these inhibitory 
neurons have a wider connection in the central 
nervous system; and (B) the excitatory effect on 
VNA elicited from DM (101 + 22%) was more 
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potent than that from RVLM (51 + 8%), suggest- 
ing a much more dense population or a wider 
connection of the vertebral-excitatory neurons in 
DM. 

Findings of differential effects over the renal 
and vertebral sympathetic nerves by DM and 
VLM are consistent with many recent observa- 
tions. For example, when supraspinal control is 
removed by high cervical cord transection, the 
renal activities drop to 3% of the control level, 
the cardiac and splanchnic activities to less than 
50%, and the mesenteric and splenic activities 
show no change [30,44]. In unanesthetized decer- 
ebrated cats electrical stimulation of the nucleus 
raphe obscurus excites muscular sympathetic 
nerve but inhibits renal nerve activities [16]. In 
anesthetized cats we have shown that the para- 
median reticular nucleus exerts stronger in- 
hibitory effects on the splanchnic nerve during 
asphyxia than on the cardiac sympathetic nerve 
[49]. In anesthetized rabbits, Okada and Ni- 
nomiya [34] reported that a wide range of changes 
of the cardiac and . renal sympathetic activities 
could be produced by electrical stimulation of the 
hypothalamus. Besides, many authors reported 
that RVLM neurons exert differential control 
over many sympathetic nerves. T h e s e  include 
greater excitatory influence over the renal than 
the splenic nerves [5,19]; grea ter  tonic  influence 
over the renal than the mesenteric nerves [48]. 
The data in the present study confirm the strong 
renal sympathetic effects exerted by the RVLM. 

The~functional significance of differential inte- 
gration o f  the sympathetic nerves in the central 
nervous system should be considered along with 
the following experimental findings. First, visceral 
or somatic afferent-stimulation produced differ- 
ent patterns of sympathetic changes. For exam- 
ple, baroreceptor [20,33] chemoreceptor [22] and 
somatovisceral receptors [41] activations have all 
been shown to activate an unequal proportion of 
different sympathetic nerves. Second, during dif- 
ferent  physiological and pathological states 
unique patterns of sympathetic activities are ob- 
served. Examples are: during desynchronized 
sleep, muscular sympathetic fibers are active while 
renal sympathetic fibers are quiescent [16]; during 
the initial stage of a massive hemorrhage the 
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renal sympathetic activity is suppressed while the 
adrenal sympathetic activity is increased to nearly 
70% [43]. It is most likely that different central 
regions are called upon through afferent mecha- 
nism under different functioning states in effect- 
ing a differential control of different sympathetic 
activities. 

Whether neurons in RVLM or DM have in- 
deed been activated during various afferent stim- 
ulation or changes of the internal or external 
environments of the body is a question rarely 
examined. Do neurons in the RVLM or the DM 
respond as a functional unit? What are the aver- 
age firing rates of these functional units? And 
how do these natural occurring firing rates corre- 
spond to the firing rates elicited with direct local- 
ized activation? These questions have to be an- 
swered in the future. 

In conclusion, the present study demonstrates 
another example of the differential effects of the 
sympathetic activities. How these potentially use- 
ful mechanisms integrate into the normal func- 
tions of the animal awaits further experimenta- 
tion. 
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