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WU, W. C., S. D. WANG, J. C. LIU, H. T. HORNG, M. J. WAYNER, J. C. MA AND C. Y. CHAI. Act&a&~ of neurons in 
~r~~~r areas of cut brain s&m afEw% mid reflexes. BRAIN RES l3ULL 33141393-402 1994.-In 65 cats anesthetizzd 
with cbloralose (40 m&g) and ~~~~(~ r&kg), the effects of electrical stim&&n and ~~~j~on of sodium glutamate 
(0.25 M, 100-200 nl) in the pressor areas in the rostral brain stem on the evoked L5 ventral root response (EVRR) due to htermittent 
stimulation of sciatic afferents were compared to stimulating the dorsomedial (Dh4) and ventrolateral (VIM) medulla. In general, 
stimulating these rostral brain stem pressor areas including the diencephalon (DIG) and rostral pous (RP) produced increases in 
systemic arterial pressure (SAP). In most of the cases (85%) there were associated changes in the EVRR, predominantly a decrease 
in EVRR (72%). Stimulation of the midbrain (MB, principally in the periaqueductal grey) produced decreases in SAP and EVRR. 
Decreases in EVRR was observed in 91% of the DM and VLM stimulations in which an increase in SAP was produced. This EVRR 
inhibition was essentially unaltered after acute midcollicular decerebration. Increa~ in EVRR were also observed and occurred more 
often in the rostral brain stem thsn in the medulla. Since changes of both EVRR and SAP could be reproduced by microiujection of 
Glu into the cardiovascular-reactive areas of the brain stem, this suggests that neuronal perikarya in these areas are responsible for 
both actions. On some occasions, Glu induced changes in EVRR but not in SAP. This effect occurred more frequently in the rostral 
brain stem than in the medulla. The present data suggest that separate neuron population exist in the brain stem for the integration of 
SAP and spinal reflexes. These neurons are relatively dispersed from DIC to RP but are in close proximity to one another in the 
medulla. Rostra1 structures also contain more neurons responsible for augmenting spinal reflexes. 

Spinal reffex Knee jerk Evoked ventral root potentials Brain stem Pressor mechanisms Dorsal medulla 
Ventrolateral medulla Pons Midbrain Diencephalon 

OUR previous studies have shown that two separate areas of the 
dorsomedial (DM) and ventrolateral (VLM) medulla contain 
perikarya which can increase systemic arterial pressure (SAP) in 
various species t&23,24,32). It is also known that many neural 
mechanisms important for cardiovascular integration exist in the 
rostra1 brain stem as well as in the medulla oblongata. These 
major areas are the locus coeruleus complex (LC) of the rostral 
pans, periaqueductal grey of the midbrain (1,21,22), and the hy- 
pothalamus of the dien~p~on. We and other investigator have 
also found other pressor response areas in the dorsolateral region 
of the pons (8,21). 

Recently, we demonstrated the co-existence of neuronal sub- 
populations in the sympathetic pressor areas of the DM, VLM 
and parvocellular nucleus (PVC) of medulla oblongata (8) that 
integrate spinal reflexes, that is, knee jerk (&.I), crossed exten- 
sion movements (CEM) and evoked L5 ventral root response 
(EVRR), induced by stimulation of the central end of the sciatic 
or tibia1 nerve. During stimulation of these pressor areas, marked 
inhibition of spinal reflexes and increases in SAP was observed. 
This inhibition was found to be independent of potential recip- 

rocal connections with the cerebellum (7) and the powerful in- 
hibitory mechanism in the pammedian reticular nucleus of the 
caudal medulla (8). These results suggest a coexistence of neu- 
ronal populations in the DM, VLM, and PVC that affect both the 
sympathetic pressor systems and somatic spinal reflex. 

The purpose of the present study was to extend our previous 
experiments of EVRR in response to medulla oblongata stimu- 
lation to stimulation of the pressor areas of the more rostral struc- 
tures in the rostral pons (Rp), midbrain (MB), and ~en~ph~on 
(DIC) of the brain stem. It was also to determine if these pressor 
areas in the rostra1 brain stem contain perikarya which affect both 
SAP and EVRR. Microinjection of Glu was used because it only 
activates the dendrites and cell bodies of neurons but not axons 
and thus spares all fibers of passage (15). 

MATERIALS AND METHODS 

Sixty five cats of either sex, weighting 2.0-3.6 kg, anesthe- 
tized with a mixture of urethane (400 m@kg) and alpha chlora- 
lose (40 mg/kg) administered intraperitoneally were used. The 
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general procedures for experimentation have been described pre- 
viously (4-8). These included cannulation of the right femoral 
artery for monitoring the systemic blood pressure (SAP) and the 
mean SAP (MSAP) which triggered the heart rate (HR), cannu- 
lation of the right femoral vein for drugs injections, tracheal in- 
tubation for artificial ventilation maintaining the end-expiratory 
COZ concentration at 4%, and keeping rectal temperature at 
375°C by a thermostatically controlled heating pad. All record- 
ings were made on a Gould ES1000 recorder. The responses were 
also taped by a HP 3968A recorder for later analysis. 

Spinal Rejlexes 

Production of spinal reflexes, the evoked ventral root response 
(EVRR) following activation of the spinal afferents, has been 
described previously (4-8). In brief, the animal was put on a 
David-Kopf spinal investigation unit. The animal was further 
paralyzed by atracurium besylate (0.5 mg/kg/30 min) IV. The 
spinal cord from L4 to L6 was exposed and together with the 
nerves were immersed in paraffin oil. The ventral rootlets at LS 
were isolated and cut. Its central end was hooked on a bipolar 
platinum electrode for recording the evoked potentials induced 
every second by sedation of the ipsilateral tibia1 nerve with 
rectangular pulses (1 msec, 1 Hz and 200-500 PA) from a Grass 
S-88 stimulator coupled to a constant current unit. The signals 
were amplified and filtered with a WPI preamplifier (DAM 60, 
100-1000 X, 1 Hz to 3 kHz) and a Gould universal amplifier. 
Signals were displayed on a storage oscilloscope (Tektronix 
5113). For analysis of the EVRR, the evoked potential was ex- 
panded and displayed on the polygraph through a waveform 
module (Gould, 100 kHz). Four components of the EVRR were 
observed: the short latency (2.5 ms) component 1 and the long 
latency component 2 (4.5 ms), 3 (9.0 ms), and 4 (20.0 ms). Only 
components 1 and 2 were retained and amplified for illustrations 
and calculation. The amplitude of component 2 was used as an 
index of the intensity of spinal reflexes. 

Brain Sti~lut~n 

Brain stimulation, either electrically (monopolor, 80 Hz, 1 
msec, 100-400 PA for 15 s from a Grass S-88 stimulator) or 
chemically, was accomplished through the same electrode-array 
which was made of 30 G needle tubing connected to a 10 ~1 
Hamillton syringe. The electrode was Iilled with monosodium 
glutamate (Glu, 0.25-0.5 M, pH 7.4) in artificial cerebrospinal 
fluid containing fast green as a marker (8). The electrode-array 
was inserted into the RP, DM, or VLM at an angle of 34” while 
in DIC or MB at rectangle. For making brain lesions direct cur- 
rent (DC, 1 mA) for 50 s was passed through the electrode tubing. 

Decerebrution 

Decerebration was performed at the mid-collicular level with 
ligation of both external carotid arteries and clamping of the bas- 
ilar artery as has been described previously (78). 

Histology 

At the end of each experiment, the animal was sacrificed with 
an overdose of pentobarbital. The fresh brain was removed and 
immersed in saturated formahn for 2 mm; the chemical injection 
sites were verified using two consecutive frozen sections, at 
50 Frn thick one stained with cresyl violet for identifying nuclei, 
and the other unstained for determing the position and diffusion 
of dye. 

Data Analysis 

In the experiments on brain stimulation the significance of the 
percent changes of SAP and EVRR from the control were deter- 
mined by Student’s t-test. Statistical significance was set at 
p < 0.05. The effectiveness of each response from its control 
level was tested against a hypothesis that the percent change be- 
fore the stimulation was zero. 

In experiments on brain lesioning, effects before and after 
lesions were compared in the same animals by paired Student’s 
t-test. A one-way analysis of variance (ANOVA) was pe~o~ed 
for experimental group comparisons and statistical significance 
for specific comparisons was set at p < 0.05. 

RESULTS 

Stimulation Sites in the Cardiovascular Areas of the Brain 
Stem That Produced Changes in the Activity 
Pattern of Spinal Reflexes 

Sites. The cardiovascular reactive sites in the rostra1 brain 
stem and medulla oblongata were explored first by electrical 
stimulation with rectangular pulses and then confirmed by Glu 
microinjection for neuronal cell body activation. All together, 73 
in DIG, 56 in MB and 109 in RP of the rostra1 brain stem and 
37 in DM and 29 in VLM of the medulla oblongata responded 
to Glu in producing various changes of SAP or EVRR. These 
reactive sites of the rostra1 brain stem, located from the dien- 
cephalon through the rostra1 pons in different combinations, are 
mapped in Fig. 1. In the diencephalon region, these reactive sites 
were found principally in the ventromedial[28], dorsal [24], and 
parvocellular nuclei [16] of the hypothalamus; and a few points 
[5] were located in the anterior nucleus of the thalamus. In the 
midbrain region, most the reactive sites were found in the peri- 
aqueductal grey [PAG, 381 and the central tegmental field [18]. 
In the rostra1 pons region, sites were distributed in the locus co- 
eruleus [LC, 201, gigantoceliular tegmental field [FIG, 45], and 
lateral tegmental field Fn, 441. The locations of reactive sites 
in the DM [37] and VLM [29] in the medulla oblongata are not 
included in Fig. 1 because they were the same as reported pre- 
viously (6). 

Table 1 summarizes the responses of these reactive sites in 
three groups based on the changes of SAP, that is, increase, de- 
crease, or no change following Glu microinjection. Also three 
types of changes in EVRR; that is, increase, decrease, or no 
change are included. 

Pattern. The onset and duration of the induced responses fol- 
lowing electrical or Glu stimulation were the same in both the 
rostral brain stem and the medulla oblongata (8). Nevertheless, 
differences were observed between electrical and Glu activation. 
Changes of EVRR were not always produced simultaneously 
with changes of SAP due to brain st~ulation. In medulla oblon- 
gata, when Glu produced changes of EVRR, it was always con- 
comitant with an increase in SAP. In such cases, electrical stim- 
ulation also produced the same changes of EVRR and SAP as 
Glu. In DIC and RP, Glu might induce changes in EVRR not 
concomitant with changes in SAP (58/68 and 68/102, respec- 
tively), while electrical stimulation produced changes in SAP 
concomitant (Fig. 2)(68/73 and 102/109, respectively) or not 
concomitant (5/73 and 7/109) with changes in EVRR. In MB, 34 
loci in PAG and 7 loci in its adjacent areas, responded to elec- 
trical stimulation, but not Glu, by increases in SAP (average of 
68 mmHg). Nevertheless, they responded to Glu in producing 
changes in EVRR (Fig. 3). Among them, EVRR was decreased 
(39.5%) by st~ulation of the PAG while increases (11.1%) were 
observed when the adjacent areas of the PAG were stimuIated. 
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FIG. 1. Distribution of reactive sites affecting spinal reflexes in the sympathetic pressor areas of the brain stem. Stimulation in dienccphalon-midbrain 
was carried out from the level of 7 mm anterior (A7), to 3 mm (P3) posterior to the ear bar zero with the electrode-tubing setting at right angle, while 
pont~med~la was from the level of 9 mm (09) to 12 mm rostra1 to the obex with the ele~r~e-~bing setting at 34”. Fig. 1 shows brain drawings 
from A7 to Al, zero-P3,012-09. Sites that caused inhibition of the reflexes are mapped on the left half and augmentation of the reflexes are mapped 
on the right half of the brain drawing. Solid circles (0) are used to mark sites that produced reduction of EVRR only, without associated SAP changes. 
Three different sizes are used to indicate the extent of reduction in decreasing order, from 60-lOO%, 30-60%, and 5-30%, respectively. Three 
different sixes of solid triangles (A) are used to indicate reduction of EVRR associated with increases in SAP in decreasing order from 60-lOO%, 
30-60%, and 5-30%, respectively. Three different sixes of solid squares (B) are used to indicate the EVRR reduction associated with a decrease in 
SAP in a decreasing order from 60-lOO%, 30-60%, and S-30%, respectively. Two different sixes of large and small empty circles (0) are used to 
indicate the increase of EVRR augmentation without associated SAP changes, large circles from 30-60% and small circles from 5-30%, respectively. 
Three different sizes of empty triangles (A) are used to indicate the increases of EVRR associated with a increase in SAP in decreasing order from 
60% or more, 30-60%, and 5-30%, respectively. 

The sensitivity of changes in SAP and EVRR between DIC 
and MB due to electrical stimulation was tested in some cases. 
The EVRR component was more sensitive; it required only 
100 PA to produce an apparent change. The SAP component was 
less sensitive; it required 300 PA to produce the response. In DM 
and VLM 100 fi was sufficient to produce marked responses 
both in EVRR and SAP. 

The reactivity of various brain structures to Glu was also com- 
pared (Table 1). Among the DIC and RP that received the same 
dose of Glu microinjection, the degree of MSAP increase was 
weakest in DIC (S.l%), yet its effects on EVRR were apparent 
(decreased 25.834.1% or increased 16.2%). Glu stimulation of 
the RP region produced the highest MSAP increase (41.2%). Glu 
stimulation of the MB region principally produced no change or 
decrease in MSAP (9.8%). EVRR decreased (37.2-41.4%) or 
increased (1 1. l%), Glu stimulation of the RP region produced no 

change, increase (41.2%) or decrease (9.2%) in MSAP. EVRR 
also decreased (24.6-42.4%) or increase (14.4-51.6%). 

Activation Produced Inhibition of Spinal Reflexes 

Changes in spinal reflexes, in terms of EVRR inhibition pro- 
duced by chemical stimulation in the brain stem, 51 in DIG, 48 
in MB, 84 in RP, 24 in VLM, and 36 in DM, are illustrated in 
Fig. 1 and Table. 1. In the rostral brain stem, the major change 
in EVRR activity was inhibition associated with no change in 
SAP (41/51 in DIG, 38/48 in MB, and 56/&l in RP). These effects 
were observed only in a few cases following DM (6136) and 
VLM (6/24) stimulation. However, when DM (21136) or VLM 
(15/24) was activated, it produced EVRR inhibition associated 
with an increase of SAP. 

With Glu stimulation, the percentage of time when EVRR 
inhibition was observed sim~t~eously with SAP increases was 
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TABLE 1 
EFFEXXS OF GLU BRAIN STIMULATION ON EVRR 

Brain MSAP 
Stimulation Increase in % 

Group I Group Ii Group 111 

MSAP No Change 
EVRR in % Decrease in % EVRR in % in MSAP EVRR in $6 

DIC 

MB 

RP 

VIM 

DM 

+5.1 5 0.42 -34.1 t 15.8 [6,8] -9.6 t 1.3* -25.8 It 10.2 [6.8] 0 + 16.2 Lt 2.2’ [23.2) 
(0) (5) (6) (5) (58) (17) 

0 [5.5] 0 11.41 -29.5 r 4.0’ 156.23 

(4) (1) (41) 
+16.0 +20.0 Il.81 -9.8 lr 1x* -37.2 + 5.0’ 117.81 0 +11.1 t 2.8’ [12.5] 

(1) (1) (10) (10) (45) (7) 
-41.4 + 3.5’ 167.91 

(38) 
+51.6 -t 15.6” [4.6] +34.3 [X0] +14.4 + 2.2’ [ll.O] 

(5) t1t (12) 
+41.2 + 7.0’ -42.4 _C 7.2* [13.8] -9.2 t 1.4* -37.9 c 4.4’ f11.91 

(26) (15) (15) (13) (6:) 
0 [S.S] 0 [l.O] -24.6 t 2.5* [51.4] 

(6) (1) (56) 
+57.7 ? 19.2* (13.81 

14) 
i35.5 ? 4.8” -51.4 k 4.7s [51.7] -10.5 L 1.9’ -49.5 t 9.v [10.3] -40.2 -t S.6* t2O.q 

(201 (15) (3) (3) c, (6) 
0 f3.41 

(1) 
+27.6 -c 3.1* -55.2 f 4.4* 156.81 -14.5 2 2.3% -61.7 -r- 7.9* [24.3] -57.5 -c 9.1’ [16.2] 

(22) (21) (9) (9) & (6) 
0 12.71 

(1) 

IXC: Dien~phalon; MB: Midbra~, RP: Rostral pous; VLM: Ventrofateral medulla; DM: Dorsal medulla; MSAP: Mean systemic arterial blood 
pressure (mrnHg); EVER: Evoked ventral root response. 

+: Increase; -: Decrease; 0: No change. 
All values are mean 2 SD; (n) = number of brain sites receiving Glu microinjection; [iV] = frequency of observation, in %, during brain stimulation. 
* Values before and after glutamate (Glu) stimulation of brain are statistically significant calculated by Student’s t-test with p values < 0.05. 

as follows: DM 56.8, VLM 51.7, RP 13.8, DIG 6.8. The per- 
centage of time EVRR inhibition was associated with SAP de- 
creases was: DM 24.3, MB 17.8, RP 11.9, VLM 10.3, DIC 6.8. 
On the other hand, decreases of EVRR associated without any 
or only a very slight change (less than 5%) in SAP was observed 
much more often in the rostral than the caudal structures. The 
percentage in decreasing order was: MB 67.9, DIG 56.2, RP 51.4, 
VLM 20.7, and DM 16.2. 

In general, neurons that inhibited EVRR were found over the 
whole brain stem, from diencephalon to medulla without any 
specific localization. The only difference was that location of 
these neurons in the rostral structures, that is, DIC, MB, and RP, 
was not that close to the neurons mediating sympathetic pressor 
action, in comparison to the caudal structures, that is, VLM and 
DM. 

Activation Produced Excitation of Spinal Reflexes 

Increases in EVRR activity were also observed following Glu 
stimulation but less frequently: (a) In 11 cases; PAG (1 of the 46 
stim~atio~~, RP (6 of the 26 st~ulatio~), and VLM (4 of the 
20 stimulations) were associated with increase in SAP (Figs. 4 
and 5). (b) Increased EVRR associated with a decrease of SAP 
was observed only once in Rp. The other observations in per- 
centage were associated with increases in SAP: VLM 13.8, RP 
4.6, and MB 1.8. (c) In 36 areas (DIC 17, MB 7, RP 12) the 
increases in EVRR were not associated with changes in SAP. 
The percentages were: DIC 23.2, MB 12.5, RP 11.0. 

These data show that neurons mediating an increase in EVRR 
were localized more in the structures in or rostral to RP than in 
the caudal structures of VLh4 and DM. 

However, even though neurons which increase or decrease in 
EVRR were found in the same area such as RP, a comparison of 
Figs. 4 and 6 shows that microinjection of Glu into the gigan- 
tocellular reticular tegmental field (FTG) of RP which increased 
MSAP have an opposite effect on EVRR. The two injections 
were close together, but one produced an increase in EVRR (Fig. 
4) while the other decreased EVKR (Fig. 6). 

In 25 animals, SAP and EVRR due to electrical stimulation 
of the pressor areas in DIC, MB, or RP were measured before 
and after direct current lesions were made in various pressor areas 
caudal to the stimulating sites. Results are summarized in Table 
2. Lesions in the pressor area of the VLM produced a significant 
reduction of the pressor response and decrease in EVRR in re- 
sponse to DIC and RP stimulation. However, after VLM lesions, 
the EVRR following MB stimulation was significantly increased 
despite a reduction of the pressor response. Lesion@ of the FAG 
caused a sign&ant reduction of EVRR due to DIC stimulation. 
Lesioning of the RP significantly increased the EVRR in re- 
sponse to MB stimulation. 

Activation Producing Only SAP Changes 

Chances of observing a change in SAP with or without only 
a small change in EVRR due to brain stimulation with Glu was 
small (Fig. 7); DIC (5 of 73 stimulations; 4 pressor, 1 depressor), 
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FIG. 2. Stimulation of the diencephalon (DIG) produced inhibition of EVRR. In this and the following figures, traces from top to bottom, 
SAP (systemic arterial blood pressure), MSAP (mean SAP), HR (heart rate) and EVRR (evoked ventral root responses) and the expanded 
EVRR from a specific EVRR indicated by arrowheads (A). Bar (-) and arrow (0) indicate time of delivering electrical stimulation and 
microinjection of Glu respectively. EVRR were induced by stimulating the central end of the cut sciatic nerve (left) every s with a single 
pulse (100 fi, 1.0 msec). The DIC (dot in the brain drawing) was stimulated first with an electrical current (400 /A, 1.0 msec, 80 Hx and 
15 s) (upper panel) and then followed by Glu (200 nl) (l ower panel). Note that electrical stimulation produced an increase of SAP and a 
decrease of EVRR. Glu stimulation produced a mild decrease of SAP and complete abolition of EVRR. 

RP (7 of 109 stimulations; 6 pressor, 1 depressor), VLM (1 of 
29 stimulations, pressor), DM (1 of 37 stimulations, pressor). 

Role of the Rostra1 Neural Structures in Changes of EVRR 
Produced by RP, VLA4 or DM Stimulation 

In 5 cats inhibition or excitation of EVRR induced by either 
electrical or chemical stimulation of the RP, VLM, or DM stim- 
ulation was compared before and after acute midcollicular de- 
cerebration. Decerebration essentially had no effect on the resting 
SAP and EVRR induced by stimulation of the various pressor 
areas of the brain stem. EVRR due to stimulation of the RP, 
VLM, and DM was not altered by further direct current lesions 
in the pressor areas of MB on both sides. 

DISCUSSION 

Results show clearly that stimulation of DIC, MB, and RP 
produces changes of SAP or EVRR in various ways. The most 
common effect was a decrease in EVRR and an increase in SAP. 
A second but less common occurrence was a decrease in EVRR 
without any change in SAP. Only in a few cases did stimulation 
produce a decrease in EVRR and a decrease in SAP. These data 
are similar to our previous results on DM and VLM on EVRR 
(8). However, the medullary stimulated increase in EVRR was 
not observed frequently. 

In our previous study (8) it was shown that the effects of 
EVRR following DM and VLM stimulation were independent of 

the cerebellum and neural structures rostra1 to the midbrain and 
were not related to the vagus nerve and the baroreceptor reflex. 
In both of our studies, modulation of SAP and EVRR was pro- 
duced by Glu stimulation of DIC, RP, DM and VLM. This sug- 
gests that activation of perikarya instead of fibers of passage are 
responsible for the actions (15). The SAP response was relatively 
insensitive to Glu stimulation of the MB, although in some cases 
it produced changes in EVRR. This suggests that changes of SAP 
due to MB activation probably involve principally fibers of pas- 
sage, or Glu is not the appropriate chemical for activation. Both 
the present and previous results (8) demonstrated that decreased 
or increased EVRR could be produced without an associated with 
change in SAP, or vice versa. Furthermore, changes of EVRR 
required a much lower intensity of stimulating current than that 
of SAP. This suggests that the EVRR and SAP mechanism are 
independent. A similar dissociation of antinociceptive effects on 
SAP following microinjection of Glu in VLM has also been ob- 
served (18). 

In the more rostral DIC and MB as compared to the caudal 
DM and VLM, stimulation induced more often changes in EVRR 
without any change in SAP as can be seen in Table 1. Also 
increased EVRR amplitude was observed more frequently during 
stimulation of the rostra1 structures. These results are consistent 
with the early data of Magoun (25) who found that the motor 
responses (blink, flexor, and patellar reflex) produced by electri- 
cal stimulation of the motor cortex were facilitated more by di- 
encephalon structures than in other regions of the brain stem 
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FIG. 5. Stimulation of the ventro1ate~l medulla (WJvi) produced au~n~tion of the EVRR. Both electrical elation (150 &, upper 
panels) and Glu microiujection (200 nl, lower panels) at a point in VLh%, 4 mm rostraI to the obex as shown in the brain drawing, 
produced increases of SAP and EVRR. Note that both electrical and Glu stimulation produced marked increases of SAP and EVRR. Note 
also the prolonged action of Glu (12 min). 

including medulla. Hypothalamic stimulation as well facilitated 
the monosynaptic spinal reflex induced by dorsal root stim~ation 
(12). However, these early studies did not examine changes in 
blood pressure. 

In the rostra1 pons and midbrain pressor areas correlated 
changes in somatic functions have been observed in the rat, that 
is, tail-flick reflex (14,29). In cats, PAG stimulation and RP stim- 
ulation facilitated the lumbar monosynaptic reflex (31). Similar 
fa~i~tation of lumbar monosynapti~ reflexes was observed on RP 
stimulation (9). Stimulation of the region ventral to RP, cunei- 
form nucleus, and the ventral region of the inferior colliculi (20) 
increased the tonic stretch reflex and biceps muscle tone. Stim- 
ulation of the midbrain retrorubal, pedunculopontine tegmental 
nuclei, and ventral paralemniscal tegmental field suppressed 
muscle tonus (22). 

Consistent with our previous study (8) Glu micro~j~tions 
into DM and VLM produced both marked increases in SAP and 

inhibition of EVRR. The inhibition by DM and VLM was about 
equal. The frequency of a SAP increase and EVER decrease and 
an independent EVRR decrease associated without a SAP change 
was also about equal. Nevertheless, the frequency of producing 
an independent EVRR increase associated without a SAP change 
was higher in VLM than DM. When the VLM is lesioned bilat- 
erally, marked reduction in the EVRR increase occurred in re- 
sponse to DIC, or RP stimulation (Table 2). Therefore, the VLM 
appears to be an active region with somatic function. 

The medu~~-~ntine parts of the brain stem that is involved 
in cardiovascular activity also modulate both somatic motor and 
sensory functions. For instance, stimulation of the medullary re- 
ticular formation close to the facial nucleus inhibited the spinal 
nociceptive reflex (13). Lesioning of this area reduced the noci- 
ceptive reflex (19). Stimulation of the ventral root L7 and Sl 
increased the muscle tonus associated with an increase in VLM 
neural activity (3). Microinjection of carbachol into the dorso- 

FIG. 3. Effects of stimulation of the midbrain periaqueductal grey (PAG) on EVRR. The PAG (dot of the brain drawing) was stimulated first with an 
electrical current (300 @, 1.0 msec, 80 Hz and 15 s) and then followed by Glu (200 nl). Note that eleetrieal stimulation produced an increase of SAP 
and EVRR, while Glu stimulation failed to elicit any pressor response but decreased the EVRR. 

FIG. 4. Stimulation of the gigantocellular tegmental field (FIG) produced augementation of the EVRR. Both ele-ctrical(150 @I, upper panels) and 
Glu microinjection (200 III, lower panels) at a point in RP, 10 mm rostral to the obex as shown in the brain drawing, produced an increase in SAP 
and EVRR. Note that electrical stimulation produced a slight decrease, while Glu an insigniticant change in HR. Note also that EVRR was not increased 
until the SAP rise had reached the plateau. 
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FIG. 6. Stimulation of the gigantocellular tegmental field (FTG) produced inhibition of the EVRR. Upper panels show that electrical 
stimulation (150 /lA) of a point in FTG (dot on the brain drawing), 10 mm rostra1 to the obex, produced an increase of SAP, slight increase 
in HR, and a decrease of EVRR. Microinjection of Glu (200 nl) into the same site (lower panels) produced similar but more prolonged 
SAP rise and bradycardia. EVRR was completely silent for a period of 12 min during the period of cardiovascular reaction. 
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FIG.7. Separation of vasomotor action and inhibition of spinal reflex. Upper panel (cat 910822) show that both electrical stimulation (150 /.A) 
and Glu (200 nl) at a point in LC as shown in the brain drawing produced elevation of SAP, but no change in EVRR. Lower panel (cat 900725) 
show that at a point in the VLM (dot in the brain drawing) electrical stimulation (150 @) did not change the EVRR. In this case, electrical 
stimulation produced a marked pressor response associated with a brief bradycardia. Glu (200 nl), produced a marked bradycardia, but was 
not associated with a change in SAP. The EVRR did not change during the period of bradycardia but began to increase after the bradycardiac 
response was over. 
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TAE%E 2 
EFFBCi-S OF BILATERAL. DC LESIONS ON VARIOUS PRESSOR 

AREAS OF TBE BRAIN STEM ON THB AUOMBNTED EVRR 
PRODUCED BY ELBCTRICAL STIMULA TION OF THE 
DIBN~HALON, MIDBRAIN, AND ROSTRAL PONS 

Brain Stimulation 

Diencephalon 
Control 
After PAG lesion (n = 5) 
Control 
After RP lesion (n = 5) 
C0ntrol 
After VLM lesion (n = 7) 
Control 
After DM lesion (n = 7) 

Midbrain 
Control 
After RP lesion (n = 5) 
Control 
After VLM lesion (n = 8) 
Control 
After DM lesion (n = 8) 

Rostra1 Pons 
Control 
After VLM lesion (n = 7) 
Control 
After DM lesion (n = 7) 

Values are mean (%) -t SE. 

SAP Increase EVRR Increase 

(%+ (%I 

37.9 t 6.7 40.7 t 10.0 
22.5 2 5.8 23.4 2 10.4* 
25.3 ? 4.5 38.9 k 9.3 
30.3 + II.3 29.9 2 10.4 
38.6 + 5.4 76.4 + 28.9 
14.8 2 3.7+ 43.7 + 9.3s 
48.7 + 10.4 70.9 t 16.9 
12.6 ? 7.2*t 82.2 t 21.3 

40.9 i: 6.5 41.6 2 11.4 
35.9 2 5.1 63.7 ” 11.4* 
47.6 + 8.2 56.0 -c 15.2 
15.4 2 5.0*t 105.1 z 32.7* 
59.3 ” 11.1 46.0 ? 14.2 
42.5 k 7.8 60.8 2 21.5 

51.8 t 9.3 42.9 zt 10.4 
22.2 + 8.8*$ 24.3 2 12.3’ 
73.5 + IO.4 55.7 ‘- 14.9 
61.5 2 17.0 53.0 _’ 17.0 

Both the DM and VLM are involved in the modulation of 
sympathetic reflex activity. For example, stimulation of the sci- 
atic, hamstring, or superficial radial nerve produced an early 
inhibition (silent) followed by a late excitation of the evoked 
potential recorded at the renal branch of the splanchnic nerve. 
The inhibitory component was abolished by bilateral VLM le- 
sions while the late excitatory component was abolished by bi- 
lateral DM lesions (16). Lesions of the VLM abolished the va- 
sopressor response resulting from stimulating sciatic afferents 
(10,30). Cooling of the VLM produced a marked reduction of 
the somato-sympathetic reflex, a spinal component of the po- 
tential recorded at the T3 sympathetic white ramus following 
stimulation of the correspondent intercostal nerve (11). Lesions 
of VLM abolished the increase in SAP and heart rate following 
stimulation of the lumbar and sacral ventral roots (17). VLM 
neurons also respond to stimulation of the radial or sciatic 
nerves (28). Furthermore, more than half of the responses in 
VLM, which were correlated with the cardiac rhythm, increased 
firing during muscle contraction response to ventral root (L7, 
Sl) stimulation (2). 

These results do not explain the mechanism of interaction 
between EVRR and changes in SAP following brain stem stim- 
ulation. The modulation of cardiovascular function and somatic 
reflex activity are most likely mediated by different neurons in 
close proximity in one another with the possibility and advantage 
of interaction at various ievels in the brain stem and spinal card. 
Consequently, simultaneous mobilization of both systems is pos- 
sible in an emergency. 

* Indicates that in the same animal groups, the percent changes of the 
EVRR before and atter brain lesions are statistically signitkant (p 
< 0.05), verified by paired Student’s r-test. 

$ Indicates that in the pooled animal group, the percent changes of the 
EVRR before and after brain lesions are statistically signifkant Cp 
< 0.05), verified by one-way ANOVA and compared by pairs. 

In summary, we describe the activity of two types of neurons 
which mediate cardiovascular or somatic effects in the dienceph- 
alon, rostra1 pans, midbrain, particularly the periaqueductal grey, 
dorsal medulla and ventral lateral medulla. These neurons with 
cardiovascular and somatic properties are distinct populations in 
close proximity with a closer association in the medullary regions 
than in the structures within or rostra1 to the midbrain. 
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