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R312, 1991.—The role of thyrotropin-releasing hormone
(TRH) and glutamate in central cardiovascular control was
studied by microinjections (50 nl) of these agents into the
medial or median preoptic nuclei of conscious rats (n = 49)
with continuous recording of mean arterial pressure, heart rate,
blood flow, and vascular resistance in hindquarter, renal, and
mesenteric blood vessels. In addition, the effect of TRH on
renal sympathetic nerve activity was studied in anesthetized
rats. TRH (2.4-240 pmol) elicited the typical hemodynamic
pattern of the “defense response” consisting of increased blood
pressure, tachycardia, hindquarter vasodilation, and constric-
tion of renal and mesenteric blood vessels. Maximum changes
in cardiovascular variables after the 24-pmol dose were +12 +
2 mmHg (mean arterial pressure), +73 £ 15 beats/min (heart
rate), =21 = 6% (hindquarter resistance), +15 * 6% (renal
resistance), and +31 * 6% (mesenteric resistance), P < 0.05
compared with saline. In anesthetized rats, TRH at the 2.4-
pmol dose increased renal sympathetic nerve activity (>200%,
n =25, P <0.05 compared with control) with no effect on blood
pressure or renal flow. Glutamate (10 or 100 nmol) produced a
similar pattern of hemodynamic changes as TRH. Peak effects
after the 100-nmol dose of glutamate were +16 + 2 mmHg
(mean arterial pressure), +57 + 11 beats/min (heart rate), ~31
+ 3% (hindquarter resistance), +29 * 9% (renal resistance),
and +87 £+ 22% (mesenteric resistance), P < 0.05 compared
with saline. The glutamate N-methyl-D-aspartate (NMDA)
receptor blocker MK-801 (300 ng/kg iv) attenuated the pressor-
tachycardic responses to TRH and the pressor-mesenteric con-
strictor responses to glutamate. The results suggest that TRH
and glutamate may be involved in the integration of hemody-
namic and sympathetic responses to stress by a mechanism
that at least in part involves the activation of glutamatergic
NMDA receptors.
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DIENCEPHALIC NUCLEI are critically involved in control-
ling defense responses during affective behavior (28, 30).
The medial preoptic nucleus (POM), a paired structure
along both sides of the third ventricle, receives extensive
inputs from cardiovascular nuclei including the amyg-
dala, paraventricular hypothalamic nucleus, the para-

brachial nucleus, and the nucleus tractus solitarius
(NTS) (4, 25). The principal projection of the POM
descends through the medial forebrain bundle to the
lateral hypothalamus and to the periaqueductal gray and
medullary raphe and magnocellular reticular nuclei
through which structures the POM is connected with the
NTS and the preganglionic sympathetic neurons in the
intermediolateral cell column (IML) of the spinal cord
(4, 25). Electrical stimulation of the POM and median
preoptic nucleus (POMn) produces a pattern of hemo-
dynamic changes identical to the stress-evoked defense
response including hindquarter vasodilation and reno-
splanchnic vasoconstriction (2, 8, 28, 30). Whether these
responses are due solely to activation of neurons in the
preoptic area is unclear since electrical current not only
excites neurons in the stimulated area but also axons
passing through the region. Thus the responses elicited
by electrical stimulation can be due to mixed activation
of local POM neurons and of axons of nuclei that are
located far from the stimulation site.

Earlier studies have implied a role for thyrotropin-
releasing hormone (TRH) in the hypothalamic control
of blood pressure and heart rate (5, 7, 24). Immunohis-
tochemical and autoradiographic studies have demon-
strated the presence of TRH, its precursor, and receptors
in the POM (19, 22, 23). Intracerebral injection of TRH
into the POM area was further reported to increase blood
pressure, heart rate, and plasma catecholamines in the
conscious rat (7). More discrete microinjections of nan-
oliter volumes (50-150) of TRH into the POM were
shown to induce increases in blood pressure and heart
rate in halothane-anesthetized rats (5, 24). However, the
differential vascular and sympathetic responses to TRH
were not monitored in any of the previous studies. In a
previous study from our laboratory, intracerebroventric-
ular (icv) administration of TRH in the conscious rat
elicited the vasomotor defense response that was de-
pendent on the intact function of sympathetic nerves
and adrenal medulla (26). The present study therefore
was designed to test whether the POM could be the site
for the vasomotor defense response induced by icv ad-
ministered TRH in the conscious rat. We used highly
discrete microinjections in a small volume (50 nl) that
were confined within the POM with over 75% recovery
(29). In addition, the TRH responses in the POM were
compared with those induced by the excitatory amino
acid L-glutamate and the potential TRH-glutamate in-
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teraction tested by treatment with the selective gluta-
mate-N-methyl-D-aspartate (NMDA)-receptor blocker
(+)-5-methyl-10,11-dihydro-5H-dibenzo[a,d]cyclohep-
ten-5, 10-imine (MK-801) (14).

MATERIALS AND METHODS

Male Sprague-Dawley rats (300-360 g) were purchased
from Taconic Farms (Germantown, NY) and kept at
22°C and 12:12 h light-dark cycle. After surgical opera-
tions the rats were housed individually in plastic cages
(21 x 27 X 16 cm), with food and water ad libitum.

Intrahypothalamic injections. The rats were anesthe-
tized with an intramuscular injection of ketamine (130
mg/kg) and acepromazine (1.3 mg/kg) and were placed
on a stereotaxic device (DKI). A stainless steel guide
cannula was inserted through the skull and fixed with
glue (Eastman 910 adhesive). The injections into the
POM were done by means of a premeasured 30-gauge
stainless steel cannula (9.5 mm length) inserted into the
POM through the guide cannula 7 days after the implan-
tation of the guide cannula. The injection cannula was
connected via a polyethylene catheter to a 500 nl Ham-
ilton microsyringe, and a 50 nl volume of the drug or
saline solution was injected into the POM over 30 s. On
completion of the experiment, the rats were killed, and
the brains were immediately removed, placed on a spec-
imen holder, and rapidly frozen on dry ice. The brain
was then cut (50 um) in a cryostat, and the dried sections
were stained with thionine (0.1%). The site of injection
into the POM was microscopically confirmed according
to the brain atlas of Kénig and Klippel (15).

The spread of the intrahypothalamic injections was
assessed by microinjections of [*H][(3-methyl-His?)]-
TRH (New England Nuclear, 55 Ci/mmol, 50 nl of a 15
uM solution) into the POM. Two minutes after the
injection the animals were killed, and the brains were
immediately removed, placed on a specimen holder, and
rapidly frozen on dry ice. The brains were then cut in a
cryostat in the following way: 10 um for autoradiography,
50 um discarded, 50 um for counting of radioactivity, and
50 pum for histology (see above).

Autoradiography. The microscope slides were placed
after thorough drying together with tritium plastic stand-
ards (*H microscales, Amersham) into X-ray cassettes
and were exposed to tritium-sensitive film (Ultrofilm;
LKB, Gaithersburg, MD) for 4 wk at 6-8°C. After devel-
opment in D-19 Developer (Kodak) the autoradiograms
were quantitatively analyzed by computer-assisted den-
sitometry (RAS-3000, Amersham). A full report of the
autoradiographic quantitation of the injection spread has
been published elsewhere (29).

Measurement of organ blood flow. The rats were anes-
thetized with ketamine-acepromazine, and a guide can-
nula for injections into POM was placed on the skull as
described above. A midline laparotomy was then made,
and the left renal and superior mesenteric arteries and
lower abdominal aorta above its bifurcation were care-
fully isolated under a dissecting microscope. Doppler flow
probes (Valpey-Fisher, Hopkinton, MA) were then
loosely sutured around each vessel as earlier described
(11, 26). The insulated wire leads were fixed to the back
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muscles, tunneled under the back skin to exit at the neck,
and soldered to a receptacle that was then attached to
the skull with small srews and dental acrylic. The ani-
mals were allowed to recover from the surgery for 7 days.
Twenty-four hours before the experiment, the rat was
reanesthetized with halothane (2% in oxygen), and the
femoral artery and vein were catheterized with PE-50
tubing. The catheters were tunneled under the back skin,
exited at the nape of the neck, and secured by a soft
spring wire.

On the day of the experiment, the arterial catheter was
connected to a pressure transducer (Narco), and blood
pressure and heart rate were continuously recorded on
the Narcotrace 80 physiograph. A cable connecting the
blood flow receptacle and the Doppler flowmeter (Uni-
versity of Jowa, Bioengineering Facility, model no. 545C-
4) was attached to the animal, and the mean blood flow
was continuously recorded on the physiograph. Vascular
resistance was calculated by dividing the mean arterial
pressure by blood velocity (Doppler shift in kHz) as
described earlier (11, 26). Changes in blood flow and
vascular resistance are expressed as a percent of control
values.

Recording of renal sympathetic nerve activity. In a
separate group of rats, efferent renal sympathetic nerve
activity was recorded simultaneously with renal blood
flow and mean arterial pressure in chloralose-anesthe-
tized rats. Polyethylene catheters (PE-50) were inserted
into the left femoral artery and vein under halothane
(2% in oxygen) anesthesia. Thereafter, the anesthesia
was continued with intravenous infusion of chloralose
(150 mg/kg), and the trachea was cannulated. The rats
were placed on a stereotaxic device (DKI), and a 30-
gauge needle was inserted into the POM. Through a left
flank incision, the left kidney and its blood vessels were
exposed, and a renal nerve branch was carefully dissected
from the aorticorenal junction. A Doppler flow probe was
then placed around the left renal artery, with care being
taken not to damage the renal nerves. The isolated nerve
branch was then placed on a bipolar Teflon-coated plat-
inum hook electrode and was protected by a pool of warm
mineral oil. The body temperature was kept at 37°C by
means of an Aquamatik heating pad. The animal was
artificially ventilated (Harvard Rodent Respirator) with
100% oxygen and with respiratory muscles paralyzed
with gallamine (20 mg/kg iv). The nerve signal was
amplified 50,000 times by a Grass P511 band pass am-
plifier at a band pass of 30-3,000 Hz. The amplified and
filtered signal was rectified and integrated by a Buxco
cardiovascular analyzer operated by an IBM personal
computer and was stored together with the blood pres-
sure and blood flow data on floppy discs. The signal was
also channeled to a Tektronix 5113 oscilloscope for visual
evaluation, to Grass audio amplifier for auditory evalu-
ation, and through a rectifying voltage integrator (Narco
type 730M) to the physiograph. The rectified integrated
nerve signal was continuously displayed together with
the arterial pressure and renal blood flow on the Narco-
trace physiograph. At the end of the experiment, the
nerve was cut proximal to the recording electrode, and
the electrical noise that remained after nerve section was
recorded and processed as the nerve signal. The magni-
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tude of this noise was considered to be an estimate of
“zero” nerve activity, and it was subtracted from previ-
ously recorded activity to obtain true estimates of sym-
pathetic activity.

Assay of plasma catecholamines. Blood samples (0.8
ml) were withdrawn from the arterial catheter 30 min
after the administration of TRH. The blood withdrawn
was replaced with an equal volume of fresh rat blood.
The blood specimens were collected in chilled test tubes,
centrifuged (Beckman microfuge B) for 1 min, and the
plasma was removed and rapidly frozen on dry ice. Epi-
nephrine and norepinephrine were separated by alumina
extraction and were assayed by high-performance liquid
chromatography with electrochemical detection (6).

Drugs used. The following drugs were used. TRH, L-
glutamic acid, sodium salt, L-epinephrine, and L-norepi-
nephrine were from Sigma. Sodium nitroprusside was
from Ciba. The glutamate NMDA receptor blocker MK-
801 (14) was kindly provided by Merck Sharpe & Dohme.
All drugs were dissolved in 0.9% NaCl (saline).

Statistical analysis of data. Data in text and Figs. 1-7
are means  SE for the given number of rats. The dose-
response and time-response relationships were analyzed
by one-way analysis of variance with the Student-New-
man-Keuls test; the differences in plasma catecholamine
levels before and after TRH or glutamate administration
and the magnitude of TRH or glutamate responses before
and after MK-801 treatment were assessed by the paired
Student’s ¢ test and the nonparametric two-tailed Wil-
coxon matched-pairs test for data with unequal vari-
ances.

RESULTS

Histology and injection spread. More than 756% of the
radioactivity after the 50-nl injection was found within
a diameter of 600 um from the injection site (Fig. 1).
Sixteen out of 24 glutamate injections and 12 out of 25
TRH injections were localized in the POM area below
the anterior commissure, 0.3~0.8 mm left from the third
ventricle. Six glutamate injections and seven TRH injec-
tions were found in the POMn in the midline structure
above the third ventricle. Hemodynamic responses to
TRH and glutamate in POM and POMn were identical.
In one rat, injection of TRH into the supraoptic nucleus
induced strong pressor (+33 mmHg), tachycardic (+158
beats/min), hindquarter vasodilator, and mesenteric as
well as renal vasoconstrictor responses, whereas injec-
tions into the lateral preoptic area (2 rats) or into the
anterior hypothalamus (1 rat) increased blood pressure
and heart rate without affecting the regional blood flow.

Effects of TRH in conscious rats. Microinjections of
TRH into the POM or POMn increased blood pressure,
heart rate, hindquarter blood flow, and decreased blood
flow in the splanchnic organs (Fig. 2). Peak cardiovas-
cular changes were reached 30 s—-3 min after the injection
and subsided in 5-10 min. Mean arterial pressure and
heart rate were significantly increased by all doses of
TRH (Fig. 3). The doses of 24 and 240 pmol increased
hindquarter blood flow by +37 £ 9% (P < 0.01) and +61
+ 18% (P < 0.01), respectively. The increase in flow was
the result of a significant reduction in hindquarter vas-
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FIG. 1. Spread of radioactivity after injection of 50-nl volume of
[*H}[3-methyl-His?}Jthyrotropin-releasing hormone (TRH) into medial
preoptic nucleus (POM). A and B: coronal section through forebrain
demonstrating injection site in POM. A: thionine-stained section (50
pm). B: dark field autoradiogram of adjacent slide (10 um). Landmarks
include chiasma opticum, commissura anterior, and fornix, scale 1 mm.
C: anteroposterior distribution of [*H][3-methyl-His*JTRH (50 nl of
15 uM solution) from injection site.

cular resistance, —21 x+ 6% (P < 0.05) and —32 + 9% (P
< 0.05), respectively (Fig. 3). In contrast to the hind-
quarter response to TRH, mesenteric blood flow after
the 24- and 240-pmol doses of TRH was reduced by —16
+ 2% (P < 0.05) and —-23 £ 7% (P < 0.05), respectively.
Corresponding changes in mesenteric resistance were
+31 £ 6% (P < 0.05) and +43 + 16% (P < 0.05) (Fig.
3). Renal blood flow, however, was not significantly
altered by TRH, whereas the renal resistance tended to
increase (Fig. 3).

Plasma samples for catecholamines were collected
after the 24-pmol/kg dose of TRH in some of the rats (n
= 6). In accord with our previous data (7, 26), a stimu-
lation of the sympathetic nervous system and adrenal
medulla was apparent as the plasma epinephrine levels
were increased by 200% and plasma norepinephrine con-
tent by 58% at the peak of the pressor response 3 min
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FIG. 2. Representative tracing of arterial pressure (AP) and regional
blood flow changes after intraparenchymal injection of TRH (24 pmol/
50 nl) into POM. HQ, hindquarter; M, mesenteric; R, renal.

after TRH administration (Table 1).

Effect of TRH on sympathetic nerve activity in anes-
thetized rats. In the anesthetized rat, TRH (2.4 pmol)
significantly increased renal sympathetic nerve activity
(Fig. 4). Nerve activity was increased within seconds
after TRH administration and subsided within 15-20
min. Systemic arterial pressure or renal blood flow was
not changed by this dose of TRH.

Effects of glutamate in conscious rats. In conscious rats,
glutamate injections into the POM or POMn induced
the defense response pattern of hemodynamic changes
(Fig. 5). Peak cardiovascular changes were reached 30-
60 s after the injection and subsided in 1-5 min. The 10-
nmol dose produced hindquarter vasodilation with si-
multaneous mesenteric vasoconstriction with no signifi-
cant effect on the other cardiovascular variables (Fig. 6).
Mean arterial pressure and heart rate were significantly
increased by the 100-nmol dose of glutamate (Fig. 6). At
this dose, glutamate increased hindquarter blood flow
(+ 48 + 8%, P < 0.05) due to decreased hindquarter
vascular resistance (—31 = 3%, P < 0.01) (Fig. 6). Blood
flow in mesenteric and renal vascular beds were de-
creased by —33 £ 6% (P < 0.05) and by —=19 + 4% (P <
0.05), respectively. Corresponding increases in mesen-
teric and renal vascular resistance were +87 + 22% (P
< 0.05) and +29 £ 9 (P < 0.05), respectively (Fig. 6).

Stimulation of the sympathetic nervous system and
adrenal medulla by the 100-nmol dose of glutamate was
manifested by increased levels of plasma epinephrine
(+90% from baseline) and norepinephrine (+48% from
baseline) in samples collected at the peak of the pressor
response (Table 1).

Influence of MK-801 on hemodynamic responses to
TRH and glutamate. Injection of MK-801 (300 ug/kg iv)
in the conscious rat tended to increase blood pressure
and heart rate but had no statistically significant hemo-
dynamic effects (Table 2). The hemodynamic variables
were not different from control before TRH or glutamate
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FIG. 3. Effect of TRH on mean arterial pressure, heart rate, regional
blood flow, and vascular resistance in conscious rat. Saline or TRH (50
nl) at doses of 2.4, 24, or 240 pmol/50 nl was injected into POM. Values
(means + SE) represent maximum changes 30 s—3 min after injection.
No. of animals (n) in saline group is 8, in 2.4 pmol group n = 6 (except
for renal blood flow and resistance in which n = 5), in 24 pmol group
n = 18 (except for renal blood flow and resistance in which n = 15),
and in 240 pmol group n = 5 (except for renal blood flow and resistance
in which n = 4). * P < 0.05, statistical significance from saline group
by Student-Newman-Keuls test.

administration.

Pressor and tachycardic responses to TRH (24 pmol)
were completely abolished after MK-801 treatment,
whereas the regional hemodynamic changes were not
affected (Fig. 7). After MK-801 treatment, glutamate
had no significant effect on mean arterial pressure or
heart rate (Fig. 7). MK-801 significantly attenuated the
decrease in mesenteric blood flow (—42 + 10% before
MK-801, —25 + 10% after MK-801, P < 0.05 by paired
t test) and the increase in mesenteric vascular resistance
(+118 + 44% before MK-801, +47 + 23% after MK-801,
P = 0.011 by Wilcoxon matched-pairs test).
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TABLE 1. Effect of TRH and glutamate on plasma
levels of epinephrine and norepinephrine

after administration into hypothalamic medial
preoptic nucleus in conscious rat

Plasma Level, pg/ml Baseline Peak
TRH (n = 4)
Epi 190+47 648+135*
NE 208+19 329+45*
Glutamate (n = 5)
Epi 133+18 253+16*
NE 147114 218+28*

Values are means + SE and indicate catecholamine levels at control
and during peak of pressor response to glutamate; n, no. of rats. TRH,
thyrotropin-releasing hormone (24 pmol/50 nl); Epi, epinephrine; NE,
norepinephrine. Glutamate was used in a dose of 100 nmol/50 nl. * P
< 0.05 vs. control, statistical significance between baseline and peak
values by paired Student'’s ¢ test.
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FIG. 4. Effect of TRH on mean arterial pressure (MAP), renal blood
flow (RBF), and renal sympathetic nerve activity (RSNA) in chlora-
lose-anesthetized rat. Values (means + SE) denote changes 1, 5, and
10 min after microinjection of TRH (2.4 pmol/50 nl) into POM. No.
of animals is 5 at each time point. * P < 0.05 and ** P < 0.01, statistical
significance from control by Student-Newman-Keuls test.

DISCUSSION

In the present study, microinjections of picomole doses
of TRH into the POM of conscious rats produced the
classical hemodynamic defense response (28, 30) char-
acterized by increases in blood pressure and heart rate
with hindquarter skeletal muscle vasodilation and
splanchnic vasoconstriction. The hemodynamic changes
became apparent immediately after the injection into the
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FIG. 5. Representative tracing of arterial pressure and regional
blood flow changes after intraparenchymal injection of glutamate (10
nmol/50 nl and 100 nmul/50 nl) into POM.

POM, became maximal in 30 s-3 min, and subsided in
10 min. Almost immediate appearance of the responses
suggests that the site of action for these effects lies within
the POM. Previous studies pointed to an important role
of the hypothalamus in mediation of TRH actions; local
microinjections of a 1.4-pmol dose of TRH into the POM
and preoptic suprachiasmatic nucleus evoked pressor and
tachycardic responses in halothane-anesthetized rats,
whereas similar injections into the anterior hypothalamic
nucleus or the dorsomedial hypothalamic nucleus pro-
duced tachycardia but no change in mean arterial pres-
sure (5, 24). In conscious rats, injections of TRH at
nanomole range resulted in pressor and tachycardic re-
sponses that were accompanied by increased levels of
plasma catecholamines (7).

Intracerebroventricular administration of picomole
doses of TRH in conscious rats has been shown to
produce hemodynamic responses with identical time re-
sponse and magnitude as those seen after POM injections
in the present study (26). Pressor and tachycardic re-
sponses were also reported after icv infusion of TRH at
picomole doses in halothane-anesthetized rats (5),
whereas, in the urethane-anesthetized rat, significant
increments in blood pressure were seen only after na-
nomole doses of TRH, and the onset of the TRH effects
in the urethane-anesthetized rat was significantly slower;
the maximum responses were observed 15 min after the
administration of TRH and were sustained for 30 min
(16, 17). Interestingly, similar sustained pressor re-
sponses with slow onset were recently reported after
injections of nanomole doses of TRH into the dorsal
raphe nucleus (18). Because the effects elicited by TRH
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FIG. 6. Effect of glutamate on mean arterial pressure, heart rate,
regional blood flow, and vascular resistance in conscious rats. Volume
of saline or glutamate (50 nl) at doses of 10 or 100 nmol/50 nl was
injected into POM. Values (means + SE) represent changes 30 s-2 min
after injection. No. of animals (n) in saline group is 8; in 10 nmol group
n = 6, and in 100 nmol group n = 18 (except for renal blood flow and
vascular resistance in which n = 15). * P < 0.05, statistical significance
from saline group.

in the dorsal raphe nucleus were not attenuated by
electrolytic lesions of the preoptic area or the paraven-
tricular hypothalamic nucleus, the TRH terminals in the
dorsal raphe (21) seem to constitute a neuronal circuit
separate from the pathway mediating the hemodynamic
and sympathetic responses elicited by microinjections of
TRH into the POM and by icv injections of TRH at the
picomole doses (5, 26).

A profound stimulation of the sympathetic nervous
system appears to mediate the hemodynamic effects pro-
duced by microinjections of TRH into the POM since
circulating levels of catecholamines were increased si-
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TABLE 2. Effect of MK-801 on cardiovascular

variables in conscious rat

Min After Injection
Variable Baseline
1 5 10 30
AMAP, mmHg 11846 +3+2 +19+8 +25+9 +19+11
AHR, beats/min  392+20 +5%10 +25+15 45039 +57+13
%AHQVR 23+3* =316 +5+4  +14%5 +47+37
%AMVR 14+1* +3+2  +8+6 +17£7 +29+11
%ARVR 15+1* +8%2 +9+3  +19+9 +23%+10

Values are means + SE. AMAP, change in mean arterial pressure;
AHR, change in heart rate; 2AHQVR, %change in hindquarter resist-
ance; A%MVR, %change in mesenteric resistance; A%RVR, %change
in renal resistance. MK-801 was injected intravenously at a dose of 300
ug/kg. * mmHg/kHz; n = 5-7.
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FIG. 7. Influence of N-methyl-D-aspartate-receptor antagonist MK-
801 on hemodynamic responses elicited by TRH or glutamate in POM.
MK-801 (300 ug/kg iv) was injected 20 min before POM injection of
TRH or glutamate was repeated. Values (means + SE) represent
maximum changes after POM injection of TRH or glutamate. No. of
animals (n) in TRH groups is 10, in glutamate groups n = 9. * P <0.05
and ** P < 0.01, statistical difference between changes before and after
MK-801 administration in each treatment group (TRH or glutamate)
by paired Student’s ¢ test or by Wilcoxon matched-pairs test (for
mesenteric vascular resistance). A%ZHQVR, change in hindquarter re-
sistance; A%RVR, change in renal resistance; A%MVR, change in
mesenteric resistance.
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multaneously with the peak of the TRH-induced cardi-
ovascular responses. The plasma epinephrine was in-
creased by >200% at the peak of the TRH-induced
pressor response, whereas plasma norepinephrine in-
creased by ~50%, indicating an activation of both the
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sympathetic nerves and adrenal medulla. The magnitude
of the increase in plasma norepinephrine was about
fourfold less than the rise of plasma epinephrine, sug-
gesting a preferential activation of the adrenal medulla,
but the rapid clearance of released neurotransmitter by
the sympathetic nerves could also explain this difference.
Indeed, when efferent sympathetic nerve activity was
directly monitored in the anesthetized rat, TRH in-
creased sympathetic outflow by 200%, even at a dose (2.4
pmol) that had no significant hemodynamic effects in
the anesthetized rat. Again, our present data were well
in agreement with the previous studies in which icv TRH
produced elevations in the circulating levels of catechol-
amines (26) and increased efferent sympathetic nerve
activity in the renal and splanchnic sympathetic nerves
(16, 17). Furthermore, the hemodynamic responses to icv
TRH were also effectively blocked by ganglionic block-
ers, adrenolytic drugs, and adrenergic antagonists (16,
17, 26), whereas hypophysectomy, thyroidectomy, or
treatment with arginine vasopressin or angiotensin an-
tagonists did not abolish the TRH responses (3, 16, 17,
26).

The present study further demonstrated that chemical
stimulation of the POM-POMn neurons with the excit-
atory amino acid glutamate produced similar hemody-
namic and sympathetic responses as those seen after
TRH administration. Electrical stimulation of the preop-
tic anterior hypothalamus has been known to evoke the
hemodynamic defense response in the rat (2, 8, 28, 30).
The hypothalamic origin of the increases of blood pres-
sure and heart rate evoked by electrical stimulation was
recently questioned, however, since chemical stimulation
with nanomole doses (0.15 M, 5-50 nl) of DL-homocys-
teate in the anterior preoptic hypothalamus of urethane-
anesthetized artificially ventilated rats elicited primarily
transient depressor and bradycardic responses, which
only in some of the animals were followed by pressor and
tachycardic responses (9). Because regional hemody-
namic variables were not monitored in this previous
study (9) the discrete changes in organ blood flow, which
are characteristic for the classical vasomotor defense
response (2, 8, 28, 30), could not be detected. Our present
study clearly demonstrated that microinjections of the
excitatory amino acid glutamate at an equivalent dose
(0.2 M, 50 nl) into the POM elicited hindquarter vaso-
dilation and mesenteric vasoconstriction, whereas the
mean arterial pressure or heart rate was not significantly
increased. In fact, our findings fully agree with the study
by Fink and co-workers (8), who found mesenteric vaso-
constriction with a simultaneous hindquarter vasodila-
tion after low-frequency stimulation of the POMn-POM
region in anesthetized rats. Increases in blood pressure
and heart rate accompanied these regional hemodynamic
changes only when higher stimulation frequencies were
used (8). Similarly, only the high dose of glutamate (2
M, 50 nl) induced systemic hemodynamic changes in our
study (Fig. 6). It is also noteworthy that TRH, another
chemical stimulus, induced the defense response even at
1,000-fold lower doses (0.048-0.48 mM, 50 nl) than those
needed to induce cardiovascular changes by the excita-
tory amino acid glutamate.

Central cholinergic mechanisms have been suggested
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to mediate the tachycardic effect of intrahypothalamic
TRH injections (5, 24), although some of the visceral as
well as behavioral actions of TRH have been attributed
to an interference with the brain aminergic systems (1).
The present study provides evidence that a glutamatergic
NMDA-receptor mechanism might also be involved in
mediation of the pressor and tachycardic responses to
TRH in the POM, since the selective NMDA-receptor
antagonist MK-801 (14) blocked the pressor and tachy-
cardic responses to TRH. The other responses were not
significantly affected, however. This implies that the
changes in blood pressure and heart rate may involve an
NMDA-receptor-mediated mechanism, whereas it would
not be case for the regional hemodynamic effects. In our
previous studies (26), we have shown that an increased
cardiac output is the major contributing factor for the
TRH-induced pressor response, whereas total peripheral
resistance does not significantly change due to the dif-
ferential pattern of blood flow responses. In this respect,
the responses of TRH and glutamate were somewhat
different since the NMDA antagonist was able to atten-
uate in part the mesenteric vasoconstrictor response to
glutamate. Moreover, the magnitude of the mesenteric
vasoconstrictor response after the 100 nmol dose of glu-
tamate was much more than that produced by the 24-
pmol dose of TRH (Figs. 3, 6, and 7), although the pressor
responses to these doses of glutamate and TRH were
almost identical. Therefore, peripheral vasoconstriction
might contribute to the pressor response after glutamate
injections to a much greater degree than to the TRH-
induced increase in blood pressure, which is mostly de-
pendent on the cardiac output (26).

Because the glutamate antagonist was administered
intravenously, the site of the TRH-glutamate interaction
cannot be determined. Although the fact that the re-
sponses induced by glutamate microinjections in the
POM were qualitatively similar to those induced by TRH
might support an interaction at the level of the POM,
other possibilities could exist, since glutamatergic
NMDA receptors are present in many cardiovascular
nuclei (20). The lateral hypothalamus is an important
link in the descending projections from the POM to the
ventrolateral medulla and IML (25). Glutamate released
in the lateral hypothalamus could relay the effects of
TRH on neurons located within the POM to lower med-
ullary centers and to the IML. In our preliminary studies,
systemic injection of TRH increased glutamate and as-
partate release in the lateral hypothalamus, as measured
by in vivo microdialysis, whereas microinjections of glu-
tamate into the lateral hypothalamus induced a strong
pressor effect in the conscious rat. Direct anatomic proof
of descending glutamatergic projections from the POM
to lateral hypothalamus has not been conclusively estab-
lished to date, however. Moreover, the NTS and the
ventrolateral medulla are known sites for NMDA-recep-
tor-mediated effects (10, 27). Because studies demon-
strated an efferent TRH pathway from the ventrolateral
medulla to the IML (12, 13) and to the NTS (21), the
TRH effects might be inhibited through a glutamatergic
mechanism at the medullary site. Inhibition of cardio-
vascular responses by the NMDA-receptor antagonist
might not be specific for TRH only, however, since most
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pressor responses originating from the hypothalamus
would most likely be inhibited by a NMDA-receptor
blocker at the level of the medulla.

In summary, the present study demonstrates that
TRH and glutamate in the POM produce cardiovascular
responses identical to the stress-evoked defense re-
sponse. Our results complement the previous studies that
demonstrate that the defense response can be evoked by
electrical stimulation of the POM (2, 8, 28, 30), empha-
sizing its origin from neurons located within this nucleus.
The present study further proposes TRH and glutamate
as important neurotransmitters involved in mediating
this autonomic response.
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