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Effects of Inirathecal Morphine, Clonidine, and Midazolam on
the Somato-sympathoadrenal Reflex Response

in Halothane-anesthetized Cats

D. M. Gaumann, M.D.,* T. L. Yaksh, Ph.D.,1 G. M. Tyce, Ph.D.%

Modulatory effects of spinal opioid, a-adrenergic, and benzodi-
azepine receptors on the somato-sympathoadrenal reflex response,
evoked by supramaximal bilateral sciatic nerve stimulation (50 times
minimal motor threshold) were evaluated in halothane-anesthetized
cats. Group 1 (n = 8) served as a control; group 2 (n = 7) received
intrathecally (it) the opioid receptor agonist morphine (500 pg); group
3 (n = 7), the azy-adrenergic agonist clonidine (200 ug it); and group
4 (n = 7), the benzodiazepine receptor agonist midazolam (1 mg it).
Plasma samples were collected from the adrenal vein at baseline,
after it drug administration, and during sciatic nerve stimulation
for the measurement of norepinephrine, epinephrine, and dopamine.
In control cats (group 1), sciatic nerve stimulation evoked significant
increases in adrenal vein catecholamine plasma levels, blood pres-
sure, and heart rate. Morphine (group 2) did not have any effect on
spontaneous hemodynamics and adrenal secretion. During stimu-
lation (group 2), there were no significant increases in adrenal nor-
epinephrine and epinephrine concentrations, whereas dopamine
concentrations, blood pressure, and heart rate rose significantly.
Clonidine (group 3) led to a decrease in heart rate and adrenal vein
norepinephrine and epinephrine concentrations at baseline. During
sciatic nerve stimulation in this group (3), significantly lower con-
centrations were observed in adrenal vein catecholamines compared
with control, whereas the hemodynamic response was not suppressed.
Midazolam suppressed baseline and stimulation-evoked adrenal vein
catecholamine concentrations, but hemodynamics were not signifi-
cantly affected. Although the study was conducted in a halothane-
anesthetized cat model, employing single doses of agonists, the data
clearly indicate a complex modulation of the somato-sympathoad-
renal reflex response that is differentially inhibited by spinal opioid,
benzodiazepine, and a-adrenergic receptor systems. (Key words:
Anesthetics, hypnotics: midazolam. Anesthetics, opioids: morphine.
Stimulation: nociceptive; sciatic nerve. Sympathetic nervous system,
alphag-adrenergic agonist: clonidine. Sympathetic nervous system,
catecholamines: norepinephrine; epinephrine; dopamine.)

PAIN-EVOKED STIMULATION of the sympathoadrenal
system is a major component of the endocrine response
to surgery, which is characterized by a catecholamine
(norepinephrine, epinephrine)-mediated hemodynamic
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and metabolic response.' Although the physiologic im-
portance of circulatory dopamine is not fully known,
plasma dopamine presents a component of the normal
stress response, as well as of stress-related diseases.? Mod-
ern anesthetic techniques aim to decrease the surgically
evoked stress response based on the idea that intraoper-
ative and postoperative mortality and morbidity may be
reduced, and that the recovery period may be shortened
and overall outcome improved.>* The optimal balance
of suppression and stimulation of the different compo-
nents of the neuroendocrine response to surgery has not
been defined. Studies examining the pharmacologic
modulation of the surgical stress response provide insight
into the organization of pain-evoked reflex responses and
are the basis for further clinical approaches to modulating
individual components of this reflex response.

Several lines of evidence suggest that the pain-evoked
activation of the sympathetic nervous system may be
modulated at the level of the spinal cord by a variety of
local receptor systems, including those for opioid, nor-
adrenergic, and benzodiazepine agonists. Opioid recep-

* tors, present in high concentrations in the dorsal horn of
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the spinal cord, are associated presynaptically and post-
synaptically with small primary afferents.” Their occu-
pation by opioid agonists selectively inhibits nociceptive
afferent input onto dorsal horn neurons. Opioid receptors
may potentially modulate preganglionic sympathetic out-
flow by action on sympathetic neurons in the intermedi-
olateral cell column.® Certain bulbospinal pathways con-
tain and release norepinephrine in response to peripheral
and central stimulation.” Norepinephrine, by a local spinal
action, exerts inhibitory effects on nociceptive processing,
mediated by a-adrenoreceptors located presynaptically
and postsynaptically to primary afferents.® Sympathetic
preganglionic outflow may be directly inhibited by an a,-
adrenoreceptor-mediated action onto cells in the inter-
mediolateral cell column.® Benzodiazepines, acting on the
GABA (gamma-aminobutyrate) receptor—ionophore
complex on primary afferents in the dorsal horn of the
spinal cord,'® depress primary afferent input by presyn-
aptic inhibition.'! Further, benzodiazepines might act on
or near sympathetic preganglionic neurons, as specific
benzodiazepine-binding sites have been identified in the
intermediolateral cell column.'® The present experiments
examined potential modulatory effects of intrathecally (it)
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administered morphine (opioid receptor agonist), cloni-
dine (ap-adrenergic receptor agonist), and midazolam
(central benzodiazepine receptor agonist) on the hemo-
dynamic and adrenal catecholamine response evoked by
high-intensity sciatic nerve stimulation in halothane-anes-
thetized cats.

Materials and Methods

Experiments were performed after approval of the
Mayo Foundation Animal Care Committee. Twenty-nine
mongrel cats (mean body weight + SE: 3.5 =+ 0.2 kg) of
either sex (18 males, 11 females) were included in the
study. In the morning after a 12-h fasting period with ad
libitum access to water, anesthesia was induced in an air-
tight plexiglass box with 4 vol% halothane in an air/ox-
ygen mixture. After tracheal intubation at a deep level
of anesthesia, animals were artificially ventilated with a
halothane/oxygen mixture (Harvard animal ventilator)
while the end-tidal halothane concentration was contin-
uously measured and kept at 1.6 vol% during the prep-
aration and at 0.8 vol% during the course of the experi-
ment. Arterial blood gases were determined after ter-
mination of the surgical procedure, and ventilator settings
were adjusted to keep values within normal limits (pH:
7.35 £ 0.05; Pco,: 36 = 5 mmHg; Po,: 90-150 mmHg).!?
Rectal temperature was continuously measured and kept
between 37° and 38° C by means of a heating pad. A
femoral artery and vein were cannulated with PE-90
catheters to allow continuous measurement of blood
pressure and heart rate, and administration of drugs.
Cannulation of the left adrenal vein was performed with
a 22-G Teflon cannula, according to a technique described
by Hume and Nelson,'? which allows selective collection
of blood from the adrenal while preserving the splanchnic
innervation. '

To avoid clotting of blood in catheters, heparin was
administered as an initial bolus of 200 U /kg intravenously
(iv), followed by 100 U /kg iv every 2 h. The sciatic nerves
were isolated bilaterally at the level of the sciatic notch,
bathed in oil, and placed on bipolar hook electrodes that
were implanted in dental cement to avoid stimulation of
surrounding tissue. The minimum motor threshold, cor-
responding to the threshold current that evoked a clear
motor twitch of the hind paw, was defined at either nerve
by increasing the voltage with otherwise constant stimu-
lation variables: 50 Hz, 0.5 ms, train duration 1 sec, train
rate 0.5/s (Grass S-88 stimulator, PSIU-6 constant-cur-
rent isolation units). Pancuronium bromide (0.1
mg-kg™' -h™! iv) was administered after determination
of the minimum motor threshold to achieve muscle re-
laxation throughout the experiment. Placement of it
lumbar catheters was performed with the head placed in
a stereotactic frame. A PEIO catheter was inserted
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through the atlanto-occipital membrane and advanced
intrathecally 30 cm caudally to position its tip at the lum-
bar enlargement of the spinal cord.'* The correct catheter
placement was verified at the end of the experiment by
dye injection. '

DRUG ADMINISTRATION

Cats were divided in random order into four groups
according to the drugs administered. Group 1 (n = 8)
served as a control and received no drug. Group 2 (n = 7)
received the opioid agonist morphine (500 ug it), group
3 (n = 7) the @, receptor agonist clonidine (200 pg it),
and group 4 (n = 7) received the benzodiazepine agonist
midazolam (1 mg it). Morphine sulfate and clonidine hy-
drochloride (Boehringer Ingelheim) were freshly pre-
pared in 0.9% NaCl, where they were freely soluble. Mid-
azolam (Roche), purchased in liquid form, was lyophilized
and then diluted in 0.9% NaCl. The preservatives of in-
Jjectable midazolam are benzyl alcohol and EDTA. Benzyl
alcohol is lost during the lyophilization procedure. In-
jected it, it has no effect on the somato-sympathetic reflex
response.'® Only small amounts of EDTA were injected
compared with midazolam (20 ug EDTA /1 mg midazo-
lam). The it injection of EDTA (Sigma; 300 pul) in rabbits
(n = 3) led to a transient increase in blood pressure from
108 £ 11 mmHg to 121 # 13 mmHg (mean =+ SE) in the
first 5 min to return shortly thereafter to preinjection
levels.§ Thus, it is reasonably certain that the observed
drug effects were not related to the vehicle. Intrathecal
drugs were always administered in a volume of 300 ul
followed by a saline flush of 150 xl. Doses were selected
on the basis of significant suppression of nociceptive re-
flexes and relative potencies in other animal models, as
such data do not exist in the feline model. Thus, admin-
istration of morphine it at a dose of 500 ug lies in the
range of dosages that provide powerful spinal analgesia
in cats.'® Intrathecal clonidine (200 ug), on a dose per
kilogram body weight basis, was above doses reported to
inhibit the thermally evoked nociceptive response in rats.!”
Midazolam was administered at a dose (1 mg it) previously
reported to suppress the nociceptive sympathetic reflex
in dogs.'® The practical justification of the doses selected
was given by the results, in that all agonists evoked inhib-
itory effects.

EXPERIMENTAL PROTOCOL

During the course of the experiment, bilateral sciatic
nerve stimulation was employed over a 10-min period in
all cats, at high intensities, with currents of 50 times min-
imal motor threshold, previously shown to consistently

§ Yaksh T: Unpublished observations
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evoke stimulation of slowly conducting Aé- and C-fibers,”
mediating nociceptive information. On an average, the
voltage employed to either nerve was 30 = 4 V (mean
+ SE). At specific time points of the experiments, blood
samples were taken from the adrenal vein by syringe pump
withdrawal (500 ul/min) during 10-min periods. In all
animals, the baseline sample S1 was taken 1 h after ter-
mination of the surgical procedure. In group 1, this was
followed by a 10-min stimulation period of both sciatic
nerves. In groups 2, 3, and 4, baseline sample S1 was
followed by it administration of either morphine, cloni-
dine, or midazolam, respectively. Sample S2 was collected
in these three groups 10 min after it drug administration,
and the sample was immediately followed by a 10-min
period of sciatic nerve stimulation during which interval
sample S3 was collected. At the end of the experiments,
animals were killed by an overdose of pentobarbital.

SAMPLE COLLECTION AND ASSAYS

Blood samples from the adrenal vein were collected in
syringes that were flushed with EDTA and that were cov-
ered by ice. The collected blood was continuously replaced
by an infusion of the same volume of hetastarch into the
femoral vein. Samples were immediately centrifuged in
precooled tubes at 4° C. Plasma was pipetted in tubes
containing freshly prepared sodium metabisulfite (10 pl
of a 5% solution per milliliter plasma). Catecholamine
concentrations in plasma were measured by high-perfor-
mance liquid chromatography with electrochemical de-
tection.'® The assay sensitivity (defined as signal-to-noise
ratio > 2) was 4 pg for norepinephrine, 5 pg for epineph-
rine, and 6 pg for dopamine as injected on the column.
The practical limit of sensitivity, assuming 1 m! of plasma
was assayed, was 0.07 ng/ml for norepinephrine, 0.09
ng/ml for epinephrine, 0.11 ng/ml for dopamine, and
0.07 ng/ml for dihydroxybenzylamine, which was run as
an internal standard with each sample. Mean recoveries
were 85% for norepinephrine and dopamine and 82%
for epinephrine. Data were corrected for these recoveries.

STATISTICAL ANALYSIS

Group differences in body weight were analyzed by
one-way analysis of variance (ANOVA), differences in sex
distribution by the chi-square test. Hemodynamic and
hormonal variables were analyzed in each treatment
group. Analysis of adrenal vein catecholamine levels was
performed after transformation to logarithms to establish
homogeneity of variance. In those cases, in which baseline
values were below the assay sensitivity, the midpoint be-
tween zero and assay sensitivity was taken as estimated
baseline value. Within-group differences were detected
by a priori paired Student’s ¢ test, carried out in control
animals between baseline values and subsequent sciatic
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stimulation, and in groups 2, 3, and 4 between S1 and
$2, and S2 and S3. A Bonferroni adjustment for multiple
comparisons was applied in groups 2, 3, and 4. Between-
group differences were detected by one-way ANOVA in
comparing the following time points: S1 in all groups, S1
(group 1) and S2 (groups 2, 3, and 4), and S3 in all groups.
If the ANOVA main effects were significant, between-
group differences were detected by post hoc comparisons
using the Duncan multiple range test. All tests were two-
tailed and evaluated at the 5% level of significance. In
view of the variance of data distribution and the number
of animals examined, the sensitivity of the statistical tests
employed was limited.

Results

The different experimental groups did not differ with
regard to body weight and sex distribution. Because of
the fact that mongrel cats were used, no exact data on
the age of the animals was available. However, based on
data on cross-bred European domestic and Abyssinian
cats, cats were generally older than 7 months.1

At baseline, cats in the different treatment groups (2,
3, and 4) did not differ from control (group 1) with regard
to body weight, hemodynamics, and adrenal vein cate-
cholamine plasma concentrations (table 1). Highest levels
were observed for epinephrine, followed by norepineph-
rine and dopamine, in decreasing order.

The effects of it administration of morphine (500 ng),
clonidine (200 pg), and midazolam (1 mg) on adrenal vein
catecholamine levels as well as on hemodynamic variables
are shown in figure 1. Preliminary experiments in an
identical cat model showed no effect of it saline injection
on adrenal vein catecholamine levels and hemodynam-
ics.** The it administration of morphine or midazolam
did not cause any changes in blood pressure, heart rate,
and catecholamine levels. In contrast, it administration
of clonidine evoked a significant reduction in heart rate
compared with baseline (134 + 5 beats/min versus 223
+ 7 beats/min, mean + SE) as well as a decrease in adrenal
vein norepinephrine and epinephrine levels, representing
/s and /s, respectively, of baseline values.

SCIATIC NERVE STIMULATION

The effects of sciatic nerve stimulation on hemody-
namic variables are shown in figure 2, and on adrenal
vein catecholamine levels in figure 3. In control animals
(group 1), sciatic nerve stimulation evoked a significant
increase in mean arterial blood pressure (173 = 8 mmHg,
mean = SE) and heart rate (274 = 17 beats/min) as com-

1 IFFA CREDO, catalogue: “Animaux de laboratoires”, 69210
St-Germain sur I'Abresle, Boite Postale 109, France
** Gaumann D, Yaksh T: Unpublished observations
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TABLE 1. Hemodynamics and Plasma Levels at Baseline During Halothane Anesthesia in the Four Experimental Groups of Cats

MABP HR NE EPI DA
Group Hemodynamics (mm Hg) (bpm) {ng/ml) (ng/ml) (ng/ml)

Control

1 (n=8) 1o+ 7 215 + 12 3.24 (2.05, 5.12) 11.5 (8.32, 15.8) 0.18 (0.12, 0.27)
Morphine

2 (n=17) 129 + 4 204 £ 11 4.47 (1.82, 10.95) 26.3 (11.7, 58.9) 0.31 (0.18, 0.53)
Clonidine

3 (n="7) 134+ 6 293 + 7 1.95 (1.05, 3.63) 6.17 (2.88, 13.2) 0.09 (0.07, 0.11)
Midazolam

4 =17 113+ 10 194 + 10 0.81 (0.46, 1.44) 5.89 (2.45, 14.1) 0.09 (0.08, 0.10)

Mean arterial blood pressure (MABP), heart rate (HR) (mean + SE),
and adrenal vein plasma levels (geometric means with limits of interval

pared with baseline values (110 = 7 mmHg; 215 = 12
beats/min). Adrenal vein catecholamine levels rose sig-
nificantly: fivefold for epinephrine, fourfold for norepi-
nephrine, and twofold for dopamine.

Following it morphine (group 2), the absolute hemo-
dynamic (fig. 2) and adrenal secretory response (fig. 3)
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F1G. 1. (Top) Plasma levels of norepinephrine (NE), epinephrine
(EPI), and dopamine (DA) expressed as ratios of baseline values (geo-
metric mean * geometric SE) in adrenal vein (AD) in cats that had
received either morphine (MO; 500 g it; n = 7), clonidine (CLO; 200
pg it; n = 7), or midazolam (MID; 1 mg it; n = 7). (Bottom) Mean
arterial blood pressure (MABP) and heart rate (HR) expressed as change
(A) from baseline values in same groups of cats as described. *P < 0.05
compared to preceding value.

= geometric mean X + geometric SE) for norepinephrine (NE), epi-
nephrine (EPI), and dopamine (DA) before drug treatment.

during sciatic nerve stimulation were not suppressed as
compared with control (group 1). However, the adrenal
vein norepinephrine and epinephrine plasma levels did
not increase significantly above prestimulation values.

After it clonidine, despite an initial decrease in heart
rate, the hemodynamic response during sciatic nerve
stimulation in this group (group 3; fig. 2) was not different
from control (group 1). The inhibitory effect of it clo-
nidine on resting adrenal secretion was manifested in un-
stimulated animals by a significant reduction in adrenal
vein norepinephrine and epinephrine levels (fig. 1). Thus,
during sciatic stimulation, adrenal vein plasma levels of
norepinephrine, epinephrine, and dopamine (fig. 3) were
significantly lower than in control animals.

Clonidine, however, did not suppress the dynamic
response of adrenal norepinephrine and epinephrine se-
cretion, as stimulation continued to evoke significant in-
creases of these hormones as compared with prestimula-
tion values. During stimulation, adrenal vein norepi-
nephrine and epinephrine values rose 5.6- and 13-fold,
respectively, in comparison with fourfold and fivefold in-
creases in non—drug-treated controls.

Intrathecal midazolam (group 4), similar to morphine
and clonidine, did not suppress the increase in mean ar-
terial blood pressure and heart rate, evoked by sciatic
nerve stimulation (fig. 2). However, a significant suppres-
sion in the sympathoadrenal secretory response was ob-
served in midazolam-treated cats during sciatic nerve
stimulation, with adrenal catecholamine levels being sig-
nificantly lower than in control cats (group 1, fig. 3). Pre-
stimulation values of adrenal vein norepinephrine and
epinephrine levels were significantly lower in midazolam-
treated cats (group 4) than in control cats (group 1), al-
though it midazolam administration did not cause signif-
icant sympatho-inhibitory effects in unstimulated cats (fig.
1). This reflects numerically lower values of norepineph-
rine and epinephrine levels in the adrenal vein at baseline,
before drug administration, in group 4 versus baseline
values in group 1. Independent of lower prestimulation
values, no significant increases in adrenal vein catechol-
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FIG. 2. Mean arterial blood pressure (MABP) and heart rate (HR)
(mean + SE) in four groups of cats, one control, and three treatment
groups. In the control group (n = 8), data are presented at baseline
(BL1) and during subsequent sciatic nerve stimulation (S). In the treat-
ment groups, data are presented for values obtained 10 min after it
drug administration (D) and during sciatic nerve stimulation (S). Drugs
administered in the MO group (n = 7) were morphine (500 g it); in
the CLO group (n = 7), clonidine (200 pg it) and in the MID group
(n = 7), midazolam (I mg it). *P < 0.05 compared to preceding value.
*P < 0.05 compared to control group.

amine levels were observed during stimulation in midazo-
lam-treated cats.

Discussion

The present study examined the pharmacologic mod-
ulation of the pain-evoked sympathoadrenal response by
the spinal administration of selective opioid-, a-adrener-
gic-, and benzodiazepine receptor agonists. These differ-
ent groups of drugs are of great clinical importance, as
they are widely employed by systemic and/or spinal /epi-
dural routes in anesthesiologic practice. Because the de-
gree of pain intensity is not necessarily closely related to
the neuroendocrine stress response, and because preop-
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erative and intraoperative stress may have long-lasting
sequelae,®* the selective comparison of the pharmacologic
modulation of different components of the surgical stress
response is necessary. Animal studies provide the basis
for the understanding of the complex organization of the
stress response to surgery.

ANIMAL MODEL

For ethical reasons, experiments were conducted under
general anesthesia. A light level of halothane anesthesia
(0.8 vol%) was employed, not exceeding the MAC (min-
imum alveolar concentration) value.'®?® This level of
anesthesia is below the level that blocks pain-evoked, sym-
pathetic stimulation,?' but probably inhibits the sympa-
thetic response to a certain degree, because of various
mechanisms. Thus, halothane has been shown to inhibit
adrenal catecholamine storage mechanisms?? and nicotinic
receptor-mediated secretion,® and to decrease sympa-
thetic ganglionic transmission.?* Halothane suppresses the

ADRENAL VEIN

100, NE
304

- *

E . f

o

€ a- *

1 *

*
0.3- * *
300.- EPI
1004 . ™
/’ L

E 104 *

2 . *
14 *
0.3 *

s. DA

E 1 - *

S *

€ 0.3 / f
0.1- k‘: >

*
| mr | — | e |
BL1 S 0 s D s 0D s
Control MO CLO MID

FIG. 3. Adrenal vein plasma levels of norepinephrine (NE), epi-
nephrine (EPI), and dopamine (DA) (geometric mean * geometric
SE), in four groups of cats during the experiment, corresponding to
data presented in Fig. 2. Data points and abbreviations are the same
as described in Fig. 2. *P < 0.05 compared to preceding value. *P
< 0.05 compared to control group.
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baroreceptor reflex? and the spinal transmission of nox-
ious afferent input.?® The individual components of the
various reflex responses show different degrees of sus-
ceptibility to the suppressant effects of halothane.®

The muscle relaxant pancuronium bromide (1
mg- kg™ - h™! iv) was employed, to achieve control over
ventilation and to avoid spontaneous and stimulation-
evoked movements. A recent clinical study showed no
effects of pancuronium on the MAC value of halothane.?”
Although it morphine, clonidine, and benzodiazepines
may reduce anesthetic requirements (MAC) to different
degrees, no efforts were made to address this specific
question, as MAC-reducing effects of these drugs will be
reflected in the overall somatosympathetic reflex re-
sponse. High-intensity sciatic nerve stimulation (50 times
minimal motor threshold) was employed to activate slowly
conducting Aé- and C-fibers, mediating nocicetive infor-
mation. At these intensities, faster conducting, low-
threshold Aa- and A@-primary afferents, mediating non-
painful sensations are also activated.?® However, stimu-
lation of Aa- and A primary afferents alone does not
evoke sympathetic stimulation.?

Sciatic nerve stimulation in control animals evoked sig-
nificant increases in mean arterial blood pressure, heart
rate, and adrenal vein catecholamine plasma levels. How-
ever, increases in adrenal vein catecholamine levels were
moderate (approximately tenfold less) as compared with
those observed during severe hemorrhage or splanchnic
artery occlusion shock in a comparable cat model.**3!
This may indicate that nociceptive afferent input in the
halothane-anesthetized cat is less effectively coupled to
preganglionic sympathetic neurones in the intermedio-
lateral cell column than is baroreceptor stimulation.

EFFECTS OF INTRATHECAL MORPHINE,
CLONIDINE, AND MIDAZOLAM

During sciatic nerve stimulation, cats treated with it
morphine at a dose sufficient to cause spinal analgesia'®
showed no suppression in adrenal norepinephrine and
epinephrine levels as compared with control, although no
significant increase in these levels from prestimulation
values were observed. The relatively small effect of it
morphine on afferent-evoked adrenal secretion and the
failure to block the stimulus-evoked hemodynamic re-
sponse is surprising in view of the selective inhibitory ef-
fects of morphine on spinal pain-transmitting processes.’
The small effect of it morphine on the somato-sympa-
thoadrenal reflex response might be explained by the dif-
ferential actions of opioids on elements of spinal nocicep-
tive transmission. Thus, morphine suppresses dorsal horn
neurons, excited by C-fiber afferents, to a greater degree
than those excited by Ad-afferents,?® and fentanyl sup-
presses dorsal horn wide dynamic range neurons to a
greater degree than high-threshold neurons.?® In rats,
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even high doses of iv morphine (10 mg/kg) did not sup-
press the somatosympathetic reflex evoked by hind paw
pinching, whereas a lower dose of morphine (I mg/kg)
completely blocked this reflex when it was evoked by lower
chest pinching.* This indicates a differential connectivity
of the body dermatomes to afferent drive of sympathetic
neurons in the intermediolateral cell column. Alterna-
tively, in this model, there may be already a high level of
existing central opioid drive, which is not much further
intensified by it morphine, as high-intensity sciatic nerve
stimulation evokes the spinal and supraspinal release of
Met-enkephalin.?

Administration of it clonidine significantly suppressed
spontaneous sympathetic activity, as evidenced by a re-
duction in adrenal vein norepinephrine and epinephrine
levels. Based on its pharmacology, this is most likely due
to ap-receptor-mediated inhibitory effects on pregan-
glionic sympathetic neurons,? leading to a reduction in
spontaneous splanchnic nerve discharge, as has been ob-
served following it clonidine administration in rats.%6
Mean arterial blood pressure was not significantly re-
duced, corresponding to observations in sheep in which
epidurally administered clonidine did not cause hypoten-
sion.?” A highly significant reduction in heart rate, how-
ever, was observed after it clonidine. This suggests a
cephalad spread of the spinally administered drug indi-
cating a higher susceptibility of sympathetic preganglionic
cardiac neurons versus vasomotor neurons to the effects
of it clonidine, and /or activation of cardio-inhibitory brain
stem sites.”® Intrathecal clonidine during sciatic stimula-
tion suppressed neither the hemodynamic response nor
the dynamics of adrenal medullary secretion. This is con-
sistent with observations that spontaneous sympathetic
discharge is more readily suppressed than stimulation-in-
duced discharge.?

Intrathecal administration of midazolam (1 mg) led to
a significant reduction in absolute levels of norepinephrine
and epinephrine in adrenal vein as compared with control
cats, but had no hemodynamic suppressant effects. In dog
experiments, the same dose of it midazolam (1 mg) did
not evoke any changes in hemodynamics or renal sym-
pathetic nerve discharge.'® The difference in efferent
sympathetic activity to the adrenal (in cats) and renal nerve
(in dogs) might be explained on the basis of higher doses
per body weight of it midazolam in the present experi-
ments. During sciatic nerve stimulation, it midazolam-
treated cats showed a significant reduction in adrenal vein
catecholamine levels as compared with control cats. In
contrast to clonidine-treated cats, it midazolam reduced
the dynamics of the sympathoadrenal reflex response, as
evidenced by insignificant changes from prestimulation
to stimulation values in adrenal vein norepinephrine and
epinephrine levels. This observation indicates an associ-
ation of spinal benzodiazepine receptors with pathways
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mediating the adrenal secretory response to nociceptive
stimulation'®!! and corresponds to dog experiments that
showed a selective midazolam-mediated spinal suppression
of the nociceptive sympathetic reflex.'® It further corre-
sponds to clinical observations in which systemically ap-
plied benzodiazepines reduced intraoperative or post-
operative catecholamine levels.*® However, also in mid-
azolam-treated cats, blood pressure and heart rate
response evoked by sciatic nerve stimulation were not sig-
nificantly suppressed.

To summarize, the present study indicates that it mid-
azolam, a benzodiazepine agonist, suppresses adrenal cat-
echolamine secretion during resting conditions and no-
ciceptive afferent stimulation. Intrathecal clonidine, an
a-adrenergic agonist, preferentially inhibits spontaneous
sympathetic activity, whereas morphine, an opioid recep-
tor agonist, mildly suppresses stimulation-evoked adrenal
catecholamine secretion. None of the spinally adminis-
tered agonists significantly suppressed the spontaneous
and the stimulation-evoked blood pressure response. This
indicates the lack of a close correlation between hemo-
dynamic response and adrenal catecholamine secretion.
It further indicates, by exclusion, the importance of su-
praspinal sites in mediating hemodynamic suppressant ef-
fects of these different receptor agonists.

Conclusions from this study are limited by the species,
general anesthetic, and single doses of agonists employed.
Halothane may have blunted the pain-evoked sympa-
thoadrenal reflex response. High doses of agonists em-
ployed assure pharmacologic effects, but bear the risk of
increased nonspecific effects. Despite these limitations, the
data clearly show the complex pharmacologic organization
of the somatosympathetic reflex respanse to a well-defined
painful stimulus,

The human sympathoadrenal response to surgery, in
contrast, may be markedly influenced by the nature of
the intervention and the dermatomes affected, and not
just by the stimulus intensity.

The authors would like to thank Ms. Carol Davidson for typing the
manuscript, Ms. Gail Harty for her technical assistance, and Ms. Sharon
Chinnow for performing the catecholamine assays.
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