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Abstract

We studied the effects of clonidine, an a2-adrenoreceptor agonist,
and yohimbine, an a2-adrenoreceptor antagonist, on blood pres-
sure, heart rate, and plasma catecholamines in 12 patients with
autonomic dysfunction. Clonidine (0.1 mg, orally) lowered blood
pressure 18±3 torr in six subjects and raised it 5±1 torr in six.
The change in blood pressure in response to this dose of clonidine
was inversely proportional to the supine level of norepinephrine
(P < 0.05). Yohimbine (4-64 ,ug/kg) raised plasma norepineph-
rine and blood pressure in six patients with degenerative auto-
nomic dysfunction. Yohimbine also attenuated by 50% (P < 0.05)
the hypotensive response to head-up tilt of patients with degen-
erative autonomic dysfunction.

Clonidine depends upon postjunctional hypersensitivity and
the degree ofautonomic insufficiency to elicit its pressor response.
In contrast, the pressor response to yohimbine is related to the
capacity of the sympathetic nervous system to be activated and
release norepinephrine. If plasma norepinephrine levels following
yohimbine administration are monitored, the biochemical and
hemodynamic response to the drug may provide a sensitive in-
dication of the capacity of the sympathetic nervous system to be
activated in patients with autonomic dysfunction.

Introduction

The autonomic nervous system regulates the body's hemody-
namic response to postural and other stresses. In autonomic
failure, the body is unable to respond to these stresses and this
results in marked functional impairment, primarily manifested
as orthostatic hypotension. Such autonomic abnormalities are
not rare; they occur frequently in diabetes mellitus and amy-
loidosis and accompany the use of many antihypertensive and
psychiatric drugs. Less commonly, autonomic dysfunction is
primary, affecting older individuals and severely limiting their
activities. Such patients may have autonomic dysfunction as-
sociated with multiple nonautonomic neurologic defects (Shy-
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Drager syndrome or multiple system atrophy [MSA])' or they
may lack nonautonomic signs and symptoms (Bradbury-Eg-
gleston syndrome or idiopathic orthostatic hypotension [IOH]).

Treatment ofthese patients remains empiric, relying on ma-
neuvers or agents that increase effective intravascular volume
and/or on pressor agents (1-3). Although many careful studies
have been performed in these subjects, many questions about
their altered cardiovascular and autonomic physiology remain
unanswered. In the evaluation ofthese patients, documentation
of the absence of secondary causes of autonomic dysfunction
and confirmation of the magnitude of the deficiency in sym-
pathetic outflow through catecholamine determinations, reflex
testing, and pharmacological sensitivity testing (1, 4-6) may allow
more specific therapy.

In recent years, a2-adrenoreceptors in the central nervous
system have been found to be important in the regulation of
sympathetic outflow in normal man and are therapeutic targets
for centrally active antihypertensive agents (7, 8). The function
of a2-receptors in patients with autonomic dysfunction has not
been extensively studied (9). It is known that some severely af-
fected patients with IOH can manifest a pressor response to the
a2 partial agonist, clonidine, presumably because they have little
spontaneous sympathetic outflow and because they are super-
sensitive to pressor agents (9). It is not known whether, or to
what extent, a2-receptors contribute to the disability of less se-
verely affected patients. It is possible that residual sympathetic
activity in these less severely affected patients could be inhibited
by clonidine (9), leading to a depressor effect. In this setting, the
facilitation of the residual sympathetic activity by a2 blocking
agents often results in functional improvement (7, 10). We have
therefore undertaken an investigation of the effects of the a2
partial agonist, clonidine, and the a2 antagonist, yohimbine, in
11 patients with autonomic dysfunction. Three patients had as-
sociated mild extrapyramidal defects (MSA) while eight lacked
nonautonomic involvement (IOH). A 12th patient with a selec-
tive defect in noradrenergic function was also studied. This pa-
tient was unable to synthesize norepinephrine from dopamine
in the peripheral sympathetic noradrenergic terminals (1 1).

Methods

All patients were recruited from the Vanderbilt Autonomic Dysfunction
Clinic and studied at the Elliot V. Newman Clinical Research Center.
Experimental procedures and consent forms were approved by the Van-
derbilt Committee for the Protection ofHuman Subjects. Results ofthe
diagnostic evaluation of these subjects are summarized in Table I. All
subjects had diminished or absent pressor reflexes, subnormal or low-
normal levels of plasma norepinephrine, relatively reduced response to

tyramine infusions, and increased sensitivity to phenylephrine and iso-
proterenol (6, 7, 12, 13). The patient with the selective noradrenergic

1. Abbreviations used in this paper: IOH, idiopathic orthostatic hypo-
tension; MSA, multiple system atrophy; MTT, maximum tolerated tilt.
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Table I. Clinical Findings in Patients with Autonomic Dysfunction

Patient Age/sex Diagnosis* Supine plasma NEt Cold pressor§ Tyr-2511 Phe-25"1 Iso-251

1 62/F IOH 34 0 4,400 30 0.4

2 68/M IOH 42 0 4,000 25 0.4

3 69/F IOH 34 0 5,200 40 0.3

4 74/M IOH 27 0 6,000 40 0.4

5 62/M IOH 68 1 2,300 25 0.3

6 61/M IOH 173 4 6,000 50 0.4

7 70/M IOH 218 0 >6,000 100 0.5

8 60/F IOH 150 0 4,500 10 0.3

9 67/F MSA 210 5 >6,000 70 0.3

10 53/F MSA 143 9 1,800 20 0.2

11 58/F MSA 146 8 2,000 25 0.3

12 33/F ND 20 0 N.R.¶ 35 0.3

Mean±SE 105±22tt 2±1#f 5,400±850tt 39±7tt 0.34±0.02tt
Normal** 368±24 24±7 2,800+250 204±28 5.2±1.8

* ND, noradrenergic defect. $ NE, plasma norepinephrine (picograms per milliliter). § Change in mean arterial pressure (torr) evoked by place-

ment of hand in ice water for I min. 11 Dose (micrograms) of tyramine (Tyr) and phenylephrine (Phe) which raises mean arterial pressure 25 torr.

Dose of isoproterenol (Iso) which lowers mean arterial pressure 25 torr. ¶ No change in blood pressure with 6,000 Mtg. ** Age-matched (n = 8).

#f P < 0.01 vs. normals.

defect was distinguished by levels ofplasma norepinephrine at the lower

limit of sensitivity of our assay (20 pg/ml), absence of pressor respon-

siveness to usual doses of tyramine, and a normal rise in heart rate in

response to atropine. Elevated dopamine levels were associated with her

low norepinephrine levels, suggesting a selective defect in norepinephrine
synthesis or release (11).

A group of eight normal subjects were recruited to serve as controls.

They ranged in age from 58 to 75 yr and were admitted overnight before
the study, remaining supine and fasted for the 8 h preceding the study.

All patients and normal subjects underwent baseline tests, including
placement of a radial arterial line for blood pressure monitoring. This

line was placed in the nondominant arm using the Seldinger technique
and lidocaine infiltration at the wrist site.

Clonidine was administered while subjects were supine after an over-

night fast. Blood pressure and heart rate were monitored with a Dinamap
automated sphygmomanometer (Johnson & Johnson Hospital Services,

New Brunswick, NJ). After establishment ofa stable baseline for 30 min,
clonidine was administered orally at a dose of0.1 mg. If, after 2 h, blood
pressure had fallen, no additional clonidine was administered. If blood

pressure was unchanged or increased at this time, an additional 0.2 mg

was given. 2 h later, according to the same criteria, an additional 0.4 mg

could be given and 2 h later, an additional 0.8 mg. Only two patients
received 0.8 mg as a single dose. Blood pressure was monitored for 4 h

after the highest dose of clonidine in each patient.

Yohimbine was administered intravenously at doses from 4 to 64

Mug/kg as a 30-s bolus. The studies were conducted under our Investi-

gational New Drug exemption (18,313; Food and Drug Administration)
for use ofyohimbine intravenously and orally. Yohimbine HCl was pur-
chased from the Food and Drug Division of Sigma Chemical Co., St.
Louis, Mo., and prepared for intravenous injection by dissolution in
bacteriostatic saline (0.5 mg/ml) and filtration through a Millipore filter
(Whatman, Inc., Clifton, NJ) (0.22 Mm). The first two subjects given

yohimbine were studied supine. In four subjects (one with MSA and
three with IOH) a tilt table was used. In these subjects, a level of tilt was

found that produced about a 30-torr fall in mean blood pressure, and

could be tolerated by the patients for 10 min without evoking either

syncope or a premonitory sign of syncope (maximum tolerated tilt

[MTTJ). This allowed observation of the immediate hemodynamic re-

sponse to the postural stress and observation of any accommodation to

this stress. Blood pressure, electrocardiogram, and heart rate were con-

tinuously monitored during yohimbine administration. Blood pressure

was measured either directly with a radial arterial line or indirectly using
a Dinamap automated sphygmomanometer. Samples for radioenzymatic
measurement of plasma catecholamines were obtained at baseline, 20

min after saline (placebo) administration, and 20 min after administration
of each of the cumulatively increasing doses of yohimbine.

Repeated measures analysis ofvariance was used to evaluate baseline

and postdrug measurements. The comparisons of patients and controls

(Table I) were made using unpaired t tests.

Results

Clonidine administration. The responses of each of our subjects
to clonidine are shown in Fig. 1. Six of the 12 subjects had

pressor responses to clonidine, seen at doses of 0.1-0.8 mg. Of
these patients, four had IOH, one had MSA, and the last was

the patient with the noradrenergic deficit. The remaining patients
had average depressor responses of 18±3 torr in response to the

Mean 120
Arter ial
Pressure

(torr)
100

IO H

80 0-0 MSA

-4 Congenital

0 0.1 0.2 0.4
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Figure 1. Influence of clonidine (0.1-0.4 mg, orally) on supine blood
pressure in patients with autonomic dysfunction. Clonidine was ad-
ministered after an overnight fast. Supine blood pressure and heart
rate were monitored with a Dinamap automated sphygmomanometer.
Shown are the peak changes in blood pressure 70-100 min after each
dose. Each blood pressure determination is the mean of three consecu-
tive sphygmomanometric recordings. Congenital, patient with congen-
ital defect in noradrenergic neurotransmission.
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initial 0.1-mg dose and were not given any further doses. As

shown in Fig. 2, there was a significant correlation between the
response to 0.1 mg clonidine and the supine plasma norepi-
nephnrne level. Those with the lowest supine norepinephrine
levels tended to have a pressor response to clonidine and those
with higher levels had a depressor response. No change in heart
rate was noted in any patient after administration of 0.1 mg

clonidine. In three patients showing pressor responses, a 10-15-
beat per minute fall in heart rate was noted after the 0.4-mg
dose, indicating that vagal efferents were still functional.

Five individuals exhibiting a pressor response to oral clon-
idine were given a total of 0.7 mg clonidine over a 4-h period.
After the highest dose, all subjects experienced mild to severe
hallucinations, feelings of depersonalization, or anxiety. Heart
rate was not altered in any of these subjects, even during the

hallucinations and dysphoria.
Yohimbine administration. Yohimbine was given to seven

patients with autonomic dysfunction, three with IOH, three with

MSA, and the patient with the noradrenergic defect. Of these,
three experienced pressor responses to clonidine, including the

patient with the noradrenergic defect and one each with IOH

and MSA. The influence ofyohimbine on supine mean arterial

pressure in these subjects is shown in Fig. 3. Patients with IOH
and MSA were more sensitive to the pressor effects ofyohimbine
than were normal subjects. All had a pressor response to bolus

doses as low as 4 ug/kg. The pressor response was dose related

and was associated with a measurable increment in plasma nor-

epinephrine in those subjects with basal norepinephrine levels

above 50 pg/ml (Fig. 4). Other patients had modest increments
in plasma norepinephrine (40±13-65±15 pg/ml). The patient
with the noradrenergic defect had a small decrease in pressure
with yohimbine, perhaps related to an increment in dopamine
release (1 1).

Fig. 5 shows the respective increments in plasma norepi-
nephrine, epinephrine, and blood pressure in response to yo-
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Figure 2. Relationship between the response to clonidine (0.1 mg,

orally) and supine plasma norepinephrine in patients with autonomic
dysfunction. Each blood pressure determination is the mean of three

consecutive sphygmomanometric recordings. Represented on the ab-
scissa is the peak change in mean arterial pressure 70-100 min after
clonidine. On the ordinate is the supine norepinephrine level mea-

sured radioenzymatically on another occasion. The solid line repre-
sents the least squares linear regression line calculated from the points.
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Figure 3. Influence of yohimbine (4-32 ag/kg, i.v.) on supine blood
pressure in normal males, patients with degenerative autonomic dys-
function, and the patient with the congenital noradrenergic defect.
Shown is the change in mean arterial pressure from baseline 20 min

after each dose of yohimbine. Yohimbine was given in cumulative
fashion so that the 32-sg/kg dose reflects a total dose of 60 Jg/kg. Sta-
tistical comparisons are between blood pressure before drug and after
each dose.

himbine and the indirectly acting sympathomimetic amine, ty-
ramine, in a 53-yr-old female with MSA (patient 10). Note that

tyramine and yohimbine produced similar increments in blood
pressure. However, tyramine elicited an increment predomi-
nantly in plasma epinephrine, and yohimbine produced an in-
crement in plasma norepinephrine. This subject had demon-
strated a pressor response to clonidine.

Fig. 6 shows intraarterial blood pressure tracings of the re-

sponse to MTT of a 62-yr-old man with IOH (patient 5) before
and after yohimbine at doses of 8 and 16 pg/kg. Tilt from hor-
izontal to 45 degrees lowered blood pressure from 110/57 to 85/
40 over a 2-min period. Pressure decreased further over the 10-
min period of tilt to 45/20 torr. In this subject, heart rate in-
creased in response to MTT, although minimally in relation to
the fall in blood pressure. Low doses of yohimbine modestly
increased supine blood pressure but did not affect the initial fall
in blood pressure during tilt. There was, however, a gradual
recovery in blood pressure during the period of tilt to a final
pressure of 112/50. Increased yohimbine doses produced incre-
ments in supine blood pressure and further enhanced the ability
to respond with a rise in pressure during MTT. At the end of

400

Norepinephnrne 200
(pg/nail

itp<0.05

0
0 4 10 30

Yohimbine Dose (oAg/kg)

Figure 4. Influence of yohimbine on plasma norepinephrine in five
subjects with autonomic dysfunction. The patient with the congenital
defect who did not have a pressor response to yohimbine and a patient
with IOH (subject 4) who had a baseline norepinephrine at the limit
of detection of the radioenzymatic assay are not included. Statistical
comparisons were made between baseline (0 ug/kg) and final levels of
norepinephrine at each dose.
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Figure 5. Comparison of the response to yohimbine (8-32 ag/kg) with
the response to tyramine (2,000 Mg) in a patient (subject 10) with mul-
tiple system atrophy. Note that yohimbine (32 Ag/kg) and tyramine
produced similar increments in systolic and diastolic pressure (black
bars, upper scale). The pressor response to tyramine was associated
with a 16-fold increment in epinephrine (EPI; hatched bars, right-
hand scale) and a 1.6-fold increment in norepinephrine (NE; open
bars, left-hand scale) while yohimbine induced a 4.4-fold increment in
norepinephrine and no change in epinephrine levels.

the study this subject was tilted to a point where he had previously
complained ofblurred vision and his blood pressure had dropped
to 40/20. He was able to tolerate this degree oftilt without symp-
toms after a cumulative dose of yohimbine of 108 Ag/kg. Fig. 7
shows that on the average, the four subjects exposed to tilt had
a 50% reduction in the magnitude of their depressor response.
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Figure 6. Intraarterial blood pressure recording showing serial respon-

ses to tilt of a patient with IOH (subject 5) before and after yohimbine
(8 and 16 ag/kg, i.v.). The time scale is shown on the middle panel. In
each panel is shown the heart rate (H.R.) from the tachometer tracing,
the blood pressure recording, and the blood pressure level (B.P.) read
from this tracing. Yohimbine was administered as a 30-s bolus 5 min
before these recordings began. The upward arrow under each tracing
shows the time of onset of tilt. Tilting was performed over 20-30 s.

The straight line under each tracing indicates the period during which
tilt was maintained and the downward arrow indicates the time that
the patient was returned to supine posture. The degree of tilt was the
same for all these tracings.
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Figure 7. Influence of yohimbine (4-16 pg/kg, i.v.) on the response to
tilt in four subjects studied on the tilt table. The abscissa represents
the yohimbine dose. The ordinate represents the difference between
supine mean arterial pressure and mean arterial pressure after 10 min
of maximum tolerated tilt. Statistical comparisons were made between
the fall in blood pressure in response to tilt before and after each dose
of yohimbine.

Discussion

These studies show that, in general, an a2 partial agonist, clon-
idine, raises blood pressure in patients with severe autonomic
insufficiency and lowers it in patients with less severe disease,
when severity is defined in terms of the degree of abnormality
in plasma norepinephrine level. Furthermore, the majority of
severely affected patients can increase their sympathetic outflow
in response to the a2-selective antagonist, yohimbine. Indeed,
only one subject has failed to do so. The data suggest that, as

shown in our previous report, clonidine may be an effective
pressor agent in an occasional, severely affected patient (9). More
importantly, yohimbine is potentially beneficial in treatment of
patients with these disorders (14).

Several conclusions about the pathophysiology of acquired
autonomic dysfunction are supported by these findings. The first
of these is that some residual efferent sympathetic pathways are

present even in the severely affected patients with IOH and MSA
in our study. The pressor response to yohimbine in such patients
and the depressor effects of clonidine in 6 of 11 patients further

supports the concept that efferent pathways are at least partially
intact in these individuals. Since yohimbine did not abolish the

postural fall in blood pressure in these subjects, the data do not

suggest that an excess of central a2 tone is of primary patho-

physiological importance in the abnormal postural response of
patients with IOH or MSA.

The actions of yohimbine and clonidine on sympathetic

outflow could be due to effects on either central or peripheral
sites. In previous studies, it has been difficult to demonstrate a

peripheral effect of a2-adrenoreceptor agonists on catecholamine
release rate in normal man, although techniques now available

may facilitate this (15). Furthermore, experimental studies have
shown that the effects of a2 agonists, like clonidine, on blood

pressure can be entirely accounted for by a site of action in the
central nervous system (8). It has also been difficult to show that
the effects of yohimbine on blood pressure are due to peripheral
effects. In fact, the association of the autonomic effects of yo-

himbine with changes in mood (7) and indices of central nor-
epinephrine turnover (10, 16) are more suggestive of a central
site of action. In the present study, we have no direct evidence
to support either a central or peripheral site ofaction ofclonidine
in lowering blood pressure or of yohimbine in raising blood
pressure in patients with autonomic dysfunction.
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Although blood pressure responses to yohimbine were noted

at doses of 4 and 8 ug/kg, the increment in plasma norepineph-
rine was not significant at these dose levels. This suggests that

the small increase in norepinephrine release was sufficient to

activate supersensitive a-adrenoreceptors (Table I) but was not

enough to be measured in peripheral blood.
Perhaps because of hypersensitivity development, it was not

possible to predict the magnitude of the pressor response to yo-

himbine on the basis of the baseline supine plasma norepineph-
rine level. It might have been expected that the magnitude of

the pressor response to yohimbine would have correlated with

the respective effect of clonidine on blood pressure. This was

not observed. There are several reasons for this. All patients
(with the exception of the patient with the congenital defect in

noradrenergic function) had a pressor response to yohimbine,
whereas six exhibited a pressor response to clonidine and six

had a depressor response. While there was an overall correlation
of lower plasma norepinephrine with the pressor effects of both

yohimbine and clonidine, patients with the very lowest plasma
norepinephrine levels did not have as dramatic a degree ofpressor
effect to yohimbine as those with slightly higher (though still
abnormally low) levels of norepinephrine. Yet four patients with

the very lowest norepinephrine had the greatest pressor response
to clonidine. It is this fact that prevents a correlation that might
otherwise be present.

Another factor that may have contributed to the above dis-

parity is the multiple potential levels at which yohimbine can

act in patients with autonomic impairment. First, central a2-

adrenoreceptors that tonically inhibit sympathetic outflow are

blocked. Second, presynaptic a2-adrenoreceptors on peripheral
noradrenergic neurons may be blocked. Third, postjunctional
a2-adrenoreceptors mediating vasoconstriction may also be

blocked by yohimbine. The latter two sites of action, but not

necessarily the first, will be exposed to reduced circulating cat-

echolamine levels in patients with autonomic impairment. In

consequence, variable levels of hypersensitivity at the various

sites may develop. The pressor effect of clonidine, on the other

hand, will be mainly dependent on hypersensitivity of peripheral
a2-adrenoreceptors alone.

Finally, the variable effect of adrenomedullary secretion may

contribute to relatively different degrees of a,-hypersensitivity
(upon which yohimbine's pressor effect ultimately depends) and

a2-hypersensitivity (upon which clonidine's pressor effect mainly
depends).

These findings provide an interesting therapeutic paradox
for consideration. In at least two of our subjects, one with MSA

and one with IOH, we have data supporting the potential efficacy
ofboth clonidine, an a2 agonist, and yohimbine, an a2 antagonist,
as therapeutic pressor agents. This pharmacologic curiosity em-

phasizes the degree to which these pharmacologic probes can be

used to define the extent of residual sympathetic outflow in these

patients. These two individuals have so little sympathetic outflow
that its inhibition by clonidine is obscured by supersensitivity
to the peripheral pressor response to the agonist. At the same

time, sympathetic outflow can be enhanced by the antagonist,
and the norepinephrine released thereby is sufficient to raise
blood pressure in these supersensitive subjects.

In conclusion, pharmacologic probes ofthe a2-adrenorecep-
tor are useful test agents in patients with severe autonomic dys-
function in discerning residual sympathetic tone. Clonidine, in

particular, must be used with care, as sedation and psychosis

are predictable side effects of aggressive dosing. Indeed, psychosis
has also been reported in hypertensive patients treated with large
doses of clonidine (17, 18). Since the doses that produced these

effects are within the range of those used chronically to treat
hypertension and since these effects are not generally thought
to occur in the routine use ofclonidine in hypertension, patients
with autonomic dysfunction may be more sensitive to these un-

desirable actions of clonidine. In most cases the response to 0.1
mg is sufficient to demonstrate the degree to which residual
sympathetic outflow helps maintain supine blood pressure. Yo-
himbine is useful in demonstrating that efferent pathways can

be activated and, when used acutely, appears to have fewer side

effects, suggesting it might have a place in the therapy of these

subjects (14). The failure ofyohimbine to increase blood pressure
in the one patient with a deficiency in noradrenergic neurotrans-
mission strongly supports our earlier conclusion that the pressor
response to yohimbine is mediated by a drug-induced enhance-
ment of sympathetic outflow (7).
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