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Harmane produces hypotension following microinjection into the
RVLM: possible role of I1-imidazoline receptors
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The b-carboline, harmane (0.1 ± 1.0 nmol) produces dose dependent hypotension when microinjected
unilaterally into the rostral ventrolateral medulla (RVLM) of the anaesthetized rat. The potency of
harmane on blood pressure is similar to that of the imidazoline, clonidine. The hypotensive e�ects of
both clonidine and harmane are reversed by microinjection of the relatively I1-receptor selective
antagonist efaroxan (20 nmol). These results are consistent with harmane acting at an I1-receptor in
the RVLM. This is the ®rst report of an endogenous ligand for I1-receptors that has central e�ects
on blood pressure.
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Introduction Imidazoline receptors have a high a�nity for
drugs with an imidazoline, oxazoline or guanidium structure

(Regunathan & Reis, 1996; Bousquet et al., 1998). Binding
studies show that they can be divided into at least two
subtypes, I1-receptors and I2-receptors (Regunathan & Reis,

1996; Bousquet et al., 1998). The functional roles of these
receptors are poorly understood (Regunathan & Reis, 1996;
Eglen et al., 1998; Bousquet et al., 1998). However, drugs with
high a�nity for imidazoline I1-receptors have been shown to

produce falls in blood pressure when injected into the rostral
ventrolateral medulla (RVLM) of rats (Ernsberger et al.,
1990), cats (Bousquet et al., 1984) and rabbits (Head et al.,

1997a). The role of I1-receptors in the falls in blood pressure
associated with peripheral administration of these compounds
is more controversial (Eglen et al., 1998). However, careful

experiments using dose response curves in the presence of
relatively selective antagonists suggest that they do play a role
(Head & Burke, 1998).

The presence of imidazoline receptors in the RVLM lead to

a search for an endogenous ligand. To date, three compounds
have been isolated from the brain that bind imidazoline
receptors (Li et al., 1994; Grigg et al., 1998; Hudson et al.,

1999). Only two have been fully structurally identi®ed (Li et
al., 1994; Hudson et al., 1999). Agmatine was the ®rst
endogenous compound to be shown to have high a�nity for

imidazoline receptors (Li et al., 1994). However, its functional
signi®cance is questionable as it has no e�ect when injected
into the RVLM (Head et al., 1997b). Harmane, b-carboline,
was recently reported to have nanomolar a�nity for I1-
imidazoline receptors, similar to that reported for clonidine
(Hudson et al., 1999), and is present endogenously in the brain
(Moncrie�, 1989; Rommelspacher et al., 1991). The e�ect of

this compound on blood pressure has not been investigated to
date. Thus the aims of the present study were to determine (1)
whether the b-carboline harmane could modulate blood

pressure when injected into the RVLM; (2) compare its
potency to that of clonidine and (3) determine whether the
response was mediated by imidazoline receptors.

Methods Outbred male Sprague-Dawley rats (220 ± 300 g)
were used. The experimental protocol was approved by the

Monash Medical Centre and Monash University Animal
Ethics committees and conform to the guidelines set out by
the National Health and Medical Research Council and all

government regulations. The rats were anaesthetized with
urethane (1.5 g kg71 i.p.) and the right femoral artery was
cannulated to enable blood pressure monitoring. The head of
the rat was placed into a Kopf stereotaxic apparatus so that

lambda and bregma were positioned on the same horizontal
plane. A 4 mm diameter burr hole was made in the skull and
the pressor region of the left RVLM was located with

microinjection of L-glutamate (100 nL, 0.1 M in Ringers) using
a glass micro-pipette (maximum pressor response
17.6+1.7 mmHg, n=24). Typical co-ordinates were 2.5 ±

3.5 mm caudal to the lambdoid suture, 1.8 ± 2.2 mm lateral
of the lambda-bregma midline and 8.5 ± 8.9 mm ventral of the
dorsal surface of the cerebellum (Badoer & Merolli, 1998).
After locating the pressor region, the pipette was withdrawn,

®lled with the appropriate solution and then reinserted into the
RVLM. There were four groups (n=6) of animals that
received either harmane (0.01 ± 1.0 nmol, the highest dose

possible due to low solubility), its vehicle (0.1% DMSO in
Ringers), clonidine (0.01 ± 10 nmol) or its vehicle (Ringers).
Increasing doses of each drug (or vehicle, 100 nL) were

administered into the RVLM at 15 min intervals. Fifteen
minutes after the ®nal injection of drug or its respective
vehicle, efaroxan (20 nmol given as two 100 nL injections

separated by 1 min) was injected into the RVLM. The blood
pressure and heart rate responses were recorded continuously
on a MacLab data acquisition unit (ADInstruments, Castle
Hill, Australia). At the end of the experiment pontamine sky

blue was injected (100 nL) via the micropipette to mark the
injection site in the RVLM which was con®rmed histologically.

Harmane HCl was kindly synthesized by Dr Colin Barrow

and Matt Grigg of the Department of Chemistry, University of
Melbourne. Efaroxan and clonidine were obtained from Sigma
(St Louis, U.S.A.). Sterile Ringers (in mM): NaCl 144; KCl, 4;

CaCl2, 2, was obtained from Baxter (Poongabbie, Australia).
All other chemicals were of analytical grade and obtained from
commercial suppliers. Statistics were performed using GBstat
(Dynamic Microsystems, Silver Spring, U.S.A.) and either one
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way analysis of variance with repeated measures and Dunnett's
test, or two way analysis of variance and Sche�e's test as
appropriate. The probability of a type I error of less than 5%

(P50.05) was taken to indicate statistical signi®cance. Values
are given as mean+s.e.mean.

Results Basal values for MAP and HR in each experimental

group are given in Table 1. There were no signi®cant
di�erences in basal MAP and HR between the drug groups
or their respective controls. Cumulative injection of clonidine

(0.1 ± 10 nmol) produced a signi®cant dose dependent fall in
MAP and HR (Figure 1A,C) (P50.05, one way ANOVA).
Injection of clonidine vehicle into the RVLM had no e�ect on

MAP and HR over the same time frame (Figure 1A ±C).
Cumulative injection of harmane (0.01 ± 1.0 nmol) also

produced a signi®cant dose dependent fall in MAP (Figure

1B, P50.05, one way ANOVA), in contrast to the cumulative
injection of harmane vehicle which produced a small, non-
signi®cant increase in MAP. Neither harmane nor its vehicle
produced a signi®cant change in HR (Figure 1D).

Efaroxan (20 nmol) alone had no signi®cant e�ect on either
MAP or HR when injected after the appropriate vehicle
(Figure 1). Efaroxan injected after the last clonidine dose

(10 nmol) produced a signi®cant reversal of the hypotensive
e�ect of clonidine on MAP by 15 min post-injection (P50.05,
interaction term, two way ANOVA), but did not signi®cantly

attenuate the fall in HR (Figure 1A,C). Similarly, efaroxan
injected after the last harmane dose (1 nmol) signi®cantly
reversed the harmane-induced fall in MAP within 5 ± 15 min

(P50.05, interaction term, two way ANOVA; Figure 1B).

Discussion The most important ®nding of this study was that
unilateral microinjection of harmane into the RVLM produced
a signi®cant dose dependent fall in MAP. The fall in MAP

produced by 1 nmol harmane was qualitatively similar to that
of 1 nmol clonidine, suggesting that they are of similar
potency, and is in agreement with their reported a�nity for
I1-receptors (IC50 for harmane 30 nM, Hudson et al., 1999; Ki

for clonidine 35 nM; Musgrave & Hughes, 1998). Higher doses
of harmane could not be used due to its limited solubility.
Harmane, a b-carboline that is found endogenously within the

brain (Moncrie�, 1989; Rommelspacher et al., 1991) has been
reported to have nearly a 1000 fold selectivity for I1-receptors
over a2-adrenoceptors (IC50 for harmane 18 mM; Hudson pers

comm). This suggests that harmane is producing hypotension
via I1-receptors. Our ®nding that the relatively I1-receptor
selective antagonist efaroxan (Haxhiu et al., 1994) signi®cantly

Table 1 Basal MAP and HR values

Drug
Control

MAP (mmhg)
Control HR
(beats/min)

Vehicle (Ringers)
Clonidine
Vehicle (Ringers+0.1%
DMSO)

Harmane

88.1+4.3 (n=6)
87.3+5.2 (n=6)
81.2+2.9 (n=6)

89.5+6.2 (n=6)

384+18 (n=6)
390+17 (n=6)
350+13 (n=6)

355+25 (n=6)

Basal MAP and HR value in anaesthetized rats immediately
before injection of either vehicle or drugs. Each number is
the mean+s.e.mean, the number of animals is given in
brackets.

Figure 1 E�ect of drugs or vehicle when injected into the RVLM. 100 nL of each drug or vehicle was injected cumulatively at
15 min intervals. (A) E�ect of vehicle, followed by efaroxan or clonidine, followed by efaroxan on MAP. (B) E�ect of vehicle,
followed by efaroxan or harmane, followed by efaroxan on MAP. (C) E�ect of vehicle, followed by efaroxan or clonidine, followed
by efaroxan on HR. (D) E�ect of vehicle, followed by efaroxan or harmane, followed by efaroxan on HR. Basal values are given in
Table 1. *Represents a signi®cant di�erence from the matched control (P50.05, two way ANOVA). +Represents a signi®cant
interaction between efaroxan and drug (P50.05, two way ANOVA).
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antagonized the hypotensive e�ect of harmane is consistent
with an action at I1-receptors. Physiological antagonism
cannot account for this e�ect as efaroxan by itself had no

signi®cant e�ect on MAP or HR in matched time controls.
Clonidine injected unilaterally into the RVLM produced a

signi®cant, dose dependent fall in MAP. This ®nding is
consistent with previous reports of clonidine producing falls

in MAP when injected into the RVLM. Similarly, the
hypotensive e�ect of clonidine was blocked by efaroxan,
consistent with previous reports (Ernsberger, 1990). While

there are drugs such as rilmenidine and moxonidine which are
somewhat more selective than clonidine for I1-receptors,
clonidine is the best characterized in terms of its e�ects in

the RVLM.
The e�ect of clonidine in the RVLM has been interpreted as

being due to an action on imidazoline I1-receptors rather than

a2-adrenoceptors (Regunathan & Reis 1996; Bousquet et al.,
1998). Firstly, drugs with high a�nity for a2-adrenoceptors but
poor a�nity at I1-receptors have little e�ect on blood pressure
when injected into the RVLM, while those with high a�nity

for I1-receptors have substantial e�ects on blood pressure
independent of their a�nity at a2-adrenoceptors (Bousquet et
al., 1984; Ernsberger et al., 1990). Secondly, the MAP

depressor e�ect of clonidine is reversed by drugs such as
efaroxan which is relatively more selective for I1-receptors over
a2-adrenoceptors (Haxhiu et al., 1994), but not by the selective

a2-adrenoceptor antagonists SKF 86466 or yohimbine
(Ernsberger et al., 1990; 1997). This suggests that a2-
adrenoceptors play little role in the hypotensive e�ects of

drugs injected into the RVLM, re-enforcing the view that
harmane is acting via I1-receptors.

In contrast to the results on MAP, the e�ect of clonidine on
HR was not blocked by efaroxan. This, combined with the lack

of e�ect of harmane on HR, suggests that I1-receptors are not
involved in the HR response to clonidine. Our study would
appear to be the ®rst reporting the e�ect of antagonists on the

HR e�ects of clonidine after microinjection into the RVLM.
In conclusion, this is the ®rst demonstration that an

endogenous compound with high a�nity for I1-receptors has

an e�ect on blood pressure when injected into the RVLM. The
ability of the relatively selective I1-receptor antagonist
efaroxan to reverse this e�ect suggests that it is due to an

action at I1-receptors rather than some other site. These
®ndings suggest that one or more b-carbolines may be
endogenous ligands for I1-receptors and may represent a new
structural class of compounds for the production of

therapeutic substances.
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