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Material and Methods

Animals and hemodynamic measurements
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Figure 1. Schematic representation of the experimental protocols. L-NAME, N�-nitro-L-
arginine methyl ester; iv, intravenous; ic, intracisternal.
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Table 1. Hemodynamic effects of intravenous (iv ) administration of clonidine (CLO), rilmenidine (RIL) or
propranolol (PRO) before injection of N�-nitro-L-arginine methyl ester (L-NAME, 40 mg/kg, iv ) and L-glutamate
(GLU, 10 µmol, icv ) in pentobarbital-anesthetized rabbits.

Pretreatment Drugs MAP (mmHg) HR (bpm) dP/dtmax (mmHg/s)

Clonidine, 10 µg/kg, iv, N = 8 Basal 100 ± 3 277 ± 14 2350 ± 80
CLO 81 ± 5* 252 ± 15 1788 ± 104*

L-NAME 100 ± 5* 242 ± 17 2213 ± 146*
GLU 132 ± 6* 210 ± 11* 2500 ± 141

Rilmenidine, 300 µg/kg, iv, N = 10 Basal 109 ± 3 270 ± 5 2520 ± 105
RIL 80 ± 4* 224 ± 7* 1670 ± 88*

L-NAME 100 ± 3* 200 ± 7* 1990 ± 87*
GLU 136 ± 3* 182 ± 9 2300 ± 122*

Propranolol, 500 µg/kg, iv, N = 7 Basal 107 ± 6 307 ± 8 2762 ± 148
PRO 104 ± 9 230 ± 4* 1864 ± 70*

L-NAME 114 ± 8 261 ± 6* 1873 ± 111
GLU 144 ± 7* 245 ± 10 2125 ± 144

All drugs were injected 10 min before L-NAME; L-glutamate was injected 60 min after L-NAME. MAP, mean
arterial pressure; HR, heart rate; dP/dtmax, maximum rate of rise of left ventricular pressure. Data are reported
as means ± SEM. N = number of experiments.
*P<0.05 vs pre-injection values (Student-Newman-Keuls test).
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Table 2. Hemodynamic effects of intracisternal (ic ) administration of clonidine (CLO) and rilmenidine (RIL)
before injection of N�-nitro-L-arginine methyl ester (L-NAME, 40 mg/kg, iv) and L-glutamate (GLU, 10 µmol,
icv ) in pentobarbital-anesthetized rabbits.

Pretreatment Drugs MAP (mmHg) HR (bpm) dP/dtmax (mmHg/s)

Clonidine, 1 µg/kg, ic, N = 8 Basal 109 ± 3 248 ± 8 2669 ± 85
CLO 82 ± 4* 229 ± 10 2115 ± 123*

L-NAME 88 ± 9 184 ± 13* 1938 ± 174
GLU 131 ± 10* 184 ± 2 2582 ± 172*

Rilmenidine, 30 µg/kg, ic, N = 7 Basal 102 ± 4 260 ± 13 2455 ± 95
RIL 75 ± 6* 238 ± 14 1660 ± 213*

L-NAME 85 ± 7 221 ± 16 1700 ± 194
GLU 125 ± 8* 194 ± 20 2348 ± 169*

CLO and RIL were injected 10 min before L-NAME; L-glutamate was injected 60 min after L-NAME. MAP,
mean arterial pressure; HR, heart rate; dP/dtmax, maximum rate of rise of left ventricular pressure. Data are
reported as means ± SEM. N = number of experiments.
*P<0.05 vs pre-injection values (Student-Newman-Keuls test).

Table 3. Hemodynamic effects of intracisternal (ic) administration of clonidine (CLO) and rilmenidine (RIL)
after N�-nitro-L-arginine methyl ester (L-NAME, 40 mg/kg, iv ) and before L-glutamate (GLU, 10 µmol, icv ) in
pentobarbital-anesthetized rabbits.

Treatment Drugs MAP (mmHg) HR (bpm) dP/dtmax (mmHg/s)

Clonidine, 1 µg/kg, ic, N = 8 Basal 93 ± 3 247 ± 11 1950 ± 102
L-NAME 116 ± 4* 233 ± 16 1875 ± 150

CLO 85 ± 6* 211 ± 18 1412 ± 212*
GLU 129 ± 5* 182 ± 23* 1900 ± 150

Rilmenidine, 3 µg/kg, ic, N = 8 Basal 92 ± 5 244 ± 8 2422 ± 120
L-NAME 100 ± 6 220 ± 10 2396 ± 232

RIL 97 ± 7 214 ± 16 2324 ± 265
GLU 122 ± 6* 202 ± 12 2775 ± 167

Rilmenidine, 30 µg/kg, ic, N = 7 Basal 107 ± 10 258 ± 9 2495 ± 140
L-NAME 119 ± 4 235 ± 11 2699 ± 91

RIL 84 ± 8* 195 ± 12* 1933 ± 185*
GLU 126 ± 10* 184 ± 7 2458 ± 176*

CLO and RIL were injected 10 min after L-NAME; L-glutamate was injected 5 min after CLO and RIL. MAP,
mean arterial pressure; HR, heart rate; dP/dtmax, maximum rate of rise of left ventricular pressure. Data are
reported as means ± SEM. N = number of experiments.
*P<0.05 vs pre-injection values (Student-Newman-Keuls test).
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Figure 2. Representative examples of the changes in ECG lead II tracings induced by the
central injection of L-glutamate (10 µmol, icv ) in one N�-nitro-L-arginine methyl ester (L-
NAME, 40 mg/kg, iv )-treated pentobarbital-anesthetized rabbit. A, Initial ECG. B, ST-seg-
ment shift. C, Premature ventricular complexes, after injection of L-NAME (40 mg/kg, iv )
followed by L-glutamate (10 µmol, icv ). These typical ECG recordings are representative of
those obtained for 18 rabbits (control group).
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Figure 3. Effect of intravenous
(iv ) pretreatment with clonidine
(CLO, 10 µg/kg), rilmenidine
(RIL, 300 µg/kg) or propranolol
(PRO, 500 µg/kg) on ventricular
arrhythmia, ECG ischemic chan-
ges and mortality rate observed
after L-glutamate (10 µmol, icv )
in L-NAME (40 mg/kg, iv)-treated
pentobarbital-anesthetized rab-
bits. Ventricular premature beats
are reported as log10 values (see
Methods). Data are reported as
means and the vertical bars
show the SEM. *P<0.05 vs con-
trol group (Student-Newman-
Keuls or Fisher exact test).

Figure 4. Effect of intracisternal
pretreatment with clonidine
(CLO, 1 µg/kg) and rilmenidine
(RIL, 30 µg/kg) on ventricular ar-
rhythmia, ECG ischemic chan-
ges and mortality rate observed
after L-glutamate (10 µmol) in L-
NAME (40 mg/kg, iv )-treated
pentobarbital-anesthetized rab-
bits. The results are repre-
sented as in Figure 3. *P<0.05
vs control group (Student-New-
man-Keuls or Fisher exact test).
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Figure 6. Effect of the different
systemic and central treatments
with clonidine, rilmenidine and
propranolol (treated) on mortal-
ity rate and incidence of ST-seg-
ment shift after central sympa-
thetic stimulation with L-gluta-
mate (10 µmol, icv ) in L-NAME
(40 mg/kg, iv )-treated pentobar-
bital-anesthetized rabbits (con-
trol). *P<0.05 vs control group
(Fisher exact test).

Figure 5. Effect of intracisternal
post-treatment with clonidine
(CLO, 1 µg/kg) and rilmenidine
(RIL 3, 3 µg/kg and RIL 30, 30
µg/kg) on ventricular arrhythmia,
ECG ischemic changes and mor-
tality rate observed after L-gluta-
mate (10 µmol, icv ) in L-NAME
(40 mg/kg, iv )-treated pentobar-
bital-anesthetized rabbits. The
results are represented as in Fig-
ure 3. *P<0.05 vs control group
(Student-Newman-Keuls or Fisher
exact test).
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