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CHAPTERR 6 

Involvementt of the AT2-receptor in Ang II-induced facilitation of sympathetic 

neurotransmission n 
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Chapterr 6 

Introduction n 

Numerouss studies have demonstrated that angiotensin II (Ang II ) may enhance the influence of 

thee sympathetic nervous system (SNS) at various levels. Ang II has been shown to enhance 

sympatheticc neuronal activity centrally, to enhance ganglionic transmission, to facilitate NA 

releasee from synaptic nerve terminals, block NA-reuptake, increase NA-synthesis, and to enhance 

thee post-synaptic effects of noradrenaline [1]. 

Thee pithed rat is a model which appears to be suitable to study interactions between angiotensin 

III  and the peripheral sympathetic nervous system. The preparation is extremely sensitive to NA-

provokedd vasoconstriction. Both plasma renin activity and plasma angiotensin II levels are 

elevatedd [2,3]. Endogenously generated angiotensin II facilitates neuronally mediated increments 

inn vascular resistance. Moreover, in this model, noradrenaline release was shown to be modulated 

byy endogenously released angiotensin II [4]. In the propranolol-treated pithed rat, potential 

centrall  nervous system effects and indirect cardiac actions of Ang II are known to be 

suppressedd or even abolished [5,6]. 

Thee receptors through which Ang II exerts its various effects are divided into the AT, (sensitive 

too the reference compound losartan) and AT2 (sensitive to PD 123177 and PD 123319) subtypes, 

respectivelyy [7-9]. Virtually all effects of Ang II are mediated by the AT,-receptor [10]. The 

physiologicall  role of the AT2-receptor remains unclear, although some actions, such as a role in 

fetall  development, cardiovascular remodeling, apoptosis and vasodilatation have been 

demonstratedd [11]. 

Wee recently investigated the effects of seven different AT,-receptor antagonists (losartan, 

irbesartan,, telmisartan, valsartan, candesartan, eprosartan and embusartan) on the responses to 

electricall  stimulation of the thoracolumbar spinal cord in the pithed rat model [12,13]. The 

increasee in blood pressure caused by stimulation of the sympathetic nervous system could be 

attenuatedd by all AT,-receptor blockers used. However, a rather surprising finding was obtained 

forr the highest doses of these AT r receptor blockers, which caused less than maximal 

suppression;; no plateau was reached. Conversely, with captopril, the two highest doses caused a 

veryy similar reduction of DBP-rise, indicating that a maximum inhibition was indeed achieved. 

Thee fact that regarding blood pressure decrease a plateau was reached implies that maximal AT,-

blockadee with the highest doses was indeed achieved. The consistency of this observation for all 
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AT,-blockerss suggests that it is a class effect of these agents. To our knowledge, this is the first 

timee that such a finding has been reported in vivo. However, a similar finding was reported for in 

vitrovitro conditions by Cox et a/., who demonstrated that, in the isolated perfused caudal artery of the 

rat,, losartan (10 nM) increased the Ang II-induced stimulation-induced NA-efflux as well as 

nervee stimulated vasoconstriction [14]. This finding might be explained by an unmasking of a 

latentt population of AT-receptors that further mediates Ang II-induced facilitation of 

sympatheticc neurotransmission. The synergistic actions of losartan and Ang II could be abolished 

byy adding PD 123319 (0.01 and 0.1 pJVl), indicating the involvement of the AT2 receptor. In our 

ownn experiments, less than maximal inhibition observed with the highest doses of selective AT,-

blockadee might also be caused by a mechanism as proposed by Cox et a/. Indeed, in our 

experimentss in the pithed rat, the phenomenon was not observed after ACE-inhibition [15]. 

Angg II is known to inhibit the release of renin from the kidney via AT,-receptors on 

juxtaglomerularr cells [16]. It may therefore be possible that in our previous experiments with the 

pithedd rat model, by inhibiting this negative feedback-loop, the highest dose of ATj -blockers 

causedd an increase of plasma Ang II-levels, thus causing stimulation of prejunctional AT-

receptors,, and a further facilitation of sympathetic neurotransmission. Such a mechanism might 

offerr an alternative explanation for the less than maximal suppression of stimulation-induced 

DBP-responsess after the highest dose of AT,-receptor antagonists. 

I tt was the objective of the present study to investigate whether the AT2-receptor may be involved 

inn the less than maximal inhibition observed in the presence of the highest dose of AT,-blockade. 

Moreover,, we wished to determine whether increased plasma Ang II levels after AT,-blockade 

mayy have caused the U-shaped DRC. Accordingly, we studied the effect of multiple doses of 

irbesartann on the sequelae of electric stimulation of the thoraco-lumbar sympathetic outflow in 

thee presence and absence of the AT2-blocker PD 123319. In addition, the effect of the combined 

(non-selective)) AT,/AT 2-receptor antagonist saralasin on stimulation-induced responses was 

studied.. Furthermore. We measured PRA-levels (as an indicator of plasma Ang II levels) after 

administrationn of different doses of irbesartan. 
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Methods s 

Male,, normotensive Wistar rats (27()-320g) which were kept on a normal rat chow diet and water 

add libitum, were used throughout The pithed rat model, as previously described was used [12]. In 

short,, rats were anaesthetised, pithed and artificially respirated. The pithing rod was insulated 

exceptt for a 3.5 cm area, 2.5 cm distally from the tip in order to allow the selective stimulation of 

thoracolumbarr sympathetic segments (T5-L4). The left carotid artery was cannulated, heparin 150 

IU /k gg was administered and blood pressure was monitored continuously. The heart rate was 

derivedd from this signal. The left internal jugular vein was cannulated for the administration of 

drugs.. Bilateral vagotomy and bilateral adrenalectomy were performed. Rats were treated with 

propranololl  1 mg/kg i.v. to rule out (3-adrenoceptor-mediated effects, tubocurarine 2.5 mg/kg 

i.v.. to prevent muscle contraction during electrical stimulation and atropine 2 mg/kg i.p. to 

inhibitt parasympathetic effects. Animals were left to recover for 15 minutes. Subsequently, either 

saline,, PD 123319 (0.5 mg/kg + 50 | ig /kg/min), irbesartan (3, 10, 30 or 60 mg/kg), PD 123319 

(0.55 mg/kg + 50 | lg/kg/min) + irbesartan (1, 3, 10, 30 or 60 mg/kg) or saralasin (0.001, 0.003, 

0.011 or 0.03 mg/kg/min) were administered intravenously. Maximal infusion speed of either 

saralasinn or PD 123319 was 42 |Ul/min. The dose of PD 123319 is known to be effective in 

blockingg the AT2-receptor [17]. Groups consisted of 6 animals, unless stated otherwise. Only one 

dosee of each compound was used in each animal. 

StimulationStimulation experiments 

Fifteenn minutes after drug administration, the sympathetic nervous system was stimulated at 0.25, 

0.5,, 1, 2, 4 and 8 Hz (15 seconds per frequency) at 50V with square wave pulses of 2 ms delivered 

byy a HSE stimulator I at the level of the T5-L4 segments. After each period of stimulation at a 

givenn frequency, blood pressure was allowed to return to baseline. All doses were administered in 

aa volume of 1 ml, except irbesartan 60 mg/kg which was administered in a volume of 2 ml. 
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NoradrenalineNoradrenaline experiments 

Inn order to investigate the effect of irbesartan and saralasin on postjunctional vasopressor 

responsess to OC-adrenoceptor stimulation we administered noradrenaline intravenously in 

increasingg dosages. Pithing and pretreatment were performed as in the stimulation experiments. 

Eitherr saline, irbesartan (30 mg/kg) or saralasin (0.01 mg/kg/min) were administered. Another 

155 minutes later, 0.5 ml/kg saline was injected i.v. in each animal as a volume challenge. 

Subsequently,, the intravenous administration of increasing doses of noradrenaline 0.03 nmol /kg 

—— 0.3 Jlmol/kg was started, injected in volumes of 0.5 ml/kg. 

PlasmaPlasma Renin Activity measurements 

PRA-levelss were determined by an in-house angiotensin I (Ang I) radioimmunoassay kit [18] and 

thee results are expressed as nanogram of Ang I generated at 37 °C per ml plasma per hour 

(ng/ml/h).. PRA levels were measured in a separate experiment which was performed exactly as 

thee simulation-experiment described above. Blood samples were drawn from the carotid artery at 

thee moment that the stimulation frequency of 2 Hz would have been applied. This is 

approximatelyy 35 minutes after pithing, and 20 minutes after administration of either saline 

(control),, or a particular dose of irbesartan. Each group consisted of five animals. 

Drugs Drugs 

Irbesartann (Montpellier, France) and PD 123319 (Parke Davis, Ann Arbor, USA) were dissolved 

inn N a OH 1 M. Using HC1 0.01 M, the pH of the solution was lowered to a value of 8 and saline 

wass added. (Sar1, Ala8)-Angiotensin II (Saralasin) (Sigma, St. Louis, USA), l HC1 

(RBI,, Natick, USA), Atropine Sulfate (Sigma, St. Louis, USA) and d-tubocurarine chloride 

(Sigma,, St. Louis, USA) were dissolved in saline. 

StatisticalStatistical analysis 

Al ll  data are expressed as means  SEM of the number of observations. Comparison of means 

wass performed using Student's t-test. Multiple comparisons were performed using ANOV A and 

Dunnett 'ss post-test. For comparison of the sympatho-inhibitory potency, linear regression was 

performed.. Subsequently, the ED20-values were determined for irbesartan alone or when co-

infusedd with PD 123319 (ED2„  = dose which at 2 Hz reduced ADBP by 20 mmHg). 

121 1 



Chapterr 6 

Results s 

Baselinee diastolic blood pressure (DBP) and heart rate (HR) (after pithing, treatment with 

propranolol,, tubocurarine and atropine) amounted to 45.6 8 mmHg and 308.5  4.5 beats 

perr minute (BPM), respectively (N = 12). Administration of irbesartan or irbesartan in 

combinationn with PD 123319 (0.5 mg/kg + 50 (Ig/kg/min) caused a significant, dose dependent 

reductionn in blood pressure (see table 1). Baseline blood pressure and HR were unaffected by PD 

1233199 alone (table 2). Heart rate was unaffected bv either irbesartan, whether given alone or in 

combinationn with PD 123319. Saralasin (0.001-0.01 mg/kg/min) caused a significant reduction of 

baselinee DBP, but did not change baseline HR (table 3). 

Tablee 1. Baseline diastolic blood pressure (mmHg) in the pithed normotensive rat after 

administrationn of saline or a single dose of irbesartan alone, or in combination with PD 123319 

(0.55 mg/kg + 50 ( ig/kg/min). 

Diastolicc Blood Pressure (mmHg) 

saline e 
PD123319 9 
(alone) ) 
dosee irbesartan 
(mg/kgg i.v.) 

45.66 8 
41.77 5 

irbesartann irbesartan + 
PD123319 9 

11 28.0  5.8# 

33 23.1 *  19.0  1.2# 

100 24.2 *  15.0  1.0# 

300 17.5 * # 

600 19.9 *  16.3  1.4# 

Pooledd data from groups prior to spinal cord stimulation or noradrenaline administration. N ~ 6 

orr 12 animals per group. Values are expressed as means  SEM. * P<0.05 compared to saline. # 

p<0.055 compared to PD 123319 (0.5 mg/kg + 50 ( ig/kg/min) without irbesartan. 
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Tablee 2. Baseline heart rate (BPM) in the pithed normotensive rat after administration of saline 

orr a single dose of irbesartan alone or in combination with PD 123319 (0.5 mg/kg + 50 

Hg/kg/min). . 

saline e 

PD123319 9 
(alone) ) 
dosee irbesartan 
(mg/kgg i.v.) 

1 1 

3 3 

10 0 

30 0 

60 0 

Heartt Rate (BPM) ) 

308.55  4.5 

301.22

irbesartan n 

306.77 1 

303.99  8.3 

295.88 1 

300.11  8.6 

6.8 8 

irbesartann + 
PD123319 9 

302.44  7.3 
301.55 5 

299.11  5.7 
295.66  7.2 

304.22  8.6 

Pooledd data from groups prior to spinal cord stimulation or noradrenaline administration. N 
orr 12 animals per group. Values are expressed as means  SEM. 

Tab lee 3. Baseline diastolic blood pressure (mmHg) and heart rate (BPM) in the pithed 
normotensivee rat after administration of saline or saralasin. 

dosee saralasin 
(mg/kg/min n 
i.v.) ) 

saline e 
0.001 1 
0.003 3 
0.01 1 
0.03 3 

Diastolicc Blood 
Pressure e 
(mmHg) ) 

45.66  1.8 
33.44  3.0* 
24.00  1.9* 
21.88 * 
22.88  2.1* 

Heartt rate 
(BPM) ) 

308.55  4.5 
313.33 9 
313.88  4.9 
303.55  5.2 
307.88  6.7 

Pooledd data from groups before spinal cord stimulation or noradrenaline administration. N - 6 
orr 12 animals per group. Values are expressed as means  SEM. * p<0.05 compared to saline. 
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Stimulationn of the thoraco-lumbar spinal cord (T5-L4) caused an increase in diastolic blood 

pressuree and heart rate (figures 1 and 5). The magnitude of the effects was dependent on the 

frequencyy of the electrical stimulation. 

DiastolicDiastolic blood pressure 

Thee increase in DBP could be dose-dependently and significantly attenuated by irbesartan (fig. 

IA) .. PD 123319 alone did not affect the stimulation-induced increase in diastolic blood pressure 

(figg IB). In contrast, the combination of irbesartan and PD 123319 caused a significant 

attenuationn in stimulation-induced (S-I) DBP rise that was more pronounced than observed after 

administrationn of irbesartan alone; the strongest effect of AT,-receptor blockade was observed at 

aa stimulation frequency of 2 Hz. To compare the effects of irbesartan alone with those in 

combinationn with PD 123319 on stimulation-induced DBP-increase, we plotted the rise in DBP 

observedd at 2 Hz against the doses used (fig 2A). A linear correlation was observed between the 

lowerr three doses and A DBP (fig. 2B). The stimulation-induced rise in DBP was significantly 

lowerr when irbesartan was administered in combination with PD 123319. The doses which at 2 

Hzz reduced ADBP by 20 mmHg (ED2II values, expressed as -log mol/kg) were calculated; these 

weree 4.78  0.12 and 5.39  0.11 for irbesartan alone and in combination with PD 123319, 

respectivelyy (P<0.05). Consequently, in the presence of PD 123319, the effects of irbesartan on 

thee stimulation-induced DBP rise were enhanced. 

Thee highest doses of irbesartan did not further attenuate the rise in DBP (fig 2A), Conversely, the 

risee in DBP at a stimulation frequencv of 2 Hz after irbesartan 60 mg/kg (59.6 + 3.7 mmHg) was 

strongerr than observed after administration of irbesartan 30 mg/kg (45.2  5.7 mmHg) 

(p<0.05).. This resulted in a U-shaped dose-response curve. However, in combination with PD 

123319,, this U-shaped dose-response curve was not observed. ADBP-values at 2 Hz after 

irbesartann 10, 30 and 60 mg/kg, in combination with PD 123319 were 40.0  4.7, 43.8  5.9, and 

45.55 + 3.3 mmHg, respectively (p>0.05). 
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1A A irbesarta n n 
125n n 

100--

I I 
E E 

g g 
a. a. 
m m 
Q Q 

75--

50--

25 5 

contro l l 

irbesarta nn 3 mg/k g 

irbesarta nn 10 mg/k g 

irbesarta nn 30 mg/k g 

irbesarta nn 60 mg/k g 

0.255 1 8 8 

125 5 

100 0 

1B B 

stimulatio nn frequenc y (Hz) 

irbesartan ++ PD 123319 

75 5 

50--

25--

-o -- contro l 
-m--m- contro l + PD123319 
—— irb 1 mg/kg + PD 

-- irb 3 mg/kg + PD 
-A -- irb 10 mg/kg + PD 
-v -- irb 30 mg/kg + PD 
-o -- irb 60 mg/kg + PD 

0.255 1 8 8 

stimm freq (Hz) 

Fig.. 1. Effect of AT,-receptor blockade on the frequency-response curve of diastolic blood 
pressuree induced by electrical stimulation of the spinal cord (T5-L4) in the pithed normotensive 
rat.. The stimulation frequency (in Hz) is shown on the abcissa. The increase in diastolic blood 
pressuree (expressed as mmHg) is shown on the ordinate. PD = PD 123319 
A:: irbesartan (3, 10, 30, and 60 mg/kg). * P<0.05 compared to control B: irbesartan (1, 3, 10, 30 
andd 60 mg/kg); co-infusion with PD 123319 (0.5 mg/kg + 50 (Jg/kg/min). # P<0.05 compared 
too control at each stimulation frequency. N = 6 in each group. Values are expressed as means
SEM. SEM. 
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60--

m m 
 40-

20 0 

-- irbesarta n 

- i rbesartann + PD123319 

-5.55 -5.0 -4.5 -4.0 -3.5 

Dosee irbesarta n (log mol/kg ) 

•• irbesartan 

DD irbesartan + PD123319 

-5.55 -5.0 -4.5 -4.0 
Dosee irbesartan (log mol/kg) 

Fig.. 2. A: Effects of irbesartan alone and when administered together with PD 123319 (0.5 
mg/kgg + 50 JXg/kg/min) on the diastolic blood pressure increase observed at a stimulation 
frequencyy of 2 Hz. Doses of each compound are shown on the abcissa and expressed as log 
mol/kg.. The increase in diastolic blood pressure (expressed as mmHg) is shown on the ordinate. 
B:: The three lower doses of each compound and linear regression lines are shown. 
ED2I)) (doses which at 2 Hz reduced ADBP by 20 mmHg, expressed as - log mol/kg) were 4.78
0.122 and 5.39  0.11 for irbesartan alone and in combination with PD 123319, respectively 
(p<0.05). . 

PlasmaPlasma renin activity (fig. 3) 

Inn the control group, after administration of saline, PRA levels amounted to 111.0  17.8 

ng /ml /hrr (N = 5). After administration of irbesartan, PRA-levels were significantlv increased 

(p<0.055 compared to control after 10, 30 and 60 mg/kg). PRA-levels did not differ when 

measuredd after the three highest doses of irbesartan (p>0.05). 

Thee AT,/AT,-receptor antagonist saralasin (0.001 mg/kg/min - 0.03 mg/kg/min) dose-

dependentlyy attenuated the stimulation induced rise in DBP (fig. 4). Maximal attenuation was 

achievedd after administration of saralasin (0.01 mg/kg). ADBP-values at 2 Hz after saralasin 0.01 

andd 0.03 were 67.9  7.2, and 74.4  8.4 mmHg, respectivelv (p>0.05). Accordingly, saralasin 

didd not give rise to such a U-shaped dose-response relationship as observed with irbesartan. 
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Plasm aa Renin Activit y 

250 0 

200 0 

EE 150 

CCC 1 0 0 

Contro ll  3 10 30 60 
dosedose  irbesarta n (mg/kg ) 

Fig.. 3. Plasma Renin Activity (PRA) (ng Ang I/ml/h) in pithed rats following administration of 
salinee (control group) or irbesartan 3, 10, 30 or 60 mg/kg. Values are expressed as mean  SEM. 
NN = 5 per group. * p<0.05 compared to control. 

EE 60 

- a -- control 

nn 0.001 mg/kg/min 

- * -- saralasin 0.003 mg/kg/min 

-*-saralasinn 0.01 mg/kg/min 

-- saralasin 0.03 mg/kg/min 

stimm freq (Hz) 

Fig.. 4. Effect of the non-selective AT-receptor antagonist saralasin on the frequency-response 
curvee of diastolic blood pressure induced by electrical stimulation of the spinal cord (T5-L4) in 
thee pithed normotensive rat. The stimulation frequency (in Hz) is shown on the abcissa. The 
increasee in diastolic blood pressure (expressed as mmHg) is shown on the ordinate. Values are 
expressedd as means  SEM. * p<0.05 compared to control at each stimulation frequency. N = 6 
inn each group. 
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HeartHeart rate 

Thee increase in HR amounted to 23.7  3.7 BPM at 8 Hz in the control group. Neither 

irbesartan,, PD 123319, the combination of irbesartan and PD 123319, nor saralasin had any 

significantt effect on the stimulation-induced increase in HR (see fig. 5, irbesartan 3-60 mg/kg as 

ann example). 

3<H H 

? ? 
Q. . 

aT2<H H 
ro ro 

DC C 

88 10H 
X X 

0 J J 

0.2511 2 4 4 
-r --
8 8 

sti mm freq (Hz) 

 control 
 + irb 3 mg/kg 
 + irb 10 mg/kg 

++ irb 30 mg/kg 
++ irb 60 mg/kg 

Fig.. 5. Effect of irbesartan on the frequency-response curve of heart rate induced by electrical 
stimulationn of the spinal cord (T5-L4) in the pithed normotensive rat. The stimulation frequency 
(inn Hz) is shown on the abcissa. The increase in heart rate (expressed as BPM) is shown on the 
ordinate.. Values are expressed as means  SEM. N = 6-8 in each group. 

ExogenousExogenous noradrenaline 

Exogenouss NA caused a dose-dependent increase in DBP (EC50 8.52  0.09 nM - log mol/kg, 

Ema]ii 120 .2  4.7 mmHg) (fig. 6). Both irbesartan (30 mg/kg) and saralasin (0.01 mg/kg/min), 

dosess that caused significant reduction of pressor responses to electrical stimulation of the 

thoracolumbarr spinal cord, did not alter the BP-response to administration of exogenous 

noradrenalinee (fig6A-B). 

128 8 



AT]+ATAT]+AT22-receptor-receptor blockade and sympathetic neurotransmission 

irbesartan n 

150-1 1 

125--

25--

0--

 control 

ii irbesartan 30 mg/kg 

150--

125--

D
B

P
P

 (m
m

H
g

) 

U
II 

o 

<< 50-

25--

o-l l 

saralasin n 

DD control 

AA saratasin 0.01 mg/kg/min 

noradrenalinee (log mol/kg) 
-100 -9 -8 -7 

noradrenalinee (log mol/kg) 

Fig.. 6. Effects of irbesartan 30 mg/kg (A) and saralasin 0.01 mg/kg/min (B) on the dose-
responsee curve induced by intravenously administered noradrenaline in the pithed normotensive 
rat.. The noradrenaline doses (expressed as log mol/kg) are shown on the abcissa. The increase in 
diastolicc blood pressure (expressed as mmHg) is shown on the ordinate. Values are expressed as 
meanss  SEM. N = 6 in each group. 
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Discuss ion n 

Previously,, we described that in the pithed rat model, the increase in diastolic blood pressure 

causedd by stimulation of the thoracolumbar spinal cord could be dose-dependently attenuated by 

AT rb]ockers.. This was a confirmation of a repeatedly described facilitator)' effect by Ang II on 

sympatheticc neurotransmission, mediated by presynaptically located AT rreceptors. However, the 

highestt doses of the AT,-blockers used consistently caused less than maximal attenuation of 

DBP-rise.. We hypothesised that this could be due to an unmasking of a latent population of AT2-

receptors,, which mediated facilitation of stimulation-induced noradrenaline release. For this 

reason,, we studied the effects of multiple doses of the selective AT,-antagonist irbesartan in the 

presencee and absence of the AT2-blocker PD 123319, on the sequelae of stimuladon of the 

thoracolumbarr spinal cord in the pithed rat. We also studied the effects of the non-selective AT-

receptorr antagonist saralasin on sympathetic neurotransmission in this model. 

Bothh irbesartan and saralasin caused a significant reduction in baseline DBP-values, but not in 

heartt rate. PD 123319 as such did not affect DBP or HR. In this model, baseline blood pressure 

butt not HR appears to be sustained by Ang II via AT,-receptors, whereas AT2-receptors are not 

involved. . 

Electricall  stimulation of the thoracolumbar spinal cord caused stimulation-frequency dependent 

increasess in diastolic blood pressure and heart rate. The increase in DBP could be dose-

dependentlyy attenuated by the AT r receptor antagonist irbesartan (fig 1A). Similarly, the 

AT,/AT 2-receptorr antagonist saralasin could dose-dependendy attenuate the stimulation-induced 

increasee in DBP. The sympatho-inhibitory efficacy of irbesartan was greater than that of saralasin, 

underr our experimental conditions; at a stimulation-frequency of 2 Hz, after irbesartan 30 mg/kg 

andd saralasin 0.01 mg/kg/min (both doses that caused maximal sympatho-inhibition), ADBP-

valuess are 45.2  5.7 and 67.9  7.2 mmHg, respectively (p<0.05). The smaller sympatho-

inhibitoryy potency of saralasin may be explained by its partial agonistic properties. 

PDD 123319 did not influence the stimulation-induced DBP increase. Apparently, the ATr-

receptorr does not play a role in the facilitation of Ang II on sympathetic neurotransmission, as 

alreadyy described in earlier reports [19,20]. Similarly as observed by us, Wong et al. saw no effect 

off  the selective AT,-receptor antagonist PD 123177 on stimulation-induced blood pressure 

increasee in the pithed rat [3]. Neither irbesartan nor saralasin, in doses that cause marked 
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sympatho-inhibition,, had any effect on the dose-respone curve to exogenous noradrenaline (fig. 

6A-B).. Therefore, in our model, no interaction appears to exist between the AT, or ATi -

receptorss and (X-adrenoceptors at the postsynaptic level. 

Consequently,, in the pithed rat, the stimulation-induced increase in DBP is facilitated by 

endogenouslyy generated Ang II , which stimulates presynaptically located AT,-receptors which 

mediatee an increased release of noradrenaline [2,3,12]. 

Whenn irbesartan was administered together with PD 123319, the effects of the AT rblocker were 

markedlyy enhanced. The attenuation of diastolic blood pressure increase was achieved at lower 

dosess of irbesartan if administered together with PD 123319 (fig 2A-B). This may be explained by 

displacementt of irbesartan by PD 123319 from plasma protein binding sites, as was demonstrated 

inn the pithed rat model for the combined administration of losartan and PD 123177 [21]; 

regardingg the suppression of an Ang II dose-response curve, losartan appeared to be more potent 

inn the presence of PD 123177. 

Stimulationn caused a frequency-dependent increase in heart rate in the present study (fig. 5). The 

increasee in HR was very small compared to other studies [2,3] as a result of the pretreatment with 

propranololl  in our experiments. The increase in HR was unaffected by treatment with irbesartan, 

PDD 123319 or saralasin. In previous studies by us and others where AT,-receptor blockers or 

ACE-inhibitorss were used, similar findings were reported [2,3]. From these observations it can 

concludedd that the stimulation-induced rise in HR was is dependent on facilitation by Ang II , 

Inn the present study, we determined plasma renin activity as an indication for plasma Ang II -

levelss (fig 3). Plasma Ang II-levels are difficul t to determine, and notoriously inaccurate. As 

expected,, PRA levels were elevated. Increased levels of PRA compared to unrestrained, 

unanaesthetisedd animals have been reported previously by our group [22]. The high PRA in 

pithedd rats is probably caused by the low blood pressure. Administration of irbesartan caused an 

increasee of PRA-levels compared to control values (P<0.05 after 10, 30 and 60 mg/kg), probably 

triggeredd by a further decrease in blood pressure. In addition, this phenomenon may be due to an 

uncouplingg of the negative feed-back loop by which Ang II inhibits its own formation; Ang II , 

viaa acting on AT r receptors on the juxtaglomurular cells inhibits the release of renin. Because 

PRAA levels did not differ after administration of irbesartan 30 and 60 mg/kg, it is unlikely that 

differentt levels of Ang II after irbesartan 30 and 60 mg/kg caused the U-shaped DRC, as we 

previouslyy hypothesised. 
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Thee U-shaped DRC regarding sympatho-inhibition that was observed with AT,-blockade 

(irbesartann alone) was not observed when irbesartan was co-administered with PD 123319 

(combinedd AT, and AT2 blockade), nor with the AT,/AT ;-unselective receptor antagonist 

saralasin.. These results confirm our hypothesis that after maximal AT rblockade with high dose 

irbesartan,, a role of the AT2-receptor wil l emerge. This population of AT,-receptors, which is 

unmaskedd by maximal AT,-blockade mediates facilitation of sympathetic neurotransmission. 

Inn conclusion, the facilitating role of Ang II on svmpathetic neurotransmission is mediated via 

presynapticallyy located AT,-receptors. The sympatho-inhibitory potency of irbesartan is enhanced 

whenn co-administered with the AT :-receptor antagonist PD 123319, probably due to the 

displacementt of irbesartan from plasma protein binding sites. 

Thee U-shaped dose-response relationship observed with irbesartan, which is illustrative for other 

AT,-receptorr antagonists in this model, was not observed when PD 123319 was co-administered 

withh irbesartan, nor with the non-selective AT-blocker saralasin. This finding indicates a 

facilitator}**  role for the AT2-receptor, unmasked by the highest dose of irbesartan. Different 

plasmaa Ang Il-levels are unlikely to have caused the less than maximal inhibition after the highest 

dosee of irbesartan. 
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