
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Angiotensin II receptor antagonists and sympathetic neurotransmission

Balt, J.C.

Publication date
2002

Link to publication

Citation for published version (APA):
Balt, J. C. (2002). Angiotensin II receptor antagonists and sympathetic neurotransmission.
[Thesis, fully internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:26 May 2023

https://dare.uva.nl/personal/pure/en/publications/angiotensin-ii-receptor-antagonists-and-sympathetic-neurotransmission(42436577-f9d2-4b3a-83a0-f3a65b1f5bdc).html


CHAPTERR 4 

Inhibitionn of both facilitation of sympathetic neurotransmission and Ang II -

inducedd pressor effects in the pithed rat; A comparison between valsartan, 

candesartan,, eprosartan and embusartan 

JournalJournal of Hypertension 2001,19: 2241 -2250 



ChapterChapter 4 

Introductio n 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 activitv centrally, to enhance ganglionic transmission, to facilitate NA 

releasee from sympathetic nerve terminals, block NA-uptake, enhance NA-synthesis, and to 

enhancee the post-synaptic effects of noradrenaline. Although most of the evidence is derived 

fromm animal experiments, in sometimes non-physiological concentrations of Ang II , it seems 

possiblee that part of the potent vasoconstrictor effect of angiotensin II is brought about by the 

synergisticc interaction between angiotensin II and various components of the SNS and its 

receptorss [1-4]. Conversely, it can be imagined that part of the vasodilator effects of the A T r 

blockerss is caused by direct or indirect suppression of the sympathetic nervous system. This 

interactionn may be clinically relevant, taking into account the important role of SNS-activity in the 

genesiss and maintenance of hypertension [5-7] and even more so in congestive heart failure [8-

10]. . 

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

I II  and the peripheral nervous system. Both plasma renin activity and plasma angiotensin II levels 

aree elevated [11,12]. Endogenously generated angiotensin II facilitates neuronally mediated 

incrementss in vascular resistance [13]. Additionally, in this model, noradrenaline release was 

shownn to be modulated by endogenously released angiotensin II [14]. In the propranolol-treated 

pithedd rat, potential central nervous system effects [15] and indirect cardiac effects [16] of Ang II 

aree known to be suppressed or even abolished. In this model, the increase in blood pressure 

causedd by stimulation of the sympathetic nervous system can be attenuated in normotensive 

animalss by both ACE-inhibition [13,17,18] and by AT r receptor blockade [19-23]. 

ACE-inhibitorss and the more recently developed AT r receptor antagonists are widely used in the 

treatmentt of hypertension and heart failure. Moreover, they are sophisticated tools in the analysis 

off  the renin-angiotensin svstem and its various activities. Several new, non-peptidergic AT,-

selectivee receptor blockers are now available. A few studies have recently been published in which 

thee potency of these drugs with respect to the attenuation of the facilitation by Ang II of 

sympatheticc neurotransmission was compared [20,21,24-26]. From the studies cited above, it 

seemss clear that the Ang II-induced sympathetic facilitation is mediated by the AT,-receptor and 

thatt all AT,-antagonists can attenuate this facilitation. However, differences in potency have been 
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PrejunctionalPrejunctional and postjunctional ATi-receptor blockade 

describedd between the various AT rantagonists regarding inhibition of the presynaptic site. It now 

appearss to be of interest to make quantitative comparisons with respect to the pre- and 

postsynapticc activities of the various AT,-blockers under carefully standardised conditions. 

Accordingly,, it was the objective of the present study to quantitatively compare the sympatho-

inhibitoryy properties of the selective AT,-receptor blockers valsartan, candesartan, eprosartan and 

embusartann with their inhibitory activity7 on the direct vasoconstrictor effect of exogenous Ang II 

inn the pithed rat model. To investigate blockade of pre-synaptic AT,-receptors we studied the 

effectt of AT!-blockade on the sequelae of electric stimulation of the thoracolumbar sympathetic 

outflow.. To investigate the role of postsynaptic AT,-receptor blockade we studied the effect of 

thee AT,-antagonists on dose-response curves elicited by exogenous Ang II . In addition, the effect 

off  AT,-blockade on post-synaptic OC-adrenoceptor mediated responses was investigated by means 

off  exogenously administered noradrenaline (NA). In the present study, multiple doses of each 

compoundd were used, enabling us to quantitatively compare both sympatho-inhibitory and direct 

vasopressor-inhibitingg potencies on the basis of dose-response relationships. 
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Methods s 

Male,, normotensive Wistar rats (270-320g) which were kept on a normal rat chow diet and had 

waterr ad libitum, were used throughout. The pithed rat model, as previously described [21] was 

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

insulatedd except for a 3.5 cm area, 2.5 cm from the tip in order to allow the selective stimulation 

off  thoracolumbar sympathetic segments. 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 P-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,, or one of the four AT rblockers was administered intravenously in various concentrations. 

Groupss consisted of 6 animals, unless stated otherwise. Only one dose of a drug 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. The following dose ranges of 

thee AT,-blockers were studied: valsartan 0.3, 1, 3 and 10 mg/kg, candesartan 0.3, 1, 3 and 10 

mg/kg,, eprosartan 0.1, 0.2, 0.3 and 1 mg/kg and embusartan 0.3, 1, 0.3 and 10 mg/kg, 

respectively.. All doses were administered in a volume of 1 ml/kg. 

NoradrenalineNoradrenaline experiments 

Inn order to investigate the effect of the various compounds on postjunctional vasopressor 

responsess to Ot-adrenoceptor stimulation we applied noradrenaline intravenously in increasing 

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

salinee or valsartan (3 mg/kg), candesartan (3 mg/kg), eprosartan (0.3 mg/kg) or embusartan (3 

mg/kg)) were administered, in a volume of 1 ml/kg. Another 15 minutes later, 0.5 ml /kg saline 

wass injected i.v. in each animal as a volume challenge. Subsequently, intravenous administration 
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off  increasing doses of noradrenaline 0.03 nmol/kg - 0.3 ^.mol/kg was started, injected in 

volumess of 0.5 ml/kg. 

AngiotensinAngiotensin II experiments 

Inn order to investigate the effect of the various compounds on postjunctional vasopressor 

responsess to AT,-receptor stimulation we applied Ang II intravenously in increasing dosages. 

Pithingg and pretreatment were performed as in the stimulation experiments. Either saline or 

valsartann (0.03, 0.1 and 0.3 mg/kg), candesartan (0.003, 0.01, 0.03 mg/kg), eprosartan (0.03, 0.1 

andd 0.3 mg/kg) or embusartan (0.03, 0.1, 0.3 mg/kg) were administered, in a volume of 1 ml/kg. 

Afterr 15 minutes, 0.5 ml /kg saline was injected i.v. in each animal as a volume challenge. 

Subsequendy,, intravenous administration of increasing doses of Ang II 3 pmol /kg — 0.3 (Imol/kg 

wass started, injected in volumes of 0.5 ml/kg. 

Drugs Drugs 

Angiotensinn II (Bachem, Bubendorf, Switzerland) was dissolved in saline. Valsartan (Novartis 

Pharmaa AG, Basel, Switserland), candesartan (AstraZeneca, Södertalje, Sweden), eprosartan 

(Solvay,, Hannover, Germany) and embusartan (Bayer, Wuppertal, Germany) were dissolved in 

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

added.. l HC1 (RBI, Natick, USA), atropine Sulfate (Sigma, St. Louis, USA) and d-

tubocurarinee chloride (Sigma, St. Louis, USA) were dissolved in saline. (-)-noradrenaline bitartrate 

(Sigma,, St. Louis, USA) was dissolved in saline containing L(+)-ascorbic acid (Merck, Darmstadt, 

Germany)) lOO^g/ml. 

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. For comparison of the sympatho-inhibitory potency 

betweenn drugs, linear regression was performed. Subsequendy, the ED20-value was determined 

forr each individual compound (ED2n — dose which at 2 Hz reduced ADBP by 20 mmHg). For 

comparisonn of inhibitory potency concerning inhibition of direct pressor effects of Ang II , pA2-

valuess were calculated using Schild regression. The ED2n values and the pA2 values of the four 

ATj-antagonistss were compared using analysis of variance. A p value < 0.05 was considered to 

indicatee statistical significance. 
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Results s 

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

propranolol,, tubocurarine and atropine) amounted to 46.0 7 mmHg and 310.9  5.5 beats 

perr minute (BPM), respectively (N = 18). Administration of the AT,-blocking drugs caused a 

significant,, dose dependent reduction in blood pressure (see table 1). All compounds studied 

causedd very similar maximal hypotensive effects (p>0.05). Heart rate was unaffected bv ATj -

receptorr blockade (table 2). 

StimulationStimulation experiments 

Stimulationn of the thoraco-lumbar spinal cord (T5-L4) caused an increase in diastolic blood 

pressuree and heart rate. The magnitude of the effects was dependent on the frequency of the 

electricall  stimulation. The increase in HR amounted to 23.7  3.'7 BPM at 8 Hz in the control 

group.. No effect of AT rblockade on the stimulation-induced increase in HR was observed, (data 

nott shown). The increase in DBP could be dose-dependently and significantly attenuated by the 

fourr AT,-receptor blockers, in the lower three concentrations used (fig. 1A-D). This attenuation 

wass more pronounced at the lower frequencies of spinal cord stimulation (0.25-2 Hz). 

Interestingly,, the highest doses of all three AT r receptor antagonists did not further attenuate the 

risee in DBP. Conversely, the rise in DBP was stronger than observed after administration of the 

lowerr dose, resulting in a U-shaped dose-response relationship. The strongest effect of AT,-

receptorr blockade was observed at a stimulation frequency of 2 Hz. In fig. 2, the rise in DBP 

observedd at 2 Hz is plotted against the lower doses used of the three compounds studied (doses 

expressedd as log mol/kg). The degree of maximal attenuation was similar for all AT,-blockers 

usedd in this study (ADBP at a stimulation frequency of 2 Hz was 63.2  ~!.(\ 49 J + 3.3, 58.3

8.00 and 52.7  5.5, for valsartan, candesartan, eprosartan and embusartan, respectively, p>0.05). 

AA linear correlation was observed between their doses and A DBP (fig. 2). ED2„  values, expressed 

ass -log mol/kg were 5.50  0.12, 5.77  0.10, 6.32 2 and 5.62  0.13, for valsartan, 

candesartan,, eprosartan and embusartan, respectively. The order or potency, therefore, was 

eprosartan>valsartan=candesartan=embusartann ('>' signifies p<0.05). 
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Tabl ee 1. Baseline diastolic blood pressure (mmHg) in the pithed normotensive rat after 
administrationn of saline (control) or a single dose of either valsartan, candesartan, eprosartan or 
embusartan,, respectively. 

Dose e 
(mg/kgg i.v.) 

saline e 

0.003 3 
0.01 1 
0.03 3 

0.1 1 

0.2 2 
0.3 3 

1 1 
3 3 
10 0 

valsartan n 

46.99 1 

36.44  2.7 

27.44 * 
21.99  1.2* 
20.66  0.9 * 
21.99  2.7* 

Diastolicc Blood Pressure (mmHg) 

46.00 7 
candesartan n 
43.66  1.7 
38.11  2.7 

30.11  2.3 * 

27.44 * 
21.99  1.2* 
20.66  0.9 * 
23.44  3.1 * 

eprosartan n 

41.55  2.3 

37.44  2.0 * 

38.44  2.3* 
27.99  1.3* 

21.11  1.3* 

embusartan n 

39.99  2.3 

34.44 * 

30.88  2.1 * 

22.66 * 
21.55  1.0* 
22.77  2.3* 

Valuess are expressed as means  SEM. Doses are expressed as mg/kg i.v. Pooled data from 
groupss before spinal cord stimulation, noradrenaline or Ang II administration. N = 6-18 animals 
perr group. * p<0.05 compared to control. 

Tabl ee 2. Baseline heart rate in the pithed normotensive rat after administration of saline (control) 
orr a single dose of either valsartan, candesartan, eprosartan or embusartan, respectively-

Dose e 
(mg/kgg i.v.) 

saline e 

0.003 3 
0.01 1 
0.03 3 

0.1 1 

0.2 2 
0.3 3 

1 1 
3 3 
10 0 

valsartan n 

309.99 4 

304.44  4.6 

315.44 0 

302.22  8.0 
301.99  5.8 
297.99  9.1 

Heartt Rate (BPM) 

310.9 9 
candesartan n 
307.55  7.3 
303.11  2.8 

301.99 6 

308.55  6.0 
305.44  5.1 
297.22  6.7 
305.77  5.7 

5 5 
eprosartan n 

301.11  7.0 

309.00  5.5 

308.00 1 
297.99  6.3 

303.11  10.6 

embusartan n 

315.4++ 11.2 

308.11  5.4 

302.33  5.7 

306.33  9.8 
305.88  8.3 
301.99 4 

Valuess are expressed as means  SEM. Pooled data from groups before spinal cord stimulation, 
noradrenalinee or Ang II administration. N = 6-18 animals per group. 
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- o -- control 
nn 0.1 mg/kg 
nn 0.3 mg/kg 

- * -- valsartan 1 mg/kg 
- * -- valsartan 3 mg/kg 
-o-- valsartan 10 mg/kg 

-o-- control 

-- candesartan 0.3 mg/kg 

-*-candesartann 1 mg/kg 

-* -- candesartan 3 mg/kg 

-o-- candesartan 10 mg/kg 

stimm freq {Hz) 

stimm freq (Hz) 

-O-- control 

nn 0.1 mg/kg 

- * -- eprosartan 0.2 mg/kg 

- * -- eprosartan 0.3 mg/kg 

-o-eprosartann 1 mg/kg 

-D-control l 

-- embusartan 0.3mg/kg 

nn 1 mg/kg 

- * -- embusartan 3 mg/kg 

-o-embusartann 10 mg/kg 

0.255 1 2 

Fig.. 1. Effect of AT,-receptor blockade on the frequency-response curve 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 diastolic blood pressure (expressed as mmHg) is 
shownn on the ordinate. 
A:: valsartan (0.1, 0.3, 1, 3 and 10 mg/kg). B: candesartan (0.3, 1, 3 and 10 mg/kg). 
C:: eprosartan (0.1, 0.2, 0.3 and 1 mg/kg). D: embusartan (0.3, 1, 3 and 10 mg/kg). Values are 
expressedd as means  SEM. * P<0.05 compared to control. N = 6 in each group. 
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100 0 

80--

X X 
££ 60 

o. . 
m m 
Q Q 40 0 

20 0 

0J J 

-7.0 0 

 eprosartan 

 valsartan 

AA candesartan 

 embusartan 

— i — — 
-6.5 5 

— i — — 

-6.0 0 -5.5 5 
—i i 
-5.0 0 

Antagonis tt  (log mol/kg ) 

Fig.. 2. Effects of either valsartan, candesartan, eprosartan or embusartan on the diastolic blood 
pressuree increase observed at a stimulation frequency of 2 Hz. Doses of each compound are 
shownn on the abcissa and expressed as log mol/kg. The increase in diastolic blood pressure 
(expressedd as mmHg) is shown on the ordinate. The three lower doses of each compound and 
linearr regression lines are shown. The order of potency with respect to sympatho-inhibition was 
eproo > val = cande = embu (comparison of doses which at 2 Hz reduced ADBP by 20 mmHg 
(ED2ll ,, for values see text), ' >' signifies p<0.05). 

ExogenousExogenous noradrenaline 

Inn these experiments, exogenous NA caused a dose-dependent increase in DBP (EC5II 8.52

0.099 -log mol/kg, Em„  120.2  4.7 mmHg) (fig. 3A-D). None of the AT,-antagonists, at doses 

whichh caused maximal reduction of DBP-responses to stimulation, altered the BP-response to 

thee administration of exogenous noradrenaline. 
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valsartan n 
candesartan n 

150-j j 

125--

SS 100 

aa 75 
CD D 
Q Q 

"" 50 

25 5 

0 J J 

control l 

valsartann 3 mg/kg 

-10 0 -99 -8 

NAA (log mol/kg) 

-7 7 

150-1 1 

125 5 

?? 100-1 
E E 
E E 
lTT 75-
O O 

50--

25--

0--

control l 

candesartann 3 mg/kg 

NAA (log mol/kg) 

eprosartan n embusartan n 

150 0 

125 5 

'100 0 

75 5 

50 0 

-11 1 -10 0 

YY  control 

** eprosartan 0.3 mg/kg 

-99 -8 -7 -6 

NAA (log mol/kg) 

150-1 1 

125--

JJ 100-

rr  75-
CD D 
a a 
<< 50-

25--

0--

control l 

embusartann 3 mg/kg 

NAA (log mol/kg) 

Fig.. 3. Effects of AT,-receptor blockade on the dose-response curve induced by intravenously 
administeredd noradrenaline in the pithed normotensive rat. The noradrenaline doses (expressed 
ass log mol/kg) are shown on the abcissa. The increase in diastolic blood pressure (expressed as 
mmHg)) is shown on the ordinate. 
A :: valsartan (3 mg/kg). B: candesartan (3 mg/kg) C: eprosartan (0.3 mg/kg) 
D:: embusartan (3 mg/kg). Values are expressed as means + SEM. N = 6 in each group. 
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ExogenousExogenous Angiotensin II 

Exogenouslyy administered Ang II caused a dose-dependent increase in DBP (pEC5(1 9.80  0.06 

logg mol/kg). Treatment with the AT,-antagonists caused a parallel rightward-shift of the Ang II -

dose-responsee curve, (fig. 4A-D). A small reduction of Efflax (of approximately 10%) was observed 

forr all compounds used, except eprosartan. pA2-values, 7.20  0.17, 8.01  0.01, 7.20  0.03 and 

7.255  0.16, for valsartan, candesartan, eprosartan and embusartan, respectively. Accordingly, the 

orderr of potency regarding the inhibition of direct pressor effects of Ang II was candesartan> 

valsartan=eprosartan=embusartann ('>' signifies p<0.05). 

A tt the highest doses, an increase in HR was observed as well (Emax 32.7  6.0 BPM). This 

increasee was reduced by all AT,- receptor antagonists (data not shown). 

Wee calculated the ratio between the ED2( rvalues (obtained from stimulation experiments) and A2-

valuess (obtained from Ang II experiments). A2-values were calculated by taking the exponential 

off  the pA2-values. The ratios are shown in fig. 5. For eprosartan, doses needed for inhibition of 

stimulation-inducedd DBP-responses are close to those required for inhibition of direct effects of 

Angg II on DBP-responses. Conversely, for candesartan, these respective doses differ 

considerably. . 
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control l 
valsartann 0.03 mg/kg 
valsartann 0.1 mg/kg 
valsartann 0.3 mg/kg 

 control 
** candesartan 0.003 mg/kg 

 candesartan 0.01 mg/kg 
 candesartan 0.03 mg/kg 

Angiotensi nn II (log mol/kg ) Angiotensi nn II (log mol/kg ) 

 control 

** eprosartan 0.03 mg/kg 

 eprosarta n 0.1 mg/kg 
 eprosartan 0.3 mg/kg 

120 0 

100 0 

oii  80 
E E 
E E 
aa 60 
ffl ffl 

"" 40. 

20--

control l 

embusartann 0.03 mg/kg 

embusartanO.11 mg/kg 

embusartann 0.3 mg/kg 

Angiotensi nn II (log mol/kg ) Angiotensi nn II (log mol/kg ) 

Fig.. 4. Effects of AT,-receptor blockade on the dose-response curve induced by intravenously 
administeredd Ang II in the pithed normotensive rat. The Ang II doses (expressed as log mol/kg) 
aree shown on the abcissa. The increase in diastolic blood pressure (expressed as mmHg) is shown 
onn the ordinate. 
A :: valsartan (0.03, 0.1 and 0.3 mg/kg). B: candesartan (0.003, 0.01 and 0.03 mg/kg) 
C:: eprosartan (0.03, 0.1 and 0.3 mg/kg) D: embusartan (0.03, 0.1 and 0.3 mg/kg). 
Valuess are expressed as means  SEM. N = 6 in each group. 
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Discussion n 

I nn the present study, the sympatho-inhibitory properties of the selective AT,-receptor blockers 

valsartan,, candesartan, eprosartan and embusartan were compared with the inhibition of the 

directt vasoconstrictor effect of exogenous Ang II in the pithed rat model. 

Inn the pithed rat model, neuronally mediated increments in vascular resistance are known to be 

facilitatedd by endogenously formed Ang II [13]. Presynaptically located AT,-receptors are 

probablyy responsible for this facilitation. Blockade of these receptors may be therapeutically 

relevant,, especially when one considers the role of the sympathetic nervous system in the 

aetiologyy and treatment of both hypertension and heart failure. For several of the AT,-

antagonists,, sympatho-inhibitory properties have been demonstrated [19-26]. Differences in 

potencyy seem to exist regarding inhibition of the prejunctional AT r receptor. However, it is 

unclearr whether the order of potency regarding sympatho-inhibition is comparable to the order 

off  potency regarding inhibition of direct vasopressor effects of Ang II . In the present study, 

multiplee doses of each compound were used, enabling us to quantitatively compare both 

sympatho-inhibitoryy and direct vasopressor-inhibiting potencies on the basis of dose-response 

relationships.. As shown in table 1, all AT r receptor antagonists significantly lowered baseline 

bloodd pressure. However, heart rate was unaffected (table 2). Apparently, in this model, 

endogenouslyy generated Ang I I does not modulate HR. Indeed, effects of Ang II on HR were 

shownn to be mediated by [3-adrenoceptors in this model [16]. In the present study, such effects 

weree prevented by administration of propranolol. The decrease in blood pressure was comparable 

too that described in other studies in which either AT,-blockers or ACE-inhibitors were used. 

Theree was no difference in maximal BP-lowering effect between the four compounds (p>0.05). 

StimulationStimulation experiments 

I nn our investigation, as in other studies, electrical stimulation of the thoracolumbar spinal cord 

causedd stimulation-frequency dependent increases in diastolic blood pressure and heart rate. In 

thee present study, the increase in HR was very small compared to that in other studies [13,19] 

whichh is explained by the pretreatment with propranolol in the present study. We found no 

significantt differences in AHR between the control group and in the animals subjected to AT,-

receptorr blockade. These findings are in accordance with Kaufman & Vollmer [13] and Wong et 

a/.a/. [19], who also concluded that the stimulation-induced increase in HR was unaffected by 

blockadee of the RAS. The increase in DBP could be dose-dependently attenuated by AT,-

blockadee (fig. 1A-D). At the lower frequencies (0.25-2 Hz), the attenuation was more 
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pronounced,, indicating a more important facilitating role of Ang II in the lower frequency range. 

Inn other studies in the pithed rat model, stimulation frequencies of 1-5 Hz have been shown to 

bee most sensitive to facilitation [13,14,17,19]. At the higher frequencies, NA release seems to be 

maximall  and less sensitive to facilitation by Ang II . 

Inn order to compare the potencv of the compounds used, effects observed at 2 H2 were plotted 

separatelyy (fig. 2). The degree of maximal attenuation was similar for all AT rblockers used in this 

studv.. A linear correlation was observed between the doses administered and ADBP. ED2(1 values 

differedd significantlv between eprosartan on the one hand and the other three AT rblockers on 

thee other (p<0.()5). Accordingly, on a molar base, the order of potency regarding inhibition of the 

facilitatoryy effect of Ang II in stimulation-induced increase of DBP-response is eprosartan > 

candesartann = valsartan = embusartan. These findings are in global agreement with the findings 

reportedd by Ohlstein et al. [20], who reported that eprosartan 0.3 mg/kg, but not valsartan 0.3 

mg/kgg inhibited pressor responses to spinal cord stimulation in the pithed rat. VC'e extended their 

findingss regarding valsartan, by showing that higher doses of valsartan (1-10 mg/kg) do indeed 

causee svmpatho-inhibition. In isolated rat atria, valsartan, losartan, eprosartan and irbesartan had 

alreadvv been shown by Shetty et al. to inhibit prejunctional actions of Ang II [25]. However, in 

contrastt with our findings, in those experiments valsartan was more potent than eprosartan. 

Differencess in the fraction of AT,-antagonist unbound to plasma-protein in our model cannot 

explainn the differences between our in vivo findings and their and their in vitro findings. Protein-

bindingg of eprosartan and valsartan are 98% and 95%, respectively [27], resulting in a higher free 

fractionn of valsartan compared to eprosartan. 

AA similar finding as reported earlier by our group for losartan, irbesartan and telmisartan [21] was 

obtainedd for the highest doses of the AT[-receptor blockers used in the present study. These 

dosess caused less than maximal suppression (see fig. 1A-D). The fact that these dosages still 

causedd a significant fall in baseline blood pressure implies that AT rblockade was indeed 

achieved.. The consistencv of this observation for all AT,-blockers suggests that it is a class effect. 

Earlier,, we reported that supramaximal doses of captopril do not show this phenomenon [21]. 

Additionally,, Cox et al. reported that losartan can in fact increase stimulation-induced 

contractionss and noradrenaline release in vitro [28]. The synergistic actions of losartan and Ang II 

couldd be abolished bv PD123319, indicating a role for the AT,-receptor. 
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NoradrenalineNoradrenaline experiments 

Too confirm that the attenuation of sympathetic neurotransmission by AT,-blockade was due to 

presynapticc effects only, as reported by us earlier, experiments using exogenous noradrenaline 

weree performed (fig. 3A-D). The doses of AT,-blocker which caused the greatest reduction of 

DBP-risee in the stimulation experiments were used. As to be expected, exogenous NA caused 

dosee dependent increases in DBP. AT,-blockade by eprosartan (0.3 mg/kg), candesartan (3 

mg/kg),, valsartan (3 mg/kg), and embusartan (3 mg/kg) did not affect DBP-responses to 

exogenouss NA. After ATj-blockade, Emax values were slighdy, although not significantly increased 

inn all groups. This probably reflects the differences in baseline blood pressure between control-

experimentss and those after AT,-blockade. Because the DBP after the highest doses of NA are 

veryy similar in each group (around 150 mmHg), the maximal ADBP tends to be slighdy higher 

afterr AT rblockade. Since no difference was observed in the responses to exogenous 

noradrenalinee between control experiments and those after AT,-blockade, the sensitivity of the 

postsynapticc (X-receptors appears not to be affected by angiotensin II in our experimental model. 

Thiss confirms our earlier experiments widi AT,-blockade in this model [21]. 

AngiotensinAngiotensin II experiments 

Angg II (iv) caused a dose-dependent rise in DBP. Treatment by AT,-blockade caused a parallel 

rightward-shiftt of the Ang I I DRC (fig. 4A-D). The Emas was only slighdy decreased by valsartan, 

candesartann and embusartan and not at all by eprosartan. Therefore, at doses used in our 

experiments,, all AT,- blockers acted as competitive antagonists on the direct effects of Ang I I on 

DBP,, Thus, it was possible to calculate pA2-values for all blockers investigated. pA2-values were 

7.200 , 8.01  0.01, 7.20  0.03 and 7.25 , for valsartan, candesartan, eprosartan and 

embusartan,, respectively. Accordingly, the order of potency was candesartan > valsartan = 

eprosartann — embusartan. In rabbit aorta rings, candesartan is a non-competitive antagonist [29], 

valsartann displays mixed antagonism [30], and both eprosartan and embusartan are competitive 

antagonists,, while embusartan's metabolite, M- l shows a depression of Emax [31,32]. That 

candesartann displays competitive antagonism in our model and non-competitive antagonism in 

vitrovitro is difficul t to explain. However, differences in type of antagonism between different models 

havee been described earlier. Losartan, which is a competitive antagonist in the rabbit aorta [33], 

displayss mixed antagonism in the rabbit renal artery [34] and non-competitive antagonism in the 

humann forearm [35]. 
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Exogenouss Ang II , in the highest dose-range, caused an increase in HR of 32.7  6.0 BPM. The 

positivee chronotropic effect of Ang II was shown to be mediated via the ganglionic 

neurotransmissionn through p-receptors [16]. In our model, this was inhibited by 1 mg/kg 

propranololl  (iv). The rise in HR could be completely blocked by the highest doses of the A T r 

receptorr antagonists. The positive chronotropic effect, therefore, was mediated through the A T r 

receptor. . 

Wee quantitatively compared the potency between the four AT r receptor antagonists in our model 

bothh at the pre- and postsynaptic level. This enabled us to address the issue of relative affinity of 

thee AT rblockers at the two sites. Firstly, the order of potency concerning sympatho-inhibition 

differss from the order of potency regarding inhibition of the direct effect of Ang II on the 

vasculature.. This may be due to differences in affinity of the AT,-blockers for the presynaptic 

AT,-receptorr on the one hand and the postsynaptic AT r receptor on the other. Additionally, it is 

noteworthyy that the doses needed for sympatho-inhibition are higher than the doses needed for 

inhibitionn of direct pressor effects of Ang II . Especially if one considers that for facilitation of 

sympatheticc neurotransmission we relied on endogenous Ang II and for direct pressor effects we 

addedd exogenous Ang II , Interestingly, the ratios between ED2o —values (as a measure of 

presynapticc inhibitor}7 dose) and A2 -values (calculated by taking the exponential of the pA2-

values,, a measure of the postsynaptic inhibitor)*  dose) differ considerably between the various 

antagonistss (fig. 5). For eprosartan, sympatholytic doses and postsynaptic inhibitory doses differ 

farr less than for candesartan. However, comparison between the two models must be made with 

utmostt care. Altogether, our findings imply that perhaps presynaptic AT r receptors are of a 

differentt subtype than postsynaptic receptors. In rodents, but not in humans, A T U and AT1B 

receptorr subtypes have been described. Differences in subtype between pre- and postsynapic AT-

receptorss have been suggested earlier by Guimaraes et al. [36]. In the dog isolated mesenteric 

artery,, these authors saw no effect of losartan on Ang II — induced facilitation in doses which 

clearlyy inhibited the post-synaptic receptor. However, because no binding studies of AT-

receptorss on sympathetic nerve terminals are available, this hypothesis remains speculative. 

94 4 



PrejunctionalPrejunctional and postjunctional AT'/-receptor blockade 

20(H H 

150--

o o 
LU U 

O O 
* - » » 
(0 (0 

100 0 

candee epro embu 

Fig.. 5. Ratio between the ED2ll-values (obtained from stimulation experiments; reflect 
sympatho-inhibitoryy potency) and A,-values (obtained from Ang II experiments; reflect 
inhibitoryy potency regarding direct effects of Ang II on the vasculature). ED2U: dose which at 2 
Hzz reduced ADBP by 20 mmHg. A,-values were calculated by taking the exponential of the p A r 

values.. Note the substantial differences between the AT,-blockers studied. The presynaptic effect 
relatedd with impairment of NA release occurs at relatively low doses for eprosartan when 
comparedd with postsynaptic inhibidon of vasoconstriction by Ang II . In contrast, there is a 
substantiall  difference between these two dosages for candesartan. 

Inn conclusion, our findings once more confirm that facilitation by Ang II of stimulation induced 

DBP-responsee is mediated by presynaptically located AT,-receptors. The order of potency 

regardingg svmpatho-inhibition by AT,-blockers (eprosartan>valsartan=candesartan=embusartan) 

differss from the order of potency regarding inhibition of the direct pressor effect of Ang II 

(candesartan>eprosartan=valsartan=embusartan).. These findings suggest differences in affinity 

off  the AT,-blockers for the pre- and postsynaptic AT,-receptor. Sympatho-inhibitory properties 

off  AT,-receptor antagonists are particularly interesting when one considers the role of the 

sympatheticc nervous svstem in hypertension and heart failure, two conditions in which A T r 

blockerss are increasingly being used. 
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