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MURRAY, C. E., J. W. HARDING AND J. W. WRIGHT. Hypotensive effects of sarthran in normotensive and spontaneously
hypertensive rat strains. PHARMACOL BIOCHEM BEHAYV 39(4) 1029-1032, 1991.—The specific angiotensin receptor antago-
nist [Sar*, Thr®]AIl (sarthran) was intracerebroventricularly (ICV) infused in anesthetized spontaneously hypertensive rats (SHR)
and Wistar-Kyoto (WKY) normotensive controls. The results extend earlier findings by determining that: 1) the hypotensive effect
of ICV-infused sarthran could be enhanced in anesthetized as compared with alert animals; 2) SHRs revealed a greater hypoten-
sive response as compared with WKY rats; and 3) no sarthran-induced agonistic effects were observed in contrast with previous
results using alert SHRs. These findings support the use of sarthran as a potent angiotensin receptor antagonist to investigate the
role of the brain angiotensin system in the control of normal and dysfunctional blood pressure.

Arterial pressure Sarthran
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A dysfunctional brain angiotensin system appears to be a major
contributor to the high blood pressure observed in the spontane-
ously hypertensive rat (SHR) model of human essential hyper-
tension (3,10). In this model, intracerebroventricular [ICV; (4,
8, 24)] and intraarterial (23) injections of angiotensin I (AIl)
and III (AIIl) produce exaggerated pressor responses as com-
pared with Wistar-Kyoto (WKY) normotensive rats. There are
additional findings in the SHR of deficiencies in brain aminopep-
tidase activity (25), and elevations in angiotension levels (14,16)
and All binding sites (5) in relevant cardiovascular structures in
the brains of SHR. Consistent with these observations, electro-
physiological studies indicate a significantly increased sensitivity
to microiontophoretically applied AIl and AIIl in the paraven-
tricular nucleus of the hypothalamus of SHR as compared with
WKY rats (6).

The present study was designed to evaluate the efficacy of
an ICV-infused specific angiotensin receptor antagonist, sar-
thran, to reduce blood pressure in the SHR. We reasoned that,
if the heightened sensitivity of the SHR to angiotensins was de-
pendent upon an elevation in number of brain angiotensin recep-
tors and/or increased levels of angiotensin, then the application
of an angiotensin receptor antagonist would be expected to re-
duce blood pressure to a greater degree in the SHR as compared
with the WKY rat. We selected sarthran over other available an-
giotensin receptor antagonists because it has been reported to
possess less agonistic activity in normotensive rats when deliv-
ered ICV (15), although an initial agonistic effect has been ob-
served to ICV-infused sarthran in the SHR (9).

METHOD

Adult male SHR and WKY rats (120-150 days of age) were
derived from breeding stock obtained from Taconic Farms (Ger-
mantown, NY) and were maintained in group cages in a AAA-
LAC-accredited vivarium on a 12:12-h photoperiod initiated at
0700 h at a temperature of 21-22°C. Each animal was tranquil-
ized with diazepam (2.5 mg/kg IM, Sigma Chemical, St. Louis,
MO) followed 10 min later by ketamine anesthesia (100 mg/kg
IM with 5-mg boosts at 30-min intervals (Bristol Laboratories,
Syracuse, NY), prepared with a left femoral artery catheter (PE-
50, Clay Adams) and an ICV guide cannula (PE-60) stereotaxi-
cally positioned with the beveled tip above the roof of the right
lateral ventricle, as previously described (24). Sarthran [Sar',
Thr®]AIl was purchased from Sigma Chemical Company (A9900
Lot #93F-5805) and was 80% pure by weight as measured by
HPLC. Acetate salts represented the major contributor to the de-
creased purity by weight. Peptide purity was estimated to be
98% by Sigma Chemical Company.

Sarthran infusion was initiated after a stable blood pressure
was established for a minimum of 10 min following anesthetiza-
tion. This was accomplished by inserting a prefilled 24-ga stain-
less steel hypodermic tubing injector into the ICV guide cannula
such that the injector extended 2-3 mm beyond the tip of the
guide, thus penetrating the roof of the lateral ventricle. The in-
jector was connected to a 10-pl Hamilton syringe by a 30-cm
length of PE-20 tubing, and the syringe was driven at a flow
rate of 2 pl/min (Sage Instruments infusor, Model 355). Sar-
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thran at doses of 0, 1, 10 and 20 nmol/2 pl/min for 10 min was
delivered to each animal, with sufficient time between doses to
recover stable baseline blood pressure. A minimum of 30 min to
recover baseline blood pressure was allowed following the 1 and
10 nmol/min doses, while 90 min were allowed following the
20 nmol/min dose. Maximum blood pressure decreases usually
occurred during the 15 min following the termination of infu-
sion. One-half of the animals of each strain were administered
the doses in an ascending order, while the remaining animals
received the doses in a descending order. Changes in blood
pressure were measured via the femoral artery catheter connected
to a Statham transducer (Model PE23AC, Gould and Company,
Inc., Oxnard, CA) and a Grass polygraph (Model 5D). The
magnitude of the pressor responses was calculated by subtract-
ing the corresponding pretreatment mean arterial blood pressure
(MABP) from the maximum change during the 10-min infusion
and 30-min postinfusion periods. At the highest dose (20 nmol/
min), maximum changes during each 5-min period during the
80 min following infusion were also measured. The infusion data
were analyzed by a 2 (Strain) X 4 (Dose) analysis of variance
(ANOVA) with repeated measures on the second factor. In or-
der to evaluate for the order of treatments, the results from as-
cending and descending doses for the SHR and WKY groups
were each analyzed by a two-factor (Subgroups and Doses)
mixed-design ANOVA with repeated measures on doses. Signif-
icant effects were further evaluated by Newman-Keuls post hoc
tests, with the level of significance set at 0.01. The percent
change from baseline blood pressure data sets comparing SHR
and WKY rats was analyzed by t-tests.

RESULTS

Intracerebroventricular infusion of sarthran reduced blood
pressure in members of both strains in a dose-response fashion;
these decreases were greater in the SHR as compared with the
WKY normotensive controls (Fig. 1). Specifically, there were
significant differences across strains, F(1,14)=8.28, p<0.02,
with the SHR revealing greater overall decreases than WKY rats.
As expected, there was a dose effect, F(3,42)=37.72, p<0.0001,
with increasing doses producing greater declines in absolute
blood pressure that were each significantly different from the
next, except for the 0 and 1 nmol/min doses that did not differ.
The Strain X Dose interaction was also significant, F(3,42)=
3.07, p<<0.05. Post hoc analyses revealed that SHR responded
with significantly greater decreases in blood pressure to the 10
and 20 nmol/min doses of sarthran as compared with the WKY
rats. The SHR showed maximum mean (*+SEM) decreases in
blood pressure from baseline (177.8 =2.1 mmHg) of 48.0 (= 11.6)
and 73.6 (+9.2) mmHg for the 10 and 20 nmol/min doses, re-
spectively, while the WKY rats displayed declines from baseline
(129.6 £1.3 mmHg) of 26.3 (£7.6) and 44.3 (+4.7) mmHg,
respectively. Since we were interested in comparing members of
two rat strains with very different resting baseline blood pres-
sures, it was deemed appropriate to also analyze percentage
change from baseline. The SHR revealed maximum mean de-
creases of —27.0 and —41.4% for the 10 and 20 nmol/min
doses, respectively. Comparable values for the WKY rats were
~20.3 and —34.2%. These values for the 10 and 20 nmol/min
doses were significantly different [rs(14)=2.52 and 2.74, re-
spectively, p<<0.05].

These strain differences are further illustrated in Fig. 2,
which presents the pattern of blood pressure responses measured
to the 0 and 20 nmol/min doses of sarthran. The SHR revealed
a steady decline in MABP that continued during the postinfu-
sion period until it reached a maximum drop of 73.6 mmHg at
20 min (10 min following determination of infusion). Total re-
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FIG. 1. Maximum changes in mean (SEM) arterial blood pressure
from baseline in response to ICV sarthran infusion at doses of 0, 1, 10
and 20 nmol/2 pl aCSF/min for 10 min. Each bar represents pooled data
from 8 animals. Mean (= SEM) baseline blood pressures were 129.6
(%1.3) and 177.8 (£2.1) mmHg for the WKY and SHRs, respectively.

covery time required to reestablish baseline pressure was 60 min.
The WKY rats indicated a similar decline in blood pressure;
however, the maximum decline was 44,3 mmHg at 25 min. The
WKY animals required 30 min to recover baseline blood pres-
sure following termination of infusion.

DISCUSSION

Previous investigations utilizing angiotensin receptor antago-
nists have had varying degrees of success in producing decreases
in blood pressure. Saralasin has been reported to produce a mean
decrease of 12.5 mmHg at an ICV dose of 20 ng (22 nmol)
administered to stroke-prone SHR (13,17). [Sar',lle®]JAIl has
been reported to decrease mean arterial blood pressure by ap-
proximately 20 mmHg following an acute dose of 100 pg (103
nmol) ICV in rats made hypertensive by aortic coarctation (20).
Chronic infusion of [Sar',lle®]AIl [1200 ng/h (1.2 nmol/h)] into
the lateral ventricles of SHR produced an overall mean drop of
33 mmHg over the 6-day infusion period, with a maximum drop
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FIG. 2. Maximum changes in mean (= SEM) arterial blood pressure
from baseline during each 5-min period during the 10-min ICV infusion
of 0 or 20 nmol/2 ul aCSF/min sarthran, and 70 min following infu-
sion. Mean (= SEM) baseline blood pressures were 133.6 (+2.8) and
175.6 (+4.9) mmHg for the WKY (N=8) and SHR (N=8) groups,
respectively.
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of approximately 55 mmHg at 18 hours into the infusion (12).
Schoelkens et al. (19) administered an acute ICV injection of
[Suc!,Val® Phg®] AIl [300 ng/kg (0.3 nmol/kg)] and measured
decreases of 8 mmHg in 10-week-old SHR; however, the same
dose at 14 weeks of age produced an increase in blood pressure.
The ICV injection of [Sar! Ile®]All, saralasin, or [Suc’,Val®,Phg®]
AlI had no effect on blood pressure in normotensive rat strains.

Two previous reports concerned with ICV-infused sarthran in
the SHR should be described. Bruner et al. (1) observed no sig-
nificant decreases in blood pressure with chronic ICV infusion
[1 g/ for 14 days and 6 pg/h for 7 days (1.1 and 6.3 nmol/h,
respectively)] of sarthran, although this antagonist did inhibit
subsequent ICV All-induced increases in blood pressure. Jensen
et al. (9) reported that acute infusion of sarthran in alert SHR
produced a maximum mean reduction of 35.2 mmHg, while
Sprague-Dawley (SD) and WKY normotensive control rats re-
vealed reductions in blood pressure of approximately 14 mmHg.
An initial significant transient sarthran-induced agonist effect
was measured in the SHR, but was not observed in normoten-
sive SD and WKY rats. The differences in results obtained can
perhaps be explained by the different methods used to measure
blood pressure. Bruner and colleagues utilized the tail cuff
method, while Jensen et al. prepared animals with an indwelling
arterial catheter. Several investigations have indicated that SHR
respond with exaggerated elevations in blood pressure to two re-
quirements of the tail cuff technique, i.e., restraint and whole-
body warming (2, 22, 26). Thus Bruner et al. (1) may have
failed to observe sarthran-induced decreases in blood pressure
due to the measurement method employed. A second possible
explanation concerns sarthran-induced tachyphylaxis. It has been
shown that repeated ICV injections of AII or AIIl produce tach-
yphylaxis of the drinking response in rats (18). This decrease in
responsiveness was shown to be due to a desensitization of an-
giotensin receptors with repeated stimulation (7). Given that
Bruner et al. (1) administered sarthran chronically for 7 to 14
days, a sarthran-induced tachyphylaxis may have occurred ne-
gating the hypotensive effects observed when sarthran is admin-
istered acutely. Since no tachyphylaxis data are presently available
from either peripheral or central application, this important issue
remains to be resolved.

The use of diazepam followed by ketamine anesthesia in the
present investigation allowed the achievement of baseline blood
pressures approximately equivalent to those of calm, alert rats.
Our results indicate that infusion of sarthran at the highest dose
of 20 nmol/min produced maximum mean reductions in blood
pressure of 73.6 mmHg in the HR, with individual animals re-
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vealing maximum reductions of up to 110 mmHg; WKY rats
exhibited maximum mean decreases of 44.3 mmHg at this dose.
The agonistic effect of ICV-infused sarthran previously reported
in SHR (9) was not observed in either SHR or WKY rats under
these experimental conditions. Previous research suggests that
SHR are more reactive to novel or noxious stimuli and show
less habituation to stressful situations (11,21). Thus, by utilizing
anesthetized animals, reaction to environmental stimuli was greatly
reduced, presumably resulting in less interference with sarthran-
induced responses.

The present results, coupled with those from Jensen et al. (9)
utilizing alert SHR and WKY rats, indicate that the specific an-
giotensin receptor antagonist, sarthran, may be a more effective
hypotensive agent than saralasin, [Sar'[lle®JAIl, or [Suc',
Val®,Phg®] AIl when acute ICV infusions are employed. Sar-
thran produced dose-dependent decrements in blood pressure in
animals pretreated with diazepam and anesthetized with ket-
amine. Under these experimental conditions, the transient ago-
nistic effects previously reported in alert SHR (9) were not
observed. It should be pointed out that both diazepam and ket-
amine are known to interact with central glutamatergic transmis-
sion and to influence N-methyl-D-aspartate receptors. Therefore,
it is conceivable that the observed hypotensive effects are due to
an interaction among diazepam, ketamine and sarthran. We be-
lieve this to be unlikely, given: 1) that the present declines in
blood pressure were similar to those reported with ICV infusion
of sarthran (10 nmol/min) in alert, free-moving SHR and WKY
rats (9); 2) the temporal patterning of blood pressure decrease
and recovery with the infusion of sarthran; and 3) that ketamine
stimulates the sympathetic nervous system, which would oppose
declines in blood pressure. However, since we have not at-
tempted to replicate these findings using another anesthetic agent,
this possibility cannot be ruled out.

In sum, these sarthran-induced responses support the notion
that the brain angiotensin system is important to ongoing blood
pressure regulation and that sarthran may be a valuable angioten-
sin receptor antagonist to establish the specificity of angiotensin-
induced responses.

ACKNOWLEDGEMENTS

Thanks are due to Mrs. Ruth Day for her excellent secretarial assis-
tance. This research was supported by Grant HL32063 from NIH, Grant
831145 and an established investigator award (J.W.H.) from the Ameri-
can Heart Association, and Grant 89-WA-520 from its Washington State
affiliate (J.W.W.).

REFERENCES

1. Bruner, C. A.; Kuslikis, B. I.; Fink, G. D. Effect of inhibition of
central angiotensin pressor mechanisms on blood pressure in spon-
taneously hypertensive rats. J. Cardiovasc. Pharmacol. 9:298-304;
1987

2. Chiueh, C. C.; Kopin, 1. J. Hyperresponsivity of spontaneously hy-
pertensive rat to indirect measurement of blood pressure. Am. J.
Physiol. 234:690-695; 1978.

3. Ferone, R. A.; Antonaccia, M. J. Prevention of the development of
spontaneous hypertension in rats by captopril (SQ 14.225). Eur. J.
Pharmacol. 60:131-137; 1979.

4. Ganten, D.; Hutchinson, S.; Schelling, P. The intrinsic brain iso-
resin angiotensin system: Its possible role in central mechanisms of
blood pressure. Clin. Sci. Mol. Med. 48:2655-268s; 1975.

5. Gutkind, J. S.; Kurihara, M.; Castren, E.; Saavedra, J. M. In-
creased concentration of angiotensin II binding sites in sclected brain
areas of spontaneously hypertensive rats. J. Hypertens. 6:79-84;
1988.

6. Harding, J. W.; Felix, D. Angiotensin-sensitive neurons in the rat

paraventricular nucleus: Relative potencies of angiotensin II and
angiotensin ITI. Brain Res. 410:130-134; 1987.

7. Harding, J. W.; Erickson, J. B.; Wright, J. W.; Camara, C. G.;
Abhold, R. H. In vitro down regulation and possible internalization
of central angiotensin receptors. In: DeCaro, G.; Epstein, A. N.;
Massi, M., eds. Thirst and sodium appetite. New York: Plenum
Press; 1986:333-338.

8. Hoffman, W. E.; Phillips, M. I.; Schmid, P. G. Central angioten-
sin II-induced responses in spontaneously hypertensive rats. Am. J.
Physiol. 232:H426-H433; 1977.

9. Jensen, L. L.; Harding, J. W.; Wright, J. W. Central effects of a
specific angiotensin receptor antagonist, Sarthran (Sar!,Thr® AIl) in
normotensive and spontaneously hypertensive rat strains. Brain Res.
448:359-363; 1988.

10. Lais, L. T.; Brody, M. S. Pathogenesis of hypertension in sponta-
neously hypertensive rats. In: Scriabine, A.; Sweet, C. S., eds. New
antihypertensive drugs. New York: Spectrum; 1977:277-295.

11. Lawler, J. E.; Cox, R. H.; Hubbard, J. W.; Mitchell, V. P.; Barker,



1032

13.

14.

15.

16.

17.

18.

19.

G. F.; Trainor, W. P.; Sanders, B. J. Blood pressure and heart rate
responses to environmental stress in the spontaneously hypertensive
rat. Physiol. Behav. 34:973-976; 1985.

. McDonald, W.; Wickre, C.; Aumann, A.; Ban, D.; Moffet, B. The

sustained antihypertensive effect of chronic cerebroventricular infu-
sion of angiotensin antagonist in spontaneously hypertensive rats.
Endocrinology 107:1305-1308; 1980.

Mann, J. F. E.; Phillips, M. L; Dietz, R.; Haebara, H.; Ganten, D.
Effects of central and peripheral angiotensin blockade in hyperten-
sive rats. Am. J. Physiol. 234:629-637; 1978.

Meyer, J. M.; Felten, D. L.; Weyhenmeyer, J. A. Measurement of
immunoreactive angiotensin II levels in microdissected brain nuclei
from developing spontaneously hypertensive and Wistar Kyoto rats.
Exp. Neurol. 107:164-169; 1990.

Munoz-Ramirez, H.; Khosla, M. C.; Hall, M. M.; Bumbus, F. M.;
Khairallah; P. A. In vitro and in vivo studies of [l-sarcosine,
8-threonine] angiotensin II. Res. Commun. Chem. Pathol. Pharma-
col. 13P:649-663; 1976.

Phillips, M. 1.; Kimura, B. Brain angiotensin in the developing
spontaneously hypertensive rat. J. Hypertens. 6:607-612; 1988.
Phillips, M. I.; Mann, J. F. E.; Haebara, H.; Hoffman, W. E.; Di-
etz, R. et al. Lowering of hypertension by central Saralasin in the
absence of plasma resin. Nature 270:445-447, 1977,

Quirk, W. S.; Wright, J. W.; Harding, J. W. Tachyphylaxis of dip-
sogenic activity to intracerebroventricular administration of angio-
tensins. Brain Res. 452:73-78; 1988.

Schoelkens, B. A.; Jung, W.; Steinbach, R. Blood pressure re-

20.

21.

22.

23.

24.

25.

26.

MURRAY, HARDING AND WRIGHT

sponse to central and peripheral injection of angiotensin II and 8-C-
phenylglycine analogue of Ang II in rats with experimental
hypertension. Clin. Sci. Mol. Med. 51:403s—406s; 1976.

Sweet, C. S.; Columbo, J. M.; Gaul, S. C. Central antihyperten-
sive effects of inhibitors of the renin-angiotensin system in rats. Am.
J. Physiol. 231:1794-1799; 1976.

Tucker, D. C.; Johnson, A. K. Behavioral correlates of spontane-
ous hypertension. Neurosci. Biobehav. Rev. 5:463-471; 1981.
Wright, G.; Iams, S.; Knecht, E. Resistance to heat stress in the
spontaneously hypertensive rat. Can. J. Physiol. Pharmacol. 55:
975-982; 1977.

Wright, J. W.; Jensen, L. L.; Cushing, L. L.; Harding, J. W.
Heightened blood pressure responsiveness to intracarotid infusion of
angiotensins in the spontaneously hypertensive rat. Pharmacol. Bio-
chem. Behav. 30:343-346; 1988.

Wright, J. W.; Sullivan, M. J.; Quirk, W. S.; Batt, C. M.; Hard-
ing, J. W. Heightened blood pressure and drinking response to in-
tracerebroventricularly applied angiotensins in the spontaneously
hypertensive rat. Brain Res. 420:289-294; 1987.

Wright, J. W.; Sullivan, M. J.; Bredl, C. R.; Hanesworth, J. M.;
Cushing, L. L.; Harding, J. W. Delayed cerebroventricular metabo-
lism of ['?*I]angiotensins in the spontaneously hypertensive rat. J.
Neurochem. 49:651-654; 1987.

Yen, T. T.; Pearson, D. V.; Powell, C. E.; Kirschner, G. L. Ther-
mal stress elevates the systolic blood pressure of spontaneously hy-
pertensive rats. Life Sci. 22:359-362; 1978.



