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Abstract. The current study investigated the efficacy of 
losartan and amlodipine in protecting spontaneously hyper-
tensive stroke‑prone (SHRSP) rats against the risk of stroke. 
SHRSP rats were administered losartan, amlodipine or the 
vehicle for 6 weeks. There were no significant differences 
in systolic blood pressure (SBP) in rats treated with losartan 
or amlodipine, however, following drug withdrawal, rats 
treated with losartan maintained reduced SBP for a longer 
time compared with rats treated with amlodipine. In addi-
tion, rats treated with losartan exhibited thinner vascular 
walls and improved systolic and diastolic function. Clinical 
stroke scores in the losartan group were significantly 
reduced compared with those in the amlodipine and vehicle 
groups. However, rats treated with losartan exhibited higher 
levels of angiotensin II and lower levels of aldosterone in 
the serum and brain cortex compared with the vehicle and 
amlodipine‑treated rats. Furthermore, losartan significantly 
reduced the abnormal expression of angiotensin II receptors 
type 1 and 2 in SHRSP rats, whilst amlodipine did not. These 
results suggest that losartan may be more efficacious than 
amlodipine in ameliorating blood pressure deterioration and 
reducing stroke risk in SHRSP rats via regulation of the renin 
angiotensin system.

Introduction

Epidemiological studies have indicated that hypertension is 
an independent risk factor for stroke in patients with cardio-
vascular disorders. There is a significant positive correlation 
between blood pressure (BP) and stroke, even in the prehyper-
tensive stage (1). A previous study demonstrated that extensive 
management of BP using antihypertensive medications signifi-
cantly reduced the risk of stroke during the prehypertensive 
stage by 15‑22% (2). Results from studies conducted using the 
spontaneously hypertensive stroke‑prone (SHRSP) rat model 
have suggested that angiotensin receptor blockers (ARBs) 
significantly attenuated BP‑induced brain damage by reducing 
the increased BP level (3,4). Among the ARB antihypertensive 
medications which are currently available, losartan has demon-
strated clear efficacy in lowering morbidity and mortality from 
disorders such as myocardial infarction (MI) and stroke (5). 
In addition to its antihypertensive activity, losartan reverses 
left ventricle hypertrophy and atrial fibrillation (6). Together, 
these results suggest that losartan may prevent cardiovascular 
system deterioration through additional mechanisms.

Amlodipine is a long‑acting calcium channel blocker 
(CCB) of the dihydropyridine class, and has been widely used 
as an antihypertensive agent in a clinical setting (7). While 
certain preliminary studies have indicated that CCBs may 
reduce stroke risk to a greater extent than ARBs (8), overall 
the data is inconclusive. A meta‑analysis has indicated that 
compared with alternative antihypertensive drugs, amlodipine 
has the additional advantages of controlling central arterial 
pressure, and reducing the risk of stroke and MI (9). In addi-
tion to its antihypertensive effects, studies have suggested that 
amlodipine may significantly impact blood circulation in the 
brain by influencing calcium concentration in blood vessels, 
which may attenuate vasospasms and facilitate the reperfusion 
of ischemic areas in the brains of patients (10). However, the 
results of previous studies conflict with this conclusion (11,12). 
A previous study observed that losartan exhibited improved 
effects for the long‑term control of BP in SHRSP rats, in 
particular following treatment discontinuation. However, it 
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was not investigated whether prehypertensive intervention 
with either of these two agents was able to reduce the risk of 
stroke.

Therefore, in the present study the effects of losartan and 
amlodipine on hypertension and stroke were studied and 
compared in a spontaneously hypertensive rat model.

Materials and methods

Animal treatments. All animals (96 males; weight, 100-120 g) 
were purchased from the Shanghai Laboratory Animal Center 
Laboratory Animal Co., Ltd. (Shanghai, China). The animals 
were housed under conditions of a 12/12 h light/dark cycle, 
a temperature of 21±1˚C and 60% humidity. Following accli-
mation for 1 week, 4‑week old SHRSP rats were randomly 
assigned to 1 of 3 groups: Vehicle group, SHRSP‑Veh (n=24); 
losartan group, SHRSP‑Los (20  mg/kg/day; n=24); and 
the amlodipine group, SHRSP‑Aml (10 mg/kg/day; n=24). 
Age‑ and gender‑matched Wistar rats were assigned to a corre-
sponding control group (WKY; n=24). Following 10 weeks of 
gavage administration of either losartan, amlodipine or the 
vehicle (0.9% normal saline, Sichuan Kelun Pharmaceutical 
Co., Ltd., Sichuan, China), the systolic blood pressure (SBP), 
clinical stroke score and levels of angiotensin  II (Ang  II) 
and aldosterone (Aldo) in the brain cortex, in addition to the 
expression of Ang II receptors type 1 and 2 (AT1R and AT2R, 
respectively) were measured. Amlodipine was purchased 
from Pfizer, Inc., (New York, NY, USA) and losartan was 
from Merck & Co., Inc. (Whitehouse Station, NJ, USA). The 
current study was approved by the Animal Ethics Committee 
of Fujian Medical University (Fuzhou, China) and conducted 
in accordance with institutional guidelines.

SBP measurement. Systolic pressure in the tail artery of 
animals in all groups was measured at 4, 10, 16, 20, 24, 28, 
32, 36 and 40 weeks of dosing using a Rat Noninvasive Blood 
Pressure Measurement Analysis System (Chengdu TME 
Technology Co., Ltd., Chengdu, China).

Measurement of the mesenteric arterioles. Abdominal aortic 
cannulation was conducted and the blood vessels (8 µm; 1512 
microtome; Leica Microsystems, Wetzlar, Germany) were 
perfused with formalin (ZSGB‑BIO, Beijing, China) and 
fixed with paraffin (ZSGB‑BIO) prior to staining with hema-
toxylin and eosin (H&E; Sigma‑Aldrich, St. Louis, MO, USA). 
Images of the blood vessels were captured using a microscope 
(Olympus IX70; Olympus Corporation, Tokyo, Japan) The ratio 
of the thickness of the blood vessel wall to the lumen (W/L) 
in the third branch of the mesenteric arterioles was analyzed 
using Image Pro Plus Version 4.5 analysis software (B‑Colored 
Multifunction Imaging Analyzing system; Media Cybernetics, 
Inc.). A 3 mm section of the third branch of the mesenteric arte-
rioles was immersed in a bath solution containing 118 mmol/l 
NaCl, 4.7 mmol/l KCl, 2.5 mmol/l CaCl2, 1.2 mmol/l MgSO4, 
1.2 mmol/l NaH2PO4, 20 mmol/l NaHCO3, and 11.1 mmol/l 
glucose (Beyotime Institute of Biotechnology, Shanghai, China; 
95% O2 and 5% CO2 saturated; 37˚C) and vasodilation and vaso-
constriction were measured following treatment with gradually 
increasing concentrations of norepinephrine (10-10, 10-9, 10-8, 
10-7, 10-6, and 10-5 mol/l; 100 µl; Tianjin Jinyao Amino Acid Co., 

Ltd., Tianjin, China), acetylcholine (10-10, 10-9, 10-8, 10-7, 10-6, 10-5 
and 10-4 mol/l; 100 µl; Sigma‑Aldrich) and sodium nitroprus-
side (10-10, 10-9, 10-8, 10-7, 10-6, 10-5 and 10-4 mol/l; 100 µl; China 
Resources Double‑Crane Pharmaceuticals Co., Ltd., Beijing, 
China). A ML870 PowerLab 30 eight‑channel recorder and 
LabChart software 6.0 (AD Instruments, Bella Vista. Australia) 
were used for data analysis.

Clinical stroke score. The clinical scores for stroke in each 
group were evaluated according to the symptomatological 
classification system (13), with minor modifications as follows: 
Level 0, normal activity; level 1, slightly reduced activity 
and/or slightly agitated; level 2, significantly reduced activity 
and/or highly agitated; level 3, lethargic and depression‑like 
symptoms; level 4, paralyzed (either one or two sides).

Radioimmunoassay (RIA). RIA kits for Ang II and Aldo were 
purchased from Beijing North Institute of Biological Technology 
(Beijing, China) and used according to the manufacturer's 
instructions. Briefly, samples of lysed tissue from 100 mg cortex 
pellet were boiled and then centrifuged at 1,000 x g at 4˚C for 
10 min. The supernatant fractions were used for measurements 
of Ang II and Aldo content in the brain cortex. For serum tests, 
1 ml blood samples were extracted from the rats and stored in 
tubes containing heparin anticoagulant. The samples were then 
centrifuged at 1,000 x g at 4˚C for 10 min, and the resultant 
serum samples were analyzed for levels of Ang II and Aldo 
according the manufacturer's instructions.

Western blot. Samples containing 100  mg cerebral cortex 
tissue were homogenized in lysis buffer (Beyotime Institute 
of Biotechnology), and equal amounts of total protein (1 ml) 
were applied to 10%  SDS‑polyacrylamide gels (Bio‑Rad 
Laboratories, Inc., Hercules, CA, USA) and separated by 
electrophoresis. The proteins were then transferred onto a nitro-
cellulose membrane (EMD Millipore, Billerica, MA, USA), 
blocked with 5% nonfat milk in Tris‑buffered saline containing 
0.05% Tween‑20 (TBST; Beyotime Institute of Biotechnology) 
prior to incubation with polyclonal rabbit anti‑AT1R antibodies 
(1:500; ab18801; Abcam, Cambridge, MA, USA), and rabbit 
polyclonal anti‑AT2R antibody (1:800; ab19134; Abcam) 
overnight at 4˚C. Goat anti‑β‑actin antibodies were used as an 
internal control (1:1,000; sc‑1616; Santa Cruz Biotechnology, 
Inc., Dallas, TX, USA). The membranes were washed 3 times 
with TBST, and then incubated for 1 h at room temperature 
with horseradish peroxidase‑conjugated goat anti-mouse IgG 
(1,000; Santa Cruz Biotechnology, Inc.) and goat anti-rabbit IgG 
(1,000; Santa Cruz Biotechnology, Inc.) secondary antibodies. 
Following a further three washes with TBST, labeled proteins 
were visualized using enhanced chemiluminescence (sc‑2048; 
Santa Cruz Biotechnology, Inc.) on high‑performance chemi-
luminescence film (Eastman Kodak Company, Rochester, NY, 
USA). The band intensity was quantified by densitometry using 
image analysis software (Tanon Science & Technology Co., Ltd., 
Shanghai, China). Results for AT1R and AT2R were expressed 
as a ratio of AT1R or AT2R density divided by β‑actin density.

Statistical analysis. Stroke scores were analyzed using the 
Kruskal‑Wallis  H  test, followed by the Mann‑Whitney  U 
test. Comparisons between groups were made using 
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the least significant difference test and SPSS software, 
version 16.0 (SPSS, Inc., Chicago, IL, USA). All data with the 
exception of stroke scores are presented as the mean ± stan-
dard error. P<0.05 was considered to indicate a statistically 
significant difference.

Results

Prehypertensive treatment with losartan resulted in long‑term 
effects on BP and blood vessel pathophysiology in SHRSP 
rats. No significant difference in SBP was observed between 
rats treated with losartan and amlodipine. However, rats treated 
with losartan or amlodipine exhibited significantly reduced SBP 
values compared with rats in the SHRSP‑Veh group (Fig. 1). 
Additionally, rats in the SHRSP‑Los group maintained lower SBP 
readings for longer than their counterparts in the SHRSP‑Aml 
group, SBP readings in the SHRSP‑Los group were lower than 
those in the SHRSP‑Aml group up to and including 36 weeks, 
following the suspension of drug treatment at 10 weeks (Fig. 1). 
To investigate the direct effects of losartan on blood vessels, the 
third branch of the mesenteric arterioles was studied using H&E 
staining. Higher W/L values were observed in the vessels of mice 
in the SHRSP‑Veh and SHRSP‑Aml groups (Table I), however, 
the values in the SHRSP‑Los groups were higher compared 
with those in the WKY group. Losartan effectively reversed 
the narrowed lumen of blood vessels, however amlodipine did 
not (Fig. 2). Additionally, the systolic and diastolic function in 

Figure 1. Effect of prehypertensive treatment with losartan or amlodipine on 
SBP in the tail artery of rats. Values are presented as the mean ± standard 
error; n=5‑8 rats/group. *P<0.05 vs. SHRSP‑Veh; #P<0.05 vs. WKY; &P<0.05 
vs. SHRSP‑Los. SBP, systolic blood pressure; SHRSP, spontaneously hyper-
tensive stroke‑prone; Veh, vehicle; WKY, Wistar control rats; Los, losartan; 
Aml, amlodipine.
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Figure 2. Morphometric alterations of the third branch of the mesen-
teric arterioles with hematoxylin and eosin staining in 40‑week rats. 
Representative images demonstrating alterations in the third branch of the 
mesenteric arterioles of rats in the (A) Wistar control rats, (B) SHRSP‑vehicle, 
(C) SHRSP‑losartan and (D) SHRSP‑amlodipine groups (magnification, 
x40). SHRSP, spontaneously hypertensive stroke‑prone.

Table I. W/L in third branch of mesenteric arterioles of 40‑week 
old rats in all groups (mean ± standard deviation).

Group	 W/L

WKY (n=8)	 0.33±0.02a

SHRSP‑Veh (n=5)	 0.92±0.08
SHRSP‑Los (n=8)	 0.51±0.04a,b

SHRSP‑Aml (n=6)	 0.89±0.06b,c

aP<0.05 vs. SHRSP‑Veh; bP<0.05 vs. WKY; cP<0.05 vs. SHRSP‑Los. 
W/L, ratio of blood vessel wall to lumen; WKY, Wistar control rats; 
SHRSP, spontaneously hypertensive stroke‑prone; Veh, vehicle 
group; Los, losartan; Aml, amlodipine.
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each group was measured. Results demonstrated that compared 
with rats in the SHRSP‑Aml and SHRSP‑Veh groups, rats from 
the SHRSP‑Los group exhibited thinner vascular walls and 

improved systolic and diastolic function following treatment 
with norepinephrine (Fig. 3), acetylcholine (Fig. 4) or sodium 
nitroprusside (Fig. 5).

Prehypertensive treatment with losartan reduced the risk of 
stroke in SHRSP rats. Hypertension predisposes patients to the 
occurrence of stroke. Therefore, the long‑term effects of losartan 
and amlodipine on the risk of stroke in rats were investigated in 
the present study. As presented in Table II, the mean clinical 
stroke score in the SHRSP‑Los group was significantly reduced 
compared with the SHRSP‑Aml (P=0.001) and SHRSP‑Veh 
(P=0.002) groups, suggesting that prehypertensive treatment 
with Los may reduce the risk of stroke in these rats.

Prehypertensive treatment with losartan regulated the levels of 
Ang II and Aldo in SHRSP rats. The above data demonstrate 
that losartan is more effective than amlodipine in reducing BP 
and the risk of stroke, thus, the possible underlying mecha-
nisms for this improvement were investigated. One possible 
explanation for the improved performance of losartan may 
involve BP‑associated hormones, therefore the potential roles of 
Ang II and Aldo in these processes were investigated. Increased 

Figure 3. Vasoconstriction of the third branch of mesenteric arterioles in 
40‑week old rats following norepinephrine treatment. Values are presented 
as the mean ± standard error; n=5‑8 mice/group. *P<0.05 vs. SHRSP‑Veh 
or SHRSP‑Aml; #P<0.05 vs. WKY. SHRSP, spontaneously hypertensive 
stroke‑prone; Veh, vehicle; Aml, amlodipine; WKY, Wistar control rats; Los, 
losartan.

Figure 4. Vasodilation of the mesenteric arterioles in 40‑week old rats fol-
lowing acetylcholine treatment. Values are presented as the mean ± standard 
error; n=5‑8 mice/group. *P<0.05 vs. SHRSP‑Veh or SHRSP‑Aml; #P<0.05 
vs. WKY. SHRSP, spontaneously hypertensive stroke‑prone; Veh, vehicle; 
Aml, amlodipine; WKY, Wistar control rats; Los, losartan.

Figure 5. Vasodilation of the mesenteric arterioles in 40‑week old rats 
following sodium nitroprusside treatment. Values are presented as the 
mean  ±  standard error; n=5‑8  mice/group. *P<0.05 vs. SHRSP‑Veh or 
SHRSP‑Aml; #P<0.05 vs. WKY. SHRSP, spontaneously hypertensive 
stroke‑prone; Veh, vehicle; Aml, amlodipine; WKY, Wistar control rats; Los, 
losartan.

Table II. Stroke score evaluation of 40‑week old rats in all groups.

	 Stroke scale
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
	 WKY	 SHRSP‑Veh	 SHRSP‑Los	 SHRSP‑Aml
Group	 (n=8)	 (n=5)	 (n=8)	 (n=6)

0	 8.00	 0.00	 3.00	 0.00
1	 0.00	 0.00	 5.00	 0.00
2	 0.00	 0.00	 0.00	 1.00
3	 0.00	 2.00	 0.00	 3.00
4	 0.00	 3.00	 0.00	 2.00
Mean rank	 6.00	 23.00	 11.00	 21.17

P<0.01 as determined by a Kruskal-Wallis H test. As determined by Mann-Whitney U test: P=0.001 for WKY, vs. SHRSP-Veh; P=0.002 for 
SHRSP-Veh vs. SHRSP-Los; P=0.313 for SHRSP-Veh, vs. SHRSP-Aml; and P=0.001 for SHRSP-Los, vs. SHRSP-Aml. WKY, Wistar control 
rats; SHRSP, spontaneously hypertensive stroke‑prone; Veh, vehicle group; Los, losartan; Aml, amlodipine.
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Figure 6. Ang II and Aldo content in rat serum. (A) Serum level of Ang II. (B) Serum level of Aldo. Values are presented as the mean ± standard error; 
n=5‑8 mice/group. *P<0.05 vs. SHRSP‑Veh; #P<0.05 vs. WKY. Ang II, angiotensin II; Aldo, aldosterone; SHRSP, spontaneously hypertensive stroke‑prone; 
Veh, vehicle; WKY, Wistar control rats; Los, losartan; Aml, amlodipine.

Figure 7. Ang II and Aldo content in the cortex of the rat brain. (A) Brain cortex level of Ang II. (B) Brain cortex level of Aldo. Values are presented as the 
mean ± standard error; n=5‑8 mice/group. *P<0.05 vs. SHRSP‑Veh; #P<0.05 vs. WKY. Ang II, angiotensin II; Aldo, aldosterone; SHRSP, spontaneously 
hypertensive stroke‑prone; Veh, vehicle; WKY, Wistar control rats; Los, losartan; Aml, amlodipine.

  A

  B
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levels of Ang II and Aldo were observed in the SHRSP‑Veh 
group compared with WKY animals (Figs. 6 and 7). Compared 
with the control group, losartan increased the serum levels 
of Ang II, and reduced levels of aldosterone; treatment with 
losartan in the cerebral cortex had no effect on Ang II levels, but 
decreased the levels of aldosterone. However amlodipine had no 
effect on Ang II and aldosterone levels (Figs 6 and 7).

Prehypertensive treatment with losartan regulated the expres‑
sion of AT1R/AT2R proteins in SHRSP rats. Ang II and Aldo are 
the ligands of AT1R and AT2R, respectively. Ligand binding to 
AT1R and AT2R activates the receptors, and subsequently acti-
vates intracellular responses such as the stimulation of protein 
kinase C, which induces vasoconstriction (14). Therefore, it was 
suggested that these two receptors may be involved in these 
processes. To investigate this hypothesis, western blot analysis 
was conducted, which indicated a significant downregulation 
of AT1R expression and upregulation of AT2R expression in 
the SHRSP‑Los group compared with the SHRSP‑Veh group 
(Fig. 8). However, these alterations in the protein levels of AT1R 
and AT2R were not observed in the SHRSP‑Aml group.

Discussion

As a common and chronic condition, hypertension places a 
significant burden on society. However, despite the develop-
ment of numerous therapeutic strategies, hypertension remains 
an unsolved medical problem, due to the numerous associated 

complications. Studies have suggested that prehypertensive 
intervention may be beneficial for patient prognosis, thus 
represents novel targets to reduce the impact of this disease. 
In the current study, the effects of losartan and amlodipine on 
BP and stroke risk were compared in an SHRSP rat model. 
It was observed that all SHRSP animals developed high 
blood pressure at 10 weeks of age compared with zero in the 
WKY group. However, losartan and amlodipine significantly 
reduced the increase in BP whilst not resulting in a significant 
difference regarding anti‑hypertensive capacity. Notably, 
following the suspension of the drug treatments, rats in the 
SHRSP‑Los group demonstrated a slower rise in BP compared 
with rats in the SHRSP‑Aml group. These data indicate that 
the two antihypertensive drugs exhibited comparable capaci-
ties in preventing the development of hypertension, however, 
losartan may have improved long‑term efficacy for regulating 
BP. These results are consistent with those reported in 
previous studies  (15,16). The potential underlying mecha-
nisms for these results were investigated, with thinner vessel 
walls of the mesenteric arterioles in the SHRSP‑Los group 
observed compared with the SHRSP‑Aml and SHRSP‑Veh 
groups. Furthermore, the mesenteric arterioles in rats in 
the SHRSP‑Los group demonstrated improved systolic and 
diastolic function and reduced clinical stroke scores compared 
with the SHRSP‑Aml group. These observations are consis-
tent with a previous study in which visual observations and 
microscopic analysis observed tissue abnormalities in the 
brains of SHRSP rats treated with amlodipine, including loss 
of neurons and hemorrhage foci. However, these abnormali-
ties were not observed in brain sections from Wistar control 
rats and SHRSP rats treated with losartan (17).

In the current study, investigations using radioimmunoas-
says and western blotting indicated increased Ang II levels 
and reduced Aldo levels in the SHRSP‑Los groups, while 
there was no difference in Ang II and Aldo levels between 
the SHRSP‑Aml and SHRSP‑Veh groups. Furthermore, the 
expression of receptors for Ang II, AT1R and AT2R, were 
significantly altered following losartan treatment, however not 
following amlodipine treatment. These results suggest that the 
renin angiotensin system (RAS) may be activated by losartan, 
which may contribute to the therapeutic mechanism of this anti-
hypertensive drug. This would be consistent with the theory of 
‘‘RAS block memory’’ (17-20) in which Ang II is suggested to 
act as the conduit for translating blood vessel alterations into the 
pathogenesis of hypertension. As a blocker of Ang II receptors, 
losartan may prevent the further damage induced by constant 
stimulation of Ang II by reducing BP and rates of blood vessel  
remodeling.

Previous studies have reported that AT1R/AT2R expression 
levels were strongly correlated with an improved prognosis in 
patients with cardiovascular diseases, including hypertension 
and stroke (21‑24). The current study observed a downregula-
tion of AT1R protein expression and upregulation of AT2R 
protein expression in the SHRSP‑Los group compared with the 
SHRSP‑Veh group. AT1R/AT2R may mediate the neuropro-
tective effects of losartan in SHRSP animals. Whilst losartan 
blocks AT1R and thereby attenuates brain angiospasm, it may 
additionally improve blood supply to the brain via activating 
AT2R. A meta‑analysis of clinical studies suggested that 
CCBs were more efficacious than ARBs in reducing the risk of 

Figure 8. AT1R/AT2R protein expression in the cortex of 40‑week old rats. 
(A) Representative western blot images of the immunoreactive complex of 
AT1R/AT2R in the rat brain. (B) The relative amounts of AT1R/AT2R pro-
tein. Values are presented as the mean ± standard error; n=5‑8 rats/group. 
*P<0.05 vs. SHRSP‑Veh; #P<0.05 vs. WKY; &P<0.05 vs. SHRSP‑Los. AT1R, 
angiotensin II receptor type 1; AT2R, angiotensin II receptor type 2; SHRSP, 
spontaneously hypertensive stroke‑prone; Veh, vehicle; WKY, Wistar rats; 
Los, losartan; Aml, amlodipine.

  A

  B



MOLECULAR MEDICINE REPORTS  13:  1304-1310,  20161310

stroke, which conflicts with the results of the present study (9). 
However, in the majority of human studies, the patient popu-
lation consisted predominantly of elderly people, and such 
patients commonly have an underactive RAS system (25‑27). 
Thus, during the prehypertensive stage, endothelial function in 
these patients may be compromised due to high RAS activity, 
which may result in a reduced response of the RAS system.

The were several limitations of the current study. Firstly, 
the current conclusion was reached on the basis of animal 
studies, and the results may not apply to human subjects. 
Secondly, the current study investigated a potential mecha-
nism by focusing on the role of vasoconstricting hormones 
and provided evidence that Ang II and Aldo were responsible 
for the superior effects of losartan compared with amlodipine. 
However, additional biological pathways and molecules may 
affect these processes and further studies are required to fully 
elucidate the mechanisms involved.

Taken together, for the first time to the best of our knowledge, 
the current study demonstrated that the prehypertensive admin-
istration of losartan was more efficacious than amlodipine for 
the long‑term maintenance of normal BP and brain function in 
SHRSP rats. Anti‑hypertensive compounds that target the ABR 
system may exert improved efficacy by affecting Ang II and its 
corresponding receptors. While presenting novel evidence for 
the advantage of using losartan to reduce the risk of stroke in the 
prehypertensive stage, the present study additionally suggested 
that the brain‑protective effect of losartan may be independent 
of its antihypertensive role.
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