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Direct renin inhibitor prevents and ameliorates insulin
resistance, aortic endothelial dysfunction and vascular
remodeling in fructose-fed hypertensive rats

Chu-Lin Chou1,2, Cheng-Yong Pang1, Tony JF Lee3 and Te-Chao Fang1,2,4

Angiotensin-converting enzyme inhibitors and angiotensin II type 1 receptor blockers can improve insulin resistance and

vascular dysfunction in insulin-resistant rats; however, there are few reports on the effects of direct renin inhibitors on these

conditions. We investigated the effects of a direct renin inhibitor, aliskiren, on insulin resistance, aortic endothelial dysfunction

and vascular remodeling in fructose-fed hypertensive rats. Male Wistar–Kyoto rats were divided into four groups (n¼6 per

group) and studied for 8 weeks: Group Con: standard chow diet; group Fru: high-fructose diet (60% fructose); Group FruA:

high-fructose diet with concurrent aliskiren treatment (100 mg kg�1 per day); and Group FruB: high-fructose diet with

subsequent aliskiren treatment 4 weeks later. Blood was collected for biochemical assays, and isolated rings of the thoracic

aorta were obtained for analysis of vascular reactivity, vascular structure and lipid peroxide. Rats fed with high-fructose

diets developed significant systolic hypertension, decreased plasma nitrite (NO2; nitric oxide metabolite) levels and increased

plasma glucose, insulin, triglyceride, total cholesterol and aortic lipid peroxide levels, and aortic wall thickness compared

with control rats. Aliskiren treatment, either concurrent or subsequent, elevated plasma NO2 levels and reduced systolic

hypertension, insulin resistance, dyslipidemia, aortic lipid peroxide levels and aortic wall hypertrophy in FHR. The peak

endothelium-dependent aortic relaxations were significantly higher in rats that received aliskiren treatment than in those that

did not. In conclusion, our findings suggest that aliskiren prevents and ameliorates insulin resistance, aortic endothelial

dysfunction and oxidative vascular remodeling in fructose-fed hypertensive rats.
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INTRODUCTION

The worldwide increase in the incidence of insulin resistance relates to
the increased intake of high-fructose corn syrup.1 The excessive intake
of fructose can lead to increased insulin resistance and obesity,
and subsequently to the development of systemic hypertension.
Nevertheless, a high-fructose diet (60% fructose) in rodents has
been demonstrated to cause hypertension as early as 2 weeks after
initiation of the diet, as well as causing many features of insulin
resistance, including glucose intolerance and hyperlipidemia.2,3

Therefore, the animal model of fructose-fed rats is popularly
utilized in the study of insulin resistance and hypertension.

The renin–angiotensin system (RAS) has an important physio-
logical role in the control of body fluids and blood pressure
homeostasis, through its effects on cardiovascular and renal
functions. Our previous studies demonstrated that angiotensin-
converting enzyme inhibitors and angiotensin II type 1 receptor

blockers (ARB) reduce blood pressure and improve insulin sensi-
tivity in hyperinsulinemia-induced hypertensive rats,4,5 indicating
that the inhibition of RAS may contribute to the amelioration of
insulin resistance. A novel direct renin inhibitor, aliskiren, has
been demonstrated to reduce blood pressure in spontaneously
hypertensive rats,6 essential hypertensive patients,7 and patients
with type 2 diabetes.8 Our recent study showed that aliskiren not
only reversed hypertension but also improved hyperglycemia and
dyslipidemia in fructose-fed hypertensive rats.9 Moreover, the RAS
has a key role in vascular dysfunction and remodeling, subsequently
leading to cardiovascular morbidity and mortality. However, the
effects of direct renin inhibitors on vascular endothelial function
and vascular remodeling have remained unclear. The aim of this
study was to evaluate the efficacy of aliskiren concerning insulin
resistance, aortic endothelial dysfunction and vascular remodeling
in fructose-fed hypertensive rats.
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METHODS

Animals
All experimental procedures were carried out with the prior approval of the

Institutional Animal Care and Use Committee of Tzu Chi University (protocol

number: 98–05) and according to the Guide for the Care and Use of

Laboratory Animals. Male Wistar–Kyoto rats, initially weighing 200–230 g,

were used for the experiments. Rats were placed in metabolic cages and were

kept in a room with air maintained at a temperature of 24–27 1C, a humidity

of 50–80% and a 12-h light/dark cycle, and had access to tap water ad libitum

throughout the experiments.

The standard chow diet was composed of 50% starch, 21% protein, 4% fat,

4.5% cellulose and standard vitamins and mineral mix. The high-fructose diet

(Harlan Teklad, Madison, WI, USA) was composed of 60% fructose, 21%

protein, 5% fat, 8% cellulose and standard vitamins and mineral mix.

Experimental protocols
After a control period of 1 week, rats were divided into four groups (n¼ 6 for

each group). Rats were fed as follows: Group Con: rats were fed standard chow

diet for 8 weeks and served as the control group; Group Fru: rats were fed the

high-fructose diet for 8 weeks; Group FruA: rats were fed the high-fructose diet

and were co-infused with aliskiren (100 mg kg�1 per day; a kind gift of

Novartis Pharmaceuticals, Basel, Switzerland) via a s.c. osmotic minipump for

8 weeks; and Group FruB: rats were treated as Group Fru, but aliskiren

(100 mg kg�1 per day) was administered 4 weeks later. The first day of fructose

feeding were recognized as day 1. Body weight and daily urine amount were

measured twice a week. Systolic blood pressure (SBP) was measured twice a

week by the tail-cuff method. Blood samples (1 ml) for glucose, insulin,

triglycerides, total cholesterol and nitrite (NO2) were taken after 12 h of fasting

at day 0, at the midpoint (day 28) and at the end of the study (day 56), from

the femoral artery or heart under adequate anesthesia. Rats were i.p.

anesthetized with ketamine (60 mg kg�1, IP) and xylazine (7.5 mg kg�1, IP)

at day 0 and day 28, and sodium pentobarbital (40 mg kg�1) at day 56. At day

56 the rats were killed by exsanguination, including blood collection from the

heart, and their tissues were quickly collected under deep anesthesia. Plasma

was separated, divided into aliquots and frozen until analysis.

SBP measurements
Rats were removed from the animal room and were taken to the laboratory

at 0800 hours; they were allowed free access to water and were kept in a quiet

area before SBP was measured at 0900 hours. The tail-cuff method without

heating was used to measure SBP with the use of a programmed electro-

sphygmomanometer (MK-2000ST, Muromachi, Tokyo, Japan) as described

previously.4,5,9 The mean of six consecutive readings was used as the value of

SBP for each rat for that day, and SBP was determined twice a week during

the control (1 week) and experimental (8 weeks) periods.

Osmotic minipump installation
The osmotic minipump installation was carried out as described in our

previous studies.4,5,9 In brief, when aliskiren was administered to rats, an

osmotic minipump (no. 2002, 14 days of active life, Alza Corp, Vacaville,

CA, USA) was filled with the agent, which was dissolved in normal saline, and

was implanted s.c. in rats under brief anesthesia with ketamine (60 mg kg�1,

IP) and xylazine (7.5 mg kg�1, IP). Aqueous penicillin (5000 U kg�1 SC) was

administered immediately after minipump implantation.

Homeostatic model assessment-insulin resistance (HOMA-IR) and
oral glucose tolerance test
Insulin resistance was assessed via HOMA-IR, and was determined at day 0,

day 28 and day 56. HOMA-IR was calculated using this formula: [plasma

glucose (mmol l�1)� insulin (mIUml�1)]/22.5.

In addition, an oral glucose tolerance test was performed at day 55. After

12 h of fasting, 0.1 ml blood was taken from the tail vein and plasma glucose

was measured using Accu-Check Advantage Blood Glucose Monitor (Roche

Diagnostic Corporation, Indianapolis, IN, USA). Immediately after this

baseline measurement, 1 ml per 100 g body weight of a 50% (wt vol�1)

solution of glucose was administered using gastric gavages by the method of

Navarro-Cid et al.10 Plasma glucose level was measured 0, 30, 60, 90 and

120 min after the glucose load.

Laboratory measurements
The blood samples were immediately centrifuged at 4000 g at 4 1C for 10 min.

The plasma samples were separated and used for immediate assays of glucose,

insulin, triglycerides and total cholesterol. Plasma triglycerides and total

cholesterol were determined by standard methods using a COBAS Integra

800 analyzer (Roche Diagnostics). Plasma glucose was measured using Accu-

Check Advantage Blood Glucose Monitor (Roche Diagnostic Corporation).

Plasma insulin was measured using a rat/mouse insulin enzyme immunoassay

kit (EZRMI-13 K, Millipore, St Charles, MO, USA).

Griess nitrite assay
NO2, nitric oxide (NO) metabolite, was measured by a method employing

Griess’ reagent (Sigma-Aldrich, St Louis, MO, USA). To measure the NO2

content, 100ml of plasma was incubated with 100ml of Griess reagent at room

temperature for 10 min. Following this, the absorbance of the solution was

determined at 540 nm with a microplate reader, Biotrak II (GE Healthcare,

Buckinghamshire, UK). The NO2 content was calculated based on a standard

curve constructed with NaNO2.

In vitro vascular reactivity
Evaluation of in vitro vascular reactivity was performed as described in our

previous study.11 The thoracic aorta were dissected and aortic ring segments

(3 mm in length) were suspended in individual organ chambers filled with

oxygenated (95% O2 and 5% CO2) Krebs’ buffer solution maintained at 37 1C.

Krebs solution consisted of 117 mmol l�1 NaCl, 25 mmol l�1 NaHCO3,

4.7 mmol l�1 KCl, 2.5 mmol l�1 CaCl2, 1.2 mmol l�1 MgSO4, 1.2 mmol l�1

KH2SO4, 11.1 mmol l�1 glucose and 0.28 mmol l�1 ascorbic acid at pH 7.4.

Tension changes in the aortic ring were recorded by using an isometric

transducer (FT03C; Grass, West Warwick, RI, USA) connected to a Grass

polygraph. The active muscle tone of ring segments were then appropriately

contracted by phenylephrine. After a stable contraction plateau was reached,

relaxation of the aortic rings was measured in response to cumulative additions

of acetylcholine (ACh, Sigma; 10–9 to 10–4 mol l�1). After the last vasodilator

response to acetylcholine, a single dose of NG-nitro-L-arginine methyl ester

(L-NAME; 100 nmol), a NO synthesis inhibitor, was given. When a steady

contraction in response to L-NAME was reached, vasodilator response to

sodium nitroprusside (Riedel-deHaen, Seelze, Germany; 10–9 to 10–4 mol l�1)

was evaluated.

Remodeling of the aortic wall
Briefly, 3-mm thick paraffin-embedded specimens of thoracic aorta were

stained with hematoxylin–eosin and Masson’s trichrome stain, which indicates

regions of fibrosis. Vascular wall thickness was measured as an indicator of

structural abnormalities of the aorta. Histopathology and morphometry was

performed by investigators who were blinded to the treatment being

administered.

Analysis of oxidative stress marker
The lipid peroxide level, a marker for oxidative stress, in the thoracic aortic

tissue was assessed by measuring thiobarbituric acid-reactive substances using

a commercially available kit (Cell Biolabs, San Diego, CA, USA). Thiobarbi-

turic acid-reactive substances values were expressed as nmol mg�1 of protein.

Statistical analysis
All results were expressed as mean±s.d. Experimental data over time were

compared between groups by two-way analysis of variance. When a significant

effect was detected by analysis of variance, the Newman–Keuls test was used to

establish statistically significant differences between means. The Student’s t-test

for unpaired data was also performed when appropriate. A value of Po0.05

was considered statistically significant.
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RESULTS

Aliskiren prevents and ameliorates systolic hypertension in
fructose-fed rats
Changes in SBP of control and fructose-fed rats, with or without
aliskiren treatment, are shown in Figure 1. High-fructose feeding
caused a significant rise in SBP from the baseline value of 108±3 to
141±5 and 140±4 mm Hg at day 28 and day 56, respectively.
Concurrent and subsequent aliskiren treatment prevented and
reversed the rise in SBP in fructose-fed rats, which had SBP values
similar to those of control rats.

Aliskiren does not alter food intake, body weight gain, water intake
or urine flow in fructose-fed rats
Food intake, body weight gain, water intake and urine flow did not
differ between the various groups throughout the entire study period
(see Supplementary Material, Supplementary Figure S1).

Aliskiren averts and improves hyperglycemia, hyperinsulinemia,
hypertriglyceridemia and hypercholesterolemia in fructose-fed rats
The effects of a high-fructose diet alone and in combination with
aliskiren treatment on plasma glucose, insulin, triglyceride and total
cholesterol levels are summarized in Table 1. High-fructose feeding
significantly increased plasma glucose, insulin, triglyceride and total
cholesterol levels compared with those seen in control rats throughout
the course of the study. Concurrent and subsequent aliskiren
treatment ameliorated the rise in plasma glucose, insulin, triglyceride
and total cholesterol levels in the fructose-fed rats.

Aliskiren overwhelms and ameliorates insulin resistance and
glucose intolerance in fructose-fed rats
The effects of aliskiren on the HOMA-IR and oral glucose tolerance
test results of fructose-fed rats are shown in Figure 2. The levels of

HOMA-IR in fructose-fed rats with concurrent 8-week or subse-
quent 4-week aliskiren treatment ameliorated the increase in
HOMA-IR levels, or reverted higher HOMA-IR levels to the
control level, respectively. Moreover, the responses of plasma
glucose levels to oral glucose loading were significantly greater in
fructose-fed rats than in standard diet-fed rats (Figure 2B). Plasma
glucose levels following oral glucose loading were meaningfully
lower in aliskiren-treated rats in groups FruA and FruB than in
those in the Fru group, indicative of ameliorated glucose
intolerance.

Aliskiren improves endothelium dysfunction and increases plasma
NO2 levels in fructose-fed rats
The effect of aliskiren on relaxing responses to acetylcholine and
sodium nitroprusside in fructose-fed rats with or without aliskiren
treatment is shown in Figure 3. The peak aortic relaxation in
response to acetylcholine in group FruA and FruB was significantly
higher than in group Fru (71.24±4.26 and 70.97±4.6 vs.
52.83±3.35%, respectively; Po0.05). On the other hand, relaxa-
tion produced by sodium nitroprusside was not significantly
different between these groups. Changes in plasma NO2 concen-
trations, NO metabolite, in fructose-fed rats with or without
aliskiren treatment are shown in Figure 4. Concurrent or sub-
sequent aliskiren treatment resulted in higher plasma NO2 levels
than those in fructose-fed rats, suggesting that aliskiren has the
ability to stimulate NO release.

Figure 1 Variations in systolic blood pressure in control and fructose-fed

rats with or without aliskiren treatment. Con: control rats with normal

chow diet; Fru: fructose-fed diet; FruA: fructose-fed diet with concurrent

aliskiren administration; FruB: fructose-fed diet with subsequent

aliskiren administration 4 weeks later. Values are mean±s.d. * and ^

denote Po0.05 vs. pre-fructose and control rats, respectively. N¼6 for

each group.

Figure 2 Effect of aliskiren on insulin resistance (a) and blood glucose

curves following an oral glucose loading at day 56 (b) in rats receiving the

control and high-fructose diets. Con: control rats with normal chow diet;

Fru: fructose-fed diet; FruA: fructose-fed diet with concurrent aliskiren

administration; FruB: fructose-fed diet with subsequent aliskiren

administration 4 weeks later. HOMA-IR, homeostasis model assessment of

insulin resistance. Values are mean±s.d. N¼6 for each group.
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Aliskiren averts and ameliorates aortic wall remodeling and
oxidative stress in fructose-fed rats
The effects of aliskiren on aortic wall remodeling and lipid peroxide
levels in fructose-fed rats are presented in Figure 5. Vascular wall
hypertrophy was reduced by either concurrent 8-week or subsequent
4-week aliskiren treatment, relative to that seen with the high-fructose

diet without any aliskiren treatment (aortic wall thickness from
135±6 to 108±8 and 115±5%, respectively; Po0.05). Additionally,
rats on high-fructose diets exhibited higher lipid peroxide levels in the
aorta compared with control rats, and concurrent or subsequent
aliskiren treatment decreased lipid peroxide levels compared with
those seen in rats on a high-fructose diet (from 1.85±0.18, to
1.35±0.12 and 1.43±0.16 nmol mg�1 protein, respectively; Po0.05).

DISCUSSION

In this rat model, we have established that a 60% fructose diet causes
systolic hypertension, diminishes plasma NO2 levels and increases
plasma glucose, insulin, triglyceride, total cholesterol and aortic lipid
peroxide levels, similar to prior reports by others.12–15 The well-
established rat models concerning the dose-dependent effects of
aliskiren have indicated that aliskiren at a high dose of 100 mg kg�1

per day lowers blood pressure in hypertensive rats7 and myocardial
infarction rats.18 Therefore, the effects of 100 mg kg�1 aliskiren per
day were investigated in our study. Moreover, we report that aliskiren,
a novel direct renin inhibitor, can prevent and ameliorate the progress
of insulin resistance, glucose intolerance, dyslipidemia, hypertension,
NO-dependent endothelial dysfunction and oxidative aortic wall
remodeling in fructose-fed rats, suggesting that renin-mediated
pathways have a key role in minimizing insulin resistance and
hypertensive vascular disorders.

More recently, the RAS in fructose-fed rats has been shown to have
a cardinal role in the pathogenesis of hypertension and vascular
dysfunction.16,17 Previous studies showed that fructose feeding in rats
resulted in the elevation of plasma angiotensin II and increased the
activity of the tissue angiotensin II type 1 receptor, caused high blood

Table 1 Effects of a high-fructose diet, alone and in combination with aliskiren, on changes of plasma biochemistries

Day 0 Day 28 Day 56

Group Con Fru FruA FruB Con Fru FruA FruB Con Fru FruA FruB

N 6 6 6 6 6 6 6 6 6 6 6 6

Glucose (mmol l�1) 6.28±0.6 6.32±0.7 6.24±0.8 6.30±0.5 6.31±0.5 10.2±0.7*,** 6.42±0.4 10.5±1.3*,** 6.62±0.8 10.7±1.5*,** 6.88±0.2 7.1±0.6

Insulin (pmol l�1) 155±24 158±28 151±25 161±22 160±20 291±29*,** 164±24 298±27*,** 156±30 296±27*,** 163±28 178±22

TG (mmol l�1) 1.50±0.1 1.56±0.1 1.60±0.2 1.58±0.3 1.62±0.1 3.22±0.3*,** 1.60±0.2 3.11±0.3*,** 1.58±0.1 3.26±0.2*,** 1.78±0.3 1.70±0.2

TC (mmol l�1) 2.28±0.2 2.36±0.1 2.32±0.1 2.30±0.2 2.31±0.3 3.32±0.2*,** 2.48±0.4 3.28±0.4*,** 2.22±0.8 3.29±0.7*,** 2.38±0.3 2.40±0.9

Abbreviations: Con, control rats with normal chow diet; Fru, fructose-fed diet; FruA, fructose-fed diet with concurrent aliskiren administration; FruB, fructose-fed diet with subsequent aliskiren
administration 4 weeks later; TG, Triglycerides; TC, Total cholesterol.
Values are mean±s.d.
*Po0.05 vs. day 0; **Po0.05 vs control group.

Figure 3 Endothelium-dependent vascular relaxations in response to acetylcholine and endothelium-independent sodium nitroprusside (SNP) in thoracic

aortic segments, 8 weeks after feeding the control or high-fructose diets, with or without aliskiren. Con: control rats with normal chow diet; Fru: fructose-fed
diet; FruA: fructose-fed diet with concurrent aliskiren administration; FruB: fructose-fed diet with subsequent aliskiren administration 4 weeks later. Vessels

were studied as ring segments in organ chambers, and relaxations in response to acetylcholine (Ach) and SNP were measured. Values are mean±s.d. N¼6

for each group.

Figure 4 Plasma Nitrite concentrations, NO metabolite, in control rats and

fructose-fed rats with or without aliskiren treatment. Con: control rats with

normal chow diet; Fru: fructose-fed diet; FruA: fructose-fed diet with

concurrent aliskiren administration; FruB: fructose-fed diet with subsequent

aliskiren administration 4 weeks later. Values are mean±s.d. N¼6 for each

group.
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pressure, impaired endothelial NO synthase and caused vascular
dysfunction.16–18 Administration of an angiotensin-converting
enzyme inhibitor or ARB treatment has been demonstrated to
decrease blood pressure and to restore the activity of endothelial
NO synthase in fructose-fed rats.18,19 Furthermore, recent study
reported aliskiren (100 mg kg�1 per day) treatment with blood
pressure lowering effects had improved coronary endothelial
function and decreased cardiac hypertrophy in spontaneously
hypertensive rats,20 which was similar to ours. In this study, we
report that aliskiren (100 mg kg�1 per day) with blood pressure
lowering properties could ameliorate the rise in SBP and the decline
of plasma NO2, and induce vascular relaxation in fructose-fed rats,

and that even vascular relaxation impaired by a preceding high-
fructose diet could be improved by aliskiren treatment. In a clinical
study, aliskiren could increase NO availability of the forearm
arterioles in essential hypertensive patients, derived from an
antioxidant activity.21 Besides, a recent study has indicated that the
larger increase in renin during renin inhibition could overwhelm
(pro)renin receptor expression, and has a greater suppression of
(pro)renin receptor-mediated effects than other renin–Ang blockers.22

For example, renal (pro)renin receptor expression was decreased by
aliskiren treatment in hypertensive rats with ischemic kidneys.23 The
protective effects in our study may be mediated through the decrease
in blood pressure and the inhibition of renin-mediated effect. These
data suggest that a direct renin inhibitor can protect fructose-fed rats
from upregulated renin activity and impaired NO-dependent vascular
relaxation.

Activity of the RAS could mediate vascular remodeling and
oxidative stress to induce secondary hypertension and cardiovascular
diseases in fructose-fed rats.16,17,24 In this study, we tested and
confirmed the ability of aliskiren treatment to protect the aortic
wall from vascular remodeling and oxidative stress and to minimize
fructose-mediated vascular damage in fructose-fed rats. Aliskiren can
improve cardiac hypertrophy not only in diabetic mice but also in
hypertensive rats. For example, aliskiren had the direct cardiac effects
to suppress cardiac hypertrophy through the attenuation of oxidative
stress in endothelial NO synthase-deficient mice or in diabetic
mice.25,26 The other studies showed that aliskiren lessens cardiac
hypertrophy through diminished systemic renin/angiotensin II
activity and myocardial NADPH oxidase activity in hypertensive
rats,20,27 consistent with the results of our study. Recently, the role of
oxidative stress has been emphasized and has been shown to mediate
fructose-induced vascular remodeling.24,28 In fructose-fed rats, we
have observed that oxidative stress and vascular remodeling can be
diminished by inhibiting renin activity.

Our results showed that inhibition of renin activity by aliskiren can
ameliorate insulin resistance and glucose intolerance in fructose-fed
rats, consistent with the results of two other studies,29,30 indicating
that renin inhibition is associated with increased pancreatic islet
function and upregulation of insulin action on skeletal muscle glucose
transport, and that these effects can improve insulin resistance and
glucose intolerance by decreasing the function of tissue angiotensin II
and angiotensin II type 1 receptor. Besides, in our study, the direct
renin inhibitor not only prevents but also reverses dyslipidemia to well
lipid profiles, comparable to recent aliskiren studies on improvement
of raised total cholesterol and triglyceride levels in models of insulin
resistance.31,32 Results of other studies on the effects of angiotensin-
converting enzyme inhibitors and ARB on fructose-fed rats were also
similar to the data in our study.33–35 Reported mechanisms suggested
that ARBs partially activate peroxisome proliferator-activated receptor
gamma to improve insulin sensitivity and reduce serum triglyceride
levels and hepatic triglyceride accumulation.36–38

In conclusion, our data suggest that a direct renin inhibitor,
aliskiren, not only prevents but also reverses the progress of insulin
resistance, glucose intolerance, dyslipidemia, hypertension, NO-
dependent endothelial dysfunction and oxidative aortic wall remodel-
ing in fructose-fed rats. In the future, the benefits of aliskiren-related
benefits on other organs diseases in insulin-resistance conditions
merit further investigation.
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Figure 5 Effects of aliskiren on vascular remodeling (a) and lipid peroxide

levels through thiobarbituric acid-reactive substances (TBARS) measurement
in the thoracic aorta (b) in fructose-fed rats, measured by Masson trichrome

staining of aorta. Con: control rats with normal chow diet; Fru: fructose-fed

diet; FruA: fructose-fed diet with concurrent aliskiren administration; FruB:

fructose-fed diet with subsequent aliskiren administration 4 weeks later.

Aliskiren significantly reduced the aortic wall thickness and lipid peroxide

levels in high-fructose-fed rats. Original magnification �40. Values are

mean±s.d. N¼6 for each group. A full color version of this figure is

available at the Hypertension Research journal online.
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