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Abstract  Objective To investigate and compare the effect of valsartan and indapamide on inflammatory
cytokines in hypertension. Methods Forty-one untreated patients with mild to moderate hypertension and 20 age-
and sex-matched normotensives were enrolled in this study. Hypertensives were treated with indapamide 1.5 mg/d

n =20 or valsartan 80 mg/d n =21 for4 weeks and blood samples for determining monocyte chemotactic pro-
tein-1 ~ MCP-1 macrophage inflammatory protein-1 ~ MIP-1a sP-selectin  asymmetric dimethylarginin

ADMA  angiotensin I Angll  and 6-keto-PGFla were collected before the treatment and 4 weeks after the
treatment. Results Hypertensives exhibited significantly higher blood pressure as well as elevated plasma levels
of MCP-1 MIP-1a  sP-selectin and serum level of ADMA compared with the normotensives. Nevertheless there
was no significant difference in serum 6-keto-PGF1lo and Ang Il between the hypertensives and the normotensives.
After the treatment with indapamide or valsartan for 4 weeks both the systolic and diastolic blood pressures though
still higher than those of the normotensives decreased markedly. After the treatment with indapamide for 4 weeks
MCP-1 MIP-1a and sP-selectin slightly decreased but not statistically significant P >0.05 . Those cytokines
decreased significantly after being treated with valsartan for 4 weeks  19.16 3. 11 pg/mL vs 16.08 +2.67
pg/mL P<0.05 27.74 £8.36 pg/mLvs 17.64 +£7.59 pg/mL P <0.05 2.67 £3.18 pg/mL vs

6.15+£2.94 pg/ml. P <0.01 . In the 2 treatment groups 6-keto-PGF1o markedly increased  61.96 +
20.81 pg/mLvs 96.72+£25.89 pg/mL P<0.05 63.25+16.92 pg/mL vs 143.22 £43.45 pg/mL
P<0.01 ADMA decreased significantly 1.35+0.74 pg/mL vs 0.98 £0.56 pmol/L P <0.05

1.31£0.68 pg/mLvs 0.71 £0.52 pmol/L P <0.01 . Though Angll slightly increased no statistical sig-
nificance was found P >0.05 . Conclusion The levels of MCP-1 MIP-1a sP-selectin and ADMA were elevat-
ed in mild to moderate hypertensives. Valsartan and indapamide have similar blood pressure lowering effect. Vala-
sartan exerts more significant effect on cytokines than indapamide does.
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There was growing evidence that hypertension
atherosclerosis  was associated with a lowing-degree
vascular inflammatory response ' . In patients with ar-
terial hypertension and/or other major cardiovascular
risk factors plasma levels of chemokines were in-
creased . Previous studies included ours had showed

that hypertension increases the chemokine

MCP-1

monocyte
chemotactic protein-1 expression in the aorta
of rats > implying inflammatory cytokines and endo-
thelial disfunction may play an important role in the
pathogenesis of vascular lesion formation and end-organ
damage in hypertension.

Renin-angiotensin system RAS plays a key role
in many pathophysiological processes such as athero-
sclerosis and hypertension. Both experimental and clin-

the
key effector of the local and circulating RAS partici-

ical studies revealed that angiotension II AngIl

pates in the pathogenesis of hypertension-induced end-
organ damage ° . Several studies showed ACE inhibi-
tors and AT, receptor blockers can decrease inflamma-

tory mediators and attenuate vascular inflammation in

1.31 £0.68 pmol/L vs 0.71 +0.
61.96 +20.81 pg/mL vs

1.35£0.74 pmol/L vs 0.98 +0.56

52 wmol/L P <0.01 6-keto-PGFla
96.72 £25.89 pg/mL P<0.05 63.25+16.92 pg/
Ang [
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hypertension " . Nevertheless not all AT, receptor
blockers has the equal efficacy ° .

In this study we sought to explore the inflammato-
ry markers in hypertensive subjects and the efficacy
and anti-inflammatory profile of the selective AT, recep-

tor blocker valsartan.

1 METHODS

1.1

Study population In accordance with the
criteria set by the World Health Organization/Interna-
tional Society of Hypertension WHO/ISH 1999 41
patients 16 women and 25 men age 52.9 + 8.2
with mild to moderate hypertension 140 < sys-

SBP <180 mmHg and 90 mmHg
DBP <110 mmHg

years
tolic blood pressure
diastolic blood pressure as well
as 20 age-matched healthy volunteers 8 women and 12
men age 50.8 4.8 years were enrolled in this stud-
y. All subjects were not received any medical treatment
for hypertension hyperlipidemia antiplatelet therapy
or hormone replacement at least 2 weeks before collec-

ting the blood sample for laboratory measurement.
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Baseline characteristics at inclusion were summarized in
Table 1.

Patients with clinical signs symptoms or labora-
tory findings suggestive of secondary hypertension were
excluded. Other exclusion criteria for all subjects in-
cludes smoking alcohol abuse chronic infection dia-
betes mellitus chronic obstructive pulmonary disease

hyperthyroidism renal disease malignancy hepatic

disease connective tissue disease pregnancy any a-
cute illness. Coronary artery disease or congestive heart
exercise stress

failure evaluated by medical history

test electrocardiogram  echocardiographic examina-
tion and coronary angiography were also excluded.
The Ethical Committee of Xiangya Hospital Cen-
tral South University approved this research protocol.
All subjects were given informed consent and studied in
our Cardiology Department.
1.2  Clinical evaluation Clinical evaluation in-
cluded blood pressure measurement physical examina-
tion. The blood pressure was measured by cuff sphyg-
momanometer from right arm in the supine position and
under conditions of physical and emotional rest. Systol-
ic and diastolic blood pressures were established by the
first and fifth Korotkoff phases respectively on =3 suc-
cessive measurement.
1.3 Protocol After withdrawing all drugs for 1
week hypertensive subjects received indapamide Ser-
vier Pharma Ltd Beijing 1.5 mg/d or valsartan No-
vartis Pharma Lid Beijing 80 mg/d for 4 weeks and
followed up weekly. Blood samples were collected be-
fore the treatment and 4 weeks after the treatment.
1.4 Laboratory measurements Tea and coffee
were withheld for at least 24 h before the study. Blood
samples were obtained by standard venipuncture after a
12 h overnight fast from all subjects. The blood samples
determining MCP-1

lected and centrifuged at 3 000 r/min for 15 min. Blood

MIP-1« and sP-selectin were col-

samples for Ang [l measurement were rapidly trans-
ferred into prechilled polystyrene tubes containing in-
0. 3 mol/L disodium EDTA 50 pL
0. 34 mol/L 8-hydroxyquinoline 50 pL 0. 32 mol/L
Dimercaprol 25 wL  and centrifuged at 3 600 r/min for
I15min 4 °C . Blood samples for 6-keto-PGF1 o meas-

hibitor solution

urement were drawn into tubes containing indometha-
cin-EDTANa,, and centrifuged at 4 500 r/min for 10
min 4 °C . All samples were frozen at —70 °C until
assayed.

Plasma MCP-1 MIP-1a and sP-selectin levels
were determined by commercially available enzyme-
ELISA kits

and performed according to the manufacturer’ s

linked immunosorbent assay Genzyme

USA
protocol.

Serum Ang I and 6-keto-PGFla concentrations
were measured by radioimmunoassay with commercial
kits North Biological Research Institute China . The
lower detection limit was 10 pg/mL and 25 pg/mL re-
spectively. Overall intra-assay and inter-assay variation
coefficients were <10% and 15% for Ang Il and <
3.5% and 10% for 6-keto-PGFla

concentrations were expressed in picograms per millili-

respectively. The

ter.

The serum samples were deproteined with 5-sulfo-
dalicylic acid and the supernatant was taken for meas-
urement of ADMA concentration with high-performance

HPLC

od described previously. HPLC was carried out using a

liquid chromatography according to the meth-
Shimadzu LC-6A  Shimadzu corporation Kyoto Japan

liquid chromatograph with Shmadzu SCL-6A system
Shimadzu  SIC-6A
Ophthaldiadehyde adducts of methylated amino acids

controller and autosampler.
and internal standard ADMA produced by precolumn
mixing were monitored using a model RF 530 floures-
cence detector set at A" =338 nm and A" =425 nm on
a resolve C,; column. Samples were eluted from the
column using a linear gradient containing mobile phase
A composed of 0.05 mol/L. pH 6.8 sodium acetate-
methanol-tetrahydrofuran and mobile phase B composed
of 0. 05 mol/L sodium acetate-methanol-tetrahydrofuran
at a flow-rate of 1 mL/min.
1.5 Statistical analysis

The data were presented

as x = s and analyzed with SPSS  version 10 . Com-

parisons between groups were made with One-Way

ANOVA  followed by ¢ test

fore-treatment and after-treatment were performed by ¢

comparisons between be-

test. Statistical significance was considered to be indi-

cated by a two-tailed value of P <0.05.
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2 RESULTS
2.1

tients and normotensive subjects

Baseline characteristics of hypertensive pa-
Patients had
significanty higher blood pressure compared with those
of normotensives whereas similar blood pressure were
presented between indapamide and valsartan groups.

There were no significant difference among 3 groups in

age sex fast glucose triglyceride and total cholesterol
levels Table 1
Table 1 Baseline characteristics of participants x s
Characteristics normotensive Indapamide Valsartan
n 20 20 21
Age years 50.8 4.8 52.7+8.0 53.6 £6.7
Sex male/female 12/8 13/7 12/9
SBP  mmHg 109.8 £13.3 158.5£14.2" 156.7 £11.8"
DBP mmHg 72.2£6.7 92.7+8.6" 91.6 £9.5"
Fast glucose 4.33 £0.67 4.51 £0.69 4.47 £0.82
mmol/L,
Triglyceride 1.13 £0.30 1.16 £0.46 1.08 £0.59
mmol/L
total cholesterol 4.04 £0.42 4.12 +0.53 4.09 +£0.51
mmol/L
Compared with normotensive group = P <0.05

2.2 Levels of cytokines in hypertensives and nor-
Plasma MCP-1 MIP-1a

and serum ADMA levels were significantly increased in

motensives sP-selectin

all hypertensives compared with that in normotensives
P <0.01

difference between indapamide and valsartan groups.

Nevertheless there was no significant
No statistical significant difference in serum Ang Il and
6-keto-PGFla concentrations were found among the 3
P>0.05 Table 2

2.3 Effects of indapamide and valsartan on blood

groups

pressure After treated with indapamide 1.5 mg/d
SBP and DBP

both decreased

or valsartan 80 mg/d for 4 weeks

though still higher than normotensives
significantly P <0.05 . Nevertheless no statitical sig-
nificance were found in indapamide and valsartan

P>0.05 Table3

2.4 Effects of indapamide and valsartan on the

groups

levels of cytokines After treated with indapamide
1.5 mg/d for 4 weeks MCP-1 MIP-1a and sP-selec-

tin slightly decreased whereas has no statistical signifi-

cance P >0.05 Nevertheless  these chemokines
decreased significantly after treated with valsartan for 4
weeks  19.16 £3. 11 pg/mL vs 16.08 +2. 67

pg/mL P<0.05 27.74+8.36 pg/mLvs 17.64
+7.59 pg/mlL P<0.05 12.67 £3.18 pg/mL
vs 6.15+£2.94 pg/ml. P <0.01 respectively
ADMA decreased significantly 1.35 £0.74
pmol/L vs 0.98 £0.56 pumol/L P <0.05
1.31 +0.68 pmol/Lvs 0.71 £0.52 pmol/L P
<0.01 respectively  and 6-keto-PGF1a marked in-
creased  61. 96 = 20. 81 pg/mL vs 96. 72 %
25.89 pg/ml. P<0.05 63.25+16.92 pg/mL
vs 143.22 £43.45 pg/ml. P <0.01

ly  after treated with indapamide or valsartan for 4

respective-

weeks. Though Ang Il slightly increased no statistical
significance was found P >0.05

The level of 6-keto-PGFla in group treated with
valsartan was higher than that in group treated with in-

dapamide P <0.05

Table 2 Baseline and follow-up levels of cytokines of participants x +s
Normotensives Indapamide n =20 Valsartan n =21
Parameters

n =20 before-treatment After-treatment before-treatment After-treatment
MCP-1 pg/mL 15.45+1.13 18.37 £2.38" * 17.1 £2.39% 19.16 £3. 11"~ 16.08 £2.67"
MIP-1ae pg/mL 15.11 £3.72 28.47 £7.07" " 27.64 £6.51% 27.74 £8.36 " * 17.64 +7.59%
6-keto-PGFla pg/mL 64.82+17.19 61.96 £20.81 96.72 £25.89% 63.25 £16.92 143.22 £43.45%4
sP-selectin pg/mL 3.67+1.52 11.09 +3.58* * 10.74 £3.26% 12.67 +3.18** 6.15+2.94%
ADMA pmol/L 0.57 +0.36 1.35£0.74% % 0.98 +0.56% 1.31£0.68" " 0.71 £0.52%
Angll pg/mL 32.98 +14.61 33,17 +11.59 36.85 +12.64 34.78 £13.52 37.56 +14.83 " *

Compared with normotensives

# % P <0.01 Compared with before-treatment

A P>0.05 #P<0.05 ## P <0.01 Compared with indapam-

ide treatment A P <0.05
Table 3 Effect of indapamide and valsartan on blood pressure in hypertensives x +s mmHg
SBP DBP
Groups n

before-treatment After-treatment before-treatment After-treatment
Normotensives 20 109.8 £13.3 72.2 +£6.7
Indapamide 20 158.5 +14.2" 137.5 £12.4*% 92.7 +8.68" 85.6+7.9*%
Valsartan 21 156.7 £11.8 138.4 £10.7 ** 91.6 +9.5 86.7 £9.3**

Compared with normotensives

# P <0.05 Compared with before-treatment # P <0.05
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3 DISCUSSION

Increasing evidence demonstrated that impaired
endothelial function and exaggerated inflammatory cyto-
followed
with migration of monocytes into the vessel wall media-

ted in part by MCP-1

34 10-12

kines occurred in circulation and vessel wall

were presented in hyperten-
sion Previous study found that untreated pa-
tients with mild to moderate hypertension without coro-
nary artery disease have elevated plasma levels of cyto-

kines such as granulocyte-macrophage colony-stimula-

GM-CSF  MIP-l1a RANTES
sICAM-1
sVCAM-1 . The

plasma levels of these chemokines are related to serum

ting factor soluble in-

tercellular adhesion molecule-1 and soluble

vascular cell adhesion molecule-1

ET-1 activity which suggests an interaction between
neurohormonal’ activation and inflammation in hyper-
tension > . MCP-1 and monocyte/macrophage infiltra-
tion augmented in aortic wall of several hypertensive
models ** . In agreement with previous observations
the present study indicated that the plasma concentra-
tion of MCP-1 MIP-1«

el of ADMA were significant elevated in mild to moder-

sP-selectin and the serum lev-

ate hypertensives as compared with normotensives.
Nevertheless the expression of 6-keto-PGFla and Ang
II showed no statistical significance. Although hyper-
tension is an well established risk factor for the devel-
opment of atherosclerosis the underlying molecular
mechanisms have not been clearly elucidated. The well
known association between non-infected inflammation
and atherosclerotic lesion formation may provide poten-
tial mechanistic insights for hypertension as a risk factor
for the development of atherosclerosis. However the
precise mechanism and clinical significance of elevated
inflammatory cytokines in hypertension still deserve fur-
ther investigation.

Hypertension particularly in the presence of an
activated renin-angiotensin system was an important
risk factor for the end-organ damage . Ang I may
contribute to the development of vascular and myocar-
dial structural changes in hypertension. Several angio-

ACEIs

Il receptor 1 antagonist ARB decreased circulatory

and Ang

tensin-converting enzyme inhibitors

concentration of cytokines such an MCP-1 1L-6 CRP
and PAI-1

levels in essential hypertensive pa-

89 12 14

tients . However ARBs shown different profile

12 14-15 Il'l our

on cytokines in different researches
present study we demonstrated that valsartan an high
selective ARB  significantly decreased the circulatory
levels of MCP-1 MIP-la  sP-selectin and ADMA as
well as increased 6-keto-PGF1la concentration in hyper-
tension. On the other hand indapamide though de-
creased blood pressure to the same level the levels of

MCP-1 MIP-1«

The beneficial effects of valsartan on cytokines and en-

sP-selectin only slightly decreased.

dothelial function may have implications for vascular re-
modeling and atherosclerotic lesion formation and for
providing end-organ protection in hypertension. Howev-
er this may not be fully explained now by their antihy-
pertensive effects alone. Recently Li et al '° sugges-
ted that valsartan has direct anti-inflammatory effects in
hypertension which are unrelated to its blood pressure-
lowering effects.

Abundant observations reported that impaired en-
dothelial function was observed in hypertension and
atherosclerosis. Growing investigations have shown that
ADMA an endogenous NOS inhibitor was elevated in

718 ACEIs administration significantly

hypertension
decreased serum ADMA level in hypertension '® . Pre-
vious study has shown that 13 14-dihydro-15-keto-
PGF2a  6-keto-PGFla and 8-isoprostane levels were
lower in aorta from hypertensive rats than those from

. PGI2 reduction seemed to be one

normotensive rats '
of the main factor accounting for endothelial dysfunction
in hypertensive rats whereas other prostanoids besides
PGI2 appeared to be involved in endothelial dysfunction
ACEls effectively

inhibited ACE activity both in plasma and in tissues

. .. 20
under normotensive conditions

increased 6-keto-PGFla levels in male
rats > . Then ADMA and 6-keto-PGFla may involve
in the development of endothelial dysfunction in hyper-

meanwhile

tension and ACElIs reserved endothelial function in hy-
pertension may be related to reduction of ADMA and
augmentation of 6-keto-PGFla. In the present study

we found that though 6-keto-PGFla a stable metabo-
lite of PGI2

normotensive and hypertensive

showed no statistical significance between
subjects  increased
markedly and ADMA significantly decreased after trea-
ted with indapamide and valsartan for 4 weeks. De-

creased ADMA may facilitate nitric oxide NO gener-
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ation implying that lowing blood pressure could reserve

endothelial function. Higher level of 6-keto-PGFla was

shown in group treated with valsartan than that with in-

dapamide implying that valsartan may reserve endothe-

lial function besides lowering blood pressure.

levels of MCP-1 MIP-1a

In summary we have detected significant higher

sP-selectin and ADMA in

mild to moderate hypertension as compared with normo-

tensive subjects

which hint that endothelial dysfunc-

tion occurred in hypertension and those cytokines may

play an important role in the development of hyperten-

sive vascular lesion. Valsartan significantly decreased

those cytokines besides effectively lowering blood pres-

sure.
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