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Tanshinone 1A is one of major constituents of Salvia miltiorrhiza Bunge known as Danshen. Our and
others’ studies have shown that Tan IIA could protect cardimyocyte against apoptosis; however the effect
of Tan IlA on cardiac remodeling disease is still unknown. In this study, we investigated the effects of Tan
IIA on cardiac hypertrophy and fibrosis in two-kidney, two-clip (2K2C) hypertensive rats and by which, if
any, mechanisms. Administration of 2K2C hypertensive rats with Tan IIA attenuated cardiac dysfunction
and fibrosis. However Tan IIA treatment had no effects on BP control. Further studies revealed that Tan
IIA inhibited the increased NAD(P)H oxidase activity and expression as well as O,*~ production in 2K2C
hypertensive rats. Our results indicated that Tan IlA significantly improved cardiac function and attenuated
fibrosis in 2K2C hypertensive rats. The protective action of Tan IlA is likely mediated by its antioxidant

effect, independent of BP control, partially via inhibiting NADPH oxidase.

1. Introduction

Human renovascular disease is one of the most common
causes of secondary hypertension. In this situation, the renin-
angiotension system (RAS) is highly activated due to the
decrease of the renal blood flow and perfusion pressure after
renal artery stenosis (Minuz et al. 2002).The heart responds to
the increased afterload by initiating adaptive myocardial remod-
eling, which are deleterious over time and eventually result in
heart failure (Ertl and Frantz 2005; Jugdutt 2003). Myocardial
remodeling is characterized by alterations in left ventricular size,
shape and wall thickness (Weber 1997). Multiple factors may,
in fact, contribute to left ventricular remodeling (Khaper et al.
2003; Lu et al. 2004). Growing evidence suggests that oxida-
tive stress mediated by reactive oxygen species plays a role
in the pathogeneses of myocardial remodeling. ROS modulate
several processes underlying myocardial remodeling, including
proinflammatory cytokine release, cardiomyocyte apoptosis and
fibrogenesis (Hare 2001).

Vascular NAD(P)H oxidases, also known as nonphagocytic
NAD(P)H oxidases, are the major enzymatic sources of ROS
in the heart (Lambeth 2004; Nakagami et al. 2003). In contrast
to the phagocyte NADPH oxidase, which uses NADPH exclu-
sively as an electron donor, vascular NAD(P)H oxidase also
consume NADH (Lassegue and Clempus 2003). NAD(P)H oxi-
dase is composed by a membrane-bound heterodimer consisting
a catalytic Nox2 subunit (also known as gp91°"°%) and a p22 PhoX
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subunit and several cytosolic subunits (p47P°%, p4QPhox | pg7Phox
and Rac) that associate with the heterodimer in the activated
enzyme. Five Nox isoforms (Nox1-5) form the basis of dis-
tinct NAD(P)H oxidase (Lambeth 2004; Nakagami et al. 2003).
Recent studies suggested that NAD(P)H plays an essential role
in the development of hypertension, cardiac hypertrophy and
interstitial fibrosis (Murdoch et al. 2006). The Nox 2 containing
NADPH oxidase was thought as the major isform to take part
in cardiac hypertrophy and interstitial fibrosis (Bendall et al.
2002).

Tanshinone ITA (Tan ITA) is the main active diterpene quinone
extracted from the traditional herbal drug, Salvia miltiorrhiza
Bunge, known as “Danshen”. Sodium tanshinone IIA sul-
fonate (STS), a derivative of Tan IIA, is widely used in China
for the treatment of cardiovascular diseases. Clinical evidence
has shown that STS increases coronary blood flow, alleviates
cardiac metabolic disorders, protects the heart against ischemia-
reperfusion injury and attenuates atherosclerosis (Zhou et al.
2003). Recent studies have shown that STS markedly sup-
pressed Ang II-induced enlargement of cultured myocytes and
Tan ITA inhibited the basic fibroblast growth factor (bFGF)-
induced human smooth muscle cell (SMC) proliferation in a
dose-dependent manner (Takahashi et al. 2002). Our studies
have shown that Tan IIA can inhibit atherosclerotic calcification
mediated by decreasing the oxidation of LDL and protect car-
diac myocytes against apoptosis due to its antioxidant properties
(Fu et al. 2007; Tang et al. 2007). However, the role of Tan ITA
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Fig. 1: Tanshinone IIA attenuated myocardial fibrosis in 2K2C rats. (A) Representative pictures of myocardial and perivascular fibrosis with the collagen-specific dye method
VanGieson (VG) staining, in which collagen fibers appeared as red structures, and myocytes and intramyocardial vessels were yellow (magnification x 20); (B) Collagen
deposition in the interstitial and perivascular regions of the LV, expressed as collagen volume fraction (CVF) and perivascular collagen area (PVCA) measured by
videodensitometry. Data are means = SD. n=10. *p <0.05 vs. Con. #p <0.05 vs. Mod. Sham, sham-operation group; 2K2C, 2K2C-operation group; Tan H, high dose of

Tan IIA (70 mg/kg/day); Tan L, low dose of Tan IIA (35 mg/kg/day)

in cardiac remodeling in the situation of renovascular disease
remains unclear. Therefore, we investigated the effects of Tan
IIA on two-kidney, two-clip (2K2C) renovascular hypertension-
induced cardiac hypertrophy and fibrosis in rats. Further, we
investigated whether the anti-oxidative activities of Tan IIA is
related to NAD(P)H oxidase, if any, by which Nox isoform.

2. Investigations and results

2.1. Characterization of cardiac hemodynamic
parameters and the effect of tanshinone Il A

To investigate the effect of tanshinone IT A on cardiac hypertro-
phy we established a two-kidney, two-clip (2K2C) model and
examined cardiac hemodynamic parameters in rats. LVW/BW,
the ratio of left ventricle weight (LVW) to body weight (BW),
was analyzed as a surrogate marker of hypertention-induced
left ventricular hypertrophy (Table 1). Compared with the Sham
rats, LVW/BW in 2K2C rats was significantly increased to
159% (P<0.05, n=12), while there was no significant dif-
ference of BW among parallel groups (data not shown). The
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value of LVW/BW was significantly lower in 2K2C+TanH rats
(2.40£0.17) than the BW-matched 2K2C rats (3.05 +0.18).
Our result showed that high dose of TAN IIA treatment
decreased the value of LVW/BW ratio in 2K2C rats.

In addition, we cannulated the right carotid artery to the LV
before sacrifice by the end of 10 weeks to obtain hemodynamic
data (Table 2). Compared with Sham rats, the left ventricle
systolic pressure (LVSP) and the left ventricle end- diastolic
pressure (LVEDP) were increased significantly in 2K2C hyper-
tensive rats, which indicated that both preload and afterload
were increased. Correspondingly, the maximum ascending and
declining rate of left ventricular pressure (d+dp/dtmax) were
increased significantly in 2K2C hypertensive rats (P <0.05,
n=12), indicating that contractility and diastolic compliance
of the heart were decreased. Compared with 2K2C rats, the
value of LVEDP and + dp/dtmax were significantly decreased
in 2K2C+TanH rats (P < 0.05, n = 12), which exhibited improve-
ment of the left ventricular systolic function and diastolic com-
pliance. However, the values of LVSP and + dp/dtmax of 2K2C+
TanH were still much higher than in 2K2C rats, indicating that
the high afterload still remained. In addition, there was no sig-
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Table 1: Characteristics of the animals

Sham 2K2C TanH TanL
n 14 13 14 13
LVW/BW(mg/g) 1.8+0.13 3.05+£0.18% 24+0.17% 2.7+£0.20%
BP1(mmHg) 123£5 1214 122+£3 122+£3
BP2(mmHg) 126 £4 177 £ 6% 180 £ 7* 181 £ 5%
BP3(mmHg) 12545 189 7% 177 £ 5% 186 4+ 3*
HR 414418 441 £ 15% 429 £22 438 +19

Data are means & SD. n, number of rats in individual group. LVW/BW3, ratio of left ventricle weight to body weight after treatment at week 10; BP1, blood pressure before operation; BP2, blood pressure after
hypertension developed and before treatment at week 4; BP3, blood pressure after treatment at week 10; Sham, sham-operation group; 2K2C, 2K2C-operation group; TanH, 2K2C hypertensive rats treated with
Tan ITA at 70 mg/kg/day; TanL, 2K2C hypertensive rats treated with Tan ITA at 35 mg/kg/day. *p <0.05 vs. sham group. #p <0.05 vs. 2K2C group.

Table 2: Changes in cardiac hemodynamic parameters

Sham 2K2C TanH TanL
n 14 13 14 13
LVSP 143+ 16 186 + 18* 175+ 8* 182+ 13*
LVEDP 53+0.6 9.24+0.7* 6.3 £0.5% 7.1+0.9
+dp/dtmax 5.21+0.31 9.78 £ 0.43* 7.3140.32%* 8.28£0.51*
-dp/dtmax 4.39+0.36 9.61 £0.39% 6.4740.22%* 7.1540.23%*

Data are means + SD. n, number of rats in individual group. LVSP(mmHg), left ventricle systolic pressure; LVEDP(mmHg), left ventricle end- diastolic pressure; +dp/dtmax(mmHg/ms), maximum ascending
rate of left ventricular pressure; -dp/dtmax, maximum declining rate of left ventricular pressure. Sham, sham-operation group; 2K2C, 2K2C-operation group; TanH, 2K2C hypertensive rats treated with Tan II
A at 70 mg/kg/day; TanL, 2K2C hypertensive rats treated with Tan ITA at 35 mg/kg/day. *p <0.05 vs. sham group. #p <0.05 vs. 2K2C group.

nigicant difference of LVEDP, LVSP and + dp/dtmax between
2K2C+TanL rats and 2K2C rats, expect that - dp/dtmax. Subse-
quently, high dose of Tan ITA exhibited a much more remarkable
improvement of cardiac systolic and diastolic function.
Despite the fact that Tan IIA treatment ameliorated cardiac
hemodynamic overload in 2K2C rats, it did not control blood
pressure (BP) as shown in Table 1. BP was increased signifi-
cantly in a time-dependent manner to an average of 189 mmHg
by the end of 10 weeks in 2K2C rats compared with Sham rats
(P<0.05, n=12). However, neither high nor low dose of Tan
IIA treatment for six weeks reduced BP compared to that of
2K2C hypertensive rats (P>0.05, n=12). These results indi-
cated that Tan ITA treatment might exert cardioprotective effects
independent of BP control.

2.2. Charaterization of cardiac dysfunction estimated by
echocardiographic studies and the effet of tanshinone I1I1A

In order to confirm the beneficial effect of Tan IIA on car-
diac hemodynamics, we further performed echocardiographic
studies. The echocardiographic data are shown in Table 3.
The values of interventricular septum end-diastolic thickness
(IVSd), left ventricular posterior wall end-diastolic thickness

2.3. Tanshinone IIA attenuated myocardial fibrosis
in 2K2C rats

To explore the mechanism by which Tan IIA improved cardiac
hemodynamics, we further investigated the effect of Tan IIA on
cardiac remodeling. Myocardial fibrosis was evaluated by two
independent methods: morphometrically by staining of collagen
volume fraction (CVF) and perivascular collagen area (PVCA).
As shown in Fig. 1, diffused interstitial and perivascular fibrosis
were evident in 2K2C hypertensive rats, which were demon-
strated by collagen volume fraction (CVF) and perivascular
collagen area (PVCA) respectively. Administration of Tan
ITA (35,70 mg/kg) treatment for 6 weeks dose-dependently
decreased CVF and PVCA, which indicates that Tan IIA
treatment attenuated myocardial fibrosis both in the interstitium
and perivascular areas.

2.4. Tanshinone IIA decreased O,*~ generation

There is increasing evidence showing that oxidative stress is
implicated in the development of cardiac remodeling. To investi-

(PWad), interventricular septum end-systolic thickness (IVSs), 1600 | OSharm

left ventricular end-systolic dimension (LVDs) and left ven- B2K2C *
tricular posterior wall end-systolic thickness (PWs), increased 1200 | ZTanH

while others, including left ventricular end-diastolic dimension N OTanL #
(LVDdA), ejection fraction (EF) and left ventricular fraction short- 4
ening (LVFS), decreased significantly (p <0.05) in 2K2C rats 800 T

Superoxide production
RLU/min/ugPro)

compared with those in Sham group, indicating that the 2K2C

rats developed obvious concentric cardiac hypertrophy and that

compliance of myocardium was deteriorated especially in dias- 400

tolic phase. Treatment with Tan ITA significantly delayed the

cardiac hypertrophy development and the deterioration of car- 0 ' |

diac function estimated by the decreased parameters such as
1VSd, PWd, IVSs, LVDs and PWs, and the increased LVDd,
EF, LVFS, compared with untreated 2K2C rats. There was no
significant difference of those parameters between individual
groups before operation and before treatment, and the data were
not shown.
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aorta

Fig. 2: Changes of O,°*~ production in LV and aorta homogenates determined by
chemiluminescence of lucigenin in 2K2C hypertensive rats and the effect of
Tan ITA. RLU, relative light units. Other abbreviations as above. Data are
expressed as means = SD. *p <0.05 vs. Con, #p <0.05 vs. Mod, n=6
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Table 3: Tanshinone IIA improved cardiac hypertrophy and dysfunction estimated by echocardiography

Sham 2K2C TanH TL

IVSd 1.49£0.12 2.68 £0.25% 1.8240.18%* 1.9540.19%#
LvDd 4.96+0.11 4.234+0.07* 475+£0.12% 4.64+0.11%
PWwd 1.53 £0.08 3.31£0.17* 2.06+0.16* 2.17£0.12%
IVSs 2.14£0.16 4.08 £0.13* 2.89£0.12% 3.40+0.11%
LVDs 1.07 £0.06 1.99 £0.14* 1.50£0.21% 1.71 £0.15%
PWs 2.55+0.16 4.244+0.26* 3.064+0.21% 3.31£0.43
EF% 86.53 £1.48 65.23 £1.47* 84.08 £2.73* 79.50 & 1.38*#
LVFS% 58.43 +£1.38 40.29 + 1.46* 54.70 £ 2.90* 49.35 4 1.32%#

Data are means &= SD. n=10. IVSd, interventricular septum end-diastolic thickness; LVDd, left ventricular end-diastolic dimension; PWd, left ventricular posterior wall end-diastolic thickness; IVSs, interven-
tricular septum end-systolic thickness; LVDs, left ventricular end-systolic dimension; PWs, left ventricular posterior wall end-systolic thickness; EF, ejection fraction; LVFS, left ventricular fraction shortening.
Other abbreviations as in Table 2. *p <0.05 vs. Sham group. #p <0.05 vs. 2K2C group.

Table 4: Primers sequence of NAD(P)H oxidase subunits

Transcript Sense (5'-3') Antisense (5'-3") Product size (bp) Accession No.

p47phox S-CCA CAC CTC TTG AAC TTC

A- GCC ATC TAG GAG CTT ATG 453 AF260779
Nox2 S-TAT TGT GGG AGA CTG GAC TG

A- GAT TGG CCT GAG ATT CAT CC 401 AY 174116
Nox4 S-GTT CCA AGC TCA TTT CCC AC

A- GTA TCG ATG CAA ACG GAG TG 500 NM_053524
B-actin S-AGC CAT GTA CGT AGC CAT CC

A- CTC TCA GCT GTG GTG GTG AA 228 NM_031144

gate the mechanism by which Tan IIA attenuated cardiac fibrosis
and improved the hemodynamics we examined its effect on O,°*~
Generation.

As shown in Fig. 2, the superoxide anion production by
the LV and aorta were significantly increased to 168% and
158%, respectively, in 2K2C hypertensive rats compared with
Sham rats (P<0.05, n=6), detected by lucigenin-enhanced
chemiluminescence assay. Tan IIA treatment for 6 weeks dose-
dependently decreased in O,°~ levels in both aorta and LV
compared to 2K2C rats.

2.5. Tanshinone IIA inhibited NAD(P)H oxidase activity
in 2K2C rats

It was reported that NAD(P)H oxidase is the major enzymic
resource of ROS in cardiovascular disease. We performed
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Fig. 3: Changes of NAD(P)H oxidase activity in LV and aorta homogenates
determined by chemiluminescence of lucigenin in 2K2C hypertensive rats
and the effect of Tan IIA. H-NADH, H-NADPH, A-NADH, A-NADPH,
represent NADH and NADPH oxidase activity in LV and aorta repectively;
Other abbreviations as above. Data are expressed as means &= SD. *p <0.05
vs. Con., #p <0.05 vs. Mod, n=6
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a lucigenin-enhanced chemiluminescence assay to examine
NAD(P)H oxidase activity of the heart and the aorta. NADH
and NADPH oxidase activities in aorta and NADH oxidase in
the LV were increased in the 2K2C group than those in Sham
group. Tan IIA treatment dose-dependently reduced the activity
of both of these two enzymes (Fig. 3). Interestingly, NADPH
oxidase activity in the LV showed no significant change among
individual groups, which indicated that NADH oxidase was a
preferred substrate in the heart. Subsequently, the tendency of
superoxide production was in accordance with the increase in
NAD(P)H oxidase activity, suggesting that NAD(P)H oxidase
might be involved in the oxidative stress production and the
pathological changes in 2k2C hypertensive rats.

2.6. Expression of NAD(P)H oxidase subunits in 2K2C
rats and the effect of tanshinone I1A

There are several isoforms of NAD(P)H oxidase which are
believed to be involved in cardiovascular disease. To dissect
which one is responsible for Tan IIA induced decrease of oxida-
tive stress production, we performed RT-PCR and Western
blotting. As shown in Fig. 4, the mRNA levels of Nox4 and
p47phox in the LV and aorta were increased in the 2K2C group
compared with those of Sham group, while the mRNA levels
of Nox2 was only increased in LV and Nox1 only in the aorta.
Tan ITA treatment significantly suppressed the levels of Nox2,
Nox4 and p47phox (P <0.05) in both the heart and the aorta, but
didn’t affect Nox1 in the aorta.

The change tendency of Nox 1, Nox2, Nox4 and p47phox protein
expression in LV and aorta were in accordance with those of
mRNA transcription. As shown in Fig. 5, the Nox4 and p47phox
subunit of NAD(P)H oxidase were significantly elevated in both
LV and aorta tissues in 2K2C hypertensive rats 10 weeks after
operation, while Nox2 expression only was increased in LV and
Nox1 only in the aorta. Tan IIA treatment for 6 weeks decreased
Nox2, Nox4 and p47phox expression in both the heart and the

Pharmazie 66 (2011)



ORIGINAL ARTICLES

CMTHTL CMTHTL CMTH TL

CMTH TL

CMTH TL

yeoy

&
s
B-actin Nox1 Nox2 Nox4 p47phox
228bp 350bp 401bp 500bp 453bp
(A)
250 O Sham
82KC
€ 200 & TanH
T O TanL
g. an|
g 150
2
g 100
£
-
4 50
0
Nox1 Nox2 Nox+4 p7phox
(B)
200 O Shan
82K2C
-g @ TanH
& 150 O TanL
<
]
2 100
>
8
£
= 50
<
0
Nox1 Nox2 Nox4 p47phox
©

Fig. 4: Effect of Tan IIA treatment on the mRNA expression of Nox1, Nox2, Nox4
and p47phox in LV and aorta of 2K2C rats. (A) Representative PCR band
photograph. (B) Ratio of the mRNA expression of Nox1, Nox2, Nox4 and
p47phox to B-actin in the LV. (C) Ratio of the mRNA expression of Nox1,
Nox2, Nox4 and p47phox to B-actin in the aorta. The data are presented as
percentage of optical densities ratio, relative to control conditions. Data are
means + SD, n=6. *p <0.05 vs. Con. #p <0.05 vs. Mod

aorta but did not affect Nox 1 in the aorta. The tissue specificity of
different Nox homologues expression might explain why there
was different substrate selectivity between LV and aorta, which
may contribute to structural and functional abnormalities.

3. Discussion

Hypertension often induces cardiac hypertrophy and fibro-
sis, which ultimately resulted in chronic heart failure. Much
work has been done to understand the mechanism of cardiac
remodeling and the methods to regress this process, however
there is no effective strategy that prevents cardiac remodel-
ing (Jugdutt 2003). Anti-hypertensive drugs cannot attain ideal
cardiovascular-protective effects especially in the decompen-
sated period. Previously, we demonstrated that Tan I1A, the main
active diterpene quinone extracted from Danshen which is a tra-
ditional medicine and widely used for treating cardiovascular
diseases in China, can attenuate atherosclerotic calcification and
protect cardiac myocytes against apoptosis due to its antioxidant
properties (Fu et al. 2007; Gao et al. 2008; Tang et al. 2007).
In this study, we demonstrated that Tan IIA attenuated cardiac
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hypertrophy and fibrosis in two-kidney, two-clip (2K2C) reno-
vascular hypertensive rats via inhibiting NAD(P)H oxidases.

It is well known that the 2K2C rat model is ideal for studying
the role of volume expansion and pressure-overload in the devel-
opment of hypertension, which repesents human renovascular
hypertension. Due to the absence of normal kidney function,
compensation of sodium and water excretion was weakened,
and hence, hypertension occurs in 2K2C rats (Sun and Zhang
2005). Our and other’s studies have shown that oxidative stress
plays arole in the pathogeneses of myocardial remodeling in var-
ious cardiac diseases (Fu et al. 2007; Takimoto and Kass 2007).
Redox-sensitive signaling pathways are implicated in the devel-
opment of cardiac hypertrophy, fibrosis, matrix remodelling,
and apoptosis, which can be attenuated by various antioxidant
approaches (Berk et al. 2007; Shiomi et al. 2004). In the present
study, we demonstrated that superoxide anion was increased in
the left ventricle and the arota of 2K2C rats, which was inhib-
ited by administration of Tan IIA. Tan ITA improve the cardiac
funtion and attenuated cardiac fibrosis in 2K2C rats, however, it
did not control blood pressure (BP). These results indicated that
Tan ITA treatment might exert cardiac protective effects inde-
pendent of BP control. There are also similar reports that small
dose administration of angiotensin converting enzyme inhibitors
(ACE]) resulted in reduced generation of superoxide anion and
inhibited cardiac fibrosis in the SHRSP heart independent of BP
lowering (Liao et al. 2004; Rugale et al. 2005).

The NADPH oxidase family is now well recognized as a major
source of ROS involved in cardiovascular pathophysiology
(Bedard and Krause 2007). Recent studies in gene-modified
mice and in human heart failure (Johar et al. 2006; Looi et al.
2008) support an involvement of NADPH oxidase in cardiac
remodeling. To investigate the mechanism by which Tan ITA
decreased O,°~ production we examined the effect of Tan ITA
on vascular NAD(P)H oxidases. In the present study, NADH
oxidase activity was elevated in LV and aorta in 2K2C hyper-
tensive rats and Tan IIA alleviated these effects, which might
contribute to its anti-oxidative effects and the protective effect
against cardiac remodeling in vivo. Interestingly, NADPH oxi-
dase activity in the LV showed no significant change among
individual groups. There are two possibilities:1) NADH oxidase
was a preferred substrate in the heart; 2) vascular NADPH was
endocrined to the blood from the vessel and exert its effect in
the heart. Subsequently, the tendency of superoxide production
was in accordance with the increase of NAD(P)H oxidase activ-
ity, suggesting that NAD(P)H oxidase might be responsible for
the reduced oxidase stress after Tan IIA administration in 2k2C
hypertensive rats.

In neutrophils, NAD(P)H oxidase consists of a core heterodimer
comprising the electron transferring plasma membrane sub-
units p22phox and gp91phox (or nox2) and 4 cytosolic subunits
(p40phox, p47phox, p67phox, and the small G-proteinracl/2),
which provide regulatory function (Griendling et al. 2000). In
vascular smooth muscle and endothelial cells, gp91phox (Nox2)
coexists with other homologues termed nox1 and nox4 (Ago et
al. 2004), whereas Nox2 containing NAD(P)H oxidase is the
most common isoform in the human ventricular myocardium
(Lassegue et al. 2001; Sorescu et al. 2002). In the present study,
both Nox2, Nox4 and p47phox expression were increased in the
heart indicating that both Nox2 and Nox4 containg NAD(P)H
oxidase may contribute to the production of oxidase stress in
2K2C rats. Individual Nox isoforms may differ in the effect
they have on cardiovascular remodeling in response to complex
stimulus (Byrne et al. 2003). Prior studies in mice lacking Nox?2
or p47phox (which is necessary for Nox2 activation) suggest
that this isoform is especially important for cardiac remodeling
(Bendall et al. 2002; Wang et al.), although in vitro studies in
cultured fibroblasts have also implicated Nox4 in the transfor-
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mation of fibroblasts to myofibroblasts (Cucoranu et al. 2005).
It was recently reported that in cultured human cardiac fibrob-
lasts TGF -1 promoted transformation into myofibroblasts and
the expression of smooth muscle a—actin in a Nox4—dependent
manner (Cucoranu et al. 2005). These observations suggest that
the different subunits of NAD(P)H oxidase may mediate varied
effects on cardiac remodeling. In our study Tan IIA may exert
the cardioprotective effect through its inhibitory action on both
Nox2 and Nox4 containing NAD(P)H oxidase.
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Fig. 5: Effect of Tan ITA treatment on the expression of Nox1, Nox2, Nox4 and p47phox in LV and aorta of 2K2C rats. (A) Original Western blots representing the similar results
of 6-10 rats. Equal protein loading was verified by a-tubulin immunostaining. (B, C) Densitometric quantification of Western blots in LV and aorta respectively. The
values from experiment groups have been normalized to values in sham group (Minuz et al.). Data are means = SD, n=6. *p <0.05 vs. Con. #p <0.05 vs. Mod

We also observed stimulus-specific and isoform-specific roles
in aorta. The Nox-based NAD(P)H oxidases served different
functions in the vasculature. Nox1 and Nox4 were expressed in
VSMC, whereas fibroblasts contained Nox2. Nox 1 may produce
large amounts of O2°~ when required (important for growth),
whereas Nox4 may mediate a steady production of low amounts
of O2°~ that were important in the metabolic and differentiation
functions of the cell. But Szocs and Cowosrer found that Nox|1
mRNAs was increased 2.7-fold at day 3 after balloon injury in

Pharmazie 66 (2011)
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rat carotid artery and remained elevated for 15 days (Sorescu
et al. 2002). Nox2 was increased 7 to 15 days after injury, and
Nox4 expression was increased 2-fold, but only at day 15 after
surgery. Wendt et al. found a doubling in Nox1 protein expres-
sion, while the expression of Nox4 remained unchanged in aorta
eight weeks after streptozotocin treatment (Albers and Beal
2002). In the present study, the expression of Nox1 and Nox4
increased in aorta in 2K2C hypertensive rats. Tan IIA normalized
Nox4 expression but had no effect on Nox1. Tan ITA produced
different effect on cardiovascular remodeling and BP maybe
through its selectivity of action on different Nox homologues.
In summary, chronic treatment with Tan ITA improved cardiac
dysfunction and attenuated cardiovascular remodeling in 2K2C
rats. This might be ascribed to the inhibitory effect of Tan ITA on
NAD(P)H oxidase-derived ROS and redox-signaling indepen-
dent of blood pressure (BP) control. Although further studies to
elucidate the primary mechanisms remain to be performed, this
work provides the potential clues to understand the important
therapeutic implications of Tan IIA on cardiac remodeling in
renovascular hypertention.

4. Experimental
4.1. Animals and experimental protocol

Male Sprague-Dawley rats were obtained from the Center of Experimental
Animal Sun Yat-sen University (Guangzhou, China). All the animal experi-
mental procedures were approved by the Institutional Animal Care and Use
Committee of Sun Yat-sen University and complied with the National Insti-
tutes of Health Guide for the Care and Use of Laboratory Animals. All rats
had free access to standard chow and water and were housed under con-
trolled environment conditions (12 h light/dark cycle and room temperature
22+ 1°C.

Renovascular hypertension was induced in rats using the method established
in our laboratory (Zhou et al. 2006). Briefly, male Sprague-Dawley rats
(90-110 g) were anaesthetized using sodium pentobarbital (30 mgkg ™! i.p.).
After a midline laparotomy, one silver clip with an internal diameter of
0.30mm was placed around the left and right renal artery, respectively.
Sham-operated rats, which underwent the same surgical procedure except
for the placement of the renal artery clip, served as controls.

Body weight, heart rate and systolic blood pressure (SBP) were measured
once every two weeks. Noninvasive SBP was measured in nonanaesthetized
animals and rats were considered to be hypertensive when SBP was higher
than 160 mmHg as described earlier (Zhou et al. 2006). After 4 weeks the
hypertensive 2K2C rats were divided into untreated (2K2C) and Tan IIA-
treated (TanH and TanL) groups. Tan ITA (70 mg kg~! and 35 mg kg~ per
day, respectively, mixed with 0.5% carboxymethyl cellulose sodium) were
given by gastric gavages once a day for 6 weeks. The sham-operated rats
(Sham) were orally given vehicle (0.5% carboxymethyl cellulose sodium),
which served as controls. At 10 weeks after surgery, the rats are sacrificed
and we harvested heart and aorta tissues.

4.2. Echocardiographic and hemodynamic analyses

Transthoracic echocardiographic studies were performed on rats before
operation, before treatment and 1 day before sacrifice with MPX DUS (Tech-
nos, Italy), as previously described in detail (Zhou et al. 2006). In brief, rats
were anesthetized with sodium pentobarbital (30 mg kg~! i.p.). The two-
dimensional short-axis view of the left ventricle and M-mode tracings were
recorded through the intraventricular septum and posterior LV walls at the
papillary muscle level to measure LV end-diastolic dimension, fractional
shortening, and LV ejection fraction. All Doppler spectra were recorded on
paper at 100 mm s~ ! and analyzed off-line.

Rats of each group were anesthetized with sodium pentobarbital (30 mg
kg~! i.p.) after the administration for 6 weeks. LV hemodynamic studies
were performed by cannulation of the right carotid artery with a polyethylene
Millar Pressure Catheter that was carefully advanced to the LV (Zhou et al.
2006).

4.3. Histochemistry and collagen quantification

Blood was chased from major vessels by whole-body perfusion of saline
solution through the heart, followed by in sifu organ fixation using 40 mL
Bouin fixative solution (0.9% picric acid, 10% formaldehyde, and 5% glacial
acetic acid). Organs were quickly removed and postfixed for 5 h. Fixed tissue
was stored in 70% ethanol at 4 °C until analyzed.
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Tissues were dehydrated, embedded in paraffin blocks, cut into 5 wm sec-
tions, and mounted on 3-aminopropyltriethoxysilane-coated slices. Sections
were deparaffinized, rehydrated, and washed with HyO. The cardiac sections
were stained with VG staining for assessment of interstitial and perivas-
cular collagen content. Quantification of fibrosis was performed using an
image analysis system (Northern Eclipse 5.0; EM-PIX Imaging Inc). A sin-
gle investigator unaware of the nature of the experimental groups performed
the analysis.

4.4. Measurement of O2e— production and NAD(P)H oxidase
activity by lucigenin-enhanced chemiluminescence

The O,°* production of LV and aorta was estimated with lucigenin-
enhanced chemiluminescence. LV and aortic segments were placed in
chilled modified Krebs/HEPES buffer and homogenized on ice with a
glass/glass tissue homogenizer for 2 min. in 50 mmol/L PBS which con-
tained 0.01 mmol/L EDTA. The homogenate was centrifuged at 10000 g for
20 min. The pellet was discarded, and the protein content of supernatant
was determined by the method of Bradford (Bio-Rad). After 5 min. of dark
adaptation, scintillation vials containing 2 mL. Krebs—HEPES buffer with
5 pmol/L lucigenin and 25 pg protein were placed into a luminometer (TD-
20/20; Turner Designs, Sunnyvale, CA, USA). Luminescence measurements
were integrated for 30-s periods, and the cycle was repeated 9 times; the 10
values were then averaged. After 10 cycles, the cell-permeant O,°~ scav-
enger Tiron (10 mM) was added, and 15 more cycles were read; the final 8
values, which appeared to be maximally reduced, were averaged. Data were
calculated as the change in the rate of luminescence per minute per micro-
gram of protein of values before and after Tiron and then converted to O2°~
(RLU/min/p.g protein) as described previously (Cifuentes et al. 2000).

The LV and aorta were washed with ice-cold PBS and homogenized in cold
lysis buffer (contain protease inhibitors). NAD(P)H oxidase activity was
measured by a luminescence assay in a 50 mmol/L phosphate buffer, pH 7.0,
containing 1 mmol/L EGTA, 150 mmol/L sucrose, 5 wmol/L dark-adapted
lucigenin as the electron acceptor, and 100 wmol/L NADH or NADPH as
the substrate in a final volume of 900 wL. The reaction was started by the
addition of 100 nL of homogenate, and luminescence measurements were
obtained every 15 s for 5 min. Protein content was determined in an aliquot
of the homogenate. The results were measured as the rate of photon counts
per microgram protein following subtraction of the counts obtained from a
buffer blank (Jalil et al. 2005).

4.5. Reverse transcription—-polymerase chain reaction analysis

Total RNA was isolated from the frozen left ventricles and aortas using
TRIzol reagent according to the manufacturer’s instructions (Invitrogen,
Carlsbad, CA). Total RNA (0.5-1pg) was reverse transcribed and amplified
using the Titan One Tube RT-PCR system (Roche Applied Science, Indi-
anapolis, IN) using the oligonucleotide primers shown in Table 1. Following
reverse transcription and PCR the amplicons were separated on 2% agarose
gels, stained with ethidium bromide and photographed.

4.6. Western blot analysis

Immunoblots were basically performed as previously described (Zhang et al.
2007). The isolated LV and aorta were quickly frozen in liquid nitrogen, and
homogenized with a motorized homogenizer in ice-cold lysis buffer con-
taining protease inhibitors (50 mmol/L Tris/HCI, pH 7.4, 1 mmol/L EDTA,
500 mmol/L phenylmethyl-sulfonyl fluoride (PMSF), 2 mmol/L leupeptin,
and 10 mg/mL aprotinin), centrifuged, then the supernatants were collected.
Protein concentrations were determined by the method of Bradford (Bio-
Rad, Hercules, CA, USA). Equal amounts of protein (40 ug protein per
lane) were separated by 12% SDS-PAGE and then transferred onto PVDF
membranes (Bio-Rad, Hercules, CA, USA). Blocking solution (5% skim
milk) was loaded over membranes for 1h at room temperature. The mem-
branes were incubated with anti- p47phox (1:200 dilution, Santa Cruz, CA,
USA), anti-Nox2 (1:200 dilution, Santa Cruz, CA, USA), anti-Nox4 (1:200
dilution, Santa Cruz, CA, USA) overnight at 4 °C and with anti-a-tubulin
(1:10,000 dilution, Sigma) for 1h at room temperature. Then horseradish
peroxidase (HRP)-labeled secondary immunogloblin antibodies (1:2000
dilution, Cell Signaling) were added for 1 h at room temperature. The signals
were detected by the enhanced chemiluminescence method (Amersham).
After immunoblotting, the film was scanned and densitometric analyses
were performed using NIH Image software (ver. 1.62).

4.7. Statistical analysis

Data are expressed as means & SEM. Unpaired ¢ test, 1-factor ANOVA fol-
lowed by Student-Newman—Keuls test, and linear correlation tests were
used. A P value<0.05 was considered statistically significant.
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