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TJO711, a novel vasodilatory 3-blocker, protects SHR
rats against hypertension induced renal injury
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Abstract: Previous studies suggested that B-blockers with adjunctive «,-blocking activities warrant renoprotective
function other than the therapeutic effect on hypertension. The current report is designed to dissect the role of
TJO711, a novel B-blocker with a 1:1 ratio for the B1/a, blocking activities, in renoprotection in SHR rats. It was
noted that TJO711 possesses similar potency for control of blood pressure as that of Carvedilol. However, TJO711 is
much more potent in terms of protecting SHR rats against hypertension induced renal injury. Specifically, SHR rats
treated with 20mg/kg/day of TJ0711 manifested significantly lower levels for urine albumin and total protein. In line
with these result, TJO711 treated rats displayed much less severe pathological changes in the kidneys. Mechanistic
studies revealed that TJO711 improves kidney perfusion during the course of hypertensive insult by enhancing eNOS
expression through suppressing inflammatory cytokine secretion. TJ0711 also attenuates Vasohibin-1 expression
to prevent HIF-1a from signal-induced degradation, and by which it promotes HO-1 expression to protect SHR rats
against oxidative stress induced by hypertension in the kidneys. Together, our data suggest that TJO711 possesses
higher potency for renoprotection while manifesting the similar effect on hypertension therapy as Carvedilol.
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Introduction Since the introduction of propranolol in 1965,
B-blockers have become the first-line antihyper-
tensive drugs. Although B-blockers are potent
antihypertensive agents by inhibiting

B-adrenergic receptors in the heart and kid-

Hypertension is a leading risk factor for cardio-
vascular disease and a significant cause of
morbidity and mortality throughout the world

[1]. Given that hypertension leads to various
pathological changes within the kidneys, includ-
ing vascular, glomerular, and tubulointerstitial
injuries, the incidence of chronic kidney dis-
ease (CKD) in the general population has
increased enormously over the past several
decades, which also becomes a significant bur-
den for the healthcare system in the current
society. As a result, therapeutic strategies
aimed at treating hypertension efficiently while
ultimately protecting kidneys from hyperten-
sion induced injuries are wanting.

neys, they are different in terms of hemodynam-
ic effect on renal function. The cardioselective
B-blockers such as Atenolol and Metoprolol are
known to retard the progression of renal dis-
eases, but to a lesser degree compared with
blockers of the renin-angiotensin-aldosterone
system. Interestingly, the newer vasodilating 3
-blockers such as Carvedilol and Nebivolol pos-
sess stronger potency on renoprotection pri-
marily because of their greater adjunctive
o -blocking activities [2]. For example, Carvedilol
has been found to prevent the reduction of glo-
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merular filtration rate (GFR) by decreasing renal
vascular resistance in patients with hyperten-
sion [3]. Given that TJO711 acts as a novel
B-blocker with  much higher adjunctive
o -blocking activities [4], we thus assumed that
TJO711 may possess higher potency for pro-
tecting kidneys against hypertension induced
injury while manifesting similar effect on hyper-
tension therapy as Carvedilol. To test this
assumption, we conducted studies in sponta-
neously hypertensive (SHR) rats and demon-
strated that TJO711 is more effective to protect
SHR rats against hypertension induced renal
injury as compared with that of Carvedilol. As
expected, TJ0711 manifested similar therapeu-
tic effect as Carvedilol on hypertension.
Together, our data support that TJO711 has the
great potential to be a better antihypertensive
therapy in the settings of patients with impaired
renal function.

Materials and methods
Animals

Spontaneously hypertensive (SHR) male rats
(12wk-old, 200-300g) were directly purchased
from the Beijing Vital River Laboratory Animal
Technology Co., Ltd. The animals were housed
and acclimatized in Tongji Hospital Animal Care
Unit in a temperature (22°C) and light-con-
trolled (12h/12h light/dark) environment for a
week, and then randomly divided into following
experimental groups with each containing 7
rats: TJO711 10 (the rats were treated with
10mg/kg/day of TJO711), TJO711 20 (the rats
were received 20mg/kg/day of TJ0711), TJO711
40 (40mg/kg/day of TJO711 were adminis-
tered), Carvedilol (the rats were treated with
20mg/kg/day of Carvedilol), and controls (the
rats were treated with same volume of saline).
The animals were subjected to drug administra-
tion as indicated above via oral gavage for 7
weeks. Tail artery systolic blood pressure
before and after drug administration was moni-
tored along with 24h urine collection on a
weekly basis. All rats were euthanized at 20wk-
old of age. Serum samples were collected for
biochemical assays, and kidneys were removed
for immunohistochemical analysis and protein
extraction. All experimental procedures were
conducted in accordance with NIH guidelines
and were approved by the Animal Care and Use
Committee (ACUC) in Tongji Hospital.
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Blood pressure measurement

Systolic blood pressure (SBP) measurements
were carried out using a Rat Tail Cuff Blood
Pressure Systems (lITC Life Science Inc., CA,
USA) according to the manufacturer’s instruc-
tion. Briefly, the rats were first anesthetized
with sodium pentobarbital (50mg/kg, I.P.) and
then placed on a heating pad. After exposing
the left carotid artery, a short microbore teflon
(0.75mm) was cannulated to connect with a
low-volume displacement pressure transducer
(P23Gb, Gould Inc., Cleveland, OH). Once the
intra-arterial tracing became stable, the tail
cuff and pulse sensor were placed on the tail to
measure blood pressure. The signals from the
pulse and pressure sensors were analyzed by
the software provided by the vendor.

Immunostaining and histological analysis

Renal sections (3-um) were first incubated with
3% H202 for 10min, followed by BSA for 30min
at room temperature. After washes, the slides
were incubated with primary antibodies against
either HO-1 (1:100, Millipore, MA, USA), or HIF-
1a (1:80, Bioworld Technology, Shanghai,
China), or Vasohibin-1 (1:20, Santa Cruz, CA,
USA) at 4°C overnight. The slides were next
incubated with a goat anti-rabbit 1gG for 30min
followed by staining with diaminobenzidine. HE
staining and Masson staining of renal sections
were carried out as previously reported [5].
Images under a light microscope were captured
and analyzed by the Image-Pro Plus software
(Rockville, USA).

Western blot analysis

Renal tissues were homogenized in RIPA lysis
buffer containing cocktail for protease inhibi-
tors using the established techniques [6]. Total
protein concentrations were determined using
a BCA assay kit (Pierce, IL, USA) as instructed.
Total proteins (100ug) were separated by SDS-
PAGE, and the separated proteins were trans-
ferred onto PVDF membranes. The membranes
were first blocked with 5% nonfat milk in TBS
with 0.1% Tween-20 for 1h at 37°C, and then
probed with antibodies against HO-1 (1:1000),
HIF-1a (1:100), Vasohibin-1 (1:100), eNOS
(1:100, Millipore, MA, USA), GAPDH (1:4000,
Santa Cruz, CA, USA), and B-actin (1:1000,
Santa Cruz, CA, USA) at 4°C overnight, respec-
tively. After washes, the blots were incubated
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biochemical analyzer (Japan) as
previously reported [8].

Statistical analysis

All data are expressed as mean
+ S.D. Comparisons between
groups for blood pressure,
renal parameters such as BUN
and creatinine, and cytokine
levels were accomplished by
one-way ANOVA. Student-
Newman-Keuls post hoc test
was employed for multiple com-

Figure 1. Systolic blood pressure (SBP) in rats before and after drug ad-

parisons. All data were ana-
Ny lyzed using SPSS 13.0 software
for windows. In all cases, p <
0.05 was considered with sta-
tistical significance.

ministration. Each group contains 7 rats. BDA, before drug administration.

with an HRP-conjugated anti-IgG, and the tar-
get bands were visualized with ECL plus
reagents (Pierce, Rockford, IL) as instructed.
The intensity of target bands was analyzed by
densitometry and normalized by GAPDH or
B-actin using the Quantity One software
(BioRad, CA, USA).

Measurement of cytokines by ELISA

Serum cytokines for IL-1B3, TNF-a and IL-10 as
well as Adiponectin were measured using ELISA
kits purchased from eBioscience (San Diego,
USA). In brief, cytokine standards and serum
samples were diluted according to the manu-
facture’s instruction and then applied to the
ELISA plates. The plates were incubated at
room temperature for 2h, followed by probing
with the detection antibody for 1h. After wash-
es, Avidin-HRP was added into the plates and
incubated for 30min. The plates were next
developed by addition of substrate solution, fol-
lowed by addition of TMB stop solution to stop
the reaction. The results were read under a
microplate reader (Thermo Fisher Scientific,
Waltham, USA) as previously reported [7]. Each
sample was assayed in triplicates.

Biochemical profiles

Serum levels for urea nitrogen (BUN), creatinine
(Scr), cystatin C and C-reactive protein (CRP),
as well as 24h urine protein and albumin were
examined by Sysmex CHEMIX-180 automatic
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Results

TJO711 possesses similar efficiency as
carvedilol for control of blood pressure

We first sought to examine the effect of TJO711
on the control of blood pressure. To this end,
SHR rats in each study group were subjected to
measurement of systolic blood pressure (SBP)
using a Rat Tail Cuff Blood Pressure Systems as
described. TJO711 or Carvedilol with indicated
doses were directly administered into the stom-
ach of rats via oral gavage 40 minutes before
the measurements. As shown in Figure 1,
before drug administration (BDA), both control
and experimental rats displayed similar SBP,
while administration of both TJO711 and
Carvedilol significantly decreased SBP in all
rats examined. Particularly, TJO711 showed
similar potency for lowering blood pressure as
that of Carvedilol. However, 10mg/kg/day of
TJO711 was enough to efficiently reduce SBP in
SHR rats, while higher doses of TJO711 (e.g.,
20mg/kg/day or 40mg/kg/day) failed to show
a dose-dependent effect on blood pressure.

TJO711 is more potent to protect SHR rats
against hypertension induced renal injury

Next, we intend to define the impact of TJ0711
on hypertension induced renal injury, a condi-
tion prone to the development of chronic kidney
disease (CKD). For this purpose, all rats at
20wk old of age were sacrificed, and serum/
urine samples were collected for biochemical
analysis of parameters relevant to renal func-
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Table 1. Biochemical results for analysis of renal function

Biochemical parameters Control Carvedilol TJO711 10 TJO711 20 TJO711 40
BUN (mmol/L) 7.34+1.84 8.11+2.35 8.15+1.35 6.70+£0.35 9.90£2.30
Scr (umol/L) 26.40+5.77 26.50+8.27 30.00+2.70 26.75+3.86 33.20+2.28"
Cystain C (mg/L) 0.04+0.00 0.05+001 0.06+0.02 0.05+0.01 0.05+0.01
CRP (mg/L) 0.10£0.00 0.13+0.05. 0.10£0.00 0.10£0.00 0.14+0.05
24h Urine protein (mg) 9.34+2.24 7.56+3.69 9.18+5.40 6.63+2.55" 8.81+2.91
24h Urine albumin (mg) 0.11+0.09 0.08+0.04 0.09+0.36 0.05+0.01"# 0.08+£0.04

“p < 0.05 as compared with that of rats in the control group, *p < 0.05 as compared with that of rats in the Carvedilol group

(n=7).

Control Carvedilol

i
18 o
(7%

Figure 2. Histological analysis of renal sections. A. PAS staining results showing hyaline arteriolosclerosis (indicated
by yellow arrows, magnification x400). B. PAS staining results showing partial glomerular ischemia (magnification
x400). C. HE staining results showing scattered interstitial infiltration of lymphocytes. D. Higher magnification of
inset area in Figure 2C (magnification x400). Infiltrated lymphocytes are indicated by yellow arrows.

tion. Surprisingly, rats treated with 20mg/kg/
day of TJO711 displayed significantly lower
urine albumin as compared with that of animals
either in the control group (0.05+0.01 vs.
0.11+£0.09, p < 0.05, Table 1) or in the
Carvedilol group (0.05+0.01 vs. 0.08+0.04, p <
0.05, Table 1). In line with this result, the
amount of total urine protein in animals from
TJO711 20 group was significantly lower than
that of animals from control group (6.63+2.55
vs. 9.34+2.24, p < 0.05, Table 1). However, we
failed to detect a perceptible impact for both
TJO711 and Carvedilol on the serum levels for
BUN, Scr, Cystatin C and CRP (Table 1). In con-
trast, rats treated with 40mg/kg/day of TJ0711

282

showed higher levels of Scr than that of control
rats (33.20+2.28 vs. 26.40+5.77, Table 1),
which was most likely caused by the toxicity of
high-dose of TJO711. In support of this notion,
therapeutic dose of TJO711 (10mg/kg/day)
failed to show a perceptible protection on renal
injury. Taken together, these results suggest
that both TJO771 and Carvedilol provided pro-
tection for SHR rats against hypertension
induced early renal injury, but a more potent
effect was noted for TJO711 under the dose of
20mg/kg/day.

To further confirm the above results, we then
performed histological analysis. PAS staining of
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Figure 3. ELISA results for serum cytokines. A. Serum levels for TNF-a, I1L-1(3,
and IL-10. B. Serum levels for Adiponection. *, p < 0.05 as compared with that

of control rats.

renal sections revealed the presence of hyaline
arteriolosclerosis in the arterioles (Figure 2A,
indicated by arrows), and partial of the glomer-
ulus was noted with ischemia (Figure 2B). HE
staining further demonstrated the appearance
of scattered interstitial infiltration of lympho-
cytes (Figure 2C, indicated by arrows), which
was more evident when the sections assessed
in higher amplifications under a microscope
(Figure 2D, higher resolution for the inset area
in Figure 2C). However, no obvious glomerulo-
sclerosis or intertubular fibrosis was noted in
all animals examined as manifested by the
Masson trichrome staining (data not shown). Of
note, both Carvedilol and TJO711 significantly
attenuated these pathological changes, and
animals treated with 20mg/kg/day of TJO711
manifested the least pathological changes.
Collectively, our data provided convincing evi-
dence that TJ0711 protects SHR rats against
hypertension induced renal injury.

283

20

15

| i i
0

Control Carvedilol TJ071110 TJO71120 TJO711 40

TJO711 regulates the secre-
tion of inflammatory cyto-

kines
B TNF-a
BIL-10 To dlss'ect the molecqlar
mechanisms by which
OIL-18

TJO711 protects SHR rats
against hypertension induc-
ed renal injury, we first exam-
ined the impact of TJO711
administration on the pro-
duction of inflammatory cyto-
kines, as chronic inflamma-
tory response is a well known
factor implicated in the
pathogenesis of renal injury.
Remarkably, administration
of TJO711 at the dose of
20mg/kg/day  significantly
attenuated the concentra-
tion of IL-1B in the serum as
compared with that of rats
treated with control vehicle
(Figure 3A). A similar trend
was also noted for TNF-«,
although the results did not
reach a statistical signifi-
cance. Similar as TJO711,
treatment of rats with
Carvedilol also significantly
decreased serum IL-1B lev-
els, but its potency was lower
than that of TJO711 (Figure
3A). In sharp contrast, significantly higher lev-
els of serum IL-10 was noted in rats treated
with either TJO711 or Carvedilol as compared
with that of control rats, and importantly, the
concentration for serum IL-10 was even higher
in 20mg/kg/day of TJ0711 treated rats as com-
pared with that of Carvedilol treated rats
(Figure 3A). We further examined Adiponectin,
an adipocyte-secreted protein that circulates in
high concentrations in the serum and plays an
important role in the regulation of renal inflam-
mation [9]. In consistent with the results for
IL-10, both TJO711 and Carvedilol enhanced
Adiponectin secretion as manifested by the
detection of significantly higher levels of serum
Adiponectin, and furthermore, much higher
potency was noted for 20mg/kg/day of TJO711
as compared with that of Carvedilol (Figure 3B).
All together, our data suggest that both TJ0711
and Carvedilol possess the properties to atten-
uate chronic inflammatory response during the

TJ0711 40
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Figure 4. Western blot analysis of eNOS expression levels. A. A representative results for Western blot analysis. B.
A bar graphic figure showing the relative eNOS expression levels normalized by GAPDH. Four rats were analyzed
for each group. *, p < 0.05 as compared with that of control rats; #, p < 0.05 as compared with that of rats in the

Carvedilol group.

course of hypertension induced renal injury,
but the potency is much higher for TJO711.

TJO711 promotes the expressions for eNOS
and HO-1 in the kidney

There is compelling evidence that attenuated
eNOS expression induces the loss of glomeru-
lar and peritubular capillary endothelium and
exacerbate renal injury in hypertensive sub-
jects [10], while IL-10 is capable of for the resto-
ration of eNOS expression [11]. The above
results, therefore, prompted us to examine the
impact of TJO711 on eNOS expression. Renal
lysates from each group of rats were prepared
and then subjected to Western blot analysis.
Remarkably, significantly higher levels of eNOS
expressions were detected in animals treated
with either TJO711 or Carvedilol as compared
with that of control animals. Specifically, ani-
mals treated with 20mg/kg/day of TJO711
showed 2.3 fold higher levels of eNOS than that
of control animals. More importantly, a 70%
higher eNOS expression was noted in animals
treated with 20mg/kg/day of TJO711 as com-
pared with that of animals treated with
Carvedilol (Figure 4), indicating that TJO711
possesses much higher capacity for induction
of eNOS expression in the kidney.

Given that heme oxygenase-1 (HO-1) is down-
stream of Adiponectin signaling [12], and acts
as a well known antioxidant factor during the
course of ischemic renal injury, we next exam-
ined HO-1 expressions. In line with the above

284

results, administration of TJO711 and Carvedilol
increased the levels for HO-1 expression signifi-
cantly in the kidneys, and similarly, higher
potency for TJO711 (20mg/kg/day) was noted
as compared with that of Carvedilol (Figure 5A).
To further confirm these results, we performed
immunostaining of renal sections. As shown in
Figure 5B, high levels of HO-1 expressions were
readily detected in sections derived from
TJO711 or Carvedilol treated animals, and the
highest HO-1 expression was noted in animals
treated with 20mg/kg/day of TJO711.

TJO711 enhances the transcriptional activity of
HIF-1« in the kidney

To further address the mechanisms underlying
TJO711 regulation of HO-1 expression, we
examined its impact on HIF-1a, an essential
transcriptional factor responsible for HO-1
expression during the course of ischemic renal
injury [13]. We first performed Western blot
analysis of renal lysates and found that admin-
istration of TJO711 at the dose of 20mg/kg/day
resulted in a 1.4 fold increase for the HIF-1a
expression as compared with that of controls.
Similarly, TJ0711 (20mg/kg/day) induced 86%
higher HIF-1a expression than that of Carvedilol
(Figure 6A). Indeed, immunostaining of renal
sections confirmed that the highest levels of
HIF-1a expression were detected in rats treat-
ed with 20mg/kg/day of TJ0711 (Figure 6B).
Given that Vasohibin-1 acts a negative regula-
tor for HIF-1a expression [14], we then exam-
ined the impact of TJO711 on Vasohibin-1
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Figure 5. Results for HO-1 expression analysis. A. Western blot analysis of HO-1 expression levels. Left: A represen-
tative Western blot results. Right: A bar graphic figure showing the average results of all rats analyzed (n = 4). *, p
< 0.05 as compared with that of control rats. B. HO-1 immunostaining of renal sections.
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Figure 6. Analysis of HIF-1a expression in the kidney. A. Results for Western blot analysis. Relative levels for HIF-1a
expression were normalized by -actin and presented by a bar graphic figure (n = 4). *, p < 0.05 as compared with
that of control rats. B. Immunostaining of renal sections for HIF-1a expression.

expression. Interestingly, Western blot analysis was also noted. Unexpectedly, Carvedilol failed
revealed that TJ0711 at 20mg/kg/day of dose to show a discernable effect on suppressing
attenuated Vasohibin-1 expression by almost Vasohibin-1 expression (Figure 7A), and consis-
100%, and a dose-dependent inhibitory effect tent results were obtained by immunostaining
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Figure 7. Expression analysis of Vasohibin-1 in the kidney. A. Western blot analysis of Vasohibin-1 expression in each
group, and the bar graphs display the average levels of Vasohibin-1 normalized by GAPDH (n = 4). *, p < 0.05 as
compared with that of rats within the control group. B. Immunostaining of Vasohibin-1 in the renal sections.

of renal sections (Figure 7B). All together, our
data support that TJO711 suppresses
Vasohibin-1 expression to prevent HIF-1a from
degradation, and by which it enhances HO-1
expression to protect rats against hypertension
induced oxidative stress.

Discussion

Kidney is not only a target organ prone to hyper-
tension induced injury, but also implicated in
exacerbating the development of hypertension.
Therefore, antihypertensive drugs with renal
protective effect would have a wider range of
clinical applications. For example, the angioten-
sin receptor blockers (ARB drugs) and the
angiotensin converting enzyme inhibitors (ACEI)
have been well demonstrated with indepen-
dent renoprotective effect other than their anti-
hypertensive therapy. In sharp contrast,
although B-adrenergic blockers serve as the
first-line of antihypertensive therapies in the
clinical settings, the exact impact for most of
those drugs on renoprotection, however,
remained controversial [15]. Carvedilol is the
third generation of B-blockers with partial (7:1)
overlap for a-blockades [2], and is thus far the
few B-blockers demonstrated with anti-oxida-
tive stress and antiapoptotic effect other than
lowering blood pressure [16-19], and therefore,
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it has been recommended as an alternative
choice for treatment of patients with CKD [3].

TJO711 is a novel B-blocker manifested by that
it contains an aminopropanol group, a charac-
teristic structure for most B-adrenergic block-
ing agents [20, 21]. Our previous studies
revealed that TJO711 hydrochloride actually
functions as an «,/B, receptor-blocking agent
(C.N. Patent.101,508,652) as it blocks
al-adrenoceptor similar as that of p1-
adrenoceptor (1:1 ratio), which renders TJO711
with a relatively stronger vasodilator property
than other known vasodilating B-blockers such
as Carvedilol [22]. Given that TJO711 executes
its effect much quicker and without perceptible
accumulation in the target organs, it has the
great potential to serve as a better therapeutic
reagent in treatment of hypertension and the
related complications. We thus in the current
report, conducted studies to demonstrate the
impact of TJ0O711 on renoprotection and the
related molecular mechanisms using SHR rats
as a model.

It was interestingly noted that TJO711 possess-
es similar potency for lowering blood pressure
as that of Carvedilol, and TJO711 at the dose of
10mg/kg/day is sufficient to control blood
pressure to the levels similar as that of
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Carvedilol at the dose of 20mg/kg/day, while
increase of TJO711 dose (e.g., 2mg/kg/day or
40mg.kg/day) does not further decrease blood
pressure (Figure 1). However, it is quite evident
that TJO711 is much more potent in protecting
kidneys from hypertension induced injury as
manifested by the observation of significantly
lower levels of urine albumin in rats treated
with 20mg/kg/day of TJO711 than that of rats
treated with either Carvedilol or control vehicle,
and similar trends were noted for 24h urine pro-
tein (Table 1). However, unlike the treatment of
high blood pressure, 10mg/kg/day of TJ0711
failed to show a perceptible protective effect on
renal function, and it is likely that 20mg/kg/day
of TJO711 is the optimal dose for this purpose,
because higher dose of TJ0711 such as 40mg/
kg/day did not reach the similar protective
effect. It is worthy of note that administration of
either TJO711 or Carvedilol did not result in a
discernable change for serum BUN, creatinine,
cystatin C and CRP, which is likely due to that
the animals were still in the early stage of
hypertensive renal injury. Indeed, histological
analysis and immunostaining only suggested
the appearance of ischemia in partial of the
glomerulus (Figure 2B), and scattered intersti-
tial infiltration of lymphocytes (Figure 2C and
2D). Nevertheless, both histological and immu-
nostaining data further confirmed the notion
that TJO711 is more effective in terms of pro-
tecting rats against hypertension induced renal
injury.

Given that inflammation is not only implicated
in the pathogenesis of hypertension [23], but
also an important risk factor contributing to the
development of chronic kidney disease [24,
25], we therefore first examined the impact of
TJO711 on serum cytokines for our mechanistic
studies. Remarkably, TJO711 significantly
attenuated serum concentrations for IL-13, but
enhanced the levels for IL-10 and Adiponectin
(Figure 3A and 3B). More importantly, signifi-
cantly higher levels of IL-10 and Adiponectin
were noted in TJO711 treated rats as compared
with that of Carvedilol treated rats, demonstrat-
ing that TJO711 protects rats against hyperten-
sion induced renal injury probably by attenuat-
ing chronic inflammatory response.

It has been well known that chronic inflamma-
tion along with oxidative stress serves as the
major mechanism contributing to renal injuries.
We thus next examined the impact of TJO711
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on renal eNOS expression, as IL-10 signaling
has been suggested to promote eNOS expres-
sion in the endothelium [11]. In line with this
notion, a 2.3 fold higher eNOS expression was
noted in rats treated with 20mg/kg/day of
TJO711 than that of control rats (Figure 4).
Indeed, eNOS expression has been found to
play a pivotal role in limiting local cellular inflam-
matory response, as evidenced by the
increased leukocyte infiltration and enhanced
MPO activities in eNOS-KO mice [26].

Hypertension provides a chronic ischemic
microenvironment in the kidneys because of
pathological changes in the arteries. The next
important question is how TJO711 regulates
oxidative stress during the course of hyperten-
sion induced renal injury. Since Adiponectin
has been noted to induce the expression of
HO-1, a well known antioxidant factor, we thus
first examined HO-1 expression. As expected,
TJO711 promoted higher levels of HO-1 expres-
sion in the kidneys as manifested by Western
blot analysis (Figure 5A) and immunostaining
(Figure 5B). To address the mechanisms under-
lying increased HO-1 expression in TJO711
treated rats, we then check the effect of TJO711
on HIF-1x, the essential transcription factor
responsible for HO-1 expressions. Similar as
above, Western blot analysis and immunostain-
ing consistently demonstrated significantly
higher levels of HIF-1a expression in rats treat-
ed with 20mg/kg/day of TJO711 as compared
with that of either Carvedilol treated rats or
control rats (Figure 6A and 6B). In line with our
data, HIF-la has been well demonstrated to
function as a master regulator of oxygen
homeostasis. It regulates the expressions of
proteins to increase oxygen delivery for cells
being able to survive in oxygen-deficient condi-
tions [27]. Recent studies have consistently
demonstrated that upregulation of HIF-1x
expression is beneficial to hypoxic ischemic dis-
eases and that HIF-1a may serve as a novel tar-
get for treatment of CKD [28]. For example,
activated HIF-1a cis-regulates VEGF transcrip-
tion to improve tissue ischemic hypoxia[29].

The above results further prompted us to exam-
ine the expression of Vasohibin-1, a negative
regulator for HIF-1a activity. Interestingly, both
Western blot analysis and immunostaining con-
sistently demonstrated that TJO711 significant-
ly attenuated the expression of Vasohibin-1 in
the kidneys (Figure 7A and 7B). Indeed,
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Vasohibin-1 was found to promote the degrada-
tion of HIF-1a [14] and it was identified to be
the first secretory antiangiogenic factor induced
by VEGF in endothelial cells (ECs) [30]. We thus
speculated that suppression of Vasohibin-1
might be helpful to promote perfusion for
improving oxygen delivery during the course of
hypertension induced injury. Of importantly
note, we failed to detect a perceptible impact
for Carvedilol on Vasohibin-1 expression, sug-
gesting that other than the above shared path-
ways Carvedilol may involve additional path-
ways that are distinct from that of TJO711.
Taken together, our data support that TJ0711
relieves renal oxidative stress by attenuating
the expression of Vasohibin-1 to prevent HIF-1«
from degradation, which then transcribes high
levels of HO-1 expression to protect animals
against hypertension-induced oxidative stress
in the kidneys.

Apparently, TJO711 protects SHR rats from
hypertension induced renal injury independent
of its impact on blood pressure, as blood pres-
sure was almost the same between all drug
treated rats, particularly between those rats
treated with either 10mg/kg/day or 20mg/kg/
day of TJO711. Given that Carvedilol has been
suggested to exert its effect against oxidative
stress and inflammatory response by blocking
al-adrenoceptor [31, 32], it is plausible to
assume that the protective effect observed in
TJO711 is also independent of its impact on
Bl-adrenoceptor, but is rather relevant to its
effect on ad-adrenoceptor. In support of this
notion, TJO711 has been demonstrated with a
1:1 ratio for its impact on B1-adrenoceptor ver-
sus al-adrenoceptor [4], and in contrast, the
ratio for Carvedilol is only 7:1 [2].

In summary, we have demonstrated evidence
supporting that TJO711 is more effective to pro-
tect SHR rats against hypertension induced
renal injury as compared with that of Carvedilol,
and this protective effect is likely relevant to its
impact on blocking al-adrenoceptor.
Mechanistic studies revealed that TJO711 sup-
presses Vasohibin-1 expression to prevent HIF-
1o from signal-induced degradation, which
then transcribes high levels of HO-1 expres-
sion, and by which, TJO711 protects SHR rats
against oxidative stress induced by hyperten-
sion in the kidneys. We also obtained evidence
suggesting that TJ0711 suppresses inflamma-
tory response by enhancing IL-10 and suppress-
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ing IL-1B in the serum, and through which,
TJO711 promotes eNOS expression to improve
perfusion during the course of hypertensive
insult in the kidneys. Together, our data support
that TJO711 could serve as a potent antihyper-
tensive drug along with better renoprotective
effect.
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