ENDOCRINE REGULATIONS, Vor. 48, 9-15, 2014

doi:10.4149/endo_2014_01_9

Limbs’ postischemic revascularization is not improved by losartan

treatment in diabetic rats
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Objective. Most physiological actions of angiotensin II (Ang II) on cardiovascular system are
mediated by angiotensin type 1 receptor (AT1R). Since peripheral artery disease is one of the most
important complications of diabetes, in this study, we aimed to investigate the effect of losartan, an
AT1R blocker, on skeletal muscle angiogenesis in diabetic hind limb ischemic rats.

Methods. Twenty four male Wistar rats were randomly divided into four groups as follow: dia-
betic sham; diabetic sham + losartan (15 mg/kg/day); diabetic hindlimb ischemia; diabetic hindlimb
ischemia + losartan. For induction of diabetes, streptozotocin was injected (55 mg/kg; i.p.). The
animals were sacrificed after 21 days and the serum concentrations of vascular endothelial growth
tactor (VEGF), soluble VEGF receptor-1 (sFlt-1), nitric oxide (NO), capillary density, and capillary
to fiber (cap/ib) ratio in ischemic legs were evaluated.

Results. The serum NO concentrations were significantly decreased, sFlt-1 concentrations in-
creased, and VEGF concentrations did not significantly change after experiment in diabetic sham
and diabetic hind limb ischemic rats. Administration of losartan did not induce significant changes
in serum NO, sFlt-1, and VEGF concentrations (p>0.05). Capillary density and capfib ratio in
ischemic leg of diabetic rats were not affected by losartan treatment (p>0.05).

Conclusion. AT1R blocker, losartan, was not able to restore neovascularization in the ischemic
leg of diabetic animals. Therefore, based on the present data, the losartan cannot be considered for
treatment or prevention of peripheral artery disease in diabetic subjects.
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Angiogenesis and collateralization of blood vessels
are insufficient in diabetic patients and this may cause
a peripheral organ ischemia (Silvestre and Levy 2006).
Ang 1II plays a critical role in the function of blood
vessels (Watanabe et al. 2005). It is a factor effective
during angiogenesis as it has been recently reported
in many studies (Walther 2003; Ribatti 2007). Angi-
otensin converting enzyme inhibitors (ACEIs) and
angiotensin receptor blockers (ARBs) exert most of
their useful effects through blocking Ang IT effects

(Watanabe et al. 2005). Most physiological actions of
Ang II are mediated by AT1R (Watanabe et al. 2005;
Munk et al. 2007). Angiotensin type 2 receptor (AT2R)
is highly expressed during embryonic development but
its expression is very low during growth and maturity
(Munk et al. 2007).

Angiogenesis means sprouting of new blood vessels
from the preexisting ones (Carmeliet 2003). Angiogen-
esis is also involved in some physiological and pathologi-
cal conditions such as wound healing or tumor growth
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(Ribatti 2007). Diabetes is accompanied by chronic
complications in which enhanced or reduced angio-
genesis is involved in their pathogenesis (Simons 2005;
Silvestre and Levy 2006). One of the most important
complications of diabetes is peripheral artery disease
(Silvestre and Levy 2006; Brem and Tomic-Canic 2007).
The angiogenic effect of Ang II in different experimental
models of hypoxia/ischemia is mostly mediated by AT1R
(Emanueli 2002; Rakusan 2007). Some studies revealed
that AT1R stimulation induces angiogenesis (Tamarat et
al. 2002; Rakusan 2007), while others indicated reduced
angiogenesis after AT1R agonists administration (Tama-
rat et al. 2002; Ribatti 2007). Nevertheless, only a few
studies have indicated a role of AT1R in angiogenesis
in diabetes and tissue ischemia during diabetes. Since
the peripheral artery disease is a common complication
in diabetic subjects, the purpose of this study was to
investigate the effect of AT1R blocker, losartan, on the
angiogenesis in ischemic legs of diabetic rats.

Materials and Methods

Animals and induction of diabetes. In this study,
24 male Wistar rats (10-12 weeks old) weighing
230+30 g, were examined. The animals were housed in
an air conditioned room with 12h light/dark cycle and
temperature between 20-25°C. The animals were fed
with a standard pellet diet with free access to regular
drinking water. All procedures and protocols used were
approved by the Ethics committee of Isfahan University
of Medical Sciences in accordance with the guiding
principles for the care and use of laboratory animals.
For induction of diabetes, single dose of streptozotocin
(STZ, Sigma Co, 55 mg/kg) dissolved in a cold saline
was injected intraperitoneally (Szkudelski 2001; Bal-
uchnejadmojarad et al. 2004). After 48 h, the blood
glucose level was measured. The animals with blood
glucose level higher than 300 mg/dl were considered
as diabetic (Baluchnejadmojarad et al. 2004).

Rat ischemic hindlimb model. The rats were an-
esthetized by intraperitoneal injection of 75 mg/kg
ketamine and 7.5 mg/kg xylazine. The medial side of
the left thigh was shaved and a small incision made.
The left femoral artery and all its major branches were
ligated with 3-0 surgical silk, as previously described
(Fallahzadeh et al. 2011). Sutures were used to close the
incisions. Sham-operated animals underwent the same
surgical procedure without femoral artery ligation. The
animals were observed during 48 h to check out that no
sign of tissue necrosis occurred (Tamarat et al. 2002).

Experimental design. The diabetic rats were
randomly divided into four groups (n=6 each). The
experimental groups were as follow: group 1 - sham;
group 2 - sham + losartan; group 3 - diabetic hindlimb
ischemia and group 4 - diabetic hindlimb ischemia +
losartan. Groups 2 and 4 received AT1R blocker, losa-
rtan, at the dosage of 15 mg/kg/day intraperitoneally
for 21 days (Moosavi and Johns 1999). Groups 1 and 3
received an equal volume of drug solvent (saline). Before
and after the experiment, blood samples were taken.
After centrifugation at 3000xg for 20min, the aqueous
phases were collected and extracted. Then, they were
stored at -70°C for serum VEGEF, sFlt-1 and NO meas-
urements. At the end of the experiment, the rats were
sacrificed. The gastrocnemius muscles were removed
from ischemic legs and fixed in formalin solution for
immunohistochemical analysis.

Serum NO, VEGFE and sFlt-1 measurements.
Serum NO concentration was determined by as-
sessing serum nitrite (the main metabolite of NO)
concentration (Nematbakhsh 2008) by griess reagent
method (Promega, Madison, USA). The limit detec-
tion of the kit is 2.5 uM. Serum VEGF and sFlt-1
concentrations were measured using the quantitative
sandwich enzyme immunoassay technique with the
appropriate kits (R&D Systems, Minneapolis, USA).
The minimum sensitivity of VEGF and sFlt-1 assays is
3.9 pg/ml and 3.8 pg/ml, respectively. The intra- and
inter-assay coeflicient of variation is less than 10% and
5%, respectively.

Angiogenesis analysis. Tissue blocks were prepared
from formalin-fixed tissues. Then, tissue sections (5 pm)
were made from each tissue sample. Endothelial cells
were identified by immunohistochemical staining.
Endothelial cells stained by anti-CD31 antibody were
counted under light microscopy. Fifteen random mi-
croscopic fields (x400) from three different sections in
each tissue were examined by two blinded observers
and counted for the presence of capillary endothelial
cells (CD31 positive cells). The capillary density was
expressed as the number of capillaries per mm (Sasaki
2002; Watanabe et al. 2005). For higher accuracy, the
number of muscular fibers (number per mm?) was
also counted and the cap/fib ratio was also calculated
(Nematollahi et al. 2009).

Statistical analysis. The results are reported as the
mean * SE. Paired t-test was used to analyze paired data.
One-way ANOVA using Tukey’s post hoc test was used
to compare data between groups. p<0.05 was considered
statistically significant.
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Table 1

Body weight (g) and blood glucose level (mg/dl) in experimental groups

Groups n Body weight (g) Blood glucose level (mg/dl)

day 0 day 21 day 0 day 21
DS 6 232+9.8 169 £ 10.8* 557 +£20.6 539.2 £50.6
DSL 6 233 +4.7 162 +£10.1* 585.6 7.4 567.4 £15.9
DH 6 245+ 7.2 198.67 £ 9.5* 552.5+21.7 566.5 +21.4
DHL 6 244 +5.0 204.2 + 4.0* 510.8 +44.7 554.5 + 30.6

Values are presented as mean + SE.*p<0.05 versus day 0
DS - diabetic sham; DSL - diabetic sham rats treated with losartan; DH - diabetic hind limb ischemia; DHL - diabetic hind limb
ischemic rats treated with losartan

Results caused no significant changes in the blood glucose level
and body weight in hindlimb ischemic and diabetic sham
Body weight and blood glucose. The body weight was ~ animals (Table 1).

reduced during the experiment in all groups (p<0.05). Serum NO, VEGF and sFlt-1 concentrations.
The blood glucose level in diabetic rats was higher than ~ Serum NO concentrations in the study groups are
300 mg/dl during experiment. Administration of losartan ~ shown in Fig. 1A. The serum NO concentrations on
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Fig. 1. Serum NO (A), VEGF (B), and sFlt-1 (C) concentrations and VEGF:sFlt-1 ratio (D) in experimental groups before (day 0)
and after experiment (day 21). Values are expressed as mean + SE, n=6 per group. * p<0.05 vs. day 0

DS - diabetic sham; DS - diabetic sham rats treated with losartan; DH - diabetic hind limb ischemia; DHL - diabetic hind limb
ischemic rats treated with losartan
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Fig. 2. Effects of losartan on capillary density (A), fiber density
(B) and cap/fib ratio (C) in diabetic and diabetic hind limb
of ischemic rats. Values are reported as mean * SE, n=6 per
group. * p<0.05 vs. DS group

DS - diabetic sham; DSL - diabetic sham rats treated with
losartan; DH - diabetic hind limb ischemia; DHL - diabetic
hind limb ischemic rats treated with losartan

the day 0 did not differ between the groups. After 21
days, the serum NO concentrations in all experimental
groups were significantly lower than before experiment.
Administration of losartan did not change serum NO
concentration compared with non-treated groups
(p>0.05). Fig. 1B and 1C illustrate serum VEGF and
sFlt-1 concentrations before and after experiment.
There were no significant changes in serum VEGF
concentration in diabetic sham and hindlimb ischemia
groups between before and after experiment, while
serum sFlt-1 concentration was significantly increased
after experiment. Administration of losartan for 21
days caused no significant changes in serum VEGF and
sFlt-1 concentrations (p>0.05). VEGF:sFlt-1 ratio was
reduced on day 21 in comparison to day 0 and losartan
did not alter this ratio (Fig. 1D).

Capillary density analysis. Capillary density, fiber
density, and cap/fib ratio were measured in ischemic
gastrocnemius muscle. Treatment with losartan caused
no significant changes in the capillary density (Fig. 2A),
the muscular fiber density (Fig. 2B) and the cap/fib ratio
(Fig. 2C) compared with non-treated group. Samples of
tissue sections stained with immunohistochemistry in
the study groups are illustrated in Fig. 3.

Discussion

Hyperglycemia and diabetes cause many cardiovas-
cular complications. From the vascular point of view,
diabetes is a paradoxical disease. On one hand, increased
angiogenesis contributes to some diabetic complications
including retinopathy (Wilkinson-Berka 2004; Simons
2005), while on the other hand, decreased angiogenesis
in hind limb may impair wound healing and contrib-
utes to the formation of diabetic skin ulcer (Galiano et
al. 2004; Ebrahimian et al. 2005). Angiogenesis is the
growth of new vessels from preexisting ones which play
a critical role in embryonic development and postem-
bryonic life physiologically and pathologically (Ribatti
2007). Stimulating the formation of new vessels appears
to be one of the method to prevent tissue ischemia in
cardiovascular diseases.

The development of new vessels from preexisting
ones under different conditions is affected by proan-
giogenic and antiangiogenic factors. NO is one of the
most endothelium-derived releasing factors which is
involved during the angiogenesis (Zhao et al. 2002). In
this study, the serum NO concentration decreased dur-
ing diabetes which supports the results of previous stud-
ies (Ding 2000; Bohlen 2001; Brodsky 2001; Bagi 2004).
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Fig. 3. Representative images of immunohistochemical staining with anti-CD31 monoclonal antibody of skeletal muscle tissues
in experimental groups (x400).
DS - diabetic sham; DSL - diabetic sham rats treated with losartan; DH - diabetic hind limb ischemia; DHL - diabetic hind
limb ischemic rats treated with losartan

Overproduction of superoxide (Bagi 2004), activation
of protein kinase C (Bohlen 2001), and suppression of
endothelial NO synthase expression (Ding 2000) are
some possible mechanisms which may explain the re-
duced NO bioavailability in diabetes. VEGF is the major
proangiogenic factor and has two receptors: VEGF-R1
(sFlt-1) and VEGF-R2. sFlt-1 is a soluble splice variant

of Flt-1 and acts as an inhibitor of angiogenesis. This
receptor binds to VEGF and reduces ability of VEGF to
bind to VEGF-R2, and decreases angiogenesis (Roberts
2004). In the present study, serum VEGF concentration
in diabetic sham and hind limb ischemic groups did
not change during experiment, however, the serum
sFlt-1 concentration was significantly enhanced during
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diabetes. The effect of diabetes on VEGF is controversy.
Increased (Sasso et al. 2005), decreased (Chua 1998)
and not changed (Larger 2004) in expression of VEGF
have been reported in diabetic subjects. In addition,
defective VEGF signaling pathway, which considered
as VEGF resistance, has been indicated (Waltenberger
2009).

We also found that losartan treatment could not re-
store angiogenesis in ischemic legs of diabetic animals.
There are several controversial reports regarding the
effect of AT1 receptor blocker on neovascularization and
angiogenesis. AT1R blocker prevented retinal neovas-
cularization (Moravski et al. 2000), angiogenic response
to chronic intermittent hypoxia (Rakusan 2007), and
VEGF mediated angiogenesis in male cardiomyopathic
hamster (Shimizu et al. 2003). On the contrary, AT1R
blockade restored myocardial capillary density after
myocardial infarction (Schieffer 1994; Tamarat et al.
2002). It should be mentioned that most of the studies
were conducted in non-diabetic animals and there are
few studies about the ARBs effect on angiogenesis in

diabetes and ischemia during diabetes. Discrepancy
between the results might be somehow associated with
differences in the studied organs and angiogenesis
models.

Some studies have reported that VEGF/sFlt-1 ratio is
a better indicator of angiogenesis status (Chang 2008).
In our study, this ratio was reduced during diabetes
which suggests impaired angiogenesis during diabetes
and losartan could not increase this ratio.

In conclusion, losartan, an AT1R blocker, could not
restore angiogenesis during hindlimb ischemia in dia-
betic animals and the present data indicate that it cannot
be considered for treatment or prevention of peripheral
artery disease in diabetic subjects.
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