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Treatment with Dietary Cyclosporine has no Direct Effect
on Myocardial Fibrosis and Hypertension in Mice
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Abstract
The purpose of this study was to elucidate whether treatment with cyclosporine
induces myocardial fibrosis and hypertension that may potentially be mediated
by activation of angiotensin II (Ang II) and induction of inflammation. In
C57BL/6 mice, cyclosporine at the doses of 15 mg/kg/day or 30 mg/kg/day was
administrated by gastric gavage. In different groups, angiotensin II (Ang II) AT1
receptor blocker, telmisartan (10 mg/kg/day) or anti-inflammatory compound,
curcumin (150 mg/kg/day) was co-administered with cyclosporine. Treatment
with cyclosporine for 5 weeks did not alter the protein expression, including AT1
and AT2 receptors, monocyte chemotactic protein-1, transforming growth factor
β1, collagen I and collagen III, but increased expression of angiotensin converting
enzyme 2 relative to the sham control. Interstitial macrophage infiltration
and myofibroblast proliferation were not changed by cyclosporine, consistent
with lack of collagen deposition in the interstitial/perivascular regions. Coadministration of telmisartan or curcumin with cyclosporine also had no effect
on any of the parameters measured. There was a trend in increase of blood
pressure with high dose of cyclosporine alone, and decrease of blood pressure
when cyclosporine was co-administered with telmisartan or curcumin, but these
changes did not achieve the statistical differences among the groups. These data
suggest that cyclosporine has no direct effect on myocardial fibrosis and blood
pressure in healthy individuals, and it may be considered as an adjunctive therapy
with commonly-used drugs to treat cardiovascular diseases.
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Introduction

Cyclosporine, a potent immunosuppressive agent, is proved
to be effective to reduce the incidence of acute organ rejection
and increase early graft survival in patients who received kidney,
liver, lung or heart transplant. However, the adverse effects
associated with the use of cyclosporine such as nephrotoxicity
and interstitial fibrosis in kidney transplant recipient have also
been observed [1,2]. Although the mechanisms of action related
to cyclosporine mediated transplant complications are still
remained to be illustrated as a matter of debate [3], previous
studies have demonstrated that activation of angiotensin II (Ang
II) [4,5] and production of reactive oxygen species [6] might be
primarily involved in the pathogenesis of chronic cyclosporine
nephrotoxicity. In spontaneously hypertensive rats, a previous
study has shown that cyclosporine treatment enhances
angiotensin converting enzyme activity to produce Ang II, and
cyclosporine-induced nephropathy can be attenuated by the Ang
II AT1 receptor blocker [5]. Furthermore, chronic cyclosporine
nephrotoxicity could also be relieved by anti-inflammatory
drugs [7,8]. Under these conditions, inhibition of perivascular
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and interstitial fibrosis resulting from cyclosporine toxicity has
been reported. In this regard, we have recently reported that the
extravasation of macrophages and proliferation of myofibroblasts
are the predominant features in stimulation of transforming
growth factor-β mediated fibrotic signaling in response to Ang
II stimulation and oxidant production [9,10]. However, it is
unknown whether administration of cyclosporine has any toxic
effects on the heart and blood vessels, and whether dietary
cyclosporine could be selected as a conventional intervention
for treatment of cardiovascular diseases. Therefore, the present
study was designed to evaluate the direct effect of cyclosporine,
which simulates the regimen of clinical treatment in patient, on
the heart and blood pressure. To illustrate whether cyclosporine is
associated with stimulation of Ang II AT1 receptor and induction
of inflammation, telmisartan, the Ang II AT1 receptor blocker and
curcumin, an anti-oxidant compound [10] were concomitantly
administered during the treatment period with dietary
cyclosporine. Expression of angiotensin converting enzyme 2
(ACE2), AT1/AT2 receptors, monocyte chemotactic protein-1
(MCP-1), transforming growth factor β1 (TGF-β1) and collagens
was characterized to check the potential injurious mechanisms
involved. Cardio toxicity likely-induced by cyclosporine was
evaluated by accumulation of macrophages/myofibroblasts and
interstitial/perivascular fibrosis. Blood pressure was measured
noninvasively to check whether dietary cyclosporine induces
hypertension.
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Experimental
Materials and methods
Animals and blood pressure measurement: Male and female
C57BL/6 mice, 8-12 weeks of age (22-30 g body weight) that
were purchased from the Jackson laboratory (Bar Harbor, ME,
USA) were kept in a 12-hour light/dark cycle, 60% humidity and
temperature-controlled room with standard rat chow and water
ad libitum. These procedures were in compliance with “The
Guide for the Care of Use of Laboratory Animals” published by
the US National Institute of Health, 8th edition, 2011. The animal
experimental procedures were approved by the Institutional
Animal Care and Use Committee, Mercer University School of
Medicine. The blood pressure was measured in conscious rats
using a noninvasive blood pressure measuring system (AD
Instruments NIBP controller, CO, USA). This system detects the
signals through a transducer by the periodic occlusion of blood
flow in the tail.

Experimental protocol and group: Five weeks of experimental
period was selected for all experimental groups. Mice were
randomly assigned into one of five groups: 1) Saline control (Sham,
n=6): Saline (2 ml) were fed by gastric gavage daily; 2) Low dose
of cyclosporine (CycL, n=7): cyclosporine (25 mg capsule, Apotex
Corp. Florida, USA) was administered at a dose of 15 mg/kg/
day by gastric gavage; 3) High dose of cyclosporine (CycH, n=7):
cyclosporine was administered at a dose of 30 mg/kg/day by
gastric gavage; 4) telmisartan+high dose of cyclosporine (Telmi,
n=7): telmisartan (Boehringer Ingelheim Pharmaceuticals, Inc.,
Ridgefield, CT, USA) at a dose of 10 mg/kg/day plus 30 mg/kg/
day of cyclosporine were co-administered by gastric gavage; 5)
curcumin+high dose of cyclosporine (Cur ): Curcumin (Cur, n=7):
Curcumin (Sigma-Aldrich, CO, USA) at a dose of 150 mg/kg/day
plus 30 mg/kg/day of cyclosporine were co-administered by
gastric gavage. The doses of cyclosporine selected were primarily
based on previous studies showing deleterious effects of the drug
on renal fibrosis and dysfunction [4,7,11] At the end of 5 weeks of
the experiment, the mice from different groups were euthanized
and the hearts were removed.

Western blot analysis of ACE2, AT1 and AT2 receptors,
MCP-1, TGFβ1 and collagens

The freshly-frozen transmural cardiac tissue was homogenized
in ice-cold lysis buffer. Total proteins (60 μg) were extracted,
fractionated by 10% SDS-polyacrylamide gel electrophoresis,
and transferred to polyvinylidene difluoride membrane as
described previously [9]. The membrane was then incubated at
4˚C overnight with the following antibodies: a rabbit anti-ACE2
polyclonal antibody (1:800), rabbit anti-AT1 (1:800) and AT2
(1:400) receptor polyclonal antibodies (Santa Cruz Biotech,
Dallas, TX, USA), a rabbit anti-MCP-1 polyclonal antibody and a
mouse monoclonal anti-TGFβ1 antibody (1:1000, Abcam, Inc.
MA, USA), and mouse anti-collagen type I and III monoclonal
antibodies (1:5000, Sigma Chemical Co., MO, USA), respectively.
Bound antibody was detected by horseradish peroxidaseconjugated anti-mouse IgG. The membrane was incubated with
chemiluminescence detection reagents and exposed to an x-ray
film. The images were then imported into the ImageJ (NIH, MA,
USA) and quantified as a ratio based on the density of the target
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protein band divided by actin to correct differences during protein
loading and/or transfer.

Immunohistochemical staining of macrophages and
myofibroblasts

The paraffin-embedded tissue sections (4 μm thick) were
dewaxed in xylene, and rehydrated through graded alcohols as
previously reported [9]. Briefly, the sections were incubated
overnight with primary antibodies including a mouse monoclonal
antibody against macrophages (1:200, Millipore, CA, USA) and
a monoclonal antibody against α-smooth muscle actin (SMA,
1:800, Sigma Chemical Co., MO, USA), respectively. The slides
were incubated with a biotinylated horse anti-rabbit IgG or
an anti-mouse IgG (Vector Laboratories), stained using the
ABC-peroxidase kit or ABC-AP (Alkaline phosphatase, Vector
Laboratories, CA, USA) and visualized with 3,3’-diaminobenzidine
tetrahydrochloride or alkaline phosphatase substrate kit (Sigma,
MO, USA). Quality of immunohistochemistry assay was controlled
by either elimination of the primary antibody or incubation of
the tissue with a non-immune IgG. Sections were counterstained
with hematoxylin, dehydrated and mounted by routine methods.
The accumulation of macrophages and α-SMA–expressing
myofibroblasts among groups were compared using computedassisted morphometry (ImageJ, NIH). The final results were
reported from the eight randomized high-powered fields.

Masson’s trichrome staining of collagen deposition

The transversal myocardial blocks were fixed in phosphatebuffered formalin solution and dehydrated in graded series of
alcohol, and embedded in paraffin as previously reported [9].
Samples were sectioned to a thickness of 6 μm using a Microtome
(Leica RM2135, Meyer Instruments, TX, USA) and stained
by Masson’s trichrome producing collagen blue, nuclei black
and muscle fiber red (Poly Scientific R&D Corp, NY, USA). Ten
randomized high-powered fields (HPF) per tissue section were
evaluated to define the interstitial and perivascular fibrosis. All
histological evaluation was performed by a single well-trained
observer using a digital image analyzer (ImageJ, NIH, MA, USA).

Statistical analysis

Data were reported as the mean±standard error. A one-way
ANOVA followed by Student-Newman-Keul’s post hoc test was
used to analyze group differences in the intensity of ACE2, AT1/
AT2 receptors, MCP-1, TGFβ1 and collagens, the populations of
macrophages and myofibroblasts and change in blood pressure
using Sigma Plot (Systat Software Inc., CA, and USA). Statistical
significance was set at a value of p<0.05.

Results

Effect of dietary cyclosporine treatment on protein
levels of ACE2, AT1 and AT2 receptors
The protein levels of ACE2, AT1 and AT2 receptors were
analyzed using Western blot assay. As shown in Figure 1A, low
or high dose of dietary cyclosporine significantly increased
expression of ACE2 at week 5 relative to the sham control.
Although co-administration of telmisartan or curcumin with
cyclosporine also enhanced ACE2 relative to the sham control,
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there was no statistical difference when these values were
compared with cyclosporine treatment alone. The AT1 receptor
was detected in the sham condition (Figure 1B). However, low or
high dose of cyclosporine treatment did not alter protein level
of the AT1 receptor at week 5. Expression of the AT1 receptor
was also not influenced by co-administration of telmisartan or
curcumin with cyclosporine. As shown in Figure 1C, low or high
dose of cyclosporine did not change protein level of the AT2
receptor relative to the sham control at week 5. Expression of
the AT2 receptor was also not altered by co-administration of
telmisartan or curcumin with cyclosporine over 5 weeks.

Figure 1: Expression of ACE2, AT1 and AT2 receptor at the end of 5
weeks of dietary cyclosporine treatment. A, B and C are representatives
of tissue protein levels of ACE2, AT1 and AT2 receptor by Western
blot. All bands were normalized by actin as a loading control. Saline
control (Sham); low dose of cyclosporine (10 mg/kg/day, CycL); high
dose of cyclosporine (30 mg/kg/day, CycH); telmisartan+high dose of
cyclosporine (Telmi), curcumin+high dose of cyclosporine (Cur). Values
are mean±SEM; n=7 for each group. *p<0.05 all group vs Sham.

Effect of dietary cyclosporine treatment on protein
levels of MCP-1, TGFβ1, collagen I and collagen III
The protein levels of MCP-1, TGFβ1, collagen I and collagen
III were analyzed using Western blot assay. As shown in Figure
2, MCP-1 TGFβ1, collagen I and collagen III were constitutively
expressed in the sham control. At week 5, administration of low
or high dose of dietary cyclosporine had no significant effect
on protein levels of these parameters measured. Furthermore,
these protein levels were also not altered by co-administration of
telmisartan or curcumin with cyclosporine (Figure 2).

Effect of dietary cyclosporine treatment on macrophage
accumulation and myofibroblast proliferation

Macrophage accumulation and myofibroblast proliferation
were detected using immunohistochmical staining. As shown in
Figure 3A, a few macrophages were detected in the myocardium
in the sham group. Dietary high dose of cyclosporine had no
significant effect on macrophage accumulation relative to the sham

Copyright:
©2017 Wang et al.

3/7

control at week 5. Furthermore, co-administration of telmisartan
or curcumin with high dose of cyclosporine for 5 weeks also did
not affect the number of positively-stained macrophages relative
to cyclosporine treatment alone. The proliferation of fibroblasts
was identified as accumulation of the α-SMA-expressing
myofibroblasts. As shown in Figure 3B, a few of α-SMA expressing
myofibroblasts were only present in the vascular smooth muscle,
but not in the myocardium in the sham group. Furthermore,
dietary cyclosporine treatment did not produce a significant
increase in the number of proliferated fibroblasts relative to
the sham control. Furthermore, 5 weeks of co-administration of
telmisartan or curcumin with cyclosporine also did not change
the number of α-SMA expressing myofibroblasts compared with
cyclosporine treatment alone.

Figure 2: Expression of MCP-1, TGFβ1, collagen I and collagen III at the
end of 5 weeks of dietary cyclosporine treatment. The tissue protein
levels of MCP-1, TGFβ1, collagen I and collagen III were analyzed by
Western blot. All bands were normalized by actin as a loading control.
Values are mean ± SEM; n=7 for each group.

Effect of treatment with dietary cyclosporine on
collagen deposition in the interstitial myocardium and
perivascular region
Collagen deposition in the perivascular region and interstitial
myocardium was further examined using Masson’s trichrome
staining. As shown in Figures 4A & 4B, no collagen deposition in
the interstitial myocardium, the tunica intima and media of the
microvessels was detected at the end of 5 weeks of the experiment
in the sham group. In this normal condition, collagen positivelystained position was only preferentially partitioned into the
adventitia (Figure 4C). Dietary cyclosporine or co-administration
of telmisartan or curcumin with cyclosporine for 5 weeks had no
significant effect on collagen deposition (Figure 4). These data
were consistent with lack of stimulating effect of cyclosporine on
expression of collagen I and III as measured by Western blot assay.
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mmHg in the sham group. Low dose of cyclosporine treatment for
5 weeks had no significant effect on MAP. MAP in the high dose
of cyclosporine group was averaged by 60±7 mmHg, which was
6.6±0.5% higher than that in the sham control, but it did not get
a statistical difference. There was a trend in reduction in blood
pressure when telmisartan or curcumin was co-administered
with high dose of cyclosporine, but, it did not get a statistical
difference (58±5 mmHg in telmisartan group and 54±9 mmHg
in curcumin group vs. 60±7 mmHg in cyclosporine group, all
p>0.05, Figure 5), suggesting lack of stimulating effect of dietary
cyclosporine treatment on blood pressure via Ang II activation
and inflammatory responses in healthy animals.

Discussion
Figure 3: Macrophage accumulation and myofibroblast proliferation at
the end of 5 weeks of dietary cyclosporine treatment. The macrophages
and myofibroblasts were detected using immunohistochemical staining
at each high powered field (HPF, magnification×400, scale bars=200
µm). The myocardial tissue slides obtained from the heart after Ang
II infusion were used as positive control for staining of macrophages
and myofibroblasts. A few positively-stained macrophages and
myofibroblasts (shown by arrows) were found among groups. Values
are mean±SEM; n=7 for each group.

Figure 4: Representative photomicrographs of collagen deposition
from the tissue sections and microvessels stained with Masson’s
trichrome staining. No newly-formed collagen was deposited in the
interstitial myocardium (A and B) and perivascular region (C) at the
end of 5 weeks of dietary cyclosporine treatment. Magnification in A
is x40. Magnification and scale bars in B and C are x 400 and 100 µm,
respectively. n=7 for each group.

Effect of treatment with dietary cyclosporine on blood
pressure
Cyclosporine treatment has been associated with development
of hypertension in kidney transplant recipients [1,2]. As shown in
Figure 5, the mean arterial pressure (MAP) was averaged by 56±8

Treatment with cyclosporine has been associated with chronic
nephropathy and hypertension. It was unexpected that the
present study does not show the results as initially hypothesized.
We found that treatment with cyclosporine at the low or high
dose for 5 weeks does not produce any significant deleterious
effects on the heart, evidence by lack of significant macrophage
accumulation, myofibroblast proliferation, collagen deposition,
fibrosis and hypertension. Furthermore, cyclosporine did not
alter protein expression of Ang II AT1/AT2 receptors, MCP-1,
TGFβ1 and collagens, but significantly enhanced the expression
of ACE2.
Cyclosporine has been used as one of the most potent
immunosuppressive agents to prolong survival of transplanted
organs. The primary concern to use cyclosporine in patient
is drug-induced impairment of renal function due to the dose
and duration of cyclosporine administered [12]. A previous
retrospective study to evaluate the potential adverse effect of
cyclosporine on kidney in patients found that cyclosporine
treatment at a dose of 8 mg/kg/day for one year causes significant
damage on kidney, defined as at least moderate focal interstitial
fibrosis and large increase in the serum creatinine level. This
chronic cyclosporine nephropathy can be minimized when the
drug dose was selected in less than 5 mg/kg/day [13]. In animal
studies, it has also been shown that subcutaneous injection of
cyclosporine at a dose of 30 mg/kg/day for 1-month period of
time significantly induces acute nephropathy and hypertension
in rats and mice [7,8]. In the present study, we chose the route of
oral cyclosporine administration because of its clinical relevance
in patient treatment to evaluate the potential adverse effect
of cyclosporine on the heart. Data clearly showed that dietary
cyclosporine in the dose range from 10 to 30 mg/kg/day does not
produce obvious adverse effects on all the parameters measured.
Although we did not measure the plasma concentration of
cyclosporine, according to the pharmacokinetic report following
oral administration in patients (drugs.com), absorption of
cyclosporine
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and among
6% ofgroups
the dose
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at the dosage range of 15 to 30 mg/kg/day in hypertensive mice
causes significant change on renal function [4,5], we hypothesized
that such a dose regimen of cyclosporine in this short period of
time may also produce the adverse effects on the heart. Clearly,
with these doses of cyclosporine, we were unable to demonstrate
the any alterations in collagen protein expression/deposition
and fibrosis. Different results obtained from the present study
in the heart and previous studies in the kidney suggest that the
kidney is more susceptible to cyclosporine-mediated effect when
the drug is delivered subcutaneously [4,5]. As a limitation of the
present study, we did not determine the oral bioavailability of
cyclosporine after garage administration. It has been previously
reported that the oral bioavailability is associated with drug
solubility and intestinal absorption [14,15]. Data obtained from
the rats have shown that cyclosporine can be detected in the
blood at 2 hours after oral administration, and the bioavailability
using intact cyclosporine is estimated by 40%. Enhancement in
solubility of cyclosporine with liposomes [14] or in absorption
of cyclosporine with endotoxin [15] has shown an improvement
in the oral bioavailability of cyclosporine. However, it remains to
be determined whether using simulated doses of cyclosporine in
patient could lead to myocardial fibrosis after a prolonged period
of administration in larger hypertensive animals [16].
We have previously reported that infusion of Ang II in rat
stimulates the expression of the AT1 receptor, down regulates the
AT2 receptor and attenuates ACE2 activity, which are followed
by macrophage/myofibroblast-mediated activation of TGFβ1/
collagen signaling. Furthermore, the inhibition of the AT1 receptor
with the AT1 receptor antagonist or blockade of inflammation
using an anti-inflammatory compound reduced myocardial
fibrosis, primarily mediated by up regulating the AT2 receptor and
ACE2 activity [9,10]. In previous animal studies, the side effects
of cyclosporine on kidney have been associated with activation
of Ang II AT1 receptor and induction of inflammatory mediators.
Concurrent administration of the AT1 receptor antagonist or a
superoxide dismutase mimetic prevented cyclosporine-induced
nephropathy and hypertension [5,6] Furthermore, selective
stimulation of the AT2 receptor also attenuated cyclosporinemediated renal fibrosis [11,16]. In the present study, we detected
expression of the AT1 and AT2 receptors to reflect the Ang II
activation as we initially proposed, but, we did not find that these
receptors are stimulated by cyclosporine. We have previously
demonstrated that ACE2 is present in the vascular endothelium,
smooth muscle cells of coronary vessels and cardio myocytes,
and the reduced expression of ACE2 has been associated with
development of hypertension, inflammation and tissue fibrosis
[9,10]. In the present experimental setting, we found that the
expression of ACE2 is significantly up regulated following dietary
cyclosporine alone. No further increase in expression of ACE2
was detected when cyclosporine was co-administered with
telimisartan or curcumin, suggesting that cyclosporine has direct
effect on activation of ACE2. It is worth to further explore the
mechanisms of action involved cyclosporine-activated ACE2 and
the role of ACE2 in cyclosporine-mediated injury in kidney.
We have reported that MCP-1 plays a major role in mediating
macrophage migration after infusion of Ang II or myocardial
infarction [9]. To understand a signaling pathway, we have also
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demonstrated that TGFβ1 released from activated macrophages
is responsible for myofibroblast proliferation and collagen
production. In the present study, in coincidence with unchanged
protein expression of MCP-1 after treatment with cyclosporine
alone or co-administration of cyclosporine with telmisartan
or curcumin, the number of positively-stained macrophages
in the interstitial myocardium was remained unchanged as
compared with those in the sham control. Furthermore, no
significant myofibroblast proliferation and collagen deposition
were identified. These data suggest that treatment of dietary
cyclosporine for 5 weeks at the dose regimen as selected in the
present study does not stimulate macrophage/myofibroblast/
TGFβ1-mediated collagen production. Accordingly, cyclosporine
also did not produce tissue fibrosis as identified by absence of
interstitial/perivascular fibrosis via Masson’s trichrome staining.
Our results were consistent with previous study showing that
cyclosporine has no direct effect on production and deposition
of collagen released from the cultured cardiac fibroblasts
as compared with untreated cells [17]. Although it has been
suggested that treatment with cyclosporine may associate with
frequency of cardiac hypertrophy and interstitial fibrosis in heart
transplant recipients [18], our data and others suggested that
other mediators, which may be released during cardiac allograft,
but not with cyclosporine, are responsible for the tissue fibrosis
[18,19].
Increase in blood pressure has been associated with chronic
cyclosporine treatment in animals and patients after kidney or
heart transplantation [18-20]. The present study was performed
on normal animals. Although we found a minor increase in
blood pressure, it did not reach a significant level. These data
also suggest that change in blood pressure with cyclosporine is
potentially induced through transplanted organs. For example,
different mechanisms have been proposed in the induction
of cyclosporine-induced hypertension in kidney-transplant
recipients, including reduction in blood flow to kidney, alteration
in vasoactive mediators such as renin, endothelin-1 and promotion
of endothelial dysfunction [21]. On the other hand, augmented
sympathetic activation is also thought to be one possible
explanation for the greater hypertensive effect of cyclosporine in
heart-transplant recipients than in individuals treated with other
interventions. In these recipients, the sympathoexcitatory effect of
cyclosporine may be accentuated because the transplanted heart
interrupts the neutral connection to the central nervous system
and removes baroreceptor restraint on sympathetic outflow
[20, 22]. We initially hypothesized that cyclosporine treatment
increases blood pressure and this change may be mediated by
activation of Ang II and induction of inflammation. Although we
found that there is a trend in reduction in blood pressure when
cyclosporine was co-administered with telmisartan and curcumin
relative to cyclosporine alone, it did not achieve a statistical
significant level. These data further support that cyclosporine
derived hypertension is associated with the transplanted organs,
but not in healthy individuals.
Instead of the data showing cyclosporine-induced hypertension
and tissue injury in transplanted organs, cardio protection with
cyclosporine has also attracted quite some attention. Clinical
studies have recently shown that intravenous bolus injection of
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cyclosporine at the onset of reperfusion significantly reduces
infarct size as estimated by a reduction in release of cardiac
tropornin I after percutaneous coronary intervention [23] or the
aortic cross-clamping during aortic valve surgery [24]. However,
later on in the follow-up observations, these investigators have
also reported that single injection of cyclosporine at reperfusion
dose not result in better clinical outcomes and prevent adverse
ventricular remodeling than those with placebo treated patients
[25]. Because the half-life of cyclosporine is about a few hours
from administration, it may be difficult to achieve a high degree
of long-term protective effect on cardiac remodeling with a
single bolus injection after myocardial infarction. In this regard, a
previous study has demonstrated that pressure overload induced
left ventricular hypertrophy via aortic banding is significantly
attenuated by cyclosporine at a dose of 25 mg/kg//day for 22
days, as evidenced by reduced ventricular wall stress [26]. Our
current data, which are lack of any deleterious effects on the
heart and blood pressure with cyclosporine, were consistent
with a previous report in patients showing that cyclosporine
treatment in heart transplant recipients does not produces
significant myocardial collagen volume fractions, vascularity and
fibrosis [27]. Based on these findings, we propose that there may
be a better option to improve cardiac remodeling and outcomes
in patient if cyclosporine is orally administered daily after
myocardial infarction and during the progression of heart failure
[25,28].

Conclusion

In summary, this study demonstrates that dietary cyclosporine
alone or co-administration with either telmisartan or curcumin
has no direct adverse effects on myocardial morphology and blood
pressure in normal condition. These data suggest that chronic
nephropathy, hypertension and tissue fibrosis identified in organ
recipients may not be directly induced by cyclosporine. In these
conditions, pathogenesis such as augmented Ang II activity and
inflammation evoked by post-transplant lesions may increase
organ susceptibility to injury seen during cyclosporine treatment.
Our findings may support the future study to further differentiate
direct effect of cyclosporine on transplanted organs regarding
therapeutic regimen such as drug dosage, administration route
and treatment duration. Furthermore, our data may also provide
experimental evidence to consider the therapeutic window of
cyclosporine as an alternative adjunctive therapy with commonlyused drugs such as ACE inhibitors, Ang II AT1 receptor blocker or
anti-inflammatory agent, and fully protect the heart against the
tissue injury resulting from the different cardiovascular diseases
and heart failure.
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