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Abstract

Context: Calcineurin inhibitors (CNIs) therapy such as cyclosporine (CsA)
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and tacrolimus (Tac) are associated with hypertension. Corresponding author: Ashok Jadhav

Objective: Compare the differential effect of these two agents on thoracic )
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Methods: Thirteen weeks old male Sprague-Dawley rats were treated
with CsA (15 mg/kg), Tac (0.15 mg/kg) and vehicle for 15 days. At the end
of study, rats were anesthetised, and blood pressure (BP) and heart rate
(HR) were measured. Both thoracic (TA) and abdominal (AA) aortae were
assessed for the contractibility responses with a, agonist phenylephrine
(PE) against terazosin, a a, receptor blocker. In addition, vascular relaxation
was assessed using endothelium-dependent, Acetylcholine-induced and
endothelium-independent sodium nitroprusside-induced pathways in PE-
constricted TA and AA.
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Results: Elevated arterial BP was noted in Tac group, however, HR did not
showed any changes in Tac and CsA groups as compared to controls. PE-
induced contractibility of TA but not AA was increased significantly and
equally by CsA (ECSO’ 55+ 7.06 nM) and Tac (ECSOI 50 + 6.6 nM) treatment as
compared to control (104 + 14 nM). ACh-induced endothelium-dependent
relaxation was attenuated by both CsA (TA: | 66 + 8.79 %, AA: | 74
+11.38 %) and Tac (TA: | __ 39 + 9.55 %, AA: | _ 70 + 20.06 %), however
its intensity was higher in TA by Tac group (controls: 97-98 + 2.6-2 %).
Similarly, SNP-induced endothelium-independent vascular relaxation was
also affected by CsA and Tac treatment, TA (IC50 control, 47 £ 11.2 nM, vs.
CsA, 214 £ 27.9 nM and Tac, 191 + 30.8 nM, p< 0.05) and AA (IC,; control,
164 £ 45.1 nM, vs. CsA, 424 + 53.4 nM and Tac, 520 £ 104.1 nM, p< 0.05).

Conclusions: Our functional data confirms that CNIs have differential
effects on rat TA and AA via either alternation of vascular relaxations or
contractions.

Keywords: Cyclosporine; Tacrolimus; Calcineurin; Hypertension; Acetylcholine;
Sodium nitroprusside; Aorta
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Introduction

Calcineurin inhibitors (CNIs) such as cyclosporine (CsA) and
tacrolimus (Tac) have been used clinically as immunosuppressive
regimen for the solid organ transplantation [1]. Their efficacy
against the transplant rejection comes with the cost of side effect
such as hypertension and vascular injury [2,3]. The incidence of
hypertension in liver or heart recipients are 80-90 % when treated
with CsA [4], whereas 50-70 % with Tac treatment [5]. Studies
have also shown that the hypertension caused due to CNIs are
multifactorial which also includes direct effect on the vasculature
[6-8]. It is either by an enhanced activity of vasoconstrictive
agent such as endothelin-1 [9] or via inhibiting nitric oxide [NO]
synthesis [10]. The generation of NO is constitutive in the vascular
endothelium, the Ca*-dependent inducible NO synthase (iNOS)
from the endothelium plays an important role in the maintenance
of vascular homeostasis. Shear stress and receptor stimulation
to endothelial NO synthase (eNOS) do release a small amount
of NO, which also contributes to maintain vascular tone. In fact
the inhibition of NOS leads to generalized vasoconstriction and
significantly increases blood pressure [BP] [10,11]. The vascular
injury caused due to CsA treatment were showed in different in
vivo model of renal function [12-15], isolated perfused kidney
[12], and hydronephrotic kidney [13]. The in vitro chronic effect
of CsA on isolated vascular rings were also demonstrated using
isolated thoracic aortae [TA] [14,15] and or with renal arteries
[16], interlobar arteries [17], mesenteric resistance arteries [18],
and femoral arteries [19]. Although, some of these studies have
showed that the CsA has vascular toxicity effects while others
showed no vascular alterations. One of the important vascular
toxicity caused due to CsA is the impairment of endothelium-
dependent acetylcholine (ACh)-induced vascular relaxation,
which is also depends on integrity of endothelium and NO. CsA-
induced impaired relaxation to ACh was found in TA, which was
very sensitive to vasculotoxicity but its effect was not found in
abdominal aortae (AA) and other vessels [20]. In contrast to
NO-induced vascular actions, vascular noradrenalin receptors
also plays important role in the regulation of vascular tone. CsA
enhances vascular contraction by stimulating noradrenaline in rat
aorta [19]. It also decreases vascular sensitivity to noradrenaline
without changing maximal contractility [20]. Rats treated with
CsA 30 mg/kg/d for 3 weeks caused decrease in the aortic rings
response to phenylephrine (PE) (Figure 1) [14]. Conversely,
increase in PE-induced contractions was noted in rabbit renal
artery at the concentration of 1-10 uM of CsA without changing
pD, (potency of agonist) values [21]. In addition, an increase in
vascular sensitivity to adrenergic agonists in the presence of CsA
was also showed by Lamb and Webb, 1987 [22]. Surprisingly,
there are no functional studies available to characterize a,
adrenoreceptor mediated vascular contractibility using two CNIs
such as CsA and Tac on TA and AA. After careful reviewing of
all these studies, we found that there are discrepancies which
depends on difference in experimental conditions such as dose,
duration of the treatment, or route of administration etc. [20].
Very few studies or none are available with respect to other
CNIs such as Tac and its comparism with CsA on different portion
of aortae such as TA and AA. Our previous studies using these
two CNIs via in vitro study showed that CsA exerted profound
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inhibitory effect on endothelium-dependent vasodilatation in
both TA and AA as compared to Tac [23]. To expand our research,
we have decided to inject CsA and Tac subcutaneously in the in
vivo rat model. Isolate both thoracic and abdominal aortae for
the assessment of CNIs-induced inhibition of vasodilatation as
well as functional alterations of vascular noradrenalin receptor
activity. Therefore, the aim of the current study was to determine
the effect of CNIs on different portion of Sprague Dawley (SD)
rats’ aortic vessel (TA and AA) contractibility and relaxation.
The functional contractibility was assessed using terazosin, an
adrenergic receptor blocker, whereas relaxation effects were
characterized using endothelium-dependent, ACh-induced and
endothelium-independent, sodium nitroprusside (SNP)-induced
vascular smooth muscle relaxation in both TA and AA.

Materials and Methods

Animals

The current experiments were conducted in 13-week-old male
Sprague-Dawley rats (300 to 350g) obtained from Charles River
Laboratories (St. Constant, Quebec, Canada). Given experimental
protocol was approved by Animal care committees at the
University of Saskatchewan as the guideline stipulated by the
Canadian Council on Animal Care. In present study, all the rats
were handled and injected by same researcher, as well as in vitro
experiment, in the same laboratory, using the same organ bath
apparatus.

Materials

All the analytical grade salts used in the preparation of Krebs’
buffer, terazosin hydrochloride, phenylephrine hydrochloride
(PE), sodium nitroprusside (SNP) and acetylcholine chloride
(ACh) were obtained from Sigma-Aldrich Canada Ltd. (Oakville,
Onatrio, Canada). tacrolimus (Prograf, i.wv.) purchased from
Astellas Pharma Canada, Inc (Markham, Ontario, Canada)
and cyclosporine (Novartis, Sandimmune* i.v.) obtained from
Novartis Pharmaceuticals, Canada Inc. (Dorval, Quebec, Canada),
Other materials such as isoflurane USP inhalation anesthetic
bought from Abbott Laboratories, Limited, (Montreal Canada,)
and heparin sodium injection USP, from Sandoz, Canada Inc.
(Qc, Canada). Polyethylene tubing (PE. ) purchased from Becton
Dickinson and Company, Sparks, MD and Silicon tubing (PE_ ) got
from VWR international, Canada. PRISM software (Graph Pad
Inc., La Jolla, CA) was used for the statistical analysis of data.

In-vivo study

In the in vivo study, 13 weeks male SD rats were divided into three
groups, control-vehicle/castor oil, n=5 rats; CsA,15 mg/kg B.wt.,
n=6 rats; and Tac, 0.15 mg/kg B.wt., n=5 rats and were treated
for 15 days subcutaneously (s/c). At the end of study, rats were
anesthetised using inhalant anesthesia, and blood pressure and
heart rate were measured as per method described below. Later
rats were overdosed with isoflurane, and both TA and AA were
isolated carefully without damaging vessels for in vitro organ bath
study (Figure 1). A large part of our study has been conceived to
evaluate the effect of CNIs on aortae reactivity. We have used
anesthesia and surgery to isolate both TA and AA, which may
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Figure 1 The panel compares blood pressure parameter of different groups treated with vehicle (castor oil, s/c, n=5), cyclosporine (CsA-15
mg/kg, s/c, n=6) and tacrolimus (Tac-0.15 mg/kg, s/c, n=5) for 15 days. At the end of study, rats were anesthetized using inhalant
anesthesia (isoflurane) and arterial blood pressure (ABP) was measured using femoral artery canulation. Heart rate (HR), Systolic
blood pressure (SBP) and Diastolic blood pressure (DBP) were calculated using cyclic measurement on Chart5 software. ABP and
DBP of TAC treated group were significantly different as compared to control-vehicle group. *p<0.05 vs. control-vehicle. Each data

point is mean + SEM value obtained from n=5-6 rats..

influence the vascular tone of both aortic segments before their
isolation. Therefore, we would like to acknowledge the limitation
of our study.

Measurement of blood pressure (BP) and heart
rate (HR)

At the end of treatment period of 15 days rats were anaesthetized
with isoflurane gas (5% induction and 2 % maintenance mixed with
Oxygen, n=16 rats) and used for measurement of blood pressure
parameters. The anaesthetized rats were placed on a heating
pad to maintain the temperature at 37°C (measured by a rectal
probe) and were allowed to stabilize. Further, the right femoral
artery and vein were cannulated with polythene cannulas. The
femoral artery catheter (polyethylene tubing, i.d. 0.58 mm and
o.d. 0.965 mm) was filled with heparinized saline (50 U/ml). It
was connected to a pressure transducer to record the arterial
blood pressure (mmHg) and HR (beat per min, BPM) using the
Powerlab data acquisition system (AD Instruments Pvt. Ltd.,
Sydney, Australia). The femoral vein catheter (silicon tubing 0.20
ID X 0.037 OD X 0.008 Wall) was filled with heparinized saline and
infused to balance the fluid losses during the catheterization. The
experiment were continued for 10-15 minutes to obtain stable
blood pressure (arterial BP) and was recorded on chart5 software.

© Copyright iMedPub

Heart rate, systolic and diastolic blood pressures were calculated
from direct arterial BP channel using cyclic measurement
parameter on chart5 program. The detailed methodology for
the measurement of BP and HR were described earlier; however
incorporation of isoflurane anesthetics agent were done recently
in our laboratory [24,25].

Isolation of rat thoracic and abdominal aortae
and organ bath technique

In current experiment rats were treated with vehicle, CsA and
Tac for 15 days by s/c injections. After BP measurement rats
were euthanized with overdose of isoflurane anesthetic agent.
Both TA and AA aorta (separated at the diaphragm level) were
isolated and placed into to petri plate containing buffer along
with continue carbogen flow. Aortic rings cleaning, mounting,
preload tension and endothelium viability of ring was done as
method described below. Importantly, hooks were inserted in
the aortic rings without damaging the endothelium. Aortic rings
were maintained at the basal preload tension of 2 g in organ
baths containing 10 ml Krebs buffer (in mM: 120, NaCl; 4.8, KCI;
1.2, MgCIZ; 1.8, CaCIZ; 1.2, KHZPO4; 25, NaHCOa;ll, glucose; pH 7.4
gassed with 95% O, 5% CO, at 37°C) as described previously (24,
25, 26). Later all rings were first contracted with a submaximal
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concentration (“EC,, level) of a, selective agonist, PE (1 uM).
Once steady state response achieved by aortic rings, the tissues
were washed 3 times in normal krebs’ buffer and maintained
for 1 h. Same concentration of PE was added in organ bath to
ascertain that the sustained tonic response to PE is reproduced
and a fixed concentration of ACh (10 uM) was added to assess the
extent of vasodilatation in PE-constricted rings. If vasodilatation
to ACh was >90%, it was considered as an endothelium-intact
preparation [24-26]. After initial confirmation of both contractile
and relaxation response further studies were performed as per
methods described below.

Aortic ring contractile function

Some of TA and AA rings were exposed to PE- concentration
response curve in the presence and absence of Terazosin
(selective o, receptor blocker). The EC (EC,, half maximal
effective concentration) values were obtained were used to
calculate concentration ratio (EC50 of Terazosin treatment/ EC,,
of Control (Before treatment). In the experiment these aortic
rings were exposed to PE cumulatively increasing concentrations
(1 nM-100 uM) which were added in such a way that the
next concentration was added only after the response to the
previous concentration had plateaued. The data collected were
considered as control (before treatment) and compared with
after treatment of terazosin 10 nM or 30 nM drugs (selective o,
receptor inhibitor). Tissues were washed 3 times and allowed
to recover by repeated washing for a minimum of 1 h. The
tissues were incubated with either terazosin (10 nM) or (30 nM)
concentration in 10 ml organ bath containing krebs’ buffer for
20 minutes. Later tissues were constricted with PE by adding
cumulatively increasing concentrations (1 nM-100 puM) until
it reaches maximal contraction which was achieved during
control concentration response curve of PE. Thus, the changes
in isometric tension evoked by PE (PE-induced concentration
response curve plotted) in presence or absence of terazosin (10
and 30 nM) and were determined in the vessels of the same
rat (n=5-6 rats). The tension responses were recorded in gram
on a chart 5 program (Chart V5.0.1) using a Powerlab/8SP data
acquisition system (AD Instruments Pvt. Ltd., Sydney, Australia).
The maximum gram tension of control curve (Before terazosin
treatment) were considered as 100 (percentage, %) and rest of
lower values were normalized/converted into % of maximum
value. Similarly, gram tension data from terazosin, 10 and 30 nM-
incubated, PE-concentration response curve were converted into
%. E__ (maximum possible effect for the agonist) were calculated
by taking average of maximum contractile response (%) to PE in
each treatment group. Whereas, the EC_ values were obtained
using PRISM software and used to calculate concentration ratio
[EC,, of Terazosin treatment/ EC, of Control (Before treatment)]
[24,25,26].

Aortic ring relaxation function

Remaining TA and AA rings were used to assess vascular
relaxation response of ACh (endothelium-dependent) and
SNP (endothelium-independent) after a steady tonic response
was reached following the addition of PE (1 uM), cumulatively
increasing concentrations of either ACh (1 nM-100 uM), SNP (1
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nM-100 uM) were added in such a way that the next concentration
was added only after the response to the previous concentration
had plateaued. The tension responses were recorded in gram
on a chart programme (Chart V4.0.1) using a Powerlab/8SP data
acquisition system (AD Instruments Pvt. Ltd., Sydney, Australia).
The maximum gram tension achieved by PE were considered
as 100 (%) and decrease in tension caused due to ACh and SNP
were normalized/converted into % and used as % inhibition. The
inhibitory concentration maximum (I__) values were calculated
by taking average of maximum reduction in tension caused due
to ACh or SNP in each treatment group. Further, all % normalized
data of each group were inserted in the PRISM statistical software
to calculate inhibitory concentration of 50 % (IC_)) and to plot
concentration response curve graph. All these data collected
were considered as the vascular relaxation actions of both CsA
and Tac after the 15 days treatment s/c ly and compared with
control-vehicle data [24,25,26].

Statistic

For in vivo study, average of arterial, systolic and diastolic BP,
and HR were determined per group and the pooled values are
expressed as mean + SEM (n=5-6 rats). The data were analyzed
for statistical significance using one-way ANOVA as the same
variable (ABP or HR change) was compared between control and
treatments followed by Tukey post hoc test and the differences
between means was considered significant when the P value was <
0.05. These results were presented as column graphs. The closest
P value obtained was given in the results section. For in vitro
study, experiments were performed each day using both TA and
AA aortic vessels after they were isolated from one rat and tested
for contractile tension responses in PE-constricted concentration
response curve. The contractile responses observed by PE were
normalized as % change in tonic response to the basal reading
evoked by cumulative concentration(s) of PE. The tonic response
was reached closer to 100% and E__ value was generated by
taking average % maximum contraction caused by PE agonist. The
EC,, values were generated from each concentration response
curve using Prism software.

Note: How to use Prism software for the analysis of curves. To get
EC,, value of concentration response curve we should open Prism
software file then select XY table and graph. The concentration
of agonist should be inserted in the X column whereas responses
(% contraction) in the Y column. Then click on icon (Analyze data)
we will get a pop-up window, then select a parameter-transform
the data (X=LogX). Later click on “OK” button. It will convert X
value (concentration of agonist) into logarithmic format. Again,
go back to icon (Analyze data) and select XY analyses (Nonlinear
regression) curve fit. Then select Dose-response stimulation [log
(agonist) vs. response] and click “OK). We will get 3 different files 1.
Data tables, 2. Results and 3. Graphs. In the result section we will
find the EC_ values for each group. Vascular relaxation study were
performed each day by using both endothelium-dependant and
endothelium-independent aortic vessels after they were isolated
from one rat and tested for inhibition of tension responses in PE-
constricted states. The vasodilator responses observed by ACh
and SNP were normalized as % inhibition of steady state tonic
response (100%) evoked by fixed concentration(s) of PE. The
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|0 values were calculated by taking average of maximum %
inhibition per group. Whereas IC_ values were generated by using
Prism software as per procedure described above except we have
used Dose-response inhibition [log (inhibitor) vs. response] curve
instead of Dose-response stimulation [log (agonist) vs. response]
curve to calculate IC_ values. Thus, the final mean = SEM values
shown in the results section represent the data gathered from
5-6 rats (5-6 tissues of thoracic aortae and abdominal aortae per
rat). The differences in mean * SEM values between different
conditions of treatment were analysed using one-way ANOVA,
followed by Tukey post hoc test and the data were considered
significant when the P value was < 0.05. However, for assigning
the level of significance the closest P value reached was provided
in the results section.

Results

Drug concentration and blood pressure parameters

After 15 days of CNIs treatment (control-vehicle, CsA-15 mg/
kg and Tac-0.15 mg/kg), SD rats were anesthetised and BP
parameters were monitored for 10 minutes. We found that, the
direct arterial BP of control-vehicle group was 97.4 + 2.20 mmHg.
The CsA treated group showed no difference in ABP, 104 + 3.35
mmHg, however Tac treated group (110 + 3.3 mmHg, p<0.05,
n=5-6) was significantly higher than the control group (Figure 1).
This changes in arterial BP might be also be contributed due to
changes in diastolic BP in the Tac group (control, 81 + 2.65, CsA,
89 + 3.52 and Tac, 94 + 3.28 mmHg, p<0.05, n=5-6). However,
there was no difference in systolic BP (control-vehicle, 125 +
3.48, CsA, 127 + 3.10 and Tac 132 + 4.37 mmHg, n=5-6) and HR
(control-vehicle, 347 £ 17.25, CsA, 368 + 7.15 and Tac, 347 + 6.48
BPM, n=5-6) between different groups (Figure 3).

Aortic contractile response

Later, both TA and AA were isolated and mounted in the organ
bath. The contractility response to o, agonist (PE-1 nM to 100
UM) was assessed in both TA and AA. In the TA, there was
significant increase in contractility in CsA and Tac treated groups
as compared to control-veh (Control-vehicle, EC,, 104 £ 14.0 nM,
CsA 55+7.06 nM, Tac, EC, 50 £ 6.6 nM, p<0.01. n=5-6). On other
hand, in the AA ring both CsA and Tac treated rats showed no
alterations of contractile responses to PE (Control-vehicle, EC_

74+12.8nM, CsA, EC, 72 £7.60 nM, Tac, EC_, 59+ 8.1 nM, n= 5-
6) [Table 1-2 and Flgure 3]. Further, we wanted to confirm the
functional alterations caused by CsA and Tac to a, adrenoreceptor-
induced contractile mechanism, we used terazosin (selective a,
adrenoreceptor blocker) and PE-induced contractile response
curve was derived against the two different concentrations (10
and 30 nM) of terazosin in both TA and AA (Figures 4 and 5).
The dose ratio was calculated using EC, of terazosin blockade
to that of control EC, (Table 2). The EC of control-veh PE-
induced contraction in TA was 104 + 14.0 nM and after 10 nM
terazosin blockade it did not showed any difference 171 + 56.3
nM. Whereas, after 30 nM terazosin blockade showed significant
rightward shift of EC_ values (EC, , 362 + 88.6 nM, p<0.05, n=5).
Similarly, after CsA treatment there was no difference in terazosin
10 nM group as compared to EC_  without terazosin (Control EC
55 + 7.06 nM; terazosin EC

50’

231 + 66.8 nM, n=6), but terazosin

50’
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30 nM group showed significant differentin EC, values 370+ 79.7
nM vs. control). In other hand Tac treatment showed that there
was significant difference in both terazosin 10 nM (control EC_, 50
1 6.6 nM, vs terazosin 10 nM EC,_, 433 + 111.0 nM, p<0.05, n=5)
and terazosin 30 nM (EC,, 1.04 £ 0.46 uM vs. control, p<0.01,
n=5) blockade indication tacrolimus 0.15 mg/kg body wt. for 15
days might have caused significant a, adrenoreceptor changes in
TA leading to development of vasculature alterations. In contrast
to the TA, the AA there were trend towards a, adrenoreceptor
alterations but there was no significant difference in EC_ of
control and terazosin blockade of either 10 nM concentration,
Control-vehicle (control-EC, , 74 + 12.8 nM vs. terazosin-10 nM-
EC,,, 69 £20.5 nM, vs terazosin-30 nM-EC_, 207 + 86.3 nM, n=5),
CsA treatment (control-EC_, 72 + 7.6 nM vs. terazosin-10 nM-
EC,, 123 + 49.0 nM, vs terazosin-30 nM-EC_, 373 + 173.3 nM,
n=6) and Tac treatment (control-EC,, 59 * 8.1 nM vs terazosin-10
nM-EC_, 226 £ 75.5 nM vs terazosm 30 nM-EC_, 401 £ 98.3 nM,

507 50’

n=5, (Figures 4-7 and Table 2).

Aortic endothelial-dependent relaxation

The endothelium- dependent (ACh) vascular relaxation response
curves were obtained using ACh, a muscarinic receptor agonist,
in both PE-induced constricted TA and AA. As these aortic rings
were collected from the rat treated with vehicle, CsA and Tac
after 15 days of treatment, and (Mean £+ SEM) IC_ and E__ values
were compared between the groups. It is clear that TA from Tac-
treated rats showed severe endothelium-dependent impaired
relaxation as compared to CsA treated rats (Control-veh,

99 + 32.3 nM, CsA-IC, 239 + 84.0 nM, Tac-IC,, 511 + 84.0 nM
non-significant, n=5; ControI E . 98%2%, CsA E . 661879
%, Tac-E__, 39 £9.55 %, p<O0. 01 n 5-6). The severlty of impaired
vascular relaxation in AA was less compared to TA (Control-veh,
IC,,57 £15.6 nM, CsA-IC_ 442 + 140 nM, Tac-IC, | 169 £47.5 nM,
p<0 05, n=5; Control- E. 97 +2.6 %, CsA-E__, 74 +11.38 %, Tac-
E .. 70%20.06 %, p<0. 05 n=5-6).

Aortic endothelial-independent relaxation

The endothelium-independent vascular smooth relaxations were
assessed using SNP. The endothelium-independent impaired
vascular relaxations were comparable in both CsA and Tac treated
rats in both TA (Control-veh-IC, 47 + 11.2 nM, CsA IC_ 214 &
27.9 nM, Tac-IC,, 191 +30.8 nM p<0.01, n=5; Control- E , 101
+284%,CsAE , 105 + 1.45 %, Tac-E__ 112+328%,n 5-6)
and AA (Control-veh IC,, 164 + 45.1 nM, CsA IC,, 424 £53.9 nM,
Tac-IC,, 520 + 104.1 nM p<0.01, p<0.05, n=5; ControI veh-E__,
111+ 3 29%, CsA-E__,82+3.55%, Tac-E__, 86 +4.56 %, p<0. 05
n=5-6). Overall, ourfunctionaldata shows that there was vascular
alteration in both aortic sections of TA and AA, by CNIs treatment.
The differential effects of both CsA and Tac was noted differently
either by alteration of a, adrenoreceptor or by impairment of
vascular smooth muscle relaxation via endothelium-dependent
or independent mechanism. This might be linked with down-
regulation of nitric oxide production as well as a, adreno-receptor
structural changes.

Discussions

The present study is the first investigation to determine the in
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Figure 2 A representative tracing (X axis-gram tension; Y-axis-time scale) that shows the contractile responses to the cumulative addition
of phenylephrine (PE) from each group of vehicle control [panel A (TA) and panel B (AA)], cyclosporine [panel C (TA) and panel D
(AA)] and tacrolimus [panel E (TA) and F (AA)]. Tracings are compressed, and the contraction was gradual, the plateau reached
at each concentration is not seen clearly in some tracing but the higher concentration of PE was added only when the response
reached a steady state for that particular concentration. Each data point were used for the calculation of concentration response
curve and mean * S.E.M. value obtained from aortic rings isolated from n = 5-6 rats.

.

J

vivo effects of CNIs, CsA and Tac on different portions of rat aortic
tissue (TA and AA) contractility, and both endothelium-dependent
and endothelium-independent relaxation using same rat tissues.
The treatment doses of both CsA and Tac were used in rats are
from the human therapeutic dose range. However administration
of drugs were done subcutaneously. The data we have gathered
are in the relevant only in the context of the present experimental
models and doses administered s/c in the SD male rat [27]. In our
pilot study, we treated rats with a dose of CsA, 15 mg/kg, Bwt for
10 days, but we did not found any changes with respect to
haemodynamic parameter as well as vascular injury in rat aorta
(unpublished data).Therefore, in the current study we decided to

6 © Copyright iMedPub

extend the period of treatment for 2 weeks, s/c injections which
yielded vascular damage. Several researchers have used different
doses of CsA ranging from 5 mg/kg Bwt to 50 mg/kg Bwt., with a
treatment period ranging from 7 days to 45 days in rats and or
rabbit (18, 19, 20). Although, previous studies have used Tac
doses between 0.5 to 5 mg/kg Bwt. orally for up to 4 weeks [28],
in our study we decided to use 0.15 mg/kg Bwt, s/c on the basis
of its potency (10-100 times more) as compared to CsA (15).
Arterial BP were within normal range in rats treated with vehicle.
Both CsA and Tac treatment showed increase in the arterial BP as
compared to control-vehicle group. Our finding of significant
higher BP in the Tac group was consistent with previous study
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Figure3 The panel compares the concentration-stimulation
response curves to phenylephrine (PE) 1 nM to 100 uM
determined in thoracic (A) and abdominal (B) aortic rings
with intact aortic rings. Rats were treated with vehicle
(castor oil, s/c), CsA (15 mg/kg, s/c) and Tac (0.15 mg/
kg, s/c) for 15 days. End of the study, both thoracic and
abdominal aortas were isolated and 3 mm aortic rings were
prepared and mounted in organ bath and dose response
curve were plotted against PE. Each data point is mean +
SEM value obtained from aortic rings (8-12 aortic rings per
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group) isolated from n=5-6 rats.
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Table 1 The comparative vascular contractility effects of two calcineurine
inhibitors, cyclosporine (CsA, 15 mg/kg) and tacrolimus (Tac 0.15 mg/
kg) in SD rat after 15 days of treatment. The phenylephrine (PE)-induced
contractility on thoracic and abdominal rat aortic rings with intact
endothelium.

104 £14.0
Vehicle nM
CsA (15 mg/kg)

100.0+0.33
100.0+0.31
99.9+0.23

55+ 7.06

TAC (0.15 mg/ nM**
kg) 50+ 6.6

nM**

Thoracic Aorta

*p<0.05 **p<0.01 vs. respective controls; #p<0.01 PE-CsAs, Thoracic vs.
Abdominal aortae)
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Figure 4 The panel compares the concentration-stimulation
response curves to PE determined in thoracic aortic rings
of vehicle (panel A), CsA (panel B) and Tac (panel C) in
presence and absence of terazosin (a, receptor antagonist)
with two different concentrations (10 and 30 nM). The
data from PE dose response curve was determined before
treatment. The a, adrenoreceptors were blocked with
terazosin either 10 nM or 30 nM and PE dose response
curve was determined to characterize functional changes
in o, adrenoreceptor. Each data point is mean + SEM value
of EC,, of control (before terazosin), 10 nM and 30 nM
terazosin of thoracic aorta (5-10 aortic rings per group)
were calculated from n=5-6 rats..

. J

with treatment of Tac, 1mg/kg, 15 days s/c injections in the
rodent model [29]. In the normotensive rat model, CsA treatment
showed transient increase in BP. It is well known that in normal
rat CsA may increase [30], or decrease transiently [31] and not
affect [9] arterial BP [32]. In our study, other BP parameters are
the reflections of arterial BP, which were calculated by using cyclic
measurement tool on Lab Chart 5 program. In these parameters,
as compare to vehicle control group, diastolic BP was significantly
higher in Tac but not CsA group. It may be linked with the arterial
stiffness caused due to Tac reflecting higher diastolic BP (33). CsA
do has more effects on arterial stiffness than Tac, but it was not
reflected in our study [33]. The effect of CsA on adrenergic
vascular reactivity has been studied widely but none of the
literatures available for Tac. Surprisingly, no one has used
terazosin as a o -adrenoreceptor blocker for the characterization
of vascular reactivity of CNI. Recently Bergler T, et al., showed
that CsA treatment causes marked reduction in nonepinephrine-
induced contractile response of mesenteric resistance arteries,
while there were no changes in contraction by endothelin.
Decrease in contractility was accompanied by marked
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Table 2 Action of two calcineurine inhibitors, CsA (15 mg/kg) and Tac (0.15 mg/kg) on vascular reactivity when treated in SD rat for 15 days. The
assessment of contractility was done using o, adrenergic receptor blockers against the phenylephrine-induced dose response curve.

*p<0.05 **p<0.01 vs. respective controls

downregulation of adrenoreceptor in mesenteric resistance
arteries [34]. These results encouraged us to design as study to
characterize differential vascular contractility of both CsA and Tac
in the in vivo rat model and compare them by using other vessels
such as TA and AA. These aortae are well known for the existence
of a -adrenergic adrenoreceptors in the rats [35]. In our study,
the vascular contractility was assessed by using PE, a selective a.-
adrenergic receptor agonist. Which consistently behaved as a full
agonist by showing maximum contractile effects on both rat TA
and AA [36]. In addition, a selective a, -adrenergic receptor
blocker terazosin was utilised and we found that it was competitive
in both TA and AA. Although we have not used 3 different
concentrations of terazosin to calculate pA2 (antagonist potency)
values due to utilization of portion of vascular rings for some
other experiments such as vascular relaxation, we still managed
to use 2 concentrations of terazosin to calculate concentration
ratio from PE-contracted TA and AA. The control groups showed
concentration ratio values, which are around the same range of
the previously reported concentration ratio data, which were
further calculated to yield functional affinity value (pA2) against
the contraction to noradrenalin in rat aorta [37,38,39]. In present
study, results showed that CsA and Tac treatment enhanced
vascular contractibility in the TA but not in the AA. It may be
linked with segmental difference in a,-adrenoreceptor subtype in
rat abdominal and thoracic aortae [40]. The effect of CNIs on
vasculature were due to its action on inhibition of endothelium-
dependent NO-induced vasorelaxations [41,42,8]. Although, NO-
induced vascular actions is important for vascular homeostasis,
vascular noradrenalin receptors also plays important role in the
regulation of vascular tone. CsA increases vascular contraction by
stimulating nor-adrenaline in rat aorta [43]. The increase in PE-
induced contractions was noted in rabbit renal artery at the

8 © Copyright iMedPub

concentration of 1-10 uM of cyclosporine without changing pD,
values [44] and increase in vascular sensitivity to adrenergic
agonists in the presence of CsA which was also showed by some
researcher [45]. Other studies have also demonstrated that CsA
reduces vascular sensitivity to nor-adrenaline without change in
maximal contractility [44] as well as aortic rings response to PE
[46]. Surprisingly, only one study showed the vascular contractility
by Tac, which was done in the TA but not in the AA [27]. Treatment
with CsA and Tac may produce reactive oxygen species [27,46],
which may further damages an a -adrenoreceptor and alter the
functional activity of terazosin. These alteration of terazosin
activity was predominantly noted in the TA but not in the AA
indicating differential effects of CsA and Tac at different portion of
rat aorta. Our second objective was to characterize vascular
relaxation affected by both CsA and Tac, therefore we used ACh-
induced endothelium-dependent as well as SNP-induced
endothelium-independent vascular relaxation pathway. As we
know that ACh-induced endothelium-dependent vasodilatation
is mediated solely by the release of NO in major conduit vessels
such as TA [47,48]. Whereas, 3 different endothelium dependent
vasodilator pathways such as NO, endothelium-derived
hyperpolarization factor (EDHF) and/or prostacyclin (PGl,) are
present in smaller vessels such as descending AA, secondary
mesenteric artery and their branches [48-53]. In our study we
found that both CsA and Tac showed blunting effect on ACh-
induced vasodilatation in the TA as compared to AA. It is directly
linked with their selective blocking action on eNOS expression via
alteration with serine threonine phosphorylation sites on NOS
[54]. In case of AA, CNIs selectively inhibit only eNOS, but not
other vasodilatory pathways EDHF and PGL. In current study, as
compare to CsA, Tac has profound inhibition effect on ACh-
induced vasodilatation, which is contradicting previous finding
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Figure 5 The panel compares the concentration-stimulation
response curves to PE determined in abdominal aortic
rings of vehicle (panel A), CsA (panel B) and Tac (panel C)
in presence and absence of terazosin with two different
concentration (10 and 30 nM). The PE dose response curve
was determined before treatment. The a, adrenoreceptors
were blocked with terazosin either 10 nM or 30 nM and
PE dose response curve was determined to characterize
functional changes in a,-adrenoreceptor. Each data point
is mean * SEM value of EC_ of control (before terazosin),
10 nM and 30 nM terazosin of abdominal aorta (5-8 aortic
rings per group) were calculated from n=5-6 rats.

that CsA affect more than the Tac on the vascular functional
capacity [27,55]. In the clinical settings, the incidence of
hypertension has been higher following CsA treatment as
compared to Tac [1,5], while Tac has higher incidences of
nephrotoxicity and neuotoxicity [1,5]. Although most of the
research showed that CsA is more potent for the vascular
damages than Tac, there are some report also showed that
supraclinical and clinical doses of tacrolimus is associated with
vascular endothelium dysfunction in both animal models and
human transplant recipients [40,27,55,56]. In addition, Can et.al.,
found that when wistar rat treated with Tac for 14 days caused
impaired relaxation response to ACh [57]. Other in vitro finding
was that the incubation of Tac with mouse aorta in organ bath
showed impaired endothelial-dependent relaxation response to
ACh which was linked to altered intracellular calcium release
affecting eNOS [58]. Our present study supports all these findings
with the Tac-induced vascular endothelium dysfunction.
Endothelium-independent vascular relaxation was assessed using
SNP-induced vascular relaxation which is most common in vitro
technique used in the vascular pharmacology. In current study we
found that in the TA, CNIs shifted SNP-induced Concentration
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Figure 6 The panel compares the concentration-inhibition response
curves to acetylcholine (ACh) determined in PE (1uM; EC,
concentration)-constricted thoracic (A) and abdominal (B)
aortic rings with intact endothelium. Rats were grouped
and treated with vehicle, CsA and Tac for 15 days. End of the
study, both thoracic and abdominal aortas were isolated
and 3 mm aortic rings were prepared and mounted in
organ bath. Each data point is mean + SEM value obtained
from 5-10 aortic rings per group isolated from n=5-6 rats.

response curve rightward with restoring of E__ indicating there
are some vascular smooth muscle damages. However, in the AA
both CsA and Tac showed rightward shift with reduced E__
confirms the intensity of damages are more as compared to the
TA. These findings are consistent with previous study which found
Tac inhibits the SNP-induced vascular relaxation with reduced E__
[27]. But the vascular dysfunction caused between TA and AA
may be linked with the differences in vascular relaxation
pathways. Recently, we know that the TA is predominantly relaxed
by NO indicating TA vascular smooth muscles do contain NO
sensitive cGMP enzymes as compared to the AA. While AA,
besides NO sensitive cGMP, there may be more prostaglandin
induced as well as EDHF sensitive calcium channels are involved
to cause vascular relaxations. Vascular dysfunction caused by
CNIs has implication for the development of hypertension and
intern risk of cardiovascular disease. It is important to assess
different doses of immunotherapy agents as they shows different
potencies and efficacy. As it is fully established that Tac is 10-100
more potent than CsA. That means Tac at 100 times lower
concentration of CsA might cause vascular dysfunction which is
one of the side effect of these immunotherapeutic agents. The
vascular dysfunction either comes from enhanced vascular
contractibility or reduced vascular relaxation capacity of the
vessels. Therefore, in the present study we strived to measure
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Figure 7 The panel compares the concentration-inhibition response
curves to sodium nitroprusside (SNP) determined in PE
(1uM; EC80 concentration)-constricted thoracic (A) and
abdominal (B) aortic rings in the presence of endothelium.
Rats were treated with vehicle, CsA and Tac for 15 days.
End of the study, both thoracic and abdominal aortas
were isolated and 3 mm aortic rings were prepared and
mounted in organ bath and SNP concentration response
curve were determined against PE. Each data point is mean
+ SEM value obtained from 5-10 aortic rings per group

isolated from n=5-6 rats..
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functional parameters of contractibility and relaxations using
same animal model, same dosing conditions and same in vitro
organ bath techniques after 15 days of CNIs administrations. We
think our present study may prove valuable information for the
field of post-transplant immunotherapy.
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