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Left ventricular hypertrophy (LVH) is defined
as an increase in mass and size of the left ventricle
which frequently occurs as a result of an elevated
resistance within the circulatory system. This
increase in mass of the myocardium results from a
chronically raised workload on the heart (1) and is
taken as an early sign of cardiomyopathy, which
ultimately may lead to symptomatic heart failure.
LVH is an independent predictor of cardiovascular
morbidity and mortality (1, 2). There are two types
of LVH: (i) pressure overload hypertrophy (POH)
or, (ii) volume overload hypertrophy (VOH). LVH
has been studied using different animal models
based on catecholamine administration, for exam-
ple, isoprenaline, caffeine, torbafylline, as well as a
combination of isoprenaline with caffeine (I/C) (3)

and isoprenaline with torbafylline (4) for varying
periods up to 7 days. Isoprenaline given as an
intraperitoneal injection (i.p.) of 5 mg/kg/day for 7
days has been used as a model for heart failure (5).
A further variation has been when isoprenaline was
administered for the development of myocardial
necrosis in which 2 injections of isoprenaline (s.c.)
were used some 72 h apart (6). 

The left ventricular hypertrophy and altered
cardiac output will impact on systemic hemodynam-
ic and the function of other organs, including the
kidney. The functional capacity of renal adrenergic
receptors in the kidney has been studied using the
I/C model where treatment lasted for 7 days, which
probably induced a degree of cardiac hypertrophy,
and combined with diabetes in Sprague-Dawley
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(SD) rats (7). This study demonstrated that α1A and
α1D subtypes mediate adrenergically induced vaso-
constriction responses in this combined state of
heart failure and diabetes. In another I/C model
study, caffeine was administered as 62 mg/L while
isoprenaline was injected (s.c.) at the dose of 5
mg/kg for 14 days in anesthetized Wistar Kyoto rats
(3). The investigators reported that although cardiac
function was not impaired in LVH, there was
decreased high pressure baroreceptor control of
sympathetic outflow. These investigators went on to
show that in the same I/C model as well as one in
which heart hypertrophy was induced by giving thy-
roxin (1 mg/kg, s.c.) for 1 week (8) there was a
defective baroreceptor regulation of renal sympa-
thetic nerve activity. These reports found no signifi-
cant difference in baseline value of blood pressure,
heart rate or RSNA in vehicle control, isopre-
naline/caffeine-treated or thyroxin-treated groups of
anesthetized animals. However, following an acute
saline volume expansion in these models, the renal
sympatho-inhibition was prevented. This model was
presumed to be one of a transition from LVH to
heart failure (HF).

Metabolic changes are likely to occur during
the induction of LVH and an increased plasma level
of angiotensin II has been observed in cate-
cholamine induced LVH (9). In the I/C model, both
isoprenaline and caffeine act as cardiac stimulants.
Caffeine is an adenosine receptor antagonist and
increases heart rate along with activation of nor-
adrenergic neurons (10). This increased adrenergic
activity will affect the renal hemodynamic and
excretory functional capacity of kidney. 

Left ventricular remodelling is a multifactorial
process with the involvement of inflammatory
cytokines and production of reactive oxygen species
(11), oxidative stress and inflammatory reactions in
injured myocardium (12). It is there important to
know the balance between prooxidant and antioxi-
dant. Plasma levels of oxidative stress parameters
(SOD), malonodialdehyde and nitric oxide (NO)
levels should be altered in LVH. To the best of our
knowledge, these parameters of oxidative stress
have not been studied yet in this isoprenaline and
caffeine model of LVH and cardiac hypertrophy.

Based on previous investigations, the current
study used a modification of the original isopre-
naline and caffeine regime to induce LVH by
extending isoprenaline therapy to achieve consistent
cardiac dysfunction. This study also aimed to inves-
tigate the impact of LVH on circulatory status, car-
diac geometry, and systemic hemodynamic and
oxidative stress parameters. This was extended to

examine how blood perfusion through kidney was
altered in LVH and to determine whether endothe-
lial status had been altered as reflected in arterial
stiffness.

MATERIALS AND METHODS

Animals 

Fourteen male Wistar Kyoto rats (WKY)
weighing 200 ± 20 g, were brought from the Animal
Facility of Universiti Sains Malaysia (USM) and
were acclimatized in the transit room for 5 days
before starting any treatment. Animals were given
free access to water and food. Animals were ran-
domly divided into control and LVH groups. The
control group and LVH groups were given the same
food for 14 days while in the LVH group on day 1,
the animals began treatment with isoprenaline (5
mg/k g s.c., 72 h apart) and caffeine (62 mg/L) in the
drinking water until day 14 as stated by (3) when
they were taken for acute study. According to previ-
ous study (3), isoprenaline s.c. 4 injections were
administered after 72 h apart but present study used
5 injections of isoprenaline 72 h apart on day 1, 4, 7,
10 and 13 to prolong the effect of drug before acute
experiment. Caffeine dose was continued as stated
(3). Experimental procedures were approved by the
Animal Ethical Committee of USM approval no.
2012/(76) (364).

Measurements of electrocardiogram (ECG) data

Animals were fastened overnight and then
anesthetized with injection of pentobarbital sodium
(Nembutal; CEVA, Lebourne, France) at a dose of
60 mg/kg, i.p. A 3 lead surface ECG recordings of
all the animals were done with gold plated needles
electrodes (ADInstruments, Sydney, Australia) as
previously reported (13, 14).

Acute experiment

The experimental procedure and protocols for
the acute studies were based on those previously
published studies (15). Overnight fasted rats were
anesthetized using pentobarbital (Nembutal;
CEVA, Lebourne, France) at a dose of 60 mg/kg,
i.p. A tracheal tube PP 240 (propylene tubing 240;
Portex, UK) was inserted to facilitate ventilation.
The left jugular vein was cannulated with PP-50 to
allow maintenance doses of anesthetic to be given
during the course of surgery. The right carotid
artery was cannulated with PP-50 and connected to
a pressure transducer (P23 ID Gould; Statham
Instruments, Nottingham, UK), linked to a comput-
erized data acquisition system (Power Lab; AD
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Instrumentation, Sydney, Australia) to monitor
blood pressure, heart rate, cyclic duration and mean
arterial pressure (MAP). The cyclic duration is
taken as the time interval between one cardiac cycle
and second cardiac cycle. The left kidney was
exposed via an abdominal midline incision and a
laser Doppler probe (OxyFlow, ADInstruments,
Australia Model No. ML191) was placed on the
cortical surface of the kidney to measure cortical
blood perfusion, expressed as blood perfusion units.
The left iliac artery was cannulated with PP-50 tub-
ing to allow recording of iliac blood pressure. The
iliac cannula was connected to a pressure transduc-
er which was attached to a Powerlab
(ADInstruments) and via a side arm was attached to
an infusion pump programmed to deliver saline
(0.9% NaCl) at 6 mL/h. After stabilization for about
60 min, pulse wave velocity was measured by
exposing the aorta and measuring the distance from
the point of insertion of the carotid artery cannula to
the insertion point of the iliac artery cannula (16,
17). The left ureter was cannulated with PP-10 tub-
ing for urine collection. At the end of acute experi-
ment, animals were euthanized by means of an
overdose of pentobarbital. The weight of the heart,
left ventricle and kidney were taken after careful
isolation and removal from experimental animals.
After weighing, left ventricle tissues were put in
10% formalin for histopathology study. The thick-

ness of the myocardium and LV chamber internal
diameter was estimated as described previously
(18). Thickness was measured with a Vernier cal-
liper just below the level of the mitral valve. These
values were used to generate heart index, kidney
index and LV index as follows:

Heart index = Heart weight / body weight ◊ 100
Left ventricle index = Left ventricle weight / body

weight ◊ 100
Kidney index = Kidney weight / body weight ◊

100
The study protocol is shown in Figure 1.

Measurement of creatinine and electrolytes in

plasma and urine samples

Both groups had fluid intake and urine output
measured using metabolic cages before and after
treatment (day 0 and day 14). Water intake was
measured by subtracting the remaining water in the
bottle after 24 h from the initial total volume. Blood
(1 mL) was drawn from the lateral tail vein, cen-
trifuged at 10,000 rpm for 10 min using a centrifuge
(Gallenkamp, UK) and the supernatant layer was
taken as plasma. Sodium and potassium in the plas-
ma was estimated using a flame photometer (Jenway
Ltd. Felsted, Essex, UK) while creatinine in plasma
and urine was estimated using a colorimetric method
(19) and the samples were read using a 96 well
microplate reader. Creatinine was measured from

Figure 1. Study protocol conducted for validation and evaluation of left ventricular hypertrophy and hemodynamic parameters
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plasma and urine to assess creatinine clearance
(mL/min/kg b.w.) and fractional excretions of sodi-
um and potassium (%).

Measurement of oxidative stress parameters

Oxidative stress parameters like superoxide
dismutase (SOD), malonodialdehyde (MDA), glu-
tathione reductase (GSH), nitric oxide (NO) and
total antioxidant capacity were measured on day 14th

from the plasma by using kits.

Statistical analysis and presentation of data

The data (the mean ± SEM) were analyzed
using one way ANOVA along with the post hoc
Bonferroni test and independent Studentís t test
using Graph Pad Prism (Graph Pad Software, Inc.
CA, USA) with significance taken at p < 0.05.

RESULTS 

Effect on systemic hemodynamic

The MAP, HR, PP and cyclic duration was
observed principally to validate the model and use
them as markers of LVH. MAP, PP and cyclic dura-
tion were significantly higher (all p < 0.05) in the
LVH WKY group as compared to the control WKY
(Table 1) while heart rate in the LVH WKY group

was lower than in the control WKY group (p < 0.05)
(Table 1).

Heart weight, left ventricle weight, kidney weight

respective indices, myocardial thickness and LV

chamber diameter

The physical appearance and weights of vital
organs are primary indicators of LV and cardiac
hypertrophy. Both heart and LV weights were sig-
nificantly higher (both p < 0.05) in the LVH WKY
group (Table 2) as compared to control WKY. The
myocardium was thicker in the LVH WKY group
compared to the control group while the internal
diameter of left ventricles of the LVH WKY group
was significantly less than that of the control group
(Table 2, Fig. 2).

The electrocardiogram (ECG) measurement

The LVH was investigated by studying QRS
complex, R-R intervals and R-amplitude in control
WKY and LVH WKY rats by using ECG. The ECG
morphology showed obvious P, Q, R and S waves in
both groups. In this study QRS complex, R-R inter-
vals and R-amplitudes were significantly higher in
LVH WKY group as compared to control WKY (all
p < 0.05) as shown in Table 1.

Table 1. Electrocardiogram of control WKY and LVH WKY done on day 14th during acute experiments. (n =
5-6). * denotes significant difference p < 0.05 compared to control group.

ECG Control WKY LVH WKY

R-R (ms) 175.7±3.9 211.7±6.*

QRS (ms)  18.6 ± 0.6  22.2 ± 0.9*

QT (ms)  72.5 ± 3.5  88.1 ± 1.2*

QTc (ms) 200.3 ± 3.1  210.0 ± 1.5*

R-Amp (mV)  0.60 ± 0.01 0.76 ± 0.03*  

ms: milliseconds, mV: millivolts

Table 2. SBP, DBP, MAP, PP, and HR, cyclic duration, time to peak, of control WKY vs. LVH WKY groups (n = 5-6). * denotes signif-
icant difference p < 0.05 compared to control group.

Systolic blood Diastolic blood Mean arterial Pulse Heart Cyclic

Groups pressure pressure pressure pressure rate duration

(mmHg)  (mmHg)   (mmHg)  (mmHg) (BPM) (S)

Control 132 ± 10 102 ± 4 119 ± 2 30 ± 2 314 ± 9 0.190 ± 0.0

LVH 159 ± 13* 125 ± 6 142 ± 13* 40 ± 7* 264 ± 18** 0.231 ± 0.03*

Abbreviations: LVH = Left Ventricular Hypertrophy; wt. = weight; SBP: Systolic blood pressure; DBP: Diastolic blood pressure; MAP:
Mean Arterial Pressure; PP: Pulse pressure; HR: Heart rate.
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Effect on water intake and urine output in control

and LVH group

Weight gain in LVH WKY group was signifi-
cantly less compared to the control WKY group
(Table 4a). Water intake and urine output in the two
groups were not significantly different as shown in
Table 4a.

Changes in physiological data in control and

LVH groups

Plasma Na concentration of the control group
was higher than that of LVH group (p < 0.05) while
the concentration of Na in urine was significantly
lower in the control group as compared to the LVH
group (Table 4b). Plasma K+ was lower in LVH

Figure 2. Thickness of myocardium, internal diameter of LV chamber of control WKY, LVH; * denotes significant difference p < 0.05
from the control group. 

Table 3. Heart, left ventricle, kidney indices, myocardial thickness and diameter of LV at day 14th of LVH as
compared to the control group. (n = 5-6). * represents mean value significantly different in comparison between
control WKY and LVH WKY groups (p < 0.05).

Physical parameters WKY LVH 

Body wt. (g) 298 ± 12 273 ± 8*  

Heart wt. (g) 0.79 ± 0.02 1.04 ± 0.05*  

LV wt. (g) 0.47 ± 0.02 0.64 ± 0.02*  

Kidney wt. (g) 0.87 ± 0.02 0.93 ± 0.05  

Heart index 0.26 ± 0.00 0.39 ± 0.01*  

LV index 0.46 ± 0.03 0.68 ± 0.06*  

Kidney index 0.30 ± 0.02 0.33 ± 0.02*  

Myocardial thickness (mm) 1.64 ± 0.18 3.29 ± 0.10*  

Diameter of LV (mm) 5.09 ± 0.04 2.85 ± 0.10*

Abbreviations: LVH = Left Ventricular Hypertrophy, wt. = weight
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group as compared to control WKY group (p < 0.05)
while urinary K+ was higher in the LVH compared to
the control WKY group (Table 4b). The UNa/UK ratio
was significantly lower in the LVH (p < 0.05) com-
pared to the control WKY group as shown in Table
4b. Absolute Na excretion and absolute potassium
excretions in the control groups were significantly
(both p < 0.05) lower than in the LVH group.
Significantly elevated creatinine in plasma was
observed in LVH WKY as compared to control
WKY (p < 0.05). The fractional excretions of sodi-

Figure 3. PWV of control vs. LVH. (n = 6 in each group) * rep-
resents p < 0.05 compared to control group

Figure 4. Histopathological slides of heart muscles of control WKY and LVH rats. Fig. A showing normal nuclei, no breakdown of mus-
cle fibre and striated muscles while figure B showing the breakdown of myofibers , no cardiac muscle characteristic striation. Necrotic tis-
sue seen and the presence of fibroblast and fibrosis observed in LVH WKY group
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um, potassium and urine flow rate is significantly
greater in LVH WKY group as compared to control
WKY (p < 0.05) as shown in Figure 4c.

Oxidative stress parameters

In LVH disease model, the level of oxidative
stress was measured as LVH is chronic inflammato-
ry process. It was observed that enzymatic SOD, NO,
GSH and T-AOC levels were significantly lower in
LVH WKY group as compared to control WKY (all
p < 0.05) while enzymatic oxidative parameter was
higher in LVH WKY group as compared to control
WKY (p < 0.05) as shown in Table 5.

Effect on pulse wave velocity (PWV)

Pulse wave velocity was significantly lower
(6.3 ± 1.01 m/s) in control WKY as compared to

LVH WKY (8.38 ± 1.04) indicating a higher arterial
stiffness in LVH WKY group as shown in Figure 3.

Histopathology studies of left ventricles of

Control WKY and LVH WKY

Histopathology observations are shown in
Figure 4. The arrangement of the perimysial fibres
in control (A, B) and LVH tissue (C, D) as can be
seen with the straight arrows indicating the organ-
ized and uniform direction of these fibres while the
circle in D slide shows distorted and deranged fibres
which are indicative of collagen deposition. 

Measurement of baseline value of renal cortical

blood perfusion

The renal cortical blood perfusion was signifi-
cantly lower in LVH WKY as compared to control

Table 4a. Body weight gain, daily water intake, daily urine output of control and LVH. * denotes significant difference p < 0.05 between
control vs. LVH.

Groups Wt. D-O Wt. D-14 Wt. Gain Water intake Urine output 

(mL/24 h)  (mL/24 h) 

Control group 192 298 ± 5 106 45 10  

LVH group 184 273 ± 3 89* 50 15*

Wt. represents weight, LVH is left ventricular hypertrophy and D represents day.

Table 4 (b). Electrolytes data of control WKY and LVH WKY groups. * denotes significant difference p < 0.05 in comparison of control
WKY and LVH WKY.

Na in K in Na in K in Absolute Absolute

Groups   plasma plasma urine urine Na K

(mmol/L)  (mmol/L)   (mmol/L) (mmol/L) excretion excretion

WKY 135 ± 3 6 ± 1.2 122 ± 7 60 ± 9.3 0.05 ± 0.01 0.14 ± 0.01

LVH 120 ± 3* 4 ± 1* 146 ± 9* 108 ± 5.1* 0.09 ± 0.01* 0.19 ± 0.02*

Na: Sodium; K: Potassium.

Table 4 (c). Renal functional parameters investigated on day 14th. * denotes significant difference p < 0.05 in
comparison of control WKY vs. LVH WKY.

Renal function parameters WKY CONTROL

Creatinine in Plasma 1.05 ± 0.33 1.38 ± 0.03*

Cr.Cl

(mL/min/kg b.w.) 
1.14 ± 0.22 1.34 ± 0.10

FE Na (%) 2 ± 0.2 3 ± 0.2*

FE K(%) 22 ± 4.5 79 ± 12.3*

Urine flow rate

(µL/min/100 g b.w.) 
2.38 ± 0.5 3.54 ± 0.3*

UNa/UK 2 ± 0.33 1.36 ± 0.10*  

Cr.Cl: Creatinine clearance, b.w.: body weight, mL/min/kg: millilitre per minute per kilogram 
FE Na: Fractional excretion of sodium; FE K: Fractional excretion of potassium; UNa/UK: Urinary sodium to
urinary potassium ratio. 
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WKY indicating decreased blood perfusion in LVH
WKY group (p < 0.05) local vasoconstriction in kid-
ney as shown in Figure 5.

DISCUSSION

The present study was aimed at undertaking a
detailed investigation into the cardiovascular and
renal functional changes that develop during the
chronic administration of isoprenaline and caffeine
(I/C) to induce left ventricular hypertrophy (LVH).
Moreover, a somewhat different regime of I/C
administration was used like isoprenaline alone and
in combination with methylxanthines (20) for 7
days. This I/C model was used for 2 weeks by giv-
ing 5 injections 72 h apart as we reported earlier
(21) by modifying the original I/C model (4).
Present studied modified this model by administer-
ing 5 inections of isoprenaline (5 mg/kg 72 h apart
s.c.) and caffeine (62 mg/L) to make this model
more valid for LVH and cardiac hypertrophy.
Although previously reported data successfully
described the LVH model but further modification

definitely gave more confidence about repro-
ducibility of data and model can be studied closer to
heart failure. This model of LVH may be consid-
ered as a transition state between LVH and heart
failure. Furthermore, a detailed examination was
undertaken of the effect of I/C administration on
cardiac geometry, especially the arrangement and
breakdown of myofibers. A third area of considera-
tion was the effect of I/C administration on renal
and systemic hemodynamics including physiologi-
cal parameters as reflected by electrolyte homeosta-
sis, renal excretion, renal cortical blood perfusion
and arterial elasticity.

Wistar Kyoto rats were selected for this study
as SD rats have been reported to develop LVH spon-
taneously and are not considered to be an ideal strain
to investigate LVH (22). A second reason for giving
priority to the WKY strain is the high mortality dur-
ing acute surgical procedures in SD rats which
amounted to 80% in those rats which developed
LVH (22). The original I/C model was modified by
using 5 injections of isoprenaline (s.c.) over 2 weeks

Figure 5. Comparison of renal cortical blood perfusion (RCP) in control and LVH (n = 6). *represents p < 0.05 compared with control
group

Table 5. Oxidative stress parameters investigated on day 14th. * denotes significant difference p < 0.05 in
comparison of control WKY vs. LVH WKY.

Parameters WKY CONTROL

SOD (µmol/mL) 5.51 ± 1 1.34 ± 0.1*  

MDA (nmol/mL) 21 ± 6 34 ± 2*  

NO (µmol/mL) 5 ± 1 21 ± 1  

GSH (µmol/mL) 542 ± 43 134 ± 47*  

T-AOC (µmol/L) 18 ± 3 10 ± 1* 
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that is 72 h apart (days 1, 4, 7, 10, 13), which was
different from the 4 injections as previously report-
ed (3). The current model was found to be safe not
only during the treatment period but also over the
long duration protocols of the acute surgery.

To the best of our knowledge, no previous
study has exclusively investigated the impact of
LVH on systemic hemodynamics in WKY rats using
this I/C model. There was an elevation of systolic,
diastolic and mean arterial pressure in the LVH
compared to the control WKY group, as shown in
Table 1, which supported the view that there was an
activation of the sympathetic nervous system as a
result of β1 receptor stimulation. Our results are con-
sistent with previous findings which suggested that
LVH was due to activation of β ARs subtypes in this
model (23). In fact, isoprenaline will activate both
the β1 receptors of heart and β2 receptors in the
peripheral vasculature (24). Caffeine is an adenosine
receptor antagonist (25) and studies have shown that
its administration will increase plasma levels of
noradrenaline (26, 27). Both isoprenaline and caf-
feine will increase heart rate synergistically, which
ultimately results in an elevation of systemic blood
pressure (28). Many studies have shown elevated
SBP, DBP, PP and MAP to be predictors of CV
events in males (29). Pulse pressure was also elevat-
ed in the study, which also predicts LVH which is
consistent with previous findings in man (30).

Surprisingly, heart rate in the LVH group was
lower compared to the control WKY. This obser-
vation would be in line with previous findings gen-
erating cardiac hypertrophy models, in mice using
isoprenaline (15 µg/g/day, s.c. for 7 days) (31), in
SD rats using isoprenaline and methylxanthine (4)
and in male Wistar Kyoto cardiac hypertrophied
anesthetized rats by using I/C model (4 injections
in 2 weeks) (3). A baroreceptor mediated reflex
bradycardia could be the cause of the decreased
heart rate in the LVH group. Noradrenaline in iso-
lated tissue stimulates cardiac contractility while in
vivo, when noradrenaline stimulates the heart, it
increases heart rate and ultimately blood pressure.
This rise in blood pressure induces a reflex rise in
vagal activity by stimulating baroreceptors, result-
ing in reflex bradycardia, which could be sufficient
to counteract the local action of noradrenaline on
the heart (32). Down regulation of adrenoceptors
under these conditions has been reported in some
studies (33-35) but the exact mechanism responsi-
ble for the decreased heart rate remains unclear.
The cyclic duration was increased in the LVH
group consistent with a prognosis which may lead
to heart failure.

The physical appearance and weight of key
organs like the kidney and heart showed cardiac
hypertrophy to have developed. Heart weight, LV
weight and their respective indices were significant-
ly greater in the LVH compared to control WKY
group as shown in Table 3. An increase in heart and
left ventricle weight would suggest an increased
exertion of the muscle due to increased activation of
β1 receptors. At the same time, β2 receptors would
also be activated in the peripheral vasculature due to
isoprenaline. This would result in vasodilation,
which may be a possible reason for the increase in
pulse pressure. It could be argued that this vasodila-
tion would decrease after-load resulting in a greater
force of contraction by the ventricular muscle to
ensure a maintained or even increased blood pres-
sure. This increased exertion of the heart, could go
part way to explaining the increased thickness of the
myocardium and reduced internal diameter of the
left ventricle of the LVH group as shown in Table 3
and Figure 2.

The kidney index was higher in the LVH group
and the accompanying hypokalemia may be consid-
ered as a factor contributing to the renal hypertrophy
(36). Plasma levels of angiotensin are increased in
LVH, which may also play role in renal hypertrophy
(37).

This increase in cardiac mass may result from
a breakdown in the meshwork of elastin collagen
membrane (ECM) in the heart, which results in
structural and geometrical changes in the left ventri-
cle as shown in Figure 4. All these changes are
caused by unsymmetrical, unorganized arrange-
ments of myofibers and breakdown of elastin and
increased collagen deposition. The arrows in Figure
4A showed symmetrical and organized arrangement
of myofibers while characteristic striated cardiac
muscle and normal cardiac nuclei. Figure 4B
showed necrotic tissues, and presence of fibroblast
confirms the fibrosis in this model of LVH. These
changes are indicative of changes in elastin to colla-
gen ratio in cardiac muscle. This turnover in elastin
to collagen ratio needs to be explored by evaluating
the changes in activity of different matrix metallo-
proteinases (MMPs).

A few studies have investigated the myotoxic
effects of β adrenergic receptors especially β2 recep-
tors in soleus muscles (38). This myotoxic effect of
isoprenaline is likely to be one of the reasons for the
weight loss in LVH group as compared to WKY.
Moreover, chronic administrations of β adrenergic
agonists are noted for causing loss of both body
weight and fat (39). Thus, chronic administration of
isoprenaline and raised levels of noradrenaline due
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to the caffeine together will contribute to the
reduced body weight in the LVH group of rats.
Another contributory factor for the blunted weight
gain in the LVH group may be due to lower water
intake and greater urine output in these animals.
This may simply reflect energy turnover in the LVH
group. These findings are in line with previous find-
ings (3, 4).

Renal function parameters were studied to
determine the status of renal functional capacity. It
is well known that sympathetic nerves richly inner-
vate the kidneys (40) and influence renal hemody-
namic and fluid reabsorption to ensure both long and
short term regulation of extracellular fluid volume
and arterial blood pressure (41, 42). In LVH, β1

receptor activity is enhanced due to isoprenaline and
caffeine which may impact on renal function.
Creatinine clearance, which is a measure of
glomerular filteration rate (GFR), was not signifi-
cantly different in either the LVH or control groups
indicating a satisfactory filtration capacity of the
kidney. Furthermore, the elevated levels of FENa
and FEK indicate decreased reabsorption of these
electrolytes from proximal and distal tubules sug-
gesting an early derangement of tubular reabsorp-
tion and excretion. One possible reason may be due
to the involvement of α adrenergic receptors in the
kidneys which play a major role in tubular Na and
water reabsorption (43). Secondly, hypernatremia is
associated with caffeine administration (44).These
findings of elevated fractional excretions of sodium
and potassium are consistent with changes produced
by caffeine in the body (45). Hypokalemia, as
reported in the present study, usually results from
damaged proximal tubules as a result of increased
ammoniagenesis (36). Urine flow rate was higher in
the LVH group as compared to the control WKY
group. This increase in urine flow rate and increased
urine output in the LVH group may be due to a
diuretic action of caffeine, which has been widely
reported (28, 45-48).

The hypokalemia observed in the LVH group
was associated with the development of LVH and
has been shown to be involved with stimulating
myocardial growth (48). The decreased UNa/UK ratio
in the LVH group would be consistent with an ele-
vated aldosterone secretion, which would act on the
collecting tubules to cause hyper-excretion of potas-
sium. Renal cortical blood perfusion (RCBP) was
decreased about 30% in the LVH which would indi-
cate a compromised blood perfusion through kid-
ney. Despite a normal creatinine clearance in both
control WKY and LVH WKY, the RCBP was
decreased in the LVH WKY group but the underly-

ing mechanism remains unclear. One of the possi-
bility is due to increased regional concentration of
catecholamines, especially noradrenaline, causing
increased vasoconstriction leading to reduced
RCBP. Increased LV mass is proportional to
increased sympathetic nerve activity (49). This
increased sympathetic nerve activity may cause
renal sympathetic nerve to release more nordrena-
line in local region thus causing increased vasocon-
striction and reduced RCBP. That is fact because
free redicals which are elevated in this model are
involved in sympathetic neurotransmission to
enhance noradrenaline production by increasing the
calcium influx into nerve terminals (50). 

Arterial stiffness, along with SBP, is marker of
CV diseases which will elevate after load and can
impact on coronary perfusion (51, 52). Arterial stiff-
ness, as reflected by the pulse wave velocity, is con-
sidered to be an indicator of endothelial dysfunction
(53). Arterial stiffness is referred to many patholog-
ical condition including altered anticoagulant and
anti-inflammatory properties of endothelium,
impaired modulation of vascular growth and dysreg-
ulation of vascular remodelling (54). An ample data
considered the arterial stiffness as loss of vasorelax-
ation ability of blood vessels due to loss of NO. In
present model of LVH, plasma levels of LVH WKY
is reduced that may lead to arterial dysfunction. This
reduced levels may be due to decreased expression
of endothelial nitric oxide synthase (eNOS) (55),
lack of substrate of eNOS, (56) or accelerated degra-
dation of NO by reactive oxygen species (ROS)
(57). In the present study, pulse wave velocity was
significantly higher (33%) in the LVH group indi-
cating a higher arterial stiffness as compared to the
control WKY. Interestingly, vasoconstriction and
elevated blood pressure is usually associated with
greater arterial stiffness, which is a predictor of car-
diovascular diseases (51). Although isoprenaline
produces a peripheral vasodilation, this action may
be counteracted by an increased noradrenaline pro-
duction induced by caffeine administration. These
elevated levels of noradrenaline and caffeine could
cause an overall vasoconstriction and make the vas-
culature stiffer. Thus, the overall net effect is an
increased left ventricular after-load and greater arte-
rial stiffness ultimately leading to endothelial dys-
function. 

Oxidative stress play an imperative role in car-
diac and vascular abnormalities in different types of
cardiovascular diseases that is why any antioxidant
therapy may be beneficial for combating against
these diseases (58). So, elevated level of MDA in
plasma, which is enzymatic marker of oxidative
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stress while attenuated level of SOD which is enzy-
matic marker of antioxidant mechanism, indicate of
oxidative stress in LVH. This shows imbalance
between prooxidants and antioxidant in LVH. Other
antioxidant parameters like GSH and T-AOC is also
attenuated indicating dominant role of prooxidant
mechanism in LVH. The levels of NO in plasma is
also reduced in LVH WKY group due to involve-
ment of ROS (57).

There are relatively few good invasive models
of LVH which produce consistent results with low
mortality. One approach in the rat has been to ligate
the coronary artery (59) but this has high mortality
even in the hands of experienced investigators. An
alternative is banding of the descending abdominal
aorta (60), which results in an increase after-load but
requires extensive surgery. More recently, a non-
invasive vascular targeted approach using external
lasers has been developed, which may have great
potential (61, 62) but is dependent on extensive sup-
port in terms of staff and equipment. This has result-
ed in the drive to develop non-invasive models using
pharmacological approaches and has included the
use of compounds like caffeine and isoprenaline
alone and in combination (4). There are relatively
few limitations with the non-invasive models and a
consistent level of cardiac dysfunction is achieved.
The present model was developed and modified to
achieve both objectives. This model has also shown
reduced reabsorption capacity and increased excre-
tion ability of kidney. Moreover, oxidative stress
and arterial stiffness is increased while renal cortical
blood perfusion is decreased in this model of LVH.
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