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Abstract: The use the aqueous decoction of Leonotis leonurus (L. leonurus) (Ll)  R. Br. (Lamiaceae) in the treatment of
hypertension (HPT) in traditional medicine is well documented.  The effect of the aqueous extract of LI on the blood
pressure (BP) and heart rate (HR) has been investigated in normotensive rats. The aim of this study was to investigate the
effect of Ll aqueous extract on the in isolated perfused rat heart (IPRH). Hearts were excised from male Wistar albino
rats weighing 250-350g, aged less than 6 months. They were perfused at constant flow using the modified Langendorff
perfused model of the heart. Effects of adrenaline on the left ventricular systolic pressure (LVSP), left ventricular end-
diastolic pressure (LVEDP), left ventricular developed pressure (LVDP), heart rate (HR), cardiac work (CW) and coro-
nary perfusion pressure (CPP) were compared to that of Ll. Adrenaline (1µM) significantly (p<0.05) increased the LVSP
by 40.6%, the LVDP by 43.9%, the HR by 22.5% and the CW by 89.4%. Ll (1.0 mg/ml and 2.0 mg/ml respectively and
significantly (p<0.01) increased the LVSP by 25.36 and 14.91, the LVDP by 29.40 and 14.88. Ll (1.0 mg/ml and 2.0
mg/ml) significantly produced a negative chronotropic effect. Both adrenaline and Ll aqueous extract did not have any
significant effect on the LVEDP. Adrenaline resulted in positive inotropic and chronotropic effects. At low concentra-
tions Ll produced a positive inotropic and a negative chronotropic effect. At the concentration of 2.0mg/ml Ll decreased
all parameters to zero. At higher concentrations higher than 2.0mg/ml, Ll seemed to have toxic effects on the heart.

Keywords: Leonotis leonurus; isolated perfused heart; left ventricular systolic pressure; left ventricular end-diastolic
pressure; developed pressure; heart rate; cardiac work; coronary perfusion pressure.

Introduction

It is estimated that 80% of the South African
black population consult traditional healers for
advice and/or treatment of health concerns
(Sofowora 1982; Du Toit 1998; Muller et al.
1999; George et al. 2001; Kelmanson et al.
2000). Traditional medicines like any other
medicine require evaluation by scientific meth-
ods in order to be used to their full effect and
safety.

The use of Leonotis leonurus (L. leonurus)
(Ll)  R. Br. (Lamiaceae) in the treatment of hy-
pertension is well documented (Watt and Breyer
- Brandwijk 1962; Hutchings et al. 1996; Van
Wyk et al. 2000; Ojewole 2003; SATMERG
2003) and Tshambuluka et al. (2011)]. The
modified isolated perfused rat heart has been
used in previous studies in order to investigate
the cardiovascular effects of plants used in tradi-

tional medicine. Pennacchio et al. (1995) inves-
tigated the cardioactive effects of an aqueous
extract obtained from the leaves of the tradition-
al Aboriginal medicinal plant of Eremophilia
alternofilia on isolated hearts of normotensive
male and female Wistar rats using the
Langendorff heart preparation. The hearts were
perfused retrogradely with modified Krebs-
Henseleit (K-H) solution. A solution of the ex-
tract was administered through a polyethylene
cannula over one minute. The results showed
that the crude aqueous extract mediated an ini-
tial, but transient, positive inotropic effect fol-
lowed by an immediate decrease. Khatib et al.
(1998) investigated the cardiovascular effects of
Rosmarinus officinalis aqueous extract on the
isolated rabbit heart. The extract was dissolved
in K-H solution and the hearts were perfused for
a period of 10 minutes with the extract using the
Langendorff method. The results showed that all
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the tested concentrations produced a significant
increase in LVP over 10 minutes. These find-
ings motivate the need to investigate whether Ll,
known with a hypotensive effect has any effect
the heart.

Therefore, the aim of this study was to eval-
uate the effect of Ll aqueous extract on the
LVSP, LVEDP, LVDP, HR, CW and CPP in
the isolated perfused rat heart.

Methods

Selection, collection and identification of
Leonotis leonurus

The plant identified as (L. leonurus) (Ll) R.
Br. (Lamiaceae) (Figure 1) is known in South
Africa as “wilde dagga” in Afrikaans, “wild
dagga” in English, “umunyane” in Zulu,
“lebake” in Sotho and “umfincafincane” in
Xhosa (Watt et al., 1962 and Van Wyk et al.,
2000). It is an attractive plant of 2-5 meters in
height with a thick wood base and pale brown
branches. All parts of the plant have a strong
smell. The leaves are opposite each other on the
stems, long and narrow, toothed in the upper
half and distinctly hairy. Bright orange, tubular
flowers are borne in characteristic rounded
groups, which are neatly arranged around the
branch ends. The hairy flowers resemble lion’s
ears, hence the name “leonurus” (Van Wyk et
al., 2000).

The plant was collected from Kirstenbosch
Botanical Garden, South Africa. The identifica-
tion of the plant was confirmed by Dr. Gillian
Scott, taxonomist of the ‘South African Tradi-
tional Medicines Research Group (SATMERG),
University of the Western Cape (UWC), South
Africa. A voucher specimen (TRAD-10) was
deposited at the Kirstenbosch Botanical Garden
herbarium.

Preparation of the aqueous extract of Leonotis
leonurus

According to SATMERG (2003), Ll is used
by traditional healers in the form of an aqueous
decoction. The decoction is prepared by adding
one tablespoon of chipped dried herb (10.0g) to
3 cups of boiling water and boiled for 10

minutes. The decoction is then cooled overnight,
strained and used as a clean liquid for both in-
ternal and external use. The choice of an aque-
ous extraction procedure in this study was based
on the above information from SATMERG
(2003). This procedure was previously de-
scribed by Veale et al., 1989. The leaves were
dried in a ventilated oven at a temperature not
exceeding 35ºC and then allowed to regain the
air-dry state (±8% moisture). The material was
milled and the powder was passed through a
sieve of mesh size of 850µm. Boiling distilled
water was added and the mixture was stirred and
then strained through glass wool. The filtrate
was freeze-dried (Freeze Mobile 12SL, Virtis
Company, Gardiner, New York. 12525) for 24
hours using 200ml boiling distilled water to
5mg powdered material. The yield of extract
was ±1g/5g powder.

Figure 1: Leonotis leonurus (L.) R. Br. (With
the permission of  Frits van Oudtshoorn, Briza
Publication)
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Modified Krebs-Henseleit buffer solution

The modified K-H bicarbonate buffer solu-
tion was described in several previous studies
Bergmann et al. (1979), Belo and Talesnik
(1982), Man and Lederman (1985), Perkin
(1987), Johnson et al. (1991), Hu et al. (1991),
Venkataraman et al. (1993), Inamdar et al.
(1994), Fujita et al. (1998), Khatib et al. (1998),
Chinchoy et al. (2000), Altup et al. (2001) and
Zhang et al. (2002).    It has been recorded that
it is a suitable and reliable medium for retro-
grade perfusion. The control perfusion solution
had the following composition in mM: NaCl
(118); NaHCO3 (26.2); KCl(4.7); KH2PO4(0.9);
MgSO4.7H2O(1.18); CaCl2(1.8); D-glucose
(11.2).

The perfusion solution was pumped through
a Millipore filter of pore size 0.45µm to mini-
mise particulate embolisation. It was oxygenat-
ed with carbogen, supplied by Afrox Limited®,
to maintain an arterial PO2 of 400-500 mmHg
and a pH of 7.35-7.40 (Bergmann et al. (1979),
Belo et al. (1982) and Johnson et al. (1991)).The
hearts were perfused with K-H solution at 37.0-
37.5˚C monitored by a thermostatically-
controlled water-jacketed system in which all
glass reservoirs, the heart perfusion chamber
and as many of the delivery lines as possible are
surrounded by rapidly flowing water at 37.0-
37.5ºC. All solutions were freshly prepared and
stored at 4ºC between experiments.

Experimental animals

Male Wistar albino rats weighing 250-350g,
aged less than 6 months were obtained from the
animal unit at the University of Stellenbosch,
South Africa. Male Wistar albino rats were used
in previous isolated heart studies by
Venkataraman et al. (1993), Frolkis and Beruk
(1998) and Altup et al. (2001). They were
housed and fed on standard rat pellets (Epol,
Westville, South Africa) and kept under a 12-
hour light, 12-hour dark cycle at 25ºC and sup-
plied with tap water. They were housed individ-
ually in a perspex animal cage for 30 minutes
before starting experiment in order to habituate
them to the new environment.

Animal preparation

The detailed methodology for the modified
isolated heart perfusion system has previously
been described by Man and Lederman (1985)
and Hu et al. (1991). Rats were anaesthetised
with 30mg/kg sodium pentobarbitone (Kyron
Laboratories (Pty) Ltd, Benrose, South Africa)
via the intraperitoneal route. Immediately after
the abolition of deep pain reflexes the thorax
was opened and the pericardium removed. The
heart was then excised in less than 30 seconds
as described by Sutherland et al., 2000 and
placed in cool K-H solution (4°C) aerated with
carbogen. It was cannulated at the aorta as de-
scribed by Langendorff (1895) and immediately
perfused retrogradely with oxygenated non-
recirculating K-H solution for coronary perfu-
sion. The perfusate was gassed with carbogen
and a thermostatically-controlled water-jacketed
system maintained the temperature of the circu-
lated water that enveloped the perfusate cham-
bers, the oxygenator and the chamber containing
the heart. The aorta was tied securely and any
excess tissue was trimmed. A PVC deflated bal-
loon made from domestic cling wrap (Fresta
Holdings Ltd., Brackenfell, South Africa) was
inserted into the left ventricle through the bicus-
pid valve.  This balloon was connected to a
Deltran II pressure transducer (Utah Medical
Products, West Midvale, Utah, USA) by means
of a water filled stiff walled tube and was used
to monitor the left ventricular pressure. The bal-
loon was inflated. The volume of the left ventri-
cle (preload) was adjusted by appropriate filling
of this balloon with distilled water. A thermom-
eter probe was inserted into the right ventricle to
monitor the temperature.

Constant Flow

The perfusion system shown schematically in
Figure 2 is a modified version of the isolated
perfused rat heart at constant flow. The heart
was mounted by securing the aorta on the can-
nula.

Drugs and chemicals

The following drugs were used in the study:
Sodium pentobarbitone 6% solution [Kyron La-
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boratories (Pty) Ltd] was used for anaesthesia in
all the animals. Adrenotone (adrenaline) am-
poules containing ADR base 1 mg/ml [SCP
Pharmaceuticals (Pty) Ltd] was used as refer-
ence. Adrenaline was selected because of its

known positive inotropic effect. Infusions of Ll
extract for heart perfusion were freshly prepared
daily by dissolving a given quantity of the dried
extract in a pre-filtered solution of K-H solution.

Figure 2: Modified constant flow perfusion apparatus.

Perfusion of the heart

The target perfusion pressure range was 70-
80 mmHg and was obtained by appropriate ad-
justment of the pump flow rate. Predetermined
quantities of Ll were dissolved in and diluted
with K-H solution to concentrations of 0.1, 0.5,
1.0 and 2.0 mg/ml. ADR solutions were diluted
with K-H solution to concentrations of 1.0 µM.
All solutions were filtered through a Millipore
filter with a pore size of 0.45 µm and were
heated in a water bath at a constant temperature
and equilibrated for 15 minutes. The tempera-
ture of all solutions was maintained at 37 ±
0.5°C and the hearts were perfused at constant
flow with samples for a period not exceeding 3
minutes.

This time period was chosen because at low
dose Ll increases the systolic BP and has no ef-
fect on the HR in normotensive rats after 3 min-
utes intravenous infusion (Mugabo et al. 2002).
However, Khatib et al. (1998) perfused the
hearts for 10 min.

Protocol

Rats hearts were randomly assigned to re-
ceive one of the infusion regimens listed in Ta-
ble 1.

Table 1: Experimental schema.

Infusion
regimen

Infusion I
(3min)

Infusion II
(3min)

Infusion III
(3min)

A K-H solution K-H solution K-H solution
B ADR 1.0 µM ADR 1.0 µM ADR 1.0 µM
C Ll 0.1 mg/ml Ll 0.1 mg/ml Ll 0.1 mg/ml
D Ll 0.5 mg/ml Ll 0.5 mg/ml Ll 0.5 mg/ml
E Ll 1.0 mg/ml Ll 1.0 mg/ml Ll 1.0 mg/ml
F Ll 2.0 mg/ml Ll 2.0 mg/ml Ll 2.0 mg/ml

Infusions I, II and III were performed by
switching from the main perfusion line (K-H
solution) to the side-arm line (test material). The
system was allowed 20min recovery period be-
tween each infusion.

In Regimen A, one group of rats received an
infusion of drug-free K-H solution in a manner
comparable to the drug-infused hearts, to evalu-
ate the preparation stability (Johnson et al.,
1991).

In all regimens, physiologic measurements
(‘Baseline values’) were obtained after 20
minutes recovery period before the initial infu-
sion was started. After 3 minutes of infusion I,
physiologic measurements were repeated. Infu-
sion II was then started and after 3min, physio-
logic measurements were again repeated. Infu-
sion III was then started for 3min and once
again the physiologic measurements were ob-
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tained. The infusions were then discontinued
and a final set of measurements was obtained.

Physiological parameters monitored

The following physiological parameters
were monitored and recorded in each experi-
ment, throughout the study: left ventricular sys-
tolic pressure (LVSP), left ventricular end-
diastolic pressure (LVEDP), left ventricular de-
veloped pressure (LVDP), heart rate (HR), car-
diac work (CW), coronary perfusion pressure
(CPP) and the perfusate temperature.

The LVSP, LVEDP and LVDP were contin-
uously monitored via a pressure transducer
(MLT0670 disposable pressure transducer -
ADInstruments Transducer Series – supplied by
LASEC – Cape Town – South Africa)  connect-
ed to the water-filled domestic wrap balloon in-
serted into the LV. The CPP was monitored via
a similar pressure transducer connected to the
side-arm of the aortic cannula. A computer-
based system was used for continuous data ac-
quisition. The software determined the HR from
the different pressure readings. The temperature
was continuously monitored via a thermometer
probe inserted into the right ventricle of the
heart. The raw data was analysed using a cus-
tom component of the software. This software
averaged the values for a particular selection of
data points. The raw data was exported to Mi-
crosoft Excel® and the means of each variable
were determined. The CW was determined by
calculating the product of the LVDP and the HR
in Microsoft Excel®.

The following values were determined for
data analysis using Microsoft Excel®: ‘Control,
Baseline, Peak and 3 min’. The ‘Control value’
was the value in the parameter during heart per-
fusion with pure K-H solution. The ‘Baseline
value’ was determined, for all physiological pa-
rameters, during the recovery period just before
the perfusion of the aqueous extract or the con-
trol drug. The ‘Peak value’ was measured over
10 seconds at the point of maximum increase or
decrease in the parameter assessed. The ‘3min
value’ was the time period for heart perfusion
with either the reference drugs or the plant ex-
tract. All the drugs exerted their Peak effects
before the 3min perfusion period. Data was ex-

pressed as the percentage (%) change from the
‘Baseline value’. The % changes for LVSP,
LVEDP, LVDP, HR, CW and CPP from ‘Base-
line to Peak’ and ‘Baseline to 3min’ were calcu-
lated.

The equation for calculating % change that
was used in this study is shown below:

% change= (experimental value – baseline value) x 100%
baseline value

The ‘Experimental value’ was calculated as
the percentage change value from baseline to
peak and from baseline to 3min for all physio-
logical parameters being assessed.

Statistical analysis

The Mann-Whitney U test (2-tailed) was
used to compare the data for 2 independent
samples (SPSS for Windows®). The results
were expressed as mean ± standard deviation
(mean ± SD). The data with p values equal or
less than 1% (p < 0.01) were considered statisti-
cally significant and marked with an asterisk (*)
in the tables of results.

Ethics approval

Approval was obtained from the UWC Eth-
ics Committee and the animals were treated ac-
cording to the recommendations of the UWC’s
ethical regulations concerning animal experi-
ments.

Results

Effects on the left ventricular systolic pressure

Table 2: Effects of adrenaline and L. leonurus
extract on the left ventricular systolic pressure

Treatment n Baseline
(mmHg)

Peak
(mmHg)

Δ Peak %
(mean ± SD)

Δ 3 min %
(mean ± SD)

ADR 1.0 µM 7 90.59 ±7.35 127.41±9.15 40.64 ± 22.67 * 24.31 ± 21.29*
Ll 0.1 mg/ml 5 103.21±9.78 113.26±10.04 9.73 ± 6.74 * 5.37 ± 2.98 *
Ll 0.5 mg/ml 8 97.43±11.73 111.86±7.34 14.81 ± 5.93 * 7.35 ± 4.90*
Ll 1.0 mg/ml 7 105.88±9.12 132.74±5.94 25.36 ± 8.10 * 23.13 ± 6.63*
Ll 2.0 mg/ml 5 91.40±8.99 125.03±7.31 37.00 ± 12.18 * - 4.17 ± 9.15

Table 2 summarises the effects of ADR
[Regimen B], and Ll extract [Regimen C-F] on
LVSP of the isolated perfused rat heart. Data
(mean ± SD) are expressed as % change from
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baseline with * = p < 0.01 versus baseline;
Mann-Whitney U test (SPSS for Windows®)

Effects of adrenaline on the left ventricular sys-
tolic pressure

ADR 1.0 µM solution significantly increased
LVSP at Peak by 40.6% and 24.3% after 3min
(p < 0.01 baseline versus 1.0 µM ADR). The
onset of this effect was rapid and quickly
reached a Peak value within 30 seconds. LVSP
started decreasing almost immediately to a level
above pre-administration levels. When
perfusion with ADR solution was stopped, the
hearts recovered and the physiologic parameters
returned to almost initial levels.

Effects of Leonotis leonurus aqueous extract on
left ventricular systolic pressure

Ll 0.1, 0.5, 1.0 and 2.0 mg/ml solution tran-
siently increased LVSP from baseline and pro-
duced a maximum response (Peak) within the 1st

minute. At Peak, all the tested concentrations of
the aqueous extract significantly (p<0.01) in-
creased LVSP by 9.7%, 14.8%, 25.3% and
37.0%, respectively. After 3min, the responses
were reduced and LVSP was only significantly
(p<0.01) increased by 5.3%, 7.3% and 23.1%,
respectively [p < 0.01 baseline versus. (0.1, 0.5
and 1.0 mg/ml) Ll]. On withdrawal of the ex-
tract, the hearts recovered with the physiological
measurements returning to approximately initial
levels.

LVSP for Ll extract at a dose of 2.0 mg/ml
started decreasing almost immediately from the
Peak value to zero. LVSP remained at this level
over the 3min perfusion period. When perfusion
with this extract was stopped [Regimen F], the
hearts remarkably recovered and the physiologic
measurements returned to approximately pre-
administration levels.

Effects on the left ventricular end-diastolic
pressure

Table 3 shows the effects of ADR [Regi-
mens B] and Ll extract [Regimens C-F] on
LVEDP of the isolated perfused rat heart. Data
(mean ± SD) are expressed as % change from

baseline with *p < 0.01 versus baseline; Mann-
Whitney U test (SPSS for Windows®)

Table 3: Effects of adrenaline and Leonotis
leonurus on the left ventricular end diastolic pres-
sure

Treatment n Baseline
(mmHg)

Peak
(mmHg)

Δ Peak %
(mean ± SD)

Δ 3min %
(mean ± SD)

ADR 1.0 µM 7 4.41 ±10.39 3.76±13.29 - 14.67 ± 9.96 - 9.77 ± 31.99
Ll 0.1 mg/ml 5 4.75±8.29 3.97±15.37 - 16.44 ± 49.31 - 10.86 ± 24.40
Ll 0.5 mg/ml 8 3.48±11.92 3.47±14.49 - 0.28 ± 40.61 - 9.29 ± 13.29
Ll 1.0 mg/ml 7 4.64±5.97 9.22±23.48 98.62 ± 35.90 37.79 ± 82.66
Ll 2.0 mg/ml 5 4.01±7.23 5.34±43.21 33.00 ± 58.76 101.50 ± 11.74

Effects of adrenaline on the left ventricular end
diastolic pressure

When isolated hearts were perfused with
ADR, it decreased LVEDP. However, these de-
creases in LVEDP were not statistically signifi-
cant.

Effects of Leonotis leonurus extract on the left
ventricular end diastolic pressure

As indicated in Table 3, Ll aqueous extract
produced no significant effect on LVEDP.

Effects on the left ventricular developed pres-
sure

The effects of ADR and Ll extract on LVDP
of the isolated perfused rat heart are summarised
in Table 4. LVDP was one of the indices of con-
tractility that was investigated. LVDP was ex-
pressed as the difference between LVSP and
LVEDP and was calculated before doing the
statistics.

Table 4: Effects of adrenaline and Leonotis
leonurus extract on the left ventricular devel-
oped pressure
Treatment n Baseline

(mmHg)
Peak
(mmHg)

Δ Peak%
(mean ± SD)

Δ 3min  %
(mean ± SD)

ADR 1.0 µM 7 86.18 ±5.34 124.01 ±29.25 43.90 ± 13.41* 31.93 ± 11.33*
Ll 0.1 mg/ml 5 98.46±8.31 109.00±15,92 10.71 ± 7.69* 5.49 ± 3.65*
Ll 0.5 mg/ml 8 93.95±11.37 108.40±19,32 15.38 ± 7.30* 7.79 ± 4.64*
Ll 1.0 mg/ml 7 101.24±14.29 130.95±13.23 29.36 ± 12.25* 26.35 ± 9.10*
Ll 2.0 mg/ml 5 87.39±10.31 99.39±18.28 14.88 ± 12.53* -9.80 ± 10.56

Table 4 shows the effects of ADR [Regi-
mens B] and Ll extract [Regimens C-F] on
LVDP of the isolated perfused rat heart. Data
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(mean ± SD) are expressed as % change from
baseline with *p < 0.01 versus baseline; Mann-
Whitney U test (SPSS for Windows®).

Effects of adrenaline on the left ventricular de-
veloped pressure

ADR solution evoked significant increases
in LVDP from baseline of 43.9% at Peak and
31.9% over the entire 3min heart perfusion [p <
0.01 baseline versus 1.0 µM ADR]. These
changes in LVDP corresponded with the
changes in LVSP and followed similar patterns
as was described for Table 2.

Effects of Leonotis leonurus aqueous extract on
the left ventricular developed pressure

The tested concentrations of Ll extract (0.1,
0.5 and 1.0 mg/ml) produced significant in-
creases in LVDP at Peak, of 10.7%, 15.4% and
29.4%, respectively [*p < 0.01 versus baseline
(0.1, 0.5 and 1.0 mg/ml) Ll, Table 6.4]. Similar-
ly, these effects on LVDP were significantly
lower after 3min and the extract increased
LVDP by 5.5%, 7.8% and 26.3%, respectively
[p < 0.01 baseline versus (0.1, 0.5 and 1.0
mg/ml) Ll.

However, the extract at a dose of 2.0 mg/ml
significantly increased LVDP at Peak by only
14.9% and decreased LVDP by 9.8% after 3min
[p < 0.01 baseline versus 2.0 mg/ml Ll]. These
changes in LVDP followed similar patterns as
was described for changes in LVSP [Table 2]
and decreased to zero within the 2nd minute of
constant flow perfusion.

Effects on the heart rate

Table 5: Effects of adrenaline and Leonotis
leonurus extract on the heart rate

Treatment n Baseline
(bpm)

Peak
(bpm)

Δ Peak  %
(mean ± SD)

Δ 3min %
(mean ± SD)

ADR 1.0 µM 7 270.16 ±5.69 330.92 ±18.21 22.49 ± 12.48 * 24.57 ± 10.78*
Ll 0.1 mg/ml 5 229.03±9.56 227.86±24.02 - 0.51 ± 0.99 - 2.47 ± 2.07
Ll 0.5 mg/ml 8 257.85±11.34 255.45±17.32 - 0.93 ± 2.42 - 2.37 ± 2.50
Ll 1.0 mg/ml 7 296.67±7.34 193.64±5.67 - 34.73 ± 3.70* - 28.28 ± 4.94 *
Ll 2.0 mg/ml 5 315.60±16,31 262.39±9.85 - 16.86 ± 22.38 - 42.71 ± 8.02 *

Table 5 shows the effects of ADR [Regi-
mens B] and Ll extract [Regimens C-F] on HR

of the isolated perfused rat heart. Data (mean ±
SD) are expressed as % change from baseline
with *p < 0.01 versus baseline; Mann-Whitney
U test (SPSS for Windows®)

Effects of adrenaline on the heart rate

ADR solution produced a significant in-
crease in HR of 22.5% at Peak [p < 0.01 base-
line versus 1.0 µM ADR]. This increasing effect
on HR remained constant throughout the perfu-
sion and after 3min, ADR solution had signifi-
cantly increased HR by 24.6% [p < 0.01 base-
line versus 1.0 µM ADR]. When perfusion with
ADR solution was stopped, the heart rate recov-
ered but remained at a level above pre-
administration levels.

Effects of Leonotis leonurus extract on the heart
rate

The aqueous extract of Ll at a dose of 1.0
mg/ml produced a significant negative
chronotropic effect both at Peak and over the
entire 3min heart perfusion [p < 0.01, baseline
versus 1.0 mg/ml Ll]. At Peak, the HR was re-
duced by 34.7% and over the 3min period by
28.3%. This HR-lowering effect approached a
minimum within the 1st minute and remained
constant until perfusion with the extract was
stopped. After switching to the main perfusion
line, the hearts recovered and the levels for HR
remained below pre-administration levels.
However, at a dose of 2.0 mg/ml, the extract
drastically decreased HR by 42.7% over the
3min period (p < 0.01 baseline versus 2.0 mg/ml
Ll) with no significant effect at Peak. This de-
crease occurred rapidly and within the 2nd mi-
nute it had decreased to zero. This effect corre-
sponded with the inotropic effect evoked by the
extract at this concentration. At lower concen-
trations the aqueous extracts of Ll (0.1 and 0.5
mg/ml) did not significantly affect HR.

Effects on the cardiac work

The cardiac work (CW) was expressed as
the product of heart rate and left ventricular de-
veloped pressure (HR x LVDP).
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Table 6: Effects of adrenaline and Leonotis
leonurus extract on the cardiac work

Treatment n Baseline Peak Δ Peak %
(mean ± SD)

Δ 3min %
(mean ± SD)

ADR 1.0 µM 7 23282.39±11.42 44089.86±11.32 89.37 ± 20.97* 63.01 ± 1.54*
Ll 0.1 mg/ml 5 22550.00±7.34 24836.74±7.39 10.17 ± 8.23* 2.91 ± 4.81
Ll 0.5 mg/ml 8 24225.00±9.28 27690.78±13.21 13.59 ± 8.60* 5.18 ± 3.23*
Ll 1.0 mg/ml 7 30034.87±11.24 25357.16±8.40 - 15.89 ± 8.40* - 13.27 ± 6.89*
Ll 2.0 mg/ml 5 26157.66±13.47 24705.91±10.37 - 5.54 ± 24.17 - 48.84 ± 4.89*

This table shows the effects of ADR [Regi-
mens B] and Ll extract [Regimens C-F] on CW
of the isolated perfused rat heart. Data (mean ±
SD) are expressed as % change from baseline
with *p < 0.01 versus baseline; Mann-Whitney
U test (SPSS for Windows®).

Effects of adrenaline on the cardiac work

ADR drastically increased CW at Peak by
89.4% and 63% over the 3min period [p<0.01
baseline versus 1.0 µM ADR]. The lower dose
of ADR had no significant effect on CW.

Effects of Leonotis leonurus extract on the car-
diac work

The aqueous extract of Ll (0.1 and 0.5
mg/ml) significantly increased CW at Peak by
10.1% and 13.6%, respectively (p < 0.01 base-
line versus 0.1 and 0.5 mg/ml). Only 0.5 mg/ml
Ll significantly increased CW by 5.2% over the
3min period (p < 0.01 baseline versus 0.5 mg/ml
Ll). At the dose of 1.0 mg/ml, the aqueous ex-
tract decreased CW at Peak by 15.9% and by
13.3% over the 3min period (p < 0.01 baseline
versus 1.0 mg/ml Ll). Similarly, the extract at a
dose of 2.0 mg/ml reduced CW by 48.8% over
the 3min period with no significant effect at
Peak (p < 0.01 baseline versus 2.0 mg/ml Ll.

Effects on the coronary perfusion pressure

The effects of ADR and Ll aqueous extract
solutions on CPP of the isolated heart are sum-
marised in Table 7. The changes in CPP that
were produced by the aqueous extract/ drugs
were followed by typical autoregulatory flow
responses. For example, a reduction in CPP was
associated with an initial decrease of flow fol-
lowed by an increase towards the control value.
Conversely, an elevation of the CPP resulted in

an initial increase in flow that subsequently de-
clined towards the flow value measured before
the change in CPP. These responses were con-
sistent with that of previous researchers [Bunger
et al. (1979)].

Table 7: Effects of adrenaline (ADR) and
Leonotis leonurus on the coronary perfusion
pressure

Treatment n Baseline
(mmHg)

Peak
(mmHg)

Peak
(mean ± SD)

3min
(mean ± SD)

ADR 1.0 µM 7 69.25±7,34 63.69±4.59 - 8.02 ± 8.35 - 6.58 ± 7.10
Ll 0.1 mg/ml 5 66.43±5.27 64.45±6.39 - 2.98 ± 2.57 - 1.61 ± 2.41
Ll 0.5 mg/ml 8 62.10±10.34 56.79±9.31 - 8.54 ± 6.27 - 4.44 ± 5.72*
Ll 1.0 mg/ml 7 64.50±15.03 56.71±12.21 - 12.09 ± 8.58* - 11.45 ± 7.74*
Ll 2.0 mg/ml 5 80.46±10.23 66.88±14.32 - 16.87 ± 9.21* - 15.86 ± 12.51

Table 7 shows the effects of ADR [Regi-
mens B] and Ll extract [Regimens C-F] on CPP
of the isolated perfused rat heart. Data (mean ±
SD) are expressed as % change from baseline
with*p < 0.01 versus baseline; Mann-Whitney
U test (SPSS for Windows®).

Effects of adrenaline on the coronary perfusion
pressure

ADR (0.1 and 1.0 µM) reduced CPP both at
Peak and over the 3min period. However, this
reduction was not statistically significant.

Effects of Leonotis leonurus aqueous extract on
the coronary perfusion pressure

The aqueous extract of Ll produced signifi-
cant decreases in CPP at Peak of 8.5%, 12.1%
and 16.9%, respectively [p < 0.01 baseline ver-
sus (0.5, 1.0 and 2.0 mg/ml) Ll. Only the tested
concentrations (0.5 and 1.0 mg/ml) significantly
reduced CPP by 4.4% and 11.4%, respectively,
over the 3min period [p < 0.01 baseline versus
(0.5 and 1.0 mg/ml) Ll. These effects on CPP
corresponded with the positive inotropic effects
of the extract as it was previously described.
The CPP started to decrease with an increase in
LVSP. It reached a minimum level within the 1st

minute and maintained this level throughout
perfusion with the extract. On withdrawal of the
aqueous extract, the hearts recovered with CPP
levels rising to above pre-administration levels.
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Discussion and conclusions

The present study was designed to investi-
gate the potential effects of the aqueous extracts
of the leaves of L. leonurus of the family
Lamiaceae (Hutchings et. al. 1996; Van Wyk et
al. 2000), on certain cardiovascular parameters
such as LVSP, LVEDP, LVDP, HR, CW and
CPP in the isolated perfused rat heart.

L. leonurus has numerous traditional uses
(Hutchings et. al. 1996; Van Wyk et al. 2000),
as it was previously described. Its use for the
treatment of hypertension was not recommend-
ed (SATMERG, 2003) as a result of a lack of
clinical data regarding the mechanism of action
and potential adverse effects of this plant.

As in previous studies of the isolated per-
fused heart (Man and Lederman, 1985; Hu et
al.1991; Venkataraman et al. 1993; Inamdar et
al.1994 and Khatib et al. 1998), a constant flow
rate was used in the present study. A non-
recirculating system was employed so that the
steady state concentrations of the substrates in
perfusion medium could be maintained, and po-
tential effects of unrecognised metabolites re-
leased from the heart could be avoided (Bunger
et al. 1979). This system was capable of indicat-
ing the effects of agents having either positive
or negative inotropic actions (Gamble et al.
1970). Furthermore, the results of this study are
comparable to those obtained in the above men-
tioned studies. This is indicative of the validity
of the experimental model used. The present
study did not provide us with information re-
garding the mechanism of positive/negative
inotropism and chronotropism of this plant ex-
tract. More detailed studies need to be undertak-
en to identify its mechanism of action.

Rationale for using adrenaline as test drug

The rationale for using ADR solutions as
reference drugs was to compare its effects with
that of the plant extract. Also, if in this study,
we could reproduce the effects of ADR obtained
by other researchers (Meyers et al. 1976), the
experimental system would, furthermore, prove
to be a reliable one.

Large standard deviation values obtained for
the left ventricular end diastolic pressure

It is seen that large SD values were
obtained for % change in LVEDP relative to the
other parameters [Table 3]. This large change is
due to the expression of the data as % change
from baseline. Actual small changes in LVEDP
divided by the very low control value will give
large and fluctuating values for % change in
LVEDP. For example, a 2mmHg increase in
LVEDP starting from a baseline value of
0.1mmHg, will be equivalent to a 2x103%
change in LVEDP, while a 2mmHg increase
starting with a baseline value of 8mmHg, will
only be equivalent to a 25% change in LVEDP.

Effects of adrenaline solution on the isolated
heart

Adrenaline is a powerful cardiac stimulant
(Westfall and Westfall 2006). It acts directly on
the predominant beta -1 (β1) receptor of the
myocardium and on the cells of the pacemaker
and the conducting tissues (Westfall and
Westfall 2006). Intravenous infusions results in
a rise in blood pressure, predominantly systolic
pressure, increased HR and vasoconstriction of
the cutaneous, renal and splanchnic blood
vessels (Westfall and Westfall 2006).

Adrenergic stimulation of the isolated heart
by an ADR concentration of 1.0µM drastically
increased LVSP and similarly LVDP with a cor-
responding acceleration of HR, thus reflecting
the positive inotropic and chronotropic effect of
the hormone (Tables 2, 4 and 5). ADR acts di-
rectly on receptors of the effectors tissues, for
example, the heart. Sympathetic innervations
are not necessary for its action, on the contrary,
denervation increases the sensitivity of effectors
of directly-acting amines such as ADR (Meyers
et al. 1976). ADR acts to elevate LVSP by in-
creasing SV and its effect on HR is the resultant
of its direct action and of reflex slowing due to
the rise in blood pressure  (Meyers et al.1976).
According to Meyers et al. (1976), a compara-
tive study of the effects of L-arterenol, epineph-
rine and isopropylarterenol on the isolated per-
fused rabbit heart demonstrated that ADR in-
creased the rate and force of ventricular contrac-
tion in hearts which were independent of other
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hydrodynamic influences. Also, this positive
inotropism and chronotropism was associated
with a decreased CPP. Thus, the system proved
to be a reliable one since it was able to repro-
duce findings of previous researchers (Meyers et
al. 1976).

Effects of Leonotis leonurus extract on the iso-
lated perfused rat heart

In the present study, we found that the
tested concentrations of the aqueous extract of
Ll produced a positive inotropic effect on the
isolated heart with a corresponding negative
chronotropic effect over the 3min period (Tables
2 and 5). The abovementioned effects were
accompanied by a decreased CPP from baseline
over the 3min period (Table 7). Thus, the
aqueous extract of Ll contains constituents
associated with positive inotropic and negative
chronotropic agents as well as constituents
associated with coronary vasodilation.

However, at higher concentration
(2.0mg/ml) the extract dropped the values of all
parameters to zero within the 2nd minute and
remained at this level over the 3min period
(Tables 2 and 5). It appears that the extract at
this concentration possibly contains some
constituents with toxic effects on the isolated
heart. Therefore, further studies would be
recommended to isolate the various constituents
and examine their possible pharmacological
effects on the heart individually before it would
be undoubtedly safe to recommend this plant for
its use in the treatment of cardiovascular
disease.

The abovementioned effects of Ll extract
were described for the isolated heart, but we do
not know what its effect would be on an intact
heart. If Ll increased LVSP it would therefore
be contraindicated for its use in the treatment of
hypertension. We also recommend that more
doses of the extract be tested both in the isolated
and intact hearts and perfused for longer
periods.
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