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The aim of this study was to investigate (1) whether Rhodobryum roseum, a traditional Chinese medi-
cine used to treat cardiac disease, can protect myocardium damage due to isoproterenol-induced
injury, (2) whether the cardioprotective effect of the R. roseum extract is related to its antioxidant
activity, and (3) to identify the active components of R. roseum using the oxidant-mediated injury in
cardiomyocytes. R. roseum was extracted with 95% EtOH (RE-95), 50% EtOH (RE-50) and water
(Re-H2O) and the rats were treated orally for 11 days at doses of 250 mg and 63 mg/kg respectively
after cardiac necrosis was induced by administering ISO subcutaneously at a dose of 85 mg/kg body
weight. Levels of marker enzymes (LDH, GOT and CK) were assessed in serum whilst the antioxidant
parameters, superoxide dismutase (SOD), and malondialdehde (MDA) were assayed in heart homoge-
nate. Significant myocardial necrosis, depletion of endogenous antioxidants and an increase in serum
levels of marker enzymes was observed in ISO-treated animals when compared with the normal ani-
mals. The RE-50 elicited a significant cardioprotective effect by lowering the levels of serum marker
enzymes, lipid peroxidation (MDA). To extend this work, we sought to investigate the antioxidant ef-
fects of the components of R. roseum, using the neonatal rat cardiomyocytes model of HoOo-induced
oxidant injury. Among the four major components, piperine and methyl piperate significantly reduced
the medium level of CK and LDH at a variety of dosages. Moreover, piperine and methyl piperate
significantly attenuated 2’,7'-dichlorofluorescein (DCF) fluorescence by 63.9% and 52.6%, respec-
tively. The present findings demonstrate that the cardioprotective effects of extracted R. roseum in
ISO-induced oxidative damage may be due to an augmentation of the endogenous antioxidants and
inhibition of lipid peroxidation of the membranes. Moreover, its components piperine and methyl pipe-

rate exert significant protectective effects on cardiac myocytes.

1. Introduction

Heart ischemia is one of the main cause of sudden death
in the world. The pathogenetic mechanism of myocardial
ischemic damage is still not completely understood, how-
ever, the role of oxygen-derived free radicals in myocar-
dial ischemia (MI) has been well established. The major
cytotoxic effect of free radicals in the heart is reported to
be the peroxidation of lipid components of cellular and
subcellular membranes. This results in the loss of cellular
integrity which can lead to irreversible cell injury. There-
fore therapeutic interventions with antioxidants or com-
pounds displaying free radical scavenging activity may ex-
ert beneficial effects against oxidative stress associated
with various cardiovascular diseases, including ischemic
heart disease (Bandyopadhyay etal. 2004; Young and
Woodside 2001). The enzymes, such as creatine kinase
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(CK), lactate dehydrogenase (LDH), are increased during
myocardial injury, as is the increased level of free radical
generating system and malondialdehyde (MDA). Low le-
vels of free radical scavenging systems seem to play a
critical role in the instigation of ischemic heart condition
(Yogeeta et al. 2006; Pandry et al. 2000).

Recently, several plants of Chinese origin have been found
to possess medicinal properties and their beneficial effects
in ailments like atherosclerosis, ischemia, cancer, diabetes
and liver dysfunction have been attributed to their antiox-
idant activity. Many traditional plants have been claimed
to be useful for the control ischemia and its associated
pathologies (Fan et al. 1984).

Rhodobryum roseum Limp. (Chinese name: HuiXinCao)
is a medicinal moss used in Yunnan province (China)
for the treatment of heart problems. This moss grows
throughout Yunnan and is used by many of the ethnic
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minority groups in different areas of the province. It has
been studied for its pharmaceutical properties in hospi-
tals in Yunnan and elsewhere in China including our
laboratory. Additionally, the medicinal uses of R. roseum
have been documented in popular books on herbal medi-
cine (Eric and Harris et al. 2006) and it has been used
in ancient remedys to treat nervous prostration and car-
dio-vascular diseases in China (Wu 1982; Ding 1982).
However, there is little information on its antioxidant
activity and its role in cardioprotection (especially on
MI); and its major active components are also largely
unknown.

Isoproterenol (ISO), a synthetic catecholamine and 3 adre-
nergic agonist is documented to produce MI in high doses
due to the generation of highly cytotoxic free radicals
through its auto-oxidation (Rona etal. 1959). These free
radicals stimulate lipid peroxidation and can cause irrever-
sible damage to the myocardial membrane.

Excessive production of H,O, gives rise to events that
lead to the death of several types of cells (Wolfe et al.
1994), and in addition, H,O, has been shown to induce
apoptosis in cardiomyocytes in culture (Zhang et al.
2001). Furthermore, recent data also show a close link
between oxidative stress and apoptosis evoked by ische-
mia/reperfusion (Khan et al. 2006). It has also been re-
ported that the use of antioxidants can decrease injury and
apoptosis through a radical-scavenging mediated mechan-
ism (Dilsiz et al. 2006).

In this study, we report the effects of R. roseum extracted
compounds on ISO mediated myocardial injury in order to
establish its antioxidant activity against myocardium da-
mage and scavenging of hydroxyl radicals. We also used
cultured cardiomyocytes which had been exposed to H,O,
in order to investigate further the protective effects of the
components of R. roseum.

2. Investigations and results
2.1. Biochemical parameters

2.1.1. Effects of R. roseum extracts
on serum enzyme levels in rats

The effects of R. roseum extracts (RE-50, RE-95, RE-
H;0) on serum marker enzymes CK, LDH and GOT are
shown in and Table 1. ISO-treated group of animals
showed a significant (p < 0.01) increase in the activities
of marker enzymes CK and LDH as compared to the nor-
mal group. RE-50 and RE-95 at doses of 250 mg/kg sig-

Table 2: Effect of R. roseum extracts (RE-50, RE-95 and RE-
H,0) on antioxidant parameters in heart tissue of
ISO-induced myocardial injury in rats (mean £ SD)

Groups Malondialdehyde Superoxide dismutase
n=10-12 MDA SOD

(nmol/g wet tissue) (U/ mg protein)
Control 200.21 £21.35 6.93 £0.98
Isoproterenol (85 mg/kg) 280.25 £ 25.07% 4.43 4+ 1.50%
RE-95 (63 mg/kg) + ISO 250.83 £37.57 5.47£0.75
RE-95 (250 mg/kg) + ISO 21833 £42.53  6.95+ 1.01™*

206.50 + 34.89* 6.52 + 0.99*
RE-50 (250 mg/kg) + ISO  205.42 + 27.18% 6.48 + 0.55™*
RE-H,O (63 mg/kg) + ISO  219.58 +23.90 6.05 + 0.76
RE-H,O (250 mg/kg) + ISO  250.83 + 34.08 5.63 + 1.04

RE-50 (63 mg/kg) + ISO

Compared with control: *P < 0.05, ™P <0.01. Compared with isoproterenol:
*P<0.05, **P < 001

nificantly reduced serum levels CK (to 2056.67 4 424.23
and 2077.83 £630.10 U/L, from 3963.33 £ 554.32
respectively) and LDH (to 537.63 +87.67 and
606.58 £93.03 U/L, from 801.23 & 70.28 respectively),
whilst RE-50 displayed the most protective effect, how-
ever it did not reach the level of the normal control group.

2.1.2. Effects of R. roseum extracts on MDA content and
SOD activity of heart in rats

The effects of R. roseum extracts (RE-50, RE-95, RE-H,0)
on antioxidant biochemical paradigms are summarized in
Table 2. MDA, the myocardial lipid peroxidation marker was
significantly elevated (p < 0.05) in the ISO control group in
comparison with the normal group. Animals treated with
RE-50 (250 mg/kg), followed by ISO injection, decreased
significantly the increase of MDA (40%, p < 0.05), which
was approaching values displayed by the normal control
group. ISO-induced myocardial necrosis produced a signifi-
cant depletion in activities of antioxidant enzymes such as
SOD (p < 0.01) compared to normal animals. However, RE-
50 (250 mg/kg and 63 mg/kg) and RE-95 (250 mg/kg) both
elevated the myocardial SOD activity.

2.1.3. Effects of active compounds of R. roseum
on engyme levels in cardiomyocyte culture

In H,0;-induced injury in neonatal cardiomyocyte, the
H,0,-treated group of cells showed a significant (p < 0.01)
increase in the activities of marker enzymes as compared

Table 1: Effect of R. roseum extracts (RE-50, RE-95 and RE-H,0) on serum marker enzymes in ISO-induced myocardial injury

in rats (mean + SD)

Groups Serum
n=10-12
Lactate Glutamic Creatine
dehydrogenase oxalacetic kinase
GOT(U/L) transaminase CK(U/L)
LDH(U/L)
Control 157.32 £ 18.78 531.46 £ 89.71 2001.64 £ 500.82

202.32 + 13.99*
170.82 £ 30.94
159.75 £ 19.87
169.38 £ 26.43
151.60 £ 15.89
172.75 £ 27.16
156.05 £ 29.23

Isoproterenol (85 mg/kg)
RE-95 (63 mg/kg) + ISO
RE-95 (250 mg/kg) + 1SO
RE-50 (63 mg/kg) + ISO
RE-50 (250 mg/kg) + 1SO
RE-H,0 (63 mg/kg) + ISO
RE-H,0 (250 mg/kg) + ISO

3963.33 & 554.32"
3131.67 + 513.66
2077.83 + 630.10*
3658.80 + 696.69
2056.67 + 424.23**
3793.00 + 971.83
3779.83 + 476.51

801.23 + 70.29"*
667.43 + 125.95
606.58 + 93.03*
690.30 + 98.27
537.63 + 87.67**
655.87 & 78.00
626.77 + 85.64

Compared with control: # P < 0.05, # P < 0.01. Compared with isoproterenol: * P < 0.05, ** P < 0.01.
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Table 3: Effect of major components of R. roseum on LDH and
CK in medium of H,0,-induced injury neonatal cardi-

omyocytes
Groups Dosage LDH(U/L) CK(U/L)
Control 523 +5.5 1.1 £0.72
H,0, 0.5mM 70.8 + 84" 6.6+ 09"
10*M 71.8+65 3.6+06
Uridine 10°°M 753+24 46127
10°M 713+88 45+23
107*M 494 + 14" 0.5+ 04**
Methyl piperate 10°M 522+89% 05408
10°°M  50.2+ 1.3%* 1.2+ 02%*
107*M 473 +£04™ 1.1 +02%*
Piperine 10°M  50.5 +9.4™ 134 14"
10°°M 482+ 13" 42+ 13"
10*M 667+14 34+12%
Caffeic acid methyl ester 10 M 67.8 +2.8 3.4+ 13"
100°M 662+12 324+ 12%*

Compared with  control: #P<0.05 *P<00l. Compared with isoproterenol:
*P <005 P <00l

to the normal group. Of the test compounds caffeic acid
methyl ester reduced the serum levels of CK, while
methyl piperate, and piperine significantly reduced serum
levels of both CK and LDH at different doses (Table 3).
These components did not show any significantly effects
on the normal cells (data not shown).

2.1.4. Effects of methyl piperate, and piperine on DCFH
oxidation and cell viability in H,Oz-exposed
cardiomyocytes

As shown in the Fig., cells exposed to H,O, (0.5 mM)
exhibited a significant increase in DCF fluorescence from
381 £ 15 to 1545 £ 55 a.u. Pretreatment with methyl pi-
perate and piperine (10~* M) attenuated DCF fluorescence
in a concentration-dependent manner to 678 £ 56. a.u.
(P <0.01), 558 £61 a.u. (P <0.01), respectively, com-
pared to H,O, alone. These results were also dose depen-
dent (range from 107°M to 107* M).

3. Discussion

R. roseum, a medicinal herb, although not officially listed
in the Chinese Pharmacopoeia, has been reported to be
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Fig: Effect of major components from R. roseum on DCFH oxidation fol-
lowing the exposure of cardiac cells to H,O,.
Cardiomyocytes were loaded with DCFH/DA (10 uM) and exposed
to H,O, (0.5 mM) for 2h or pretreated with methyl piperate, and
piperine (107*M to 107°*M) for 2h prior to H,O, exposure.
*P < 0.01, ™ P < 0.05 compared to H,O, alone.
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effective in treating heart problems in humans. A prepara-
tion of R. roseum has been demonstrated to alter changes
in red cell aggregation and yield-shear stress in dogs with
acute experimental coronary occlusion and block hyper-
viscosity syndrome in acute myocardial ischemia (Yu et al.
1993, 1995). However, there is little information on anti-
oxidant effects of R. roseum in myocardial ischemia and
of its major active components in vivo and in vitro. In this
study, it is demonstrated that the observed protective ef-
fects of extracted of R. roseum administration against iso-
proterenol may have been mediated through endogenous-
antioxidant augmenting effects. Moreover, it was shown
that piperine and methyl piperate may be the major active
components, which can protect the cardiomyocytes from
acute exogenous oxidative injury.

Administration of isoproterenol in high concentrations has
been reported to induce severe oxidative stress and in-
creases the generation of reactive oxygen species and/or
depletes the antioxidants. This may contribute to oxidative
stress and affect the pathogenesis of myocardial infarction
(Sawyer etal. 2002). Cytosolic enzymes such as lactate
dehydrogenase (LDH), glutamic oxalacetic transaminase
(GOT) and creatine kinase (CK), which serve as the diag-
nostic markers of myocardial tissue damage, leak out from
the damaged tissues to the blood stream when the cell
membrane becomes permeable or ruptured (Sabeena Far-
vin et al. 2004; Giirgiin et al. 2008). The amount of these
cellular enzymes presented in plasma reflects the altera-
tions in plasma membrane integrity and/or permeability.
Our results show significant elevation in the levels of lac-
tate LDH, GOT and CK in plasma of isoproterenol-treated
rats and were indicative of isoproterenol-induced necrotic
damage of the myocardial membrane. The prior adminis-
tration of RE-50 (250 mg/kg) was found to significantly
lower the isoproterenol-induced elevation in the activities
of diagnostic marker enzymes (CK and LDH).

Moreover, the increased levels of MDA indicate excessive
formation of free radicals by auto-oxidation of ISO and
activation of the lipid peroxidative process, resulting in
irreversible damage to the heart tissue in animals sub-
jected to ISO stress (Zhou et al. 2006; Karthikeyan et al.
2007). RE-50 treatment significantly decreased the MDA
levels by preventing formation of lipid peroxides from
fatty acids. Myocardial adaptation against oxidative stress
is mediated through augmentation of a number of cellular
antioxidants, such as SOD. This enzyme is a member of
mutually supportive enzyme system of the first line cellu-
lar, defense against oxidative injury, decomposing O, and
H,0, before their interaction to form the more harmful
hydroxyl (OH") radical (Lil etal. 1988). In the present
study, SOD activity decreased significantly in the ISO
group of animals, probably due to an excessive formation
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of superoxide anions, which can be harmful to the myo-
cardium (Sharma et al. 2001). Administration of RE-50 to
ISO challenged rats effectively prevented the decrease in
SOD, which is shown to correlate directly to the scaven-
ging of radicals.

In order to screen the antioxidant activity of the compo-
nents in R. roseum, we investigated which of its compo-
nents could protect cardiomyocytes from acute oxidant in-
jury using a HOj-induced cardiomyocytes injury model.
The test components methyl piperate, and piperine re-
duced serum levels CK-MB and LDH at different do-
sages. This could be also due to its action on maintaining
membrane integrity thereby restricting the leakage of these
enzymes. Moreover, when the cells were exposed to exo-
genous H,0,, the DCF fluorescence increased signifi-
cantly. Since DCF fluorescence represents intracellular
oxidative stress (Carter etal. 1994) produced predomi-
nantly by the reaction of DCFH-DA with H,O, and hydro-
xyl radical (Fridovich 1986), this suggests that exogenous
H,O, traverses the cell membrane to cause intracellular
oxidative stress. Among the four major components, pre-
treatment with piperine and methyl piperate significantly
attenuated the increase in DCF fluorescence caused by
exogenous H,O,. Our results suggest that piperine and
methyl piperate maybe the major active components in
R. roseum with antioxidant properties and its likely that
they are protecting the cardiomyocytes from acute exogen-
ous oxidative injury.

It is concluded that R. roseum extracted administration
protects rat myocardium damage against isoproterenol-in-
duced myocardial injury against oxidative stress-triggered
damage. Because the R. roseum extracts used in the pre-
sent investigation were in a crude form and likely to con-
tain many other components, it is not possible to deter-
mine which of these compounds are solely responsible for
its protective action. However, its clear that piperine and
methyl piperate display antioxidant effects and thus pro-
vide protection against free radical induced damage. This
supports that notion that herbal medicine exerts their ef-
fects through multiple and synergistic mechanisms in the
treatment of diseases, due to several active components
present in them.

4. Experimental

4.1. Plant material

Rhodobryum roseum (Hedw) Limp was obtained from the Southern part of
China (Baoshan District, Yunnan Province), and the pharmacognostic
authentication was done by the Department of Plant Sciences, Kunming
Institute of Botany, Chinese Academy of Sciences.

4.2. Extraction procedure

The herb of R. roseum (1100 g) was successively infiltrated with 50% and
95% EtOH and H,O respectively, at room temperature for 2 weeks and
was evaporated under vacuum to obtain the different extracts (RE-50, RE-
95 and RE-H,0). The weight/weight yields in terms of crude medicinal
materials was 0.13, 0.11 and 0.51 respectively. The extraction isolation of
the plant materials, and the purification of the test substances uridine, caf-
feic acid methyl ester, methyl piperate, and piperine were carried out as
described previously by Wang et al. (2005).

4.3. Chemicals

Isoproterenol, H,O, and other chemicals were all of analytical grade and
were obtained from Sigma Chemicals (St. Louis, MO). Double distilled
water was used for all biochemical assays. The LDH, CK, MDA and SOD
kits were purchased from Nanjing Jiancheng Institute of Biotechnology
(Nanjing, China).
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4.4. Experimental protocols

The experiments were carried out on Sprague-Dawley rats (150-200 g)
treated humanely according to the ‘Principles of Laboratory Animal Care’
(NIH Publication No. 85-23, revised in 1985). 8—10 animals were kept in
each cage under standard laboratory conditions (at a temperature of
20+ 1°C and a 12 h light/dark cycle) with free access to food and water.
All experiments were performed from 9:00 am to 4:00 pm.

The animals were divided into 8 groups: the control group served as nor-
mal control and received distilled water (1 ml/kg, p.o.) daily for 11 days
and in addition received distilled water (0.5 ml/kg, s.c.) on the 9th and
11th day at an interval of 24 h. The isoproterenol group served as ISO
control and received distilled water (1 ml/kg, p.o.) daily for 11 days and in
addition received ISO (85 mg/kg, s.c.) from 9th to the 11th day at an inter-
val of 24 h. Experimental groups — termed as RE-50, RE-95 and RE-H,O,
received two dosages (250 mg/kg and 63 mg/kg, p.o.) daily for 11 days
and in addition received ISO (85 mg/kg, s.c.) on the 9th and the 11th day
at an interval of 24 h. The serum samples were obtained at the end of the
experimental period, centrifuged and assayed for CK, GOT and LDH activ-
ities. The hearts were dissected immediately, washed with ice-cold saline
and 10% homogenates in phosphate buffer (50 mM, pH 7.4) were pre-
pared. The homogenates were centrifuged at 7000 x g for 10 min at 4° and
the supernatants were used for the MDA and SOD assays.

4.5. Measurement of serum enzyme levels in rats

The levels of marker enzymes CK, GOT and LDH in the serum, which are
the diagnostic indicators of myocardial injury, were determined according
to the instructions supplied with the assay kits. The SOD activity and
MDA content in heart homogenates were measured according to the kit
instructions using the method of Ohkawa etal. (1979) and Sun and Zig-
man (1978).

4.6. Neonatal cardiomyocyte isolation and H,0;-induced injury in cell

One- to 2-day-old neonatal Sprague-Dawley rats were used and each isola-
tion was a single experimental replicate. Neonatal rats were briefly cleaned
with 70% ethanol and the hearts were removed and minced in an enzyme
solution containing collagenase type II (Gibico) and pancreatin (Sigma).
Minced tissue and solutions were placed in a trypsinizing flask and shaken
at 37 °C for 5 min to allow digestion after which the supernatant was col-
lected and discarded. Ten milliliters of enzyme solution was added again
to the flask and shaken at 37 °C for 15 min. The supernatant this time was
retained in 50 ml tubes and centrifuged at 1200 rpm for 5 min. At the end,
the cell pellet was resuspended in DMEM supplemented with 1% bovine
serum albumin, 50 U/ml penicillin, and 50 mg/ml streptomycin 24 h prior
to further treatments. Then, cardiomyocytes were treated with hydrogen
peroxide (H20) (0.5 mM) for 4 h, and pretreated with different concentra-
tions (107*M, 10~> M, and 10~° M) of test compounds. The medium was
removed immediately before H,O, exposure and cells were washed with
PBS. This treatment protocol has been shown to induce ROS dependent
gene expression without altering cell viability (Kemp et al. 2003). After
2 h, the medium was used to test CK and LDH.

4.7. Measurement of intracellular ROS

Intracellular oxidant stress was monitored by DCFH/DA (10 uM) using a
modified method as previously described (Vanden Hoek etal. 1997a).
Upon entry, DCFH/DA is cleaved by cellular esterases to nonfluorescent
2! 7'-dichlorofluorescin (DCFH) and oxidized by ROS to a fluorescent pro-
duct dichlorofluorescein (DCF) which is measured at excitation 488 nm/
emission 520 nm and expressed in arbitrary units (a.u.). Thus, the DCF
fluorescence is directly proportional to the H,O, and/or hydroxyl radical
generation. Cardiac cells were loaded with DCFH/DA (10 uM) and ex-
posed to HyO, (0.5 mM) for 2 h or pretreated with methyl piperate, and
piperine for 2 h prior to H,O, exposure. An Olympus inverted phase/epi-
fluorescent microscope was used for cell imaging. Fluorescent image
changes in fluorescent intensity over time were quantified using Victorjy
and its software (PerkinElmer, USA).

4.8. Data analysis

All data are expressed as means =+ standard deviation (S.D.), and the level
of significance between two groups was assessed with Student’s t-test. P
values of less than 0.01 were considered to be statistically significant.
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