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Abstract

Objectives: Shen Fu Injection (SF), which consisted of Red ginseng extraction injection (RG) and prepared aconite extraction
injection (RA), is a traditional Chinese medicine mainly used for various cardiac diseases. This study is to analyse SF’s effects
on cardiac performance and coronary circulation. And the coronary dilating effect and mechanism of the above three
injections were also explored.

Methods: Mature male guinea pigs were used as our animal model. We employed two types of perfusion methods
(constant pressure and constant flow) in vitro, using Langendorff heart preparations to observe the cardiac function and
coronary response to SF (1/200). The coronary dilation effects of the above three injections (1/800, 1/400 and 1/200) were
recorded at basal coronary resting tone and when coronary vessels were pre-contracted with a thromboxane A2 analogue
(U46619), in the presence or the absence of the inhibitor of nitric oxide synthesis (L-NAME, 10~* M), the blocker of Ca**-
activated potassium channel(TEA, 10> M), or the blocker of adenosine triphosphate (ATP)-sensitive potassium channel
(glybenclamide) (107> M).

Results: When perfused with constant pressure, SF significantly increased coronary flow, left ventricular developed pressure
(LVDP) and the rate-pressure product (RPP). When perfused with constant flow, SF produced a significant reduction in the
coronary perfusion pressure (CPP), LVDP and RPP. The coronary vasodilatation response of the above three injections can be
reduced by L-NAME but was unaffected by TEA or glybenclamide when coronary vessels were pre-contracted with U46619
but not at resting tone. SF, RG and RA can all up-regulate eNOS expression in the human umbilical vein cells (EA.hy926).

Conclusion: We demonstrated that SF does not contribute to the inotropic change of myocardium whose improvement is
due to alternation of coronary flow. The coronary dilation effect of SF was mediated through RG and RA, via promoting NO
release.
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Introduction Its roots and extracts have been used to increase physical strength,
prevent aging, and increase vigor [5]. Red ginseng extracts were
reported to inhibit intracellular ROS in cultured neurons [6]. Red
ginseng marc oil (RMO) inhibited the production of oxidative
stress molecules such as nitric oxide through down regulating the
level of inducible nitric oxide synthase (INOs) m wvitro [7]. Red
ginseng can elevate blood pressure through activating vasocon-
strictors such as endothelin-1 and angiotensin II [8]. Red ginseng

Shenfu Injection (SF) has been used in clinic as a medicine to
treat cardiac disease including coronary heart disease, myocardial
ischemia/reperfusion injury and especially these disease with heart
msufficiency or congestive heart failure in China for a long time
[1-3]. SF was consisted of Red Ginseng extraction and prepared
aconite extraction [4]. Red Ginseng (Radix Ginseng Rubra) is the
steamed root of Panax Ginseng C. A. Meyer, a perennial herb of
the family Araliaceae that has been traditionally used (over 2,000
years) as a medicinal preparation in Republic of Korea, China,
and Japan. The basis of the medicinal prowess remains unknown.

significantly attenuated myocardial ischemic injury by improving
cardiac systole function, partly by reducing cardiac Troponin I
secretion [9].
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The major active ingredients of P. ginseng are the triterpene
glycosides also known as ginsenosides, which have a dammarane
skeleton [10]. Ginsenosides were a group of compound belongs to
Dammarane type which includes Ginsenosides Rb1, Rb2; Rc, Rd,
Rgl, Re, Rf, Rg2 and Rg3. Modern pharmacological research
shows that ginsenosides can improve ischemic myocardium
metabolism, scavenge free radicals, protect myocardial ultrastruc-
ture, and reduce Ca*' overload [11,12]. Chen reported that
ginsenoside’s cardiac protection effect was partially via promoting
releasing Nitric Oxide (NO) from endothelium [13]. In parallel,
Deng et al demonstrated that Ginsenoside Rg induced protection
against LV hypertrophy is mediated, at least in part, via
upregulation of edothelium NO synthase (eNOS) and subsequent
endogenous NO production and release [14]. Ginsenoside Re has
negative effect on cardiac contractility and autorhythmicity
through alternations in cardiac electrophysiological properties
[15].

Aconite (Radix Aconiti Lateralis Preparata) who has protective
effect on myocardial cells, and it also affects heart rate, rhythm,
blood pressure, and hemodynamics [16]. Higenamine (HG) is a
potent cardioactive benzylisoquinoline alkaloid isolated from
Aconiti tuber. Higenamine can enhance heart contractility,
improve coronary circulation, and decrease the effect of acute
myocardial ischemia. Higenamine was well known for its inotropic
and chronotropic effect in cardiovascular system. It also relaxes
1solated rat aorta [17-18].

Shen Fu was known to be able to dilate coronary artery by
which it might exert its heart protection effect [45-46]. Here we
reported that administration of Shenfu Injection, Red ginseng
extraction injection (RG) and prepared aconite extraction
injection (RA) all show coronary artery dilation effect, at least
partially through NO release as they all up-regulate eNOS level in
endothelium cellsWe also observed increases of the hemodynamics
(i.e. LVDP and RPP) induced by SF was the secondary responses
to coronary vasodilation.

Materials and Methods

2.1 Animal

Mature male guinea pigs weighing 300-350 g were provided by
Beijing Vital River Lab Animal Technology Co. Ltd. Guinea pigs
were allowed to eat a standard diet and drink ad libitum, and
adapted to the experimental conditions at 22*+2°C, humidity
60%x5%. This study was carried out in strict accordance with the
recommendations in the Guidance Suggestions for the Care and
Use of Laboratory Animals issued by the Ministry of Science and
Technology of China. The protocols include anesthesia, operation,
administration of medication, organ harvest. Body disposal were
approved by the Laboratory Animal Ethics Committee of Tianjin
University of Traditional Chinese Medicine (Permit Number:
TCM-LAEC2013005).

2.2 Isolated Langendorff Heart Preparations

Isolated heart experiments were performed in accordance with
the methods previously described [19]. Guinea pigs were
anesthetized with intraperitoneal injection of sodium pentobarbital
(50 mg/kg, i.p.). A thoracotomy was then performed and hearts
were rapidly excised into an ice-cold heparinized (5 U/mL)
modified buffered Krebs-Henseleit solution (KHs). After removal
of lung and surrounding tissue, aortas were immediately cannu-
lated with a needle, which was connected to the Langendorff
apparatus to start retrograde perfusion with KHs. Perfusion fluid
and bath temperature were maintained at 37°C by a thermostat-
ically controlled water circulator. Hearts were immersed in a
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water-jacketed perfusate bath maintained at 37°C. The KHs
contains (in mmol/L) 118 NaCl, 4.7 KCI, 25 NaHCOs;, 1.2
MgSO,, 1.8 CaCly, 1.2 KHyPOy,, and 11 glucose equilibrated
with continuous gassing 95% Oq and 5% COj at 37°C, to yield a
physiological pH of 7.3-7.4 [20].

Coronary perfusion pressure (CPP) was measured through a
lateral connection in the perfusion cannula connected to a
pressure transducer (MLP844 Physiological Pressure Transducer,
ADInstruments). The cardiac functions were determined by a
modified isovolumetric Langendorff technique [21]. The left
ventricular pressure was measured with a water-filled balloon
constructed of plastic film inserted into the left ventricle via the left
atrium and connected to a pressure transducer. Balloon volume
was modified through a stopcock attached to the ventricular
pressure transducer using a syringe to maintain a left ventricular
diastolic pressure of 5-10 mmHg. Cardiac functions were
evaluated upon left ventricular developed pressure (LVDP, left
ventricle end systolic pressure minus left ventricle end diastolic
pressure), maximal and minimum rate of pressure development
(£dP/dbypax), and the rate-pressure product (RPP, indicative of
cardiac work) calculated as the product of LVDP and HR [22-23].
LVDP, £ dP/d¢,.x and heart rate (HR) were calculated from the
left ventricular pressure curve. These parameters were recorded
continuously on a computer using PowerLab/8SP Chart 5
software (AD Instruments, Australia).

In constant pressure perfusion mode, CPP was maintained
constantly at 70~80 mmHg. Measuring the Coronary Flow (CF)
was allowed by collecting the effluent dripping from the heart [21].
Thus an increase or decrease of CF represents dilatation or
constriction of the coronary artery respectively. On the other
hand, in constant flow perfusion mode, CF was maintained
constantly at 11~15 mL/min which allow CPP maintained at
approximately 70 mmHg. This allowed to measure the CPP
(indicative of coronary resistance). An increase or decrease of the
CPP indicates constriction or dilatation of the coronary, respec-
tively [24].

2.3 Experimental protocol

Cardiac performance: The effects of Shenfu injection (SF) on
the cardiac performance were studied in isolated perfused guinea
pig model with constant pressure or constant flow. After a 15-
minute or more time equilibration, the hearts were perfused with
drugs dispersed in KHs at the required concentrations for 10 min.
HR, LVDP, RPP, =dP/dty,., and CF (with constant pressure) or
CPP (with constant flow) were measured before and after the
application of Shenfu injection.

Vasodilation experiments: After a 15-minute or more time
equilibration with constant flow mode perfusion, coronary
vasculature was either maintained at resting tone with baseline
perfusion pressure of 70~80 mmHg or precontracted by addition
of the thromboxane A2 analogue U46619 (1x10™%~3x10™% M)
to achieve a perfusion pressure of approximately 120 mmHg.
When the contraction in response to U46619 reached a stable
plateau, SF or RG or RA were injected into the perfusion cannula
with an infusion pump at a constant rate for 2 minutes to reach
final concentrations of 1/200, 1/400 and 1/800 from the
commercial injections.

To investigate the underlying mechanisms of coronary effects of
these three injections, the responses were recorded in separate
experiments in the absence(control) or the presence of the nitric
oxide synthesis blocker, MN-omega-mitro-L-arginine methyl es-
ter(L-NAME, 10~* M), the Ca**-activated potassium channel
blocker, tetracthylammonium (TEA, 10~* M), or the adenosine
triphosphate (ATP)-sensitive potassium channel blocker, glyben-
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Figure 1. Comparing the Effects of SF injection (1/200 dilution from commercial injections) on the cardiac performance perfused
with constant pressure and with constant flow in an isolated perfused guinea pig heart model. KHs with no administration of medication
was used as control. A: CF elevated after SF injection was perfused in constant pressure mode. B: CPP dropped after SF injection was perfused in
constant flow mode. LVDP (1C) and RPP (1E) increased after SF injection was perfused in constant pressure mode while LVDP (1D) and RPP (1F)
decreased after SF injection was perfused in constant flow mode. CF: Coronary Flow, CPP: Coronary Perfusion Pressure, LVDP: Left Ventricular
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Developed Pressure, RPP: the Rate-pressure Product. Values represent the mean * SD. *P<<0.05, ** P<<0.01 versus control. (N=6 in Figure 1A, 1C and

1E, N=7 in Figure 1B, 1D and 1F).
doi:10.1371/journal.pone.0092415.g001

clamide (107> M). In each case, antagonists were infused for 5
minutes before pre-contraction of the coronary vasculature by
U46619 infusion, and the relaxation responses to these three
injections were then recorded as described above. The antagonists
perfusions were maintained throughout the experiment. The
perfusion pressure was recorded continuously before and after SF,
RG, or RA.

Cell cultures: The human umbilical vein cells (EA.hy926) were
cultured in DMEM with 10% fetal bovine serum, 100 units/mL
penicillin, and 100 pg/mL streptomycin under standard culture
conditions (37°C, 95% humidified air and 5% COy). Then the
cells were divided into four groups: control group (no administra-
tion of medication), SF, RG and RA group (24 hours administra-
tion of 1/200 SF, RG or RA injection respectively). Rat Cardiac
Microvascular Endothelium Cells (RCMEC) were isolated and
cultured as reported [48].

Western blotting: After stimulation of SF, RG or RA of
EA.hy926 cells, cells were washed, scraped from dishes, and lysed
in RIPA buffer containing a mixture of protease inhibitors
(I mmol/L aprotinin, 20 mmol/L phenylmethysulfonyl fluoride
and 200 mmol/L sodium orthovanadate). Proteins were then
separated by electrophoresis on SDS-polyacrylamide gel. After the
proteins had been transferred onto a PVDF membrane, the blot
was incubated with blocking buffer for 1 hr at room temperature
and then probed with primary antibody against eNOS overnight
at 4°C, followed by incubation with horseradish peroxidase-
conjugated secondary antibody for 1 hour.

2.4 Drugs and reagents

Shenfu injection, Red ginseng extraction injection and Prepared
aconite extraction injection were donated by China Resources
Sanjiu Medical & Pharmaceutical Co., Ltd. The main components
of shenfu injection include ginsenosides (>0.8 mg/ml) and
aconitine (<0.1 mg/ml). The main components of Red ginseng
extraction injection include ginsenosides (0.8 mg/ml). The main
components of Prepared aconite extraction injection include
aconitine (<0.1 mg/ml). 9, 11-dideoxy-1a, 9a-epoxymethanopros-
taglandin F2a (U46619), N-omega-nitro-L-arginine methyl ester
hydrochloride (L-NAME),tetracthylammonium chloride (TEA),
and 5-chloro-N-[4-(cyclohexylureidosulfonyl) phenethyl]-2-meth-
oxybenzamine (glybenclamide, glyburide) were obtained from
Sigma. EA.hy926 cells were commercially available from ATCC.
Fetal bovine serum (FBS) and Dulbecco’s modified Eagle medium
(DMEM) were purchased from Gibco. Antibody against eNOS
was bought from Cell Signaling Technology, China (#9586).
RIPA buffer was bought from Sigma-Aldrich

2.5 Data and statistical analysis

Data are presented as mean *=SD. (Western of EA.hy926 cells
data are presented as mean * SEM). Drug-induecd changes in
CF, CPP, LVDP and RPP were compared with a matched control
measurement obtained immediately prior to drug perfusion using
the paired Student t-test. The coronary dilation effect to SF, RG,
or RA at basal coronary resting tone and coronary vessel
precontracted with U46619 or treated with antagonists is
expressed as the change in CPP. The responses between three
injections and between in the absence and presence antagonists
were compared using one-way analysis of variance followed by the
Dunnett test. Statistic significance was accounted when P<<0.05.
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Results

3.1 The effects of Shenfu injection on the cardiac
performance with constant pressure mode or with
constant flow mode in isolated perfused guinea pig
hearts

When the hearts were perfused with constant pressure mode,
administration of Shenfu injection (final concentrations 1/200
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Figure 2. In constant flow mode, comparison of CPP change
upon perfusion of SF, RG or RA injection. Three titrations had
been tested in each injection (1/800, 1/400, 1/200 dilution from
commercial available injections, n=6). A: RA injection did not bring
down CPP as strongly as SF did at basal coronary resting tone. B: Pre-
contracted with U46619, the effect of SF, RG and RA show no significant
difference in CPP adjustment. Values represent the mean = SD. *P<
0.05, ** P<<0.01 versus SF injection.
doi:10.1371/journal.pone.0092415.g002
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doses, i.e. 1 ml injection dissolved in 199 ml K-Hs) significantly
increased coronary flow from baseline levels (12.93%1.02 ml/min)
to (17.83%£2.10 ml/min) (Figure 1A). In addition to the primary
effects of Shenfu injection on total coronary flow, we also observed
modest increases in LVDP and RPP following administration of
Shenfu injection. It elevated LVDP (91.38%14.36 s
108.25+11.66 mmHg) (Figures 1C) and RPP (22045.8+4013.1
vs 25380.6%=3005.1 mmHgxbpm) (Figures 1E) without modifying
the heart rate (241%£19 vs 235%18 bpm). Experimentally, the
larger changes in LVDP and RPP correlated closely with the
larger increases in coronary flow produced by SF. The changes in
LVDP were also accompanied by increases and decreases in +dp/
dtiax and -dp/dty.y (the data not shown). Kinetic analysis of the
flow and pressure recordings revealed that the drug-associated
changes in coronary flow typically preceded changes in LVDP by
2-3 s. These observations indicates that coronary vasodilation
occurred as the primary response to drug administration, followed
by secondary responses in LVDP and RPP.

To further elucidate the effects of vasodilation of SF. We also
observed the changes of hemodynamics induced by SF in isolated
guinea pig hearts perfused with constant flow mode. Administra-
tion of SF (final concentrations 1/200 doses) produced a significant

PLOS ONE | www.plosone.org

Table 1. Reductions(negative values) or increases (positive values) in HR, LYDP and *dp/dt produced by administration of SF, RG
and RA injection in guinea pig perfused hearts at resting tone(n=6) and precontracted with U46619(n =6) with constant flow
perfusion.
1/800 1/400 1/200
Resting tone
HR (beats/min) SF —5.9+53 —6.1+55 —5.3*135
RG —24+35 —0.8+6.7 —6.4£85
RA -37+14 —4.7%20 —3.3%38
LVDP (mmHg) SF —1.4%4.1 —3.8+3.9 —7.0+7.5
RG 14+99 —-8.7+84 —10.0+4.9
RA —-0.1%25 -22+18 —29+1.9
+dp/dt (mmHg/s) SF —53.4+518 —86.4%45.9 —115.1%74
RG —25.2:108.0 —128.0+87.3 —163.0£139.2
RA —21.4+304 —53.5+18.2 —58.1£26.6
—dp/dt (mmHg/s) SF 54.6+34 71.1£4256 107.5+62.7
RG 253%62.6 149.0:104.5 183.4+1314
RA 322%26.9 51.9%21.6 51.7£22.1
Precontracted With U46619
HR (beats/min) SF -13%7.1 —43+93 —3.5+52
RG —44+55 —25+189 3.6+19.7
RA -33+17 —6.0+33 —49+4.1
LVDP (mmHg) SF -01+7.8 —29+46 0.0+2.9
RG 0.2+85 —1.4%52 2433
RA 3.5+52 —1.1£3.0 1.6%23
+dp/dt (mmHg/s) SF —36.2+784 —67.9%67.5 —22.8x43.8
RG —13.4+89.5 —43.9+69.9 9.9+50.7
RA 25.4+54.5 —146+31.4 —5.7+30.5
—dp/dt (mmHg/s) SF 43.6+58.0 43.7+50.7 21.5+36.1
RG 16.9+62.9 29.1+46.0 8.1+258
RA —24.8+49.2 27.7%22.2 19.8+21.4
doi:10.1371/journal.pone.0092415.t001

reduction in the CPP from the baseline level (74.49+2.52 mmHg)
to a lower level (52.68%5.53 mmHg) indicating significant
coronary dilatation (Figures 1B). The LVDP and RPP decreased
resulted from significant reduced CPP (Figures 1D, 1F). SF caused
a distinct vasodilatation in isolated guinea pig hearts perfused with
constant pressure mode or with constant flow mode.

3.2 The coronary dilation effect of SF, RG or RA in isolated

guinea pig hearts perfused with constant flow mode

Shenfu injection is a compound constituted by Red Ginseng
extraction injection and prepared aconite extraction injection. We
investigate the vasodilator effects of SF/RG/RA respectively in
1solated guinea pig hearts perfused with constant flow mode.

SF/RG/RA injection (n=6) (final concentratin 1/800, 1/400,
and 1/200) caused a concentration-dependent reduction in the
coronary perfusion pressure at the basal coronary resting tone. RA
mnjection did not bring down CPP as strongly as SF did at basal
coronary resting tone (figure 2A). SF/RG/RA injection had no
significant effect on heart rate. The effects on LVDP, +dp/dt,ax
and —dp/dty,.x produced by RG and RA injection were similar to
be produced by SF injection in hearts perfused with constant flow
at basal coronary resting tone (table 1).
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Figure 3. CPP change in perfused guinea pig hearts precon-
tracted with U46619, after administration of SF (figure 3A), RG
(figure 3B) and RA (figure 3C) in the presence or the absence
(control, n=6) of L-NAME(10™* M, n=6), TEA(10 > M, n=6), or
glybenclamide(10~> M, n=6). Compared with other antagonist TEA
and Glybenclamide, L-NAME can blunt the effect of CPP decrease driven
by SF, RG and RA injections. Three titrations had been tested in each
injection (1/800, 1/400, 1/200 dilution from commercial available
injections). Values represent the mean = SD. ** P<<0.01 versus control.
doi:10.1371/journal.pone.0092415.9g003
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When the coronary vasculature was pre-contracted with
U46619, this concentration-dependent decrease of CPP was more
obvious than at the basal coronary resting tone. The effect of SF,
RG and RA show no significant difference in CPP adjustment
(figure 2B). SF/RG/RA injection caused small, non-signifcant
increases or decreases in heart rate, LVDP, +dp/dt,,, and —dp/
dtiax when the coronary vasculature pre-contracted with U46619
(table 1).

3.3 The underlying mechanisms of coronary effects of SF,
RG and RA

In the hearts treated with L-NAME(10™* mol/L), the NOS
mnhibitor, and precontracted with U46619, the strong coronary
vasodilator response to SF(figure 3A), RG(figure 3B), and
RA(figure 3C) injection were mostly abolished.

The coronary response to three kinds of injection were recorded
after precontracting coronary vasculature with U46619, in the
presence the blocker of Ca?*-dependent potassium channels,
tetraethylammonium ~ (TEA, 10~ mol/L).  SF(figure  3A),
RGf(figure 3B) and RA(figure 3C) reduced CPP in a manner
similar to that observed in U46619-treated hearts(control).

In the presence the blocker of adenosine triphosphate-sensitive
potassium channels (glybenclamide 10™° mol/L), the relaxation to
SF (figure 3A), RG(figure 3B) and RA(figure 3C) injection in hearts
precontracted with U46619 was not roughly modified compared
with untreated hearts (control).

3.4 SF injection and its two main components up-

regulate eNOS expression

Endothelial NOS is a nitric oxide synthase that generates NO in
blood vessels and is involved in regulating vascular tone by
inhibiting smooth muscle contraction [44]. Here we measuring
expression of eNOS to assess alternation of NO level by SF, RG,
RA administration. As shown in Figure 4, by contrasting to cells
with no administration of medication (Control), 24 hours admin-
istration of SF injection (1/200) upregulated eNOS expression in
EA.hy926 cells and in rat cardiac microvascular endothelium cells
(RCMEC). Consistent with the report that production of nitric
oxide depend on phosphorylation of eNOS in endothelium cells
[47], we found that phosphated eNOS was increased more
prominnent than total eNOS upon SF, RA and RG treatment.
Comparing its two main components (both 24 hours administra-
tion and 1/200 dilution), RG presented stronger upregulation
effect than RA. SI shows accumulation effect of RA with RG in
eNOS regulation.

Discussion

In this paper, we employed isolated Langendorft heart model
which is well known for studying pharmacological interventions on
myocardial function, vascular reactivity, electrical conduction and
1s able to be perfused using constant pressure or constant flow [25].
Cloronary perfusion pressure, which indicates coronary resistance,
s a sensitive parameter that is easily monitored. So when the
isolated hearts were perfused with constant flow, CPP decreases
when the coronary artery dilates [24]. Therefore constant flow
perfusion is particularly well suited for studying the effect of
vasoactive substances on coronary vasomotor tone [26—28]. The
heart maintains the ability to autoregulate coronary vascular tone
in constant pressure mode. Autoregulatory mechanisms strive to
increase coronary flow under increased workload conditions. So it
is applicable to study the positive inotropic drug [29-31].

Our present results suggest that Shenfu injection produced
coronary vasodilatation in isolated perfused hearts reflected by
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in rat cardiac microvascular endothelium cells. 4D and 4E is the statistic bar derived from grey brightness level of 4C (N = 3). 4F shows p-eNOS was
increased more than total eNOS with SF, RA and RG treatment with statistical significance (P<<0.05). Values represent the mean * SEM.

doi:10.1371/journal.pone.0092415.g004

increasing flow in constant pressure mode and decreasing
coronary resistance in constant flow mode. The data supports
that with constant pressure, SF injection can improve the
contractility of the heart indicated by rise of LVDP and RPP.
This is worked probably through dilating coronary artery with
more supplied blood therefore more oxygen to the heart. This
phenomenon is called “Gregg effect” [32] or the “garden-hose
effect” [33] in which stimulated increases in coronary microvas-
cular filling or perfusion pressure are associated with an
enhancement of ventricular contractility. Without significant effect
on the HR by SF injection suggests additional benefit of no further
increase in myocardial oxygen demands. This is in accordance
with the study using dog i vivo that SF injection improved the
myocardium contractility and augmented cardiac output without
raising the oxygen consume [34]. In summary, results of the
present findings provide interesting information indicating that SF
Injection exerts a protective action with positive inotropy on
isolated heart via improved CF. On the contrary, SF injection
decrease LVDP and RPP followed by drop of CPP with constant
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flow suggesting reducing oxygen consumption. These changes
shows that SI injection may be not exert direct effects on the
ventricular muscle itself. Our results demonstrated that SF
injection and its two components RG injection, RA injection
respectively induced coronary vasodilatation in perfused hearts
when the coronary vasculature at basal resting tone or precon-
tracted with U46619. U46619, as a thromboxane A, (TP) receptor
agonist, can increase coronary perfusion pressure in constant flow
mode through increasing phosphoinositide metabolism provoked
by stimulating thromboxane A2 receptors [35]. It was reported
that TP receptor activation can leads to generation of O,  which
is responsible for vasoconstriction. When the coronary vessel was
precontracted by U46619, three injections produced more
significant coronary vasodilatation than at basal tone in different
physiological concentrations (1/800, 1/400 and 1/200). This
modified vascular relaxation in the perfused heart attributes to the
changes of artery tone [27]. However compared with SF injection
and RG injection, RA injection did not demonstrate as strong as
vasodilator effect unless hearts were pretreated by U46619. This
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disparity could be explained by the report that Fu Pian Injection
whose components is RA had no significant inhibitory effect on
KCl-induced contraction of thoracic aorta ring with intact
endothelium as SF injection and RG injection [43]. So RA does
not show apparent vasodilator role as SF and RG do. The
myocardial contractility decreased accordingly resulted from
significant reduced CPP at basal resting tone, measured as
changes in LVDP and *dp/dt. However no consistent significant
HR responses were observed. The reduced myocardial contrac-
tility responses was abolished when the coronary artery was
precontracted by U46619, which probably because U46619 exerts
a positive inotropic effect on the heart resulted from the increase in
phosphoinositide metabolism [36-37]. What’s more, only L—
NAME but not the Ca**-activated potassium channel blocker
(tetraecthylammonium, TEA) nor the adenosine triphosphate
(ATP)-sensitive potassium channel blocker (glybenclamide) can
attenuate the vasodilator effects of SF injection, RG injection and
RA injection, being pretreated with U46619. With the same
concentration, L-NAME blunt vasodilation effect in an inversely
dose dependent manner to subsequently added injections.
Therefore, we deduced that NO but not potassium channel
blocker contributes to the vasodilation effects of SF injection and
its two components. NO has been reported to mediate the
relaxation response to ginsenosides, which is the effective
ingredient in SF injection and RG injection, in human aortic
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endothelial cells [38], in porcine coronary arteries [39] or in
isolated rat hearts [40]. Indeed, we detected an up-regulation of
eINOS expression upon SF, RG or RA administration as shown in
Figure 4. Our results of RA injection as a vasodilator of vessels via
NO is in agreement with the others who observed a relaxing effect
on rat aorta from aconitine [41]. Niu et al. found that the relaxing
effect of aconite decoction on aorta is related to NO released [42].

In summary, SF injection at physiological concentration
produced significant coronary vasodilatation, mediated by RG
injection and RA injection via releasing NO. SF injection may be
not exert direct effects on the ventricular muscle itself. The
protective action with positive inotropy on isolated heart is related
to improved coronary flow.
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