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Abstract

Chi nese herbal drugs have been proved to be ef fective agents innyocardial protection
by preventing i schem a-reperfusioninjury. The underlyi ng mechani sns as t o howt hese agents
wor k were however poorly el ucidated. Studies on the nononmers or on the single drugs have
hi ghlightedthe possiblerational es, | eadingto abetter understandi ng of t he pharnaceuti cal
effects of the active parts of the herbs. These agents have been found to be
structure-sensitive while they play the role of a protective ingredient. Polysaccharides
of Chinese herbal nedi ci ne have pharmaceuti cal effects in imune nodul ation,
anti-inflammation, anti-virus, anti-tunor, anti-aging mechani sms, with an anti-oxidative
effect being a comonly recogni zed nmechani sm Saponins are prone to alleviate cal cium
overl oad. As biof | avonoi ds commonly contain active phenolic hydroxy group, they have good
anti-oxi dant property. Those containing effective |ignanoi ds and essential oils canresult
inareduced nitric oxi de secretion of the endothelial cells and an increased intercellular
cell adhesion nol ecule-1 expression. Alkaloids may resist free radical injuries. Most
inmportantly, nodern in-depth research reveal ed that myocardial infarction is typically
associ ated with apoptosis, and herbal nedicine containing carbohydrates and gl ycosi des
showed cardi oprotective ef fects by way of inhibiting apoptosis of nmyocytes. As a suppl enent
to cardi opl egi a, sone Chi nese herbal drugs have become especially val uabl e i n nyocardi al
protection in open heart surgery by preserving netabolic energy. In conclusion, the
cl assification of Chinese herbal nedicine nade according to their main active ingredients
has facilitated the expression of their functioni ng mechani snms. Chi nese herbal drugs pl ay
an inmportant role in cardioprotection via many di fferent nmechani sns, the nost recent and
i mportant finding being the inhibition of apoptosis.
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I nt roducti on

Several theories, including calciumoverload, oxygen free radicals, infiltration
of granul ar | eukocytes, conplenent participation, enzymatic effects, apoptosis, and gene
expression disorder, etc., have been popul arly recognized as the fundanental nechani sns
of nyocardi al injury due toischem a-reperfusi on(Wang and He, 2004. Alternative strategies
with the purpose of myocardial preservation therefore start with alleviation of calcium
overl oad, mai ntenance of homeostasis of the cellular menbrane, inhibition of nitric oxide
(NO delivery, and prevention of apoptosis. Recent studies di scovered coagul abl e cytol ysi s
around the ischemc nyocardial infarction zone w thout presence of infiltration of
inflammatory cells, a phenonenon simlar to the norphol ogical changes of apoptosis.
Accordi ngly, an agreenent was reached that nyocardi al infarction was typically associ ated
wi th apoptosis. Inarabbit nodel of i schem a-reperfusioninjury, scattered apoptotic cells
positive for term nal deoxynucl eotidyl transferase dUTP nick end-1abel i ng were present in
the ischemicregion 1 hr after i schenmi a, peaked at 3 hrs, and decreased t hereafter, whereas
no apoptotic cells were found in the normal myocardi um Furthernore, apoptotic cells began
to appear inthe ischemc nmargin 1 hr after i schem a, and t he nunber of the apoptotic cells
increased with tine and peaked at 5 hrs after i schem a, suggesting apoptosis may be a main
feature of myocardial i schem a(Huet al., 2001). It was shownthat grow h factors may i nhi bit
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the devel opnent of apoptosis and hence alleviate the apoptosis of myocytes caused by
i schem a-reperfusion injury. Like the growth factors, Chinese herbal drugs have gai ned a
popul ar recognition in ternms of nyocardial preservation by apoptotic inhibition (Zhang et
al ., 2007).

Chi nese herbal nedicine was usual |y categorized with respect to Chinese nedi ci nal
property or the natural character. Wth the introduction of nodern scientifictechnol ogies,
novel classifications were introduced for Chinese nedi ci ne, such as drug effect, nedici nal
portion, botanical, zoological, mneralogical, and chenical ingredient classifications.
O them the classificationreferring to the pertinent najor active i ngredi ents contai ned
i n Chi nese nedi ci nei s apparently convenient for the expressi onof their ef fective nechani sns.
In recent years, studies on these active ingredients of Chinese herbal drugs have becone
attractive, leading to an in-depth understanding of the medicinal properties. These
ingredients were grouped into four classes: alkloids, flavonoids, saponins and others
i ncl udi ng coumarins and | i gnanoi ds, that arerel atedto vascul ar endot hel i al functions (Shi
and Yan, 2005). As for nyocardial preservation, nore conponents can be invol ved, such as
car bohydrates, glycosides, am no acids, peptides, proteins and enzynes.

Chi nese herbal nedicine
1. Carbohydrates

1.1 Astragal us nonghol i cus

Radi xes of Astragal us nonghol i cus Bge and Astragal us menbranaceus Bge are quality
products of Astragal us monghol i cus. The mai n conponents of Astragal us nonghol i cus i ncl ude
Astragal osi de, Astragal us polysaccharides, and flavonoids, etc. (Huo, 2007). Total
fl avonoi ds of Astragul us coul d prevent the decrease of the NOconcentrati on. Conconmitantly,
total flavonoids of Astragulus and Astragal oside A work as inotropic agents by way of
i ncreasi ng cAMP cont ents of t he myocardi um and inhibitingthe activity of the Na*-K'- ATPase
on the myocardi al cel lul ar menbrane, whil e Astragal osi des act as free radi cal scavengers.
Astragal oside IVis aleading active ingradient with inotropic effect, not only inproving
heart function of the experinmental rats, but also avoiding an increase of the oxygen
consunption of the nyocardi um(Fang, 2004). Total flavonoi ds of Astragul us may i nhibit the
increase of theintracellular cal ciumconcentrationinduced by i soproterenol hydrochl ori de,
i ndi cating acal ci umant agoni smof thetotal flavonoi ds of Astragul us by relievingthecal cium
over |l oad of the sarcoplasmicreticulum(Menget al., 2004). Ani ncreased super oxi de di snut ase
(SOD) and decr eased mal ondi al dehyde (MDA) and creati ne phosphoki nase (CPK) activities were
associated with the introduction of Astragal us nongholicus (Li et al., 2003). Additionally,
simlar results for Astragal us nmonghol i cus have been noted in patients wi th angi na pectoris
(Li and He, 2003). Pretreatment w th Astragal us menbranaceus significantly attenuated the
daunor ubi ci n-i nduced i ncreases of reactive oxygen species, apoptosis and the secretions
of lactate dehydrogenase (LDH) in cul tured neonatal cardionyocytes of Sprague Dawl ey rats
(Luo et al., 2009). Astragal us nongholicus at a concentration of 100 g/L or 1000 g/L could
reduce t he apoptotic rate by 34. 96%and 37. 02% respectively. The upgradi ng of t he reperfusion
i njury sal vage ki nase (Rl SK), i ncl udi ng Pl 3K- AKT and p42/ 44 [ extracel | ul ar regul ated protei n
ki nase (ERK)1/2] could be the initiating way of Astragalus nongholicusin to regul ate
nmyocardi al apoptosis. The mitogen-activated protein kinase signaling pathways have al so
been found to be under the nodul ation of Astragal us nmongholicus in the in vitro rabbit
i schem a-reperfusioninjury and cul tured nmyocyt e hypoxi a-reoxygenati on nodel s (Song et al .
2008) .

1.2 Lycium bararum pol ysacchari des

The bot ani cal source of Lyci umbararumpol ysaccharides is the dry mature fruit of the
Sol anaceae pl ant Lyci umbarbarumL. When Lyci um Bararum Pol ysacchari de Extract was given
via gastric lavage or intraperitoneal injection to the aninals, both |ysozyme and SOD
activities and NO secretion were increased by resting nmacrophages, with the forner drug
rout e having a better ef fect (zZhou et al., 2000). Lyci umBararumPol ysacchari des can pronote
the activities of glutathione peroxidase (GSH Px) and SOD of the senile rats induced by
D gal actose, and can further scavenge the free radi cals (Chen and Chen, 2005). Wen free
radi cal i njuriednyocytes induced by xant hi ne/ xant hi ne oxi dase systemwer e treat ed by Lyci um
Bar ar umPol ysacchari des (12.5ug/mL), the myocardial ultrastructures remained almost normal
(Yang et al., 2001).
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1.3 Trenella fucifam s Berte, or, Trenella fuciform spol ysacchari de.

Trenella fucifamis Berte is a polysaccharide with free radical scavenging and
anti-lipid peroxidation effects. It is prepared and extracted fromTrenella fucifam s by
subnerged cultures. Trenel |l a pol ysacchari de can protect cardi omyocytes by suppressing the
apopt osi s i nduced by oxi dati ve damage i nvitro. Theresul ts suggested that Trenellatrenell a
pol ysacchari de had dose-rel ated anti - apoptoti c and anti - oxi dati ve ef fects on cardi onyocytes
in Dgal actose induced aging mce (Qu et al., 2009).

1.4 Saussures involucrate

The chemical ingredients isolated fromSaussures invol ucrate have been proved to be
conpl ex, including flavonoids, al kal oids, and pol ysaccharides, etc. The hal f-scavengi ng
concentration of polysaccharide of Saussurea was 22.0 pg/mL, with which the oxygen
consunption of the mce could be reduced, and the swimm ng tine of the ani mal increased.
Bot h hispidulin and acacetin that were isolated from Saussures invol ucrate were capabl e
of scavenging free radicals with anti-lipid peroxidation effect. The total al kal oids of
Saussures involucrate were able to decrease the perneability of the cutaneous vessels of
the rabbit, leading to a vascular contraction of the rabbit ear, which nay be bl ocked by
a- ant agoni st regilin. Moreover, the total al kal oi ds of Saussures invol ucrate nay sl owdown
the heart rate or even heart arrest of the in vitro rabbit heart (Yuan et al., 2004).

1.5 Pol ysaccharide Krestin

Cori ol us versicol or polysaccharide is an abstract of the dry carpophore of Pol yporus
Varlus (PERS) Fr. Luo et al. (2002) adm ni stered the cani ne nodel of ischem a-reperfusion
injury with oral Pol ysaccharide Krestin 150 ng/ kg daily two days prior to operation. They
found that these animals had better left ventricular ejection fraction and | ower plasma
MDA contents during early reperfusion (5-120 mins).

2. G ycosides
2.1. Paenol

Paeonol is a main active ingredi ent of Cynanchum pani cul atum (Bge.) Kitag. Paeonol
can decrease t he chol esterol / phosphol i pidratio of the mitochondrial menbrane, and i nprove
menbranous Ca?'- ATPase activity, nenbrane lipid fluidity and nyocardial free fatty acid of
t he nyocardi al i schem a-reperfusioninjury nodel in mce (Zhang and Zhang, 1994). Tang and
Shi (1990) observedthe Ca?"influxinneonatal nicemyocytes, arenarkabl e decreaseinbeating
rate of the nmyocytes, and an i nhibition of the Ca?" uptake in both fast and sl ow phases with
50-400 pg/mL paeonol. At a dose of 400 pg/mL, it showed a similar effect on the calcium
uptake in cultured myocardial cells to verapamil at 10 pmol/L.

2.2. Anthraglycosides and Qui nones
2.2.1 Danshensu Sal vianic acid A and Tanshi none

Danshensu Sal vianic acid A showed its protective effect on nyocardi al mtochondria
of the ischem a-reperfusioninjury mce by scavenging O and OH. Wirking as a free radi cal
scavenger to eradicate O2% OH and H,0, sodi umtanshinone |l A sul fonate (5 ng/ kg) was abl e
to decrease the products of MDA in the nyocardium and | essened the delivery of CPK It
illustrated that as a free radi cal scavenger tanshi none was even superior to verapam| in
terns of nyocardial protection in the in vitro nouse heart nodel. Experinental studies
di scl osed that intravenous injection of sodium tanshinone IIA sulfonate in the canine
nmyocardi al ischem a-reperfusion injury nodel may |ead to decreased nyocardial oxygen
consunption by lowering left ventricular wall stress, and brought about a decreased
nmyocardial infarcted area with an effect conparable to dipyridanole. Tanshinone Il A nmay
protect cultured PC12 cells fromall injury nodel s includi ng hypoxi a, hypogl ucose, oxi dant
injury, calciumoverload, NOneurotoxicity, and glutam c acid injury, especially was good
for theischem c and cal ci umoverloadinjuries (Heet al., 2001). Inthe nyocardial i nfarction
rats, sodiumtanshinone Il A sulfonate significantly reduced the infarct sizes, the bl ood
LDH | evel , and t he nunber of apoptotic cardi onyocytes intheinfarcted hearts (Yang et al.,
2008a). Protective nechani sns of tanshinone were evidenced to be nediated by increased
scavengi ng of oxygen free radicals, prevention of |ipid peroxidation and upregul ation of
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the Bcl-2/Bax ratio (Fu et al., 2007a). Tanshinone Il A may inhibit the increasing sizes
of the nyocytes, the synthetic rate of the myocardi al protein, andthe apoptotic rateinduced
by angiotensin I, thereby decreasing the expression of the apoptotic gene Fas nRNA (Feng

and Zheng, 2006). Tanshi none Il A(2 mol /L) mar kedl y attenuat ed adri amyci n-i nduced reactive
oxygen speci es production, and prevent ed t he adri amyci n-nedi at ed reducti on of the Bcl - 2/ Bax
rati o as evidenced by the Western bl ot assay (Gao et al., 2008).

2.2.2 Polygonum nul tiflorum

Pol ygonumnul tiflorumis the dry radi x of Pol ygonummul tifl orumThunb. It can inprove
SOD activity of the myocytes, scavenge free radicals and inhibit |ipid peroxidation.
Pol ygonumnmul ti fl orumnay significantly i nprove the stability of the |ysosomal nenbrane,
protect the nenbranal structure of the nyocardium and stabilize the cellular menbrane (Jin
and Jin, 2006). Experiemtal studies reveal ed that Pol ygonumnultifloruminhibited 52.1
+ 7.3% of the oxygen consunption and 50.9 + 5.3% of MDA production (Hong et al., 1994).
Its ability to enhance nyocardi al anti-oxi dant status under the conditions of ischem a
reperfusion-induced oxidative stress has been proved (Yim et al, 2000) .
Tetrahydr oxysti | bene- gl ucosi de, one of the effectiveingredi ents of Pol ygonummul tifl orum
was tested in terns of its protective effect on rat myocardial wultrastructure.
Tet rahydroxysti | bene-gl ucosi de evenin al owdose coul d remarkably decrease t he expression
of transform ng growt h factor-B; of myocardi al cytoplasm indicating a possible inhibition
on the transfornmng growth factor. Lower MDA | evel s and i nducible nitric oxide synthase
(iINOCS) activities of the nyocytes were seen in the rats admnistered wth
t etrahydr oxysti | bene-gl ucosi de (Tang, 2006).

2.3. Flavonoids and Fl avonoi d gl ycosi des
2.3.1 G nkgo biloba extract (Egb761)

Egb761 i s conmposed of fl avonoi ds, terpenoi ds, phenolic conpound, and am no aci ds, etc.
Li ebgott et al. (2000) reported two main conponents of Egb761, flavonoid glycosides and
t er penoi d, may coordi nat e scavengi ng free radi cal s and prevent peroxidationinjury. Tosaki
et al. (1994) found EGh761 at a dose of 50 ng/kg or 100 ng/kg may significantly inprove
coronary flow, aortic flow, left ventricul ar devel oped pressure, and the first derivative
of left ventricular devel oped pressure (dp/dt nmax). EG761 can increase SOD activity of
the cytosol, prevent mtochondrial |ipid peroxidation, maintain the Ca?-ATPase activity
of the nmitochondrial menbrane, and inprove Ca®' transport of the ischenic nyocardi um (Li
et al., 2007a). Shen and Zhou (1995) found that EG761 treatment (10 ng/ kg, injected into
the coronary artery) resulted in significant inhibition of the lipid peroxidation and
preservation of total and CuzZn-SOD | evel s in both plasma and t he myocardi umduring and at
the end of reperfusion. Both tissue type plasmnogen activator (t-PA) decrease and
pl asm nogen activator inhibitor-1 (PAl-1) increase nediated by ischem a-reperfusion were
significantly suppressed by EG761. Egb761 can apparently alleviate the accumul ati on of
Na* and Ca®" and the | oss of K" and My?* i n the i schemi a-reperfusi on nyocardi um(Deng et al .,
2006). EGb761 could inhibit influx of excellular calciumof myocardi umof neonatal rats
(Zhang et al ., 2000). Egb761 along with its nononer Quercetin di hydrate may i nhi bit nyocyte
hypertrophy, total protein and di ameter increnment, induced by angiotensin Il, which could
t hereby pronmpte SOD activity and decrease MDA content (Wi and Gu, 2006). Egb761 has shown
an antagoni sticactiononplatel et-activatingfactor, akey point of nyocardi al injury (Zhang
and Gao, 2008). Expressions of p- ERK1/2, p-JNKand p- P38 nedi at ed by angi otensin || increased
significantly and Quercetin could apparently inhibit these expressions probably by the
ROS/ JNK signaling pathway. In the Egbh761l-treated rats, apoptosis of the cardi onmyocytes
decreased significantly, suggesting the protective effects of Egb761 on rat cardi onyocytes
agai nst apoptosis (Yu et al., 2007). EG761 could typically inhibit NOrel ease, decrease
t he expressi on of i NOSnRNA (Varga et al . 1999), and pronot e Bcl -2 and Bcl - XL gene expr essi ons
of rabbit myocytes (zZhang et al., 2005a).

2. 3.2 Banboo Leaves

The active ingredients of the banboo I|eaves include abundant flavanoids,
pol ysacchari des, and trace el enents, etc., with antiseptic and anti-oxi dant properties (He
and Yue, 2008). The Banboo Leave Extract may i ncrease coronary flowof the in vitro guinea
pig heart, counteract T wave changes induced by pituitrin, and decrease the nyocardi al
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infarcted area (Fu et al., 2006). Experinents proved that the banboo | eave fl avonoi d was
conparabl e to Egh761 in terns of the content of the flavonoid as well as the capacity of
anti-freeradical s (Zhang et al . 2002a). The barmboo | eave fl avonoi d may r educe t he occurrence
of nyocardi al apoptosis, and inhibit the expression of Bax, Cyt-c and caspase-3, but not
of Bcl-2 (Fu et al., 2007b).

2.3.3 Baicalin

Baicalin is a flavonoid conmpound extracted from Scutellaria baicalensis Georgi.
Baicalin significantly inproved the SOD activity of the hypoxic nyocytes of neonatal
Sprague-Dawley rats at a concentration of 0.1-10 pg/mL, inhibited MDA production at a
concentration of 1 pg/mL, and inhibited NO secretion at a concentration of 10 pg/mL (Liu
et al., 2003a). Wen baicalin 10-40 ng/ kg was given to the rats 5 m ns before ligation of
the coronary artery, the post-infarction heart functioninproved with decreased MDA cont ent
and increased SOD activity (Liu et al., 2003a). Wo et al. (2005) proposed that the
cardi oprotective ef fect of baicalin my not be duetoits anti-oxidant effect, because t hey
observed an adver serat her than a protecti ve ef f ect when bai cal i n was present duri ng hypoxi a.
Pretreatment of neonatal rat cardiomyocytes with baicalin up to 10 ymol reduced LDH delivery
significantly, while pretreatment with baicalin up to 100 umol was ineffective. In the rat
nodel , baicalinnmayinmprove CPKand LDHcontents as wel | as nyocardi al ultrastructure (Quyang
et al., 2006). The protective effects of baicalinon heart injury of rats with severe acute
pancreatitis led to better results in the rat nortality, pathological changes of heart,
NF- kB, P-sel ectin, Bax, Bcl -2, and caspase-3 protei nexpressionlevels (Xipinget al., 2007).

2.3.4 Cartham n yel | ow

More than 60 chemi cal conponents have been isolated fromthe safflower including
fl avonoi ds, |ignins, and acetyl enics, etc. Cartham n yell ow(al so narmed saffl oryel | ow) and
hydr oxysaffloryellow A are the main effective conponents. Cartham n yellow significantly
reduced the LDH and MDA | evel s, and al l evi ated free radi cal danage (Zhang et al., 2003a).
Ef fective ingredi ents of Safflower can influence i nmune system bl ock platel et-activating
factor receptors, increase NOl evel and eradi cate free radi cals. Saffloryell owcan inhibit
Na*- K'- ATPase activity and increase CcAWP content of the nyocardium during
i schem a-reperfusion (Cheng et al., 2000). Piao et al. (2002) found that in the coronary
perfusion experinments inrats intraperitoneal injection of Cartham n yellowO0.8-1.25 g/kg
coul d remarkabl y i nprove t he i schem c el ectrocar di ographi c changes i nduced by i sopr ot er enol ,
refl ecting an antagoni stic action on the adrenergic receptors. Mo et al. (1995) found that
Cart ham n yel | owextract (5-500 ng/ nL) bl ocked cal ci umi nfl ux i nduced by noradrenal i ne and
hyperkal em ¢ sol uti on, showi ng a dose-effect relationship sinilar to but weaker than that
of verapam|. Safflower injection preserved rat heart displayed i nproved ultrastructures
conpared with the control, with higher SOD activity and | ower MDA content (Zhang and Shi,
2003). Carthamus tinctorius extract was associated with a decreased apoptotic index,
decreased expression of Bax, and upregulation of Bcl-2 (Chen and Zheng, 2006).

2.3.5 Erigeron breviscapus (Vant.) Hand-Mazz

Conmponents extracted and differentiated from the Erigeron breviscapus (Vant.)
Hand- Mazz i ncl ude flavonoi ds, caffeate, and phenolic acids, etc. O them flavonoids had
astrong non-conpetitiveinhibitingeffect onproteinkinaseC, thereby alleviatingischenic
injury (Zhou et al., 2002a). The effective ingredient Erigeronis an inhibitor of protein
ki nase C, which participates inischem c neuroninjury, and plays aninportant role in the
cel lul ar signaling pathways of neuron apoptosis (Lei et al., 2002). Erigeron coul d pronote
nmyocardi al SOD, and decrease myel operoxi dase activities, by which accunul ation of free
radi cal s inthe nyocardi umcoul d be decreased and nyocardi al i njury i nduced by i sopr ot er enol
was al | evi at ed. Bl ockage of the cal ciumchannel of the nyocytes with a decrease of cal ci um
i nfl ux was observed when Eri geron was used. Eri geron al sodisplayedits effectsin pronoting
SOD, nitric oxide synthase (NOS) and NOl evel s in the hypoxic rat nodel (Mao et al., 2004).
Zhou et al. (2002b) noted Erigeron was useful in regressing left ventricular renodeling
by inmproving cardiomyocyte hypertrophy, and decreasing collagen volunme fraction in
spont aneous hypertensive rats. Erigeron could significantly decrease the nunber and
percentage of apoptotic nuclei of the nyocardium and upregul ate the expression of
apopt osi s-inhi biting gene Bcl-2 nRNA (Liu and Chen, 2004). In nale Sprague-Daw ey rats,
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the nyocardial infarct size was significantly reduced by scutellarin (15 and 50 ng/kg),

anactivenol ecul eexistinginErigeronbreviscapus (Vant.)Hand. Mazz, but not by brevi scapi ne
(5to50ng/kg); andthe anti-mnmyocardial infarctioneffect of scutellarinwas dose-dependent.

Conpared with the control group, scutellarin (50 ng/kg) remarkably reduced t he myocardi um
cell apoptosis in nyocardial infarction rats (Lin et al., 2007).

2.3.6 Puerarin

Puerarinisanisoflavoneextractedandisol atedfromthedryroots of thel egune Puerari a
Lobata (W1 1d) Ohwi. Puerarincoul dsignificantly decreasethe CPKdelivery of the myocardi um
The heat shock protein 70 expression was rmuch higher in rats receiving Puerarin conpared

to those subjected to i scheni a-reperfusion (Tang et al., 2007). A significant decrease in
MDA, NO, NOS | evel s, the | eakage of LDH, and arisein SODactivity occurredinthe Puerarin
Goup (Yan et al., 2005). Puerarin may al so regul ate plasma endothelin and NO contents,

hence i nprovi ng the NO endothelin ratio (Wang and He, 2004). In the rat hearts pretreated
with 0.24 mmol /L Puerarin for 5nins, asignificant inhibitionof Ca?-induced nitochondri al

swel I'i ng was observed (Yang et al. 2008b). Inthe mitochondriaisolated fromthe rat hearts
pretreated with 0.24 nmmol /L Puerarin for 5 nins, a significant inhibition of Ca®-induced
swel | ing was observed, and this inhibition was attenuated by 5-hydroxydecanoate (Gao et

al ., 2005). Puerarin showed a decrease i n apoptosi s of the i schem a-reperfusion myocardi um
inrats, where the apoptotic cells were significantlyreduced duringthereperfusionperiod.

Experimental studies showed that it inhibited cellular apoptosis during nyocardial

i schem a-reperfusioninjury, i ncreasedthe expressi onof Bcl -2, and decr eased t he expr essi on
of Bax (Yan et al ., 2005). Puerarin (120 ng/ kg/ day, intraperitoneal injection) couldincrease
serumnitrite concentration inrats with nyocardial ischema, and i nduce transcriptional

or protein | evel expressions or activation of endothelial NOS, and the Akt/protein kinase
B phosphoryl ati on (Zhang et al., 2008a).

2.3.7 Total flavonoids of hawthorn | eaves

Total flavonoi ds of hawt horn | eaves coul d al | evi at e arr hyt hm as, del ay the arrest ti ne,
and decrease LDH delivery and MDA contents, and increase intracellular SOD activity and
NO content of the myocytes of the i schem a-hypoxi a nodel in 3-day Sprague- Dawl ey neonat al
rats (Ye et al., 2005). Flavonoids of hawthorn | eaves (12.5, 25.0, and 50.0 ng/kg) coul d
al l eviate ST segment changes of the rat heart due to i schem a-reperfusion injury (Mn et
al ., 2007).

2.3.8 Portul aca ol eracea L.

Portul aca oleracea L. is the whole plant of purslane of the fanmily Portul acaceae.
Portul aca oleracea L. contains n23 fatty acids, anti-oxidants, amno acids, and trace
el enents, which are effective cardiovascul ar conmponents. Total flavonoids of Portul aca
ol eracea L. showed inhibiting actions on pyrogallol autoxidation in a direct dose-effect
relationship (Lu et al., 2004).

2.4. Saponins
2.4.1 Rai dix ophi opogoni s

Rai di x ophi opogonis is a liliaceous plant, and the product currently available
commercially inour country is the radi x of Ophi opogon j aponi cus (Thunb.) Ker-Gawl . Acting
as nourishing yin, and pronmoting fluid production, it has been found to have multiple
pharmaceutical effects including two-way regul ations of blood glucose and i nmunol ogi c
function, antibiosis, anti-cancer, and in particul ar cardiovascul ar effects. Ophi opogon
pol ysacchari de and Ophi opogonin (60 g raw naterial/kg, via gastric | avage) coul d i ncrease
nmyocardi al nutrient flowin a dose-effect relationship (zZhou et al., 2003). Ophi opogcnin
may act on the Na*- and Ca?*- channel s t o decrease the i nfl ux of theseions, andit was effective
reduci ng the expression of Bcl-2 gene, thereby alleviating calciumoverload in the subject
and could be useful to treat the peroxide-induced condition (Zhang et al., 2003b).

2. 4.2 G nsenosi des

Radi x G nseng i s fromPanax G nseng, a herbaceous pl ant of the Aral i aceae . The chemi cal
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conponents include ginsenosides, ginseng polysaccharides, and active peptides, etc.
G nsenosides canlimt nyocardial infarctionsize, regul ate metabol i smof arachi doni ¢ aci d,
and increase the 6-Keto-PGF,/ TXB, ratio (Li et al., 2006). The optimal concentration of
gi nsenosi des for nyocardi al protectionwas 20-80 ng/L, however, this drug may showa har nf ul
ef fect on the nyocardi umwhen the concentration was 160 ng/L (Chen et al., 1994). Yuan et
al. (1997) obtained asimlar result in a cardiac concordant xenotranspl antation rat nodel
where the proper concentration of the drug was 40 ng/L; whereas the protective effect
di mi ni shed and it may j eopardi ze t he nyocardi umwhen t he concentration was 320 ng/ L. They
denonstratedthat the Rb conponent nay predoni nate at al ower concentration, whil ethe harnful
conponent may function instead at a hi gher concentrati on. Zhang et al. (1998) found that
gi nsenosi des Rb1l, Rb2 and Rb3 worked as both anti-oxi dant and cal ci umchannel bl ockage by
protecting myocytes from apoptosis during ischem a-reperfusion. Both Rbl and Re
significantly stimulated the NOS activity in a concentration-dependent manner. It
denonstrated a di rect depressant acti on of gi nsenosi des on car di omyocyt e contraction, which
may be nedi ated i n part through the i ncreased NOproduction (Scott et al., 2001). The typi cal
apoptotic featuresintherat myocardi umw th i schem a-reperfusioninjury could be inproved
with the use of ginsenosides while the intracellular expression of Bcl-2 gene was
significantly increased (Zhou and Xu, 2001). In the rat i schem a-reperfusion injury nodel,
gi nsenosi de Rb, | avage for consecutive 7 days may reduce serumenzymatic activities and
MDA cont ent, whil e increasing, SODand GSH Px activities, and justifyingthe PG,/ TXA; ratio
(Qu et al., 2007).

2.4.3 Panax quinquefolium L.

Panax qui nquefolium L. is a perennial persistent root herb of the Araliaceae. Its
bi oactive materials are saponins, polysaccharides, flavonoids, essential oils and trace
el enents, etc. Panax qui nquefoliumtotal saponins (30, 100, and 300 pug/mL) could decrease
t he del i very of aspartate am notransferase, CPKand LDHintheisol atedrat heart Langendorff
model (Cao et al ., 2003). Intraduodenal adm nistration of ginsenosides fromthe | eaves and
stens of Panax quinquefoliumto the myocardial ischem c nodels of dog and rabbit led to
a reduced infarction area, reduced serumlevel s of free fatty acid and MDA, decreased LDH,
CPK and aspartate anminotransferase, and an increased SOD activity (Ding et al., 2002). At
a concentration of 1.5 ng/nL, it may inhibit the increase of the intracellular calcium
comparable to the effect of verapamil (0.5 pmol/L) (Guan et al., 2004). Panax qui nquefolium
total saponins could decrease the left ventricular |oad, and decrease myocardi al oxygen
consunption, and increase the bl ood supply to the i schem c nyocardium(Liu et al., 2001).
Panax qui nquef ol i umbufferedsignificantlythe changesintheventricul ar wei ght and cardi ac
coefficient of the ventricular renmpbdeling rats, and inproved the arterial pressure, and
the left ventricular end diastolic pressures. Panax quinquefolium also inhibited the
t hi ckeni ng of the cardi ac nuscl e fibers and i nproved myocardi al interstitial edema, show ng
sane ef fects as angi ot ensi n converti ng enzyne i nhi bi tor benazepril (Ju et al. 2007). Panax
qui nquefolium could significantly inprove the endothelial function and prevent from
ventricul ar renodeling post-nyocardial infarction, regulate the lipid netabolism and
increasethe PA o/ TXA; rati o (Fan et al ., 2009). I mproved expressi ons of vascul ar endot hel i al
growt h factor and basic fi brobl ast growh factor inthe infarcted nyocytes, withincreasing
vasogenesi sintheischenicregi onhave been showninthe panax qui nquef ol i us saponi n-treat ed

rats (Wang et al., 2007a). The use of panax quinquefoliumcorrelated with a significant
reduction in apoptosis inrats after acute nyocardial infarction, and a downregul ati on of
Fas and an upregul ation of Bcl-2 protein expressions in rats (Yin et al., 2005).

2. 4.4 Notogi nseng Saponi ns

Not ogi nseng i s t he radi x of Ranax Not ogi nseng (Burk) F. H Chen, a perenni al herbaceous
plant. The main active conponent of Notoginseng i s Panax notogi nseng saponins. Li et al.
(1990) found that Panax not ogi nseng saponi ns reduced the infarct area, and decreased CPK
rel ease of the nyocardiumof rats with coronary artery ligation and recannalization. Panax
Not ogi nseng saponi ns coul d i nprove the Ca? punp activity on the menbranes of myocardial
sarcopl asnic reticul um reduce myocardial intracellular Ca?, and inhibit | eft ventricul ar
renodel ing (Deng, 2007). Pretreatnment with Panax notogi nseng saponins significantly
protected the mice from doxorubicin-induced cardiotoxicity as evidenced from inproved
ventricular contractile function, lower levels of serum LDH CPK and CK-MB, mi ninal
nor phol ogi cal changesinthehearts, and nornal i zati on of nyocardi al SOD, GSH Px and cat al ase
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activities (Liu et al., 2008). Notogi nseng saponins significantly inproved nyocardial NO
l evel and constitutive NOS activity, lowered collagen content and i NOS activity, and
inhibited cardiac hypertrophy in the nyocardial hypertrophy rat nodel induced by
i soproterenol (Zhou et al., 2006). Inhibited tunor necrosis factor (TNF)-a delivery, NF«B
activation and neutrophil infiltration and decreased | CAM1 expression were seen wth
Not ogi nseng saponi ns pretreatnment (Qu et al ., 2005; Tang et al ., 2003). Not ogi nseng saponi ns
had an apparent inhibitory effect on cellular apoptosis induced by angiotensin II.

Not ogi nseng saponi ns (50 ng/ L) showed a r emar kabl y decr eased nyocardi al apoptotic rate and
a nore alleviated cal ciumoverl oad conparing to Angiotensin Il Goup (Chen et al., 2005).

The Not ogi nseng saponi ns-adm ni st ered endot hel i al cells showed a nuch | ower apoptotic rate,

with downregulation of Fas expression and upregulation of Bcl-2 (L{i and Liang, 2005).

2.4.5 Gross saponins from Tribulus terrestris

Gross saponins fromTribulus terrestris coul ddecrease the apoptotic rate at any dose,
but al arge dose may upregul at e, whil e asnal |l dose may downr egul at e Bcl - 2 expr essi on. Besi des,
it may significantly decrease the TNF-a and interleukin (IL)-1B contents with obvi ous NF-«B
p65 nucl eus transl ocati on at any dose i n a Sprague-Dawl ey neonatal rat nodel of myocardi al
ischemia-reperfusion injury (Yinet al., 2006). It may also promote dPKC and ¢PKC expressions
in neonatal rat nodel of hypoxia (Sun et al., 2008).

2. 4.6 Sasanquasaponi n (SQS)

Sasanquasaponi n i s a m xed saponin extracted fromthe dregs after oil extract of the
seeds of the Theaceae plant Canellia oleifera Abel. Sasanquasaponin has shown its
anti - Na*- Ca** overload effect by decreasing My**, and increasi ng Na* and Ca®" contents, and
decreasing the Na*-K'-ATPase and Ca?'- My**- ATPase activities of the nitochondria of rat
nmyocardi al ischenia nodel (Li et al., 2007b). It reduced LDHrel ease and i ncreased t he cel |
viability in a dose-dependent manner up to 10 umol and concomitantly decreased MDA and
oxi di zed gl ut at hi one contents, while significantly increased the activities of SOD (Chen
et al ., 2007). By usi ng an NOdel i very antagoni st, the pretreating ef fect of Sasanquasaponi n
was weakened or abol i shed, suggesting that this agent may work at | east partly by activating
NOS and inducing the formation of NO and adenosine (Huang et al., 2001).

2.4.7 Gypenosi des

Gypenosi des are saponins derived from Herba Gynostenmmatis, the dry whol e pl ant of
Gynost emma pent aphyl | um ( Thunb.) Mak. of Cucurbitaceae fam|ly. Experinments reveal ed t hat
Gypenosi des may reduce nyocardi al MDA content, and inhibit the delivery of serum CPK and
pl asma endot hel inintherat nodel of nyocardi al i schem a-reperfusioninjury, andrenarkably
i ncrease myocardi al SOD and pl asma NO | evel s, bal anci ng the NO endothelin ratio (Zheng et
al ., 2002). The cardi oprotective effect of Gypenosi des may al so depend on cal ci umover| oad
anel i orati on and abnormal excitenent inhibition(Q and Zhang, 2003). Moreover, Gypenosi des
i nhi bited c-fos gene expressionin a dose-dependent nmanner with decreasi ng concentrati ons,
while it showed no influence on sis gene expression (Q and Zhang, 2003). Tanner et al.
(1999) found that the extract of Gynostemma pentaphyllum at 0.1-100 pg/nL elicited
concentration-dependent vasorel axati on of porcine coronary rings that was antagoni zed by
the NOSi nhi bitor N(G -nitro-I-argininenethyl ester. | ndonet haci n had no si gni fi cant ef f ect
on Gynost emma pent aphyl | um i nduced rel axati on. The results denonstrated that the extracts
of Gynost enma pent aphyl I umdirectly stimul at ed NOr el ease, but not t he prost anoi d producti on.
The expressi on of TNF-awas significantlyincreasedinthelschem a-Reperfusion G oup (Zheng
and Zheng, 2007). Conpared wi th t he Hypoxi a- Reoxygenati on Groups, the positive expression
i ndex of Fas/FasL proteins were significantly |lower in groups with different doses of total
fl avones of Gynost emma pent aphyl | um( Thunb) Mak., suggestingthat thetotal flavonoids coul d
protect the myocardi um agai nst hypoxi a-reoxygenation i njury by decreasi ng the production
of TNF-a, downregul ating the protein expression of Fas/FasL genes, and i nhi biting nyocyte
apoptosis (Li et al., 2007c).

2.4.8 Dioscin

Di osci n exi sts extensively in Di oscoreaceae, Liliaceae, and the | egune plants. It can
be used for the purposes of elimnating phlegm desensitization, anti-inflammation,
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anti-tunor, protection agai nst myocardi al i schem a, decreasi ng bl ood viscosity, reducing
pl atel et aggregation, and decreasing triacylglycerol, etc. (Zhao et al., 2008). Dioscin
coul d al | evi at e cal ci umover| oad of t he experinental | y hypoxi c myocytes (Liuet al., 2004a).
In the rat nodels of nyocardial ischem a-reperfusion injury, either a high dose dioscin
(300 ni/kg/day) or a |ow dose dioscin (150 mi/kg/day) may lead to a snaller nyocardial
infarction size and better cardiac function conparing to the control (Zhao et al., 2008).
The i nvitro Sprague- Dawl ey neonat al rat nodel of nyocyt e hypoxi a showed decreased LDH (4. 534
+ 0.872 U/L), cardiac troponin I (0.682 + 0.091 pug/mL) levels and a decreased intracellular
free cal ciumconcentration (479.99 + 57.94 nnol /L) when treated wi th dioscin. Experinents
al so reveal ed that dioscin alleviated the calcium overload of the hypoxic nyocytes by
enhanci ng t he expressi on of cal ci umpunp SERCA2 on t he sarcoplasnic reticulum(Liu et al.,
2004b) . Hi gh dose of dioscin (100 nlL/L) resulted in a higher SOD activity, and | ower MDA
and NO contents conparing to the normal control and the hypoxi a/reoxygenation groups (Ni
et al., 2007).

2.4.9 Total saponins of Senen Ziziphi spinosae

Tot al saponi ns of Senen Zi zi phi spinosae are a kind of effective conponents extracted
f romChi nese nedi ci ne obt ai ned fromthe seed of Zi zi phus spi nosa Hu. These agents had shown
bl ood pressure |owering, anti-arrhythmc and anti-ischemic effects. In the
anoxi a-reoxygenat i on nodel of cul tured neonat al rat nyocytes, total saponi ns of Senen Zi zi phi
spi nosae coul d markedly and dose-dependently decrease MDA content, el evate SOD activity
and increase nenbrane fluidity, proving an effect of anti-peroxidation induced by
anoxi a-reoxygenation (Wan et al., 1995). In cultured neonatal rat nyocytes, the increase
of LDH rel ease fromthe danmaged nyocardi al cells induced by oxygen-gl ucose deprivation,
ehl or pronazi ne or mtomycin Ccould be attenuated by Zi zi phi spinosae (33 pg/mL) (Chen et
al., 1990). Conpared with the control, the experinental group treated with Senen Zi zi phi
spi nosae showed significantly smaller nyocardi al infarct area, and si gnificantly decreased
ST segnent and T wave on el ectrocardi ogram (Zhang et al., 2005b).

2.4.10 Paeoniflorin

Paeoniflorin is extractable fromthe radi x of Paeonia albifolra Pall. Paeoniflorin
can inhibit platelet aggregation, dilate coronary arteries, increase coronary flow, and
protect acute nyocardial ischemia. However, the exact cardiovascular mechanisns of
Paeoni fl orinremai nuncl ear. Paeoni florinshowed aninterdictionto L-type cal ci umchannel s
in the isolated rat myocytes for patch clanp research, but |ack of frequency-dependent
inhibition (zhang et al., 2003c). H gh-dose of Paeoniflorinrenarkably decreased the hazard
i ndex, | owered myocardi al CPKand LDH, and reduced t he apoptoti c i ndex (Zhang et al ., 2008b).
Bot h paeoni florin and paeonol, two nain acti ve conpounds of the Paeonia al biflora Pallas,
were shown to lead to a reduced nyocardial infarct size in rats through protection from
apoptosis (Ni zanmutdi nova et al., 2008).

2.4.11 Hyperin

Hyperinis acomon conponent of many Chi nese herbal drugs. Hyperin (12.5, 25 ng/ kg/ day
x 3, intraperitoneal injection) decreasedrat nyocardial infarct area, inhibited serumCPK
and LDH el evation, and pronoted nyocardi al SOD content (Li et al., 200l1a). Hyperin (25,
50 ng/ kg) had obvi ous protecti ve ef fect onrat nyocardi al apoptosis 3.5hrs after reperfusion,
and Hyperin (0.5-50.0 umol/L) may reduce the apoptosis formation in rat myocytes with
hypoxi a-reoxygenation (Li et al., 2002a), and inhibit dose-dependently LDH delivery and
calcium overload in the myocytes (Li et al., 200la). Hyperin at 12.5 pug/mL, 50 or 12.5 pg/mL,
and 50 pg/mL, 50 or 12.5 pg/mL was found to have a protective effect on myocardial injury
caused by adrianycin, by mtonycin, by oxygen-glucose deprivation or by
hypoxi a-reoxygenation (Xu et al., 2000).

2.4.12 Acant hopanax Senticosus Saponi ns or Acanthopanax senticosi des

Radi x Acant hopanacis Senticosi is an Araliaceae plant, with a botanical nane of
El eut herococcus senti cosus (Ruper.et Maxi m) Maxi m, containing el eut herosides A~G |, K
L, and M Acant hopanacis Senticosi could inprove T wave el evati on and decrease of heart
rate in the rabbit nyocardial i schem a nodel subjectedto pituitrininjection, and pronote
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regenerationof thesurfacecells. I nsuchanodel, rat myocardi al i schem awas significantly
improvedw th apreserved SODactivity andareduced MDA producti on. Acant hopanaci s Senti cosi
coul d markedly i ncrease cal mbdul i n content, suggesting that a nucl eic aci d system pat hway
m ght be fol |l owed by Acant hopanaci s Senticosi in inproving heart functi on (Wang and Juan,
2005). Treatnent with Acant hopanax senticosus significantly inproved the survival rate of
m ce. Acant hopanax senti cosus pretreatment inhibited the el evati on of TNF-o, and decreased
the iNOS | evel in serumand liver, and i nhibited the NO overproduction (Lin et al., 2008).
Total saponins fromthe | eaves of Acant hopanax Senticosus coul d weaken the contractility
of isolated Wstar rat heart in a significant dose-dependent manner, in accordance with
what was noted in a weakened excitation-contraction coupling. Acanthopanax senticosi des
Sb (50-200 ng/L) was found to decrease action potential of cultured Wstar rat myocytes,
whi ch coul d be reversed by Ca?" 80 ng/L, showing a simlar cal ci umchannel bl ocking effect
to ninodi pi ne (zZhan et al., 1995).

2.5. Counarin
2.5.1 Andrographis paniculata

Andr ogr aphi s paniculatais the dry aerial part of the Acant haceae pl ant Androp raphis
pani culata (Buri. f.) Nees. Present studies on Andrographis paniculata concentrate on
Andr ogr aphol i de and t he fl avonoi d conponent API 0134. Thi s fl avonoi d conponent APl 0134 coul d
i mprove cani ne heart function, decrease the extent of nyocardial infarct area, alleviate
the extent of myocardial injury, and decrease the occurrence of arrhythmni as. Meanwhil e,
it could pronmote the production of prostaglandin, raise the PA,/ TXA, ratio, and inhibit
t he granul ocyte fromproducing free radi cal s. API 0134 had an ext ensi ve scavengi ng function
on B0, O, and -OH, and inhibited the induced aggregation of human-washed platelets.
Prophyl actic API 0134 for 4 and 8 weeks significantly rai sed NO and cGW contents and SOD
activity, and decreased endothelin and |ipi d hydroperoxi de contents (Zhang et al ., 2002b),
and mai ntai ned t he NO endot hel i n bal ance (Wang et al., 2003). API 0134 (50 nmg/kg, i.v.) in
rabbits may raise the cAMP level, slightly increase cGW, alleviate degranul ation and
decr ease cytopl asmi c cal ci umconcentrati on (Wi et al ., 2002). Al l evi ati on of cal ci umover| oad
by API 0134 may al so be contributableto the effect of pronpoting Na*- K- ATPase and Ca?*- ATPase
activities on the cellular nenbrane of the myocardium The cardioprotective effect of
andr ographolide was in a tinme-dependent nmanner w th upregul ati on of gl utathione (Wo et
al ., 2008). Andrographolide may dose-dependently upregul ate | CAM 1 expression i nduced by
TNF-a, and i nhi bit apoptosi s. Andrographolide could inhibit cytochrone Cfromenteringinto
the cytoplasm and elimnate mitochondrial potential energy, thereby preventing from
activation of caspase-3 and -9, and inhibiting the mitochondrial pathway of apoptosis.
Andr ogr aphol i de may i nduce the activation of an anti-apoptotic signaling protein kinase
Akt and phosphoryl ation of the pro-apoptotic nolecule BAD (Liu et al., 2003b).

2.5.2 Praeruptorin C

Praeruptorin Cis an ef fective conponent extracted fromPeucedanumpr aer upt orumbDunn. ,
with effects of vascular dilation, nyocardial contractile inhibition, and myocardi al
conpl i ance inprovement. Praeruptorin C could inhibit nyocardial LDH delivery, increase
intracellular SOD concentrationin the neonatal rat nodel of nyocyte damage (Zheng et al .,
2007). Intraperitoneal injection of praeruptorin C could alleviate nyocardial
i schem a-reperfusion injury, pronote coronary fl owrecovery, prevent the decrease of |eft
ventricular systolic pressure and the dp/dt max, and inhibit CPK delivery, with simlar
effects to nifedipine (Yang et al ., 1992). The Na'- Ca®" exchanger mRNA | evel was much | ower
in neonatal rat nyocytes wth praeruptorin C pretreatment than that of the
I schem a- Reperfusion Goup (Xi et al., 2008). Praeruptorin C showed predomn nant
phar macol ogi cal actions of | owering bl ood pressure and dil ating the coronary arteries with
a possible nechanism of calcium antagonism (Kong et al., 2002). Conparing with the
Hypoxi a- Reoxygenati on Group, the LDH val ue, intracellular calciumfluorescence intensity
I evel, and cellular apoptotic index were remarkably decreased (Chen and zZhu, 2007).

3. Lignanoids
Fructus schi sandrae chi nensi s

The ef fective conponents of Fructus schi sandrae chinensis are |ignanoi ds, essenti al
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oils, organic acids, and pol ysaccharides, etc., with |Iignanoids being the npbst inportant
one, contained 19.2% in the fruits. Schisandra chinensis baill extractum had a strong
protective effect on hypoxic or ischemc injury in animals. It significantly extended the
survival time of the animals in the condition of constant pressure and hypoxia, and
significantly inproved the T wave changes on el ectrocardi ograminduced by pituitrin (Lin

et al., 1998). The protective effects of this agent were experinmentally observed as to
increase SOD activity of erythrocyte, markedly | owered the |ipid hydroperoxi de content of
t he venous bl ood, and |essen the nyocardial infarct extent (Guo et al., 2006).

4. Essential oils
4.1 Radi x angelica sinensis

Radi x angelica sinensisis the dry root of Angelica Sinensis (AQiv.) Dels, a spignel
pl ant. Radi x angel i ca si nensi s has ant agoni sti c effects on oxidized |l owdensity |ipoprotein
t hereby | eadi ng to a reduced NO secretion of the endothelial cells and an increased | CAM 1
expression. The possi bl e nechani smmay be associ ated with the cholinergic receptor. Radix
Angelica sinensis injection was proved to have a nyocardial protective effect by way of
cal ciuminflux bl ockage simlar to that of verapani|. Radi x Angelica sinensis extract may
i mprove anti-oxidant capacity, activate ERK signaling transduction pathway, and enhance
t he expressi on of endot helial NOS. Radi x angel i ca si nensi s coul d upregul ate t he expression
of Bcl-2 and downregul ate the expressi on of Bax, causing a decreased Bax/Bcl-2 ratio, so
that apoptosis of the nyocytes could be inhibited, and left ventricular function and
ventricul ar renodel i ng i nproved ( Shangguan et al ., 2008). Radi x angel i ca si nensi s injection
coul d effectivel yinhibit myocardi al hypertrophyinduced by angiotensinll (Yuet al., 2006).
In the Radi x angelica sinensis injection treated rats, the expression of P57ki p2 protein
was strong (Feng et al ., 2008b), whereas t he expression of cyclin-dependent ki nase-2 protein
in the nyocytes was weak, suggesting that Radi x angelica sinensis may have an i npact of
positive cell-cycle regulating agent (Feng et al., 2008a).

4.2 Rhi zoma Chuanxi ong

Rhi zoma Chuanxi ong i s the dry rhi zone of Ligusti cumChuanxi ong Hort, a spi gnel plant.
Chuanxi ong- pat hal i de A can increase coronary flow and nyocardi al contractility, and can
significantly inprove the delivery of LDH MDA and SOD in an isolated rat heart nodel of
i schem a-reperfusion injury. Increased NO and NOS activities were observed in culture
sol uti on of t he Chuanxi ong- pat hal i de A Group, associ atedwi th areduced endothelinactivity,
an increased i NOS nRNA, and a decreased endothelin nmRNA expression (Gao et al., 2007).
Li gustrazine, with a chem cal nane of tetranethyl pyrazie (TMP), is the key conponent of
Chi nese herb Rhi zoma Chuanxi ong. Ligustrazi ne obviously alleviated the degeneration and
necrosis, and reduced the infiltration of inflammtory cells of the ischem c nyocardi um
of rat ischem a-reperfusion nmodel (Li et al., 2004). The nechanisnms were surnised to be
the inhi bition of the nmitochondrial cal ciumoverl oad, and t he decrease of the m tochondri al
NOSactivity. Ligustrazineinjection, containing25ng/nLof thedrug, pronotedthesyntheses
of proteins and RNA of the myocardi umw th oxygen-gl ucose deprivation, and enhanced the
expression of constitutive NOS nRNA (Tan et al., 2006). To strengthen the expression of
NOS gene was hence regarded as the main strategy of the prevention and treatnent of
oxygen- gl ucose deprivation. Mreover, ischem a-reperfusion may i nduce nyocyte apoptosis
and upregul at e c-f os gene expressi on of the myocardi um(Li et al., 2000), hence Li gustrazi ne
m ght have pl ayed a protective rol e by attenuating c-fos gene expressi on and apoptosis (Vi
et al., 1995).

5. Al kal oi ds
5.1 Leonurus japoni cus Houtt

Leonurus japonicus Houtt was found to have a good effect on myocardial
i schem a-reperfusion injury by protecting anti-oxidation system relieving lipid
peroxi dation, protecting myocardi al ATPase, and al |l evi ati ng cal ci umoverl oad (Zhao et al .,
2004). I nexperinental rats, Leonurus Japoni cus injection 0.8 ng/ 100 g body wei ght was gi ven
intravenouslyimedi atelyafter theligationof theleft anteri or descendi ngcoronaryartery,
resultedinanelevated SODactivity, reduced MDA, LDHand CPK contents, decreased arrhyt hm c
rates and better norphol ogi cal changes of the myocardium (Shang et al., 2007).
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5.2 Tetrandrine

Tetrandrine mainly exists in the root of Stephania tetrandra S. Mdore, a perennial
woody | i ana. Tetrandrine has cal ci umant agoni smand strong non-specific anti-inflanmatory
effects, and can effectively prevent the inflamatory reaction during nyocardial
i schem a-reperfusion. Deng et al. (1993) found that tetrandrine predom nently inhibited
the isolated rat heart fromdelivering LDH and proteins fromthe nyocardi umw th cal cium
overl oad, reduced nyocardi al infarct size and |l edto declinedinflanmmatory paraneters, such
as IL-1, TNF-a, platelet-activating factor, and nyel operoxi dase, etc. Guan et al. (1998)
obtained simlar results in cani ne nodel s. They observed that the nyocardial infarct size
was nmuch smaller and 1L-6, TNF-a, and myel operoxidase levels were nuch lower in the
Tetrandrine Group than the control. At 32 umol/L, it showed negative inotropic action on
the i sol ated cat papillary muscle, inhibiting the contractility induced by adrenalin, and
the i ncrease of +dp/ dt max (Ji ang et al ., 2002). The negati ve i notropi c acti on was frequency-
and vol t age- dependent, and coul d be reversed by external cal ci umsuppl enent. Tetrandrine
coul d decrease the activity of the Ca?-ATPase of the endopl asmic reticul um conpatable to
ni fedi pi ne. Tetrandrine pretreatnent coul d reduce the production of TNF-a and i nhibit the
activation of NF-«B during nyocardial ischem a (Wang et al., 2007b). In the Tetrandrine
Group, the LDH activity and MDA content was decreased and SOD activity increased (Chen et
al ., 1998). Tetrandrine pretreatnent remarkably | essened nyocardi al ischeni a-reperfusion
injury. Conparingw th sham tetrandrine had much | ess apoptoti c myocytes, and a nuch snal | er
apoptotic index (Chang et al., 2006a). Zhang et al. (2003d) found a nuch | ower apoptotic
rate (mean 3.2% inthe Tetrandri ne Group of Sprague-Daw ey neonat al rat nodel of nyocardi al
i schem a-reperfusion.

5.3 Berberine

Berberine is an i soquinoline alkaloid found in such plants as Berberis, gol denseal
(Hydrastis canadensis), and Coptis chinensis. Berberine could decrease cal ci uminfl ux,
stabilizethecellul ar nenbrane, and prevent cel |l necrosis. Berberine had positiveinotropic
actionandinproved heart function of heart failurepatients (Cui, 2006). I nm ce Langendorf f
heart perfusion nodel, berberine 0.5 nmol /L added i nto nodi fied Euro-Collins solution |ed
toabetter | eft ventricul ar peak systolic pressure and dp/dt nax results and | ess nyocardi al
wat er content conparing to the control (Luo et al., 2000). The admi nistration of berberin
(5, 10 and 20 ng/ kg, respectively) and positive control drug Captopril (45 ng/kg) for
consecutive 10 weeks had relieving effects on hydroxyproline content and interstitial
collagen volume fraction in the rat nodel with hypertrophic cardi onyopathy induced by
pressure-overl oad, indicatingthat berberin my relieve the ventricul ar renodeling through
inhibiting the fibrosis of nyocardial interstitium(Hong et al., 2006).

6. Ami no acids, peptides, proteins and enzynes
6.1. Cordyceps sinensis

Cordyceps sinensis i s abbreviated as wormgrass. It is a conplex incorporating a stroma
of fungi from paecilonyces and the cadaver of its host Hepialidae Hepial us arnoricanus.
Nat ural Cordyceps sinensis contains 25%protein, 8 4%fat, 18.5%fibre, 29%carbohydrate
and 4.1% al dosterone-stimul ating hornmone. Besides these conpounds there are uridine,
2, 4-di chl oropyri m di ne, adeni ne, adenosi ne, mannitol, ergosterol and stearic acid, etc.
Cordyceps sinensis contains a |lot of polysaccharides, accounting for 3% 8% of the total
dry weight. In the cultured Cordyceps sinensis, polysaccharides are secreted fromthe
mycelium Chiou et al. (2000) discovered that Cordyceps sinensis-induced vasorel axation
was nediated by the endothelium possibly by stimulating the release of NO and
endot hel i um deri ved hyperpol ari zi ng factor i n a dose-dependent manner. Cordyceps sinensis
extracts coul d promote NOS activity, and produce bi ol ogi cal effects |i ke NOproduction and
coronary artery dil ati on, except for that they may decrease nyocardi al i nfarct si ze, inhibit
serum CK-MB and LDH el evation, inprove SOD activity and decrease MDA content (Liu et al.,
1999). Liu et al. (1999) tested 20%sol ution of the ethanol extracts of Cordyceps sinensis
at a concentration of 0.2 nmL drug solution in one litre of Krebs-Hensel eit-Bicarbonate
solutioninthe Langendorff rat heart nodel, and found that the extracts i mproved nyocar di al
nmet abol i sm and attenuated nyocardi al danmage by decreasing nmyocardi al MDA contents and
preserving nyocardi al ATP, ADP and AMP. Yamaguchi et al. (2000) foundthat the water extracts
of the fruitingbodies of cul tured Cordyceps sinensis significantly suppressedtheincreased



Yuan and Jing Afr J Tradit Complement Altern Med. (2011) 8(2):104-127 116

serum |l ipid peroxide | evel but not other lipid levels in a dose-dependent nanner in the
at heroscl erotic mce. Such preparations coul d decrease the cal ciumconcentration of the
nor nal nyocytes as well, and therefore alleviate <calcium overload of the
hypoxi a-r eoxygenati on nyocytes (Yu et al., 1998).

7. Oher
7.1. Allicin

Allicinis a kind of anti-bacterial substance in the squanous bulb of Alliumsativum
L. Allicincouldinprovetheleft ventricular dp/dt max, | eft ventricul ar systolic pressure,
left ventricular end diastolic pressure and endothelin values of the rabbit with acute
i schem a-reperfusion injury (Liao et al., 2001). Allicin could pronpte SOD and GSH Px
activities, reduce plasma endothelin | evel, balance endothelin and NO, and thus i nproving
vascul ar endot hel i al function(Li et al., 2001b; Li et al ., 2002b). Al lici nwas nore resi stant
to apoptosis of cultured hypoxia/reoxygenati on nyocytes of the neonatal rat (Shi et al.,
2006) .

Di scussi on

Chi nese her bal nmedi ci ne consi sts of conpl ex chemi cal conponents, show ngrel ationshi ps
withtheir bioactivities. Activeingredi ents were definedasingredi ents of herbal nmedi ci nes
wi th therapeutic activity, where one or nore chem cal agents froma single or conpound drugs
shoul d be over 50%(80% if in a formof injection) of the total extracts (Sun, 2004). The
mai n ef fective conponents i ncl ude carbohydrates, glycosides, |ignanoids, alkal oids, am no
aci ds, peptides, proteins and enzynes. Cinical observationsinpatients w thcoronary heart
di sease and angi na pectori s showed car di oprotective effects of preparations of some Chi nese
herbal drugs, such as Radi x puerariae, G nkgo biloba L., Radix salivae niltiorrhizae,
Astragal us menbranaceus Bge, Radi x acant hopanacis senticosi, Chuanxiong rhizone, Alii
sativi, and Notopterygium incisium etc. (Hu and Yan, 2002). Besides, nmnyocardial
i schem a-reperfusionexperinents werenadeinaninmalsbycoronaryartery occlusion(ligation,
bal I oon conpr essi on, or thronboenbol i sn), druginduction(pituitrin- or ergonetrine-induced
coronary arterial spasm or isopreterenol increased nyocardi al oxygen uptake), or invitro
(the Langendorff reperfusion nodel, or isolated heart, nyocardial slices or cultutured
myocyt es subjected toischema) (Ni, 2004). The exact nechani sns of the therapeutic effects
of Chinese nedicine remain unclear (Ho and Jie, 2007). However, nodern studies reveal ed
that the possible cardioprotective nmechani sns of the herbal agents were nmultifactorial,
i ncl udi ng i npr ovi ng henodynam ¢ haenorr heol ogy, nobdul ati ng vasoacti ve subst ance and cal ci um
bal ance, protecting chondrosonme, inhibiting apoptosis, clearing free radicals, and
pronoting vasogenesi s (Zhang et al., 2007).

A pol ysaccharideis class of relatively conpl ex, high-nol ecul ar wei ght car bohydr at es
consi sting of | ong-chai ns of serial nonosacchari des j oi ned t oget her by t he gl ycosi di c bonds.
It exists extensivelyinthecellular nenbrane of ani mal s and the cel lul ar wal | of the plants
and mi croorgani sns. Pol ysacchari des of Chi nese nedi ci ne have been noted to have a | ot of
phar maceuti cal ef fects such as i mmune nodul ations, anti-inflamation, anti-virus, anti-tunor
and anti-aging, etc., withtheanti-oxidative effect beingthe basis of the above properti es.
Nowadays, pol ysaccharides fromnore than a hundred Chi nese herbal drugs including Lycium
chinensis, Coriolus versicolor, Ganodernma lucidum garlic, Radix astragali, Cordyceps
sinensi s, gingko, and notogi nseng, etc., have been proved to have an anti-oxi dant effect
(Xin and Liu, 2000).

The cardiovascul ar effects of cardiac glycoside containing medicinal herbs were
detected by traditional Chinese physicians at the beginning of the first century, and were
proved to have potential inotropic and el ectrophysiol ogical actions (Lu, 1987). Salvia
m | tiorrhiza, Panax not ogi nseng, hawt horn and Pol ygonummul ti fl orumThunb ar e f our medi ci nal
herbs conmonl y used i ntraditional Chinese nedi ci ne and have previ ously been shown t o provi de
cardi ovascul ar protection and to be physiologically active on hunman vascul ar endot hel i al
cells. The actions of Pol ygonum nmultiflorum Thunb and hawt horn to reduce apoptosis, and
of Salvia miltiorrhiza and Panax notogi nseng to i nhibit the adhesi on nol ecul e expression
may hel p protect the endothelial function and inhibit atherogenesis (Ling et al., 2008).
Radi x Sal viaem Itiorrhizaeisofficiallylistedinthe Chinese Pharmacopoei aused for angi na
pectoris, and has beentestedinclinical trials of ischem c di seases such as angi na, heart
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attack and stroke (Xu et al., 2007). Experinents on nyocardial ischem a-reperfusioninjury

in the isolated rat hearts illustrated the cardioprotective effects of purified Salvia
mltiorrhiza extract perfused at a constant flowof 7-9 nL/minviathe aorta (Chang et al .,
2006b) . Therapeutic treatnment with salvianolic acids significantly reduced

doxor ubi ci n-i nduced toxicity, including el evati on of body wei ght and t he heart wei ght/tibia
length ratio, decrease of CPK, inmprovenment of el ectrocardi ogram and nyocyte vacuol ati on
(Jiang et al., 2008).

Saponins are an inportant class of natural products with bioactivity. Saponins are
conposed of di oscingenin, glucose, uronic acid, and other organic acids. In the saponin
mol ecul e, there are many hydroxide radicals with |arge polarity. Furthernore, saponins
usual | y share common physi cochenical properties and simlar bioactivities, such as an
anti-platelet aggregation effect. Recent studies showed that saponins commonly have
significant anti-oxidant effect, playing an inportant role in protection against nany
pat hophysi ol ogi cal phenonenai ncludi ngsenility, atherosclerosis, andi schem a-reperfusion
injury (Xu et al., 2004). The cardioprotective ef fect of saponins rest on protection from
myocar di al damage caused by chemi cal or physical injury. For exanple, astragal oside can
protect cultured neonatal rat myocytes from danage caused by free radicals and mtomycin
C, whereas gypenosi des can protect the contractility of the endotoxin-shocked gui nea pig
papi | l ary nmuscl e and rat myocardi um Sasanguasaponi n can i nprove nmyocardi al contractility,
decrease the production of CPK and nyocardial calcium content, and enhance cellular
Na*- K'- ATPase and mitochondrial Ca’-ATPase activities (Fan and Liao, 2003).

Fl avonoi ds regul ate cardi ovascul ar function by way of their general characters of
anti-oxidation and inflammatory inhibition. As bioflavonoids commonly contain active
phenol i ¢ hydroxy group, they have good anti-oxi dant property. Flavonoids can inhibit the
oxidative nmodification of |owdensity |ipoprotein induced by Fe?* and Cu?*, and reduce the
production of oxidized | owdensity |ipoprotein. They can al so i ncrease nmyocardi al SOD and
GSH Px activities, decrease the capillary brittleness and perneability, and inprove the
m crocircul ati on and rheol ogy. Fl avonoi ds may have an i nhi bitory effect on the expression
of the adhering receptors. Its anti-inflammtory property may be associated with the
inhibition of |ipoxygenase during the biosynthesis of prostaglandin (Lan et al. 2005).

Al kal oi ds arewi del y distributedintheplant ki ngdom inthefaniliesof D cotyl edoneae,
such as Ranuncul aceae, Meni sper naceae, Papaveraceae, Sol anaceae, Apocynaceae, and Rut aceae,
etc., and Monocotyl edoneae and | ower plants as well. Al kal oi ds are al ways strongly active,
bei ng maj or active ingredients of Chinese herbal medicine (Feng and Shang, 2009).

The mai n phar naceuti cal applications of pol ysaccharides are i nprovenent of i munity,
t hose of phenolic conpounds are anti-senility while those of al kal oids are anti-tunor,
i nhi bition of cardiovascul ar and di gesti ve systens, and as an anal gesi c and an anti pyretic.
Left ventricular function inprovenent, isotropic effect, and free radical scavengi ng and
anti-oxidant activities have been thought to be what the al kal oi ds contri bute to nyocardi al
preservation (Feng and Shang, 2009). Al kaloids may al so inhibit platelet aggregation of
the rabbit, decrease the myocardial contractility of the rabbit and gui nea pi g, reduce bl ood
pressure and i nhibit respiration. Sore al kal oi ds showed a nmuscarini c effect and a nicotinic
excitation (Yan et al., 2000).

Chi nese nedi ci nal nmononers, such as Li gustrazi ne (Zhou, 2000), Radi x angel i ca si nensi s
(Zhou, 2000), Puerarin (Deng et al., 2005), and Allicin(Li et al., 2001b), etc., may realize
their cardioprotective effects by increasing plasma endothelin level, and decreasing the
NO production. However, sonme nononers may show two-way regul ations on the NO production
according to their inpact positions, dosage, concentration, and duration of action. For
i nstance, Ligustrazine may i nduce t he expressi on of NOS mRNA i n oxygen- gl ucose depri vati on
myocytes, and increase NO production; neanwhile Ligustrazine can inhibit the expression
of NOS and its genes and decrease NO production and therefore inhibit the formation of
pul monary hypertensi on and pul nonary vessel renmodeling (Xu et al., 2001).

Calcium overload and free radicals are the min factors responsible for
i schem a-reperfusion injury (Bagchi et al., 1997). Panax notogi nseng saponi ns can i nprove
the cal ci um punp activity of the sarcoplasmc reticul um nmenbrane of the nyocardium and
decrease the intracellular calcium Allicin, liquorice, Rhizoma chuanxiong, and Radix
acant hopanaci s senticosi can function as cal cium influx antagonists. The anti-oxidant
property of Chinese herbal nedicine display activities such as inhibiting the production
of freeradical s duringischeni a-reperfusion, inhibitinglipidperoxidationinducedbyfree
radi cal s, protecting nyocardial SOD activity, and counteracting danage by exogenous free
radi cal s.

The ability to decrease myocyte apoptosis, and to effectively bl ock the pathways of
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nmyocyte apoptosis have becone val uabl e cardioprotective nethods of Chinese nedicine.

Astragal us can i nhi bit myocyte apoptosi s of rabbit duringischem a-reperfusion period, and
so coul d puerarin when it was used as supl ement in cardiopl egi a. The mechani smof Egb761
to inhibit nmyocardial apoptosis nay be probably associated with G nkgolide B, which nay
pronot e endogenous anti - oxi dant activity, prevent cel |l ul ar menbrane fr omdanage fromactive
oxygen, and alleviate cal cium overl oad by counteracting platelet-activating factor and
inhibiting |ipid peroxidation caused by free radicals (Yu et al., 2001). Mreover, TNF-a
may pl ay an i nportant part during the activation of the neutrophilic granul ocytes. By this
way, vascualr dysfunction and nyocardi al danage devel op. Despite the appearance of nmany
cytoki nes after nyocardi al i schem a, el evati on of the TNF-o expressi on can only be appar ent

during reperfusion (Hansson, 1993; Herskowitz et al., 1995). In addition, IL-6 and -1 nay
i mpact on the nyocytes and vascul ar endot helial cells, inducing the production of | CAMand
pronptingthe adherence of the neutrophils andfurther i schem a-reperfusioninjury. Puerarin
can inhibit the increase of 1L-6 secretion and oversecretion of 1L-6 by hypoxi c myocardi um
(Zhu et al. 2001).

In cardiac surgery, intermttent infusion of cold cardioplegia renmains the min
cardi oprotective nmethod, by which the nyocardial netabolic rate can be decreased and
myocar di al endurance to hypoxi aincreased. dinical studyillustrated that the crystalloid
cardi opl egi ¢c sol uti oncontai ningpuerarine(2ng/kg) ledtonmuchless| actateand MDAcontents,
CPKand CK- MBdel i very, and nuch better nyocardial ultrastructureinconparisontothecontrol
in cardiac surgical patients (Yue and Hu, 1996). Cardi opl egic infusion w th gi nsenosi des
(80 ng/L) or panaxadiol saponins (40 ng/L) as a supplenment in rat heterotopic cardiac
abdomi nal transpl antati on nodel obtai ned a higher myocardial GSH Px activity, and | ower
I'i pi d hydroperoxi de content and mtochondrial score relative to the control (Yuan et al.,
2003). Liu et al. (1998) reported St. Thomas Il col d cardi opl egi a cont ai ni ng gi nsenosi des
80 ng/L was used inatranspl antedrat heart after gl obal i schem afor 60 nmi ns and r eper fusi on
for 30 mins. The SODactivity in the myocardi umtreated wi th gi nsenosi des was significantly
hi gher, whereas the MDA and oxygen free radi cals i n the nmyocardi umwere nmarkedl y | ower t han
that of the control, illustrating that ginsenosides as a suppl enment of cardiopl egia may
decrease toxicity of oxygen free radicals. Infusion of St. Thonmas’s Hospital solution plus
Egb761 2.5 nlL/kg led to an insignificant changes of MDA content before, during and after
aortic clanping, indicating that Egb761 narkedly reduce the production of |ipid peroxide
during reperfusion, which may be associated with its natural anti-peroxidate property,
wel | - preserved nyocardi al energy and reduced production of hypoxant hi ne and xant hi ne ( Deng
and Yu, 1999).

In general, the classification of Chinese herbal nedicine according to the main
effectiveingredientsfacilitatedtheexpressionof their functioningways, whichwere proved
to be structure-sensitive. Chinese herbal drugs play aninportant role in cardioprotection
from many different nechanisns, with the npbst recent and inportant finding being the
inhibition of apoptosis. Further studies on Chinese herbal nedicine in cardi oprotective
mechani sns are needed in order to find alternative ways for the clinical nmanagenent of
i schem a-reperfusion injury.
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