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Abstract

Worsen prognosis and high prevalence of death is often found in nondiabetic Ml patients
with stress hyperglycemia during onset of infarction. Adenosine triggers the intracellular
signaling that inhibits apoptotic process in both preconditioning and postconditioning conditions.
Whether either adenosine signaling or adenosine metabolism regulates the protective pathway
in the model of hyperglycemic hypoxia remains unclear.

Method Mimicry to infarct model with hyperglycemia, the system was established by
culture of cardiac myoblasts in the presence of high glucose and very low O, tension in a
closed chamber. Reperfusion injury of HO9C2 cardiac myoblast rescued by medium with serum
was assayed. Role of either adenosine metabolism or adenosine triggering have been evaluated
by use of either adenosine or non-selective antagonist for adenosine receptor, theophylline and
analyses of DNA fragmentation and transcript levels.

Result Reduction of LDH release confirmed the prevention of cardiac necrosis by new
medium. The antagonist for adenosine receptor inhibits anti-apoptotic process by new medium
as shown by the lower number of fragmented DNA. As expected, the prolong treatment of
adenosine during reperfusion period did not prevent apoptosis as shown by a similar pattern of
DNA fragmentation. Comparison of RNA analyses of HOC2 cells after rescue demonstrated the

high level of up-regulated genes of ADSL, ENT2, Bax, Nix, and HIF1-B. Bnip3 and Nix, but
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not Bax, were activated when post-treated with theophylline. Further expression analysis
confirmed the involvement of adenosine signaling and adenosine metabolism to this rescued
mechanism for inhibition of apoptosis.

Conclusion The obtained data from this study suggested that adenosine signaling
appears to be the active cardio-protective mechanism from Bax independent cardiac apoptosis

after hyperglycemic hypoxia-reperfusion.
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wWaswldawszuvzaseninlineununasiveandiaunavlulni qUn 2)  uwenaniinns
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Chemical effects in reperfusion injury
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D2F+Ado Uasuamsiassiaas manadunluan1nznaseauidu DMEM 2%FBS uway adenosine 1 mM
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TUN3ATRAUMIUIAE UVBILTAANUN § LDH luaﬁmnamwmaﬁnmmaaﬂgﬂ
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dl = o dl 1 v dl dq’ 6 e s a Qs 1 1 dwl
WalRauNUaAEN W e asuanniTiRussaaradinITsusangiannay kv U973

A g & A& a ' ¢ o o ° a ad
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FBS

a = A . o a Ad &
Eﬂ'ﬂ 4 NINIIIROUNITUIALILURIANITANLUL necrosis maﬂL‘ﬁaﬂ@ﬂ')@ﬂiqu LDH n3u01nLuan

LDH activity after hypoxic reperfusion

35.0
O Total LDH activity

30.0

250 |

200 |

LDH (mU/ml| medium)
prs
=

10.0
5.0
N O B e =
&« o < Q& o S
+‘L \\”’(\% Sw g QXYb b\?'
S X LS IV v lTreatment
N o N Q‘\g
& < o
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D2F+Ado Lﬂ?llﬂumwmgmvﬁaﬂﬂmﬂu DMEM 2%FBS a8 adenosine 1 mM

D2F+Ado/TH Lﬂ‘fﬂiﬂumm‘ﬂamwaﬂﬁmﬂu DMEM 2%FBS theophylline 240 UM W&z adenosine 1 mM
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QI J { Y a et

RNA 28984 HIF1-0L uaz HIF1-B iadu  ivednilosmasansniizeandiatulasimas

n‘ AI a . ] al a & I
wenenuNnANUSINMued  adenosine  bwawaslagriwmANMINEe AMP Sadusns
o { ' [ . (Y a ° A ° o A Y
danasnazaaueale adenosine donIRNNIIIUBEY ADSL 3 AMP vihwmifinazeu
1J938E69TW 1T% AMP activated protein kinase 4anaNNALTARLILANNTTHNGN adenosine 91N
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niztfeanudinudIanas RNA 284 Nix AluszauganirlwaadUn@unnusiiomnszdunaln

. Aa ) . el
apoptosis lunaziinglaggidsainniseslasnszuaums apoptosis luiasniiniazau

& ] ) . A . o @
maonnuﬂunmgem%m:@;u Bnip3 4Ll apoptotic factor §1%an (16)
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\Wali theophylline nuLTaaH2 AN ReanGlanuay lasuaandauna llndwu il

A & a . L A i LA A a ' '

YULNILTANLAA apoptosis NV BUVI Bnip3 ez Nix IN1IUEAI00NUaIBWANULANLINMT
usasaanvaddn Bax Imudasuudasion uUN 7) detrnalamsaugunisrinnuses Bax
@1991n Bnip3 e Nix ﬁ"L&iQﬂmuq&lmsLLamaaﬂmaaﬁﬂﬂUmimz@j’umé'tyrywmmums
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NITUIUMINNIUVEY  p53 war  HIF1beta %oa’mazmuqu apoptotic factors @Tf;'ﬁue] LT
Bnip3 Nix tJ%a1
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ADSL, ENT2 ia%auuzd1 623U adenosine YnautlTuaugaiaiiaszay adenosine lulmad
lusnznasey (U7 7)

. A A 4‘3’ 3 o £

NaYDY adenosine NMINNTRIWLBARIINNITHITIINALWBN

lunAensdinsuaaseanvasdmiuiinlas@nuuaeinsiein  adenosine  1u
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. o aem o A X - W ' .
W AMP  nauanlaisrauiindnainsey AMPD2 RNA 7Andu wmueh  Equilibrative

. S o v A . Y [ ¢
nucleoside transporter G3¥iN11UNN&9 adenosine LN TAaNITAU ENT2 RNA aaadL9T0IA3

WLNNaALTI1 adenosine Malulras  wWaNANHNIIANNTZALU adenosine Nelulnaas

fanatiamIaallsfuaiugumaaigueasad Iu  p21 uaziinIzdunIuadaanyasiin

Bnip3 TINOUABIGONINTZLIUMT apoptosis LLAZ necrosis (31lﬁ 7)
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Eﬂ“{l 6 ﬂ’ﬁLﬂi?J‘]JL‘YIEJ‘]JI]?NWM?ZW]JTT’I?LL@@Gaﬂﬂ‘ﬂﬂﬂ&l%ﬂ@ﬁaUﬂUﬂuﬂ’lﬂQN

Hypoxia-Reperfusion/Normal AMPD2, ADSS, ADSL ENT2, HIF1-QL,
BAMPDZ|  HiF1b, P21, P53, Bax, Bnip3, Nix Waadfn
800 O ADSS
75.1 O ADSL 298 AMP  deaminase type2,
750 m OENT2
70.0 O HIF1a Adenylosuccinate synthase,
O HIF1b
65.0 o P21 Adenylosuccinate lyase, Equilibrative
60.0 @P53
° O Bax nucleoside transporter type2, Hypoxia
g 0 @ Bnip3 , _ o .
s 500 | O Nix inducible factor-1 alpha, Hypoxia inducible
§ 450 | factor-1 beta, P21/WAF1 (cell cycle
S 400
B regulator), P53 (tunor suppressor), 3
= 350 |
S a00 | apoptotic factors (Bax, Bnip3, Nix #3©
5250 Bnip3 related protein) ANEAL
200
150 14.0
100 86
50 (22 25 253 95 9431 23 } Gene
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Expression analysis
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1.00
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=2 A = = A= o . ed o
lunsansmduns@nuInNANEINIYNIuLed  adenosine  LulTaanyinanly
Y & o A Aa o ' a P
miflasiumasinlanagluanzndszauzainglasgs 14MNVBINIVIABBNTFLIUNDN
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CARDIAC PROTECTION FROM
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Fnirodicciion

Reperfusion mjury is mainly due to oxidative damage to intracellular bio-melecules and
thus antioxidants, and also anti-inflammatory agents, have been used widely in dlinical
therapy. Cardiac protection from reperfusion injury by promising antioxidants were also
extensively studied in clinical trials (1-3). Free radical scavengers (melatonin, edaravone) and
an inhibitor of xanthine oxidase (allopurinel) were shown to improve clinical cutcome in
patients with acute myocardial infarcHon. However, less is known about the use of natural
compounds identified from Thai herbs for cardiac protection. As Vernomia Cineren Less was
reported to have the anti-inflammatory effects (4,5), we therefore speculated that this plant
extract may have an anti-oxddative activity and could have an effect comparable to adenosine,
one agent of cardioprotectants, in the inhibition of cardiac injury after infarction.

Alatevials § Iotkods

Plant materials: Aerial parts from Vernonia Cinerea Less. were
collected at Nakhon Nayck province in May 2007. A voucher
species were deposited at Herbarium of the Department of
Pharmacognosy, Faculty of Pharmacy.

Crude extracts: The plant materials were washed by tapping
water, dried in hot air oven at 50°C and powdered by knife mill
and blender. The aqueous extracts were obtained by maceration
method at room temperature for 7 days. After filtration using
Buchner funmel the wet samples were then placed under vacum
by freeze dryer.

Cell culture, treatment and analysis: HIC2 cardiac myoblasts
were treated under chronic hypoxic stress (<1% O, observed by
oxygen indicator) for 28 hrs. Cells were post-treated during
reperfusion,/ re-oxygenation for 3.5 hrs with adenosine (1 mM)
and Ve extract (800 ug/ml) fellowing re-oxygenation by DMEM
medinmm containing 2%FBS (Gibco-BRL). Later, it was observed
merphological changes by inverted microscope and assayed for
cell viability/ mitochondrial activity using MIT (3-(4,5
dimethylthiazolyl-2)-2,5-diphenyltetrazolium bromide).

Figure 1 Microscopic examination of H$C2 treated by <131 hypeoda for 28 has and 3.5 -
repxygenation. The cenditions for post-treatment are indicated under photegraphy.
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This work partly supported by a grant from
Thailand Research Fund.
Plant extract obtamed from a project under a research plan
entitled “Research and Development on Herbal Products for
Smoking Cessation Aids”.

eﬁgmf&s & ﬁiﬁmwim

In this study, we evaluated anti-oxidative functions of
adenosine and an aqueous extract of Vernonia cineres Less (Vic).
on cardiac reperfusion injury. Post-treatment during re-
oxygenation for 3.5 hrs with adenesine (1 mM) and Ve extract
(800 pg/ml) showed improvement in cell morphelogy, but had
no effect onm mitochondrial activity using MTT assay. Post-
treatment of adenosine studied in MI patients was reported to
reduce the cardiac infarct size (6) but a large clinical outcome
trial remains to be studied. Here, Ve extract was shown to have a
comparable effect to adenosine, one of cardio-protective agent, in
the inhibition of cardiac injury after infarction.
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Tonclusion
Theze preliminary data have demonstrated the effect of  agueous
extract of Vernonin cinerea Lass in reducing fmjury on cardiac
myoblasts after re-oxygenation. This is comparable to adencsinergic
effect in cardiac protection Cellular and melecular studies of this
plant herbal effect and the characterization of chemical componentis)
responsible for this effect will need to be conducted -
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Abstract

Less is known about the effect of ischemic period before reperfusion injury under
hyperglycemic stress. Adenosine triggers the intracellular signaling that inhibits apoptotic process
in both preconditioning and post-conditioning. Whether either adenosine signaling or adenosine
metabolism regulates the protective pathway in the model of ischemic reperfusion under
hyperglycemic stress remains unclear. Role of either adenosine metabolism or adenosine triggering
in the mechanism of cardiac protection were evaluated in model of re-oxygenated injury after early
period of hypoxia under high glucose. RNA analyses of HIC2 cells after rescue from re-oxygenated
injury demonstrated the up-regulated genes of ADSL and ENTZ2, Bax, Nix, and HIF1-B. The
antagonist for adenosine receptor, theophylline, was shown to inhibit this anti-apoptotic process.
Expression of Bnip3 and Nix, not Bax, were stimulated when post-treated with theophylline,
suggesting that adenosine signaling appears to be the active cardio-protective mechanism from Bax-
transcript independent cardiac apoptosis after early period of hypoxia under high-glucose stress.

Keywords: Reperfusion injury, high glucose, early hypoxia, adenosine, oxidative stress

(**This manuscript has not yet been submitted to the mentor for any review or comment)
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Introduction

Worsen prognosis and high prevalence of death in non-diabetic MI patients with stress
hyperglycemia during onset of infarction was not associated to abnormal left ventricular function, large
infarct size, or immediate response of inflammatory protein markers (1). Postprandial hyperglycemia in
diabetic patients directly affected to the defects of microcirculation and diseased complications (7).
Previous reports revealed the increased oxidative stress and stimulated pathways of inflammation in
these occurrences (2-6). High level of glucose forces the production of free radicals including
superoxide, reactive oxygen species (ROS), which reacts to nitric oxide (NO) then later produces
peroxynitrite, a stimulating substance for apoptosis and necrosis (9). Contradict evidences demonstrated
the reduced reperfusion injury after LCA occlusion or hypoxic treatment by short-term hyperglycemia
or pretreatment by high glucose (8, 37). It remains unclear about the effect of ischemic period before
reperfusion injury under hyperglycemic stress.

Adenosine functions in regulating circulatory systems via the activation of adenosine receptors
(A1, A2A, A2B and A3). Itis known that the increased level of extracellular adenosine to stimulate AR
activation or agonists for AR protects myocardium from reperfusion injury. Studies in preclinical trials
and clinical trails suggested adenosine as a potent cardiac protector (12-14). Adenosine stimulated NO
release in vitro by the activation of A2AR and endothelial nitric oxide synthase resulting in the
protection of mitochondrial injury from hydrogen peroxide (15).

Less is known about adenosinergic effect on MI patients with hyperglycemic stress. We
hypothesized that evaluation of hyperglycemic effect when treating at short-term to long-term or early
period of hypoxia could explain the critical mechanism for cardiac protection. Adenosine mechanism
may involve in the decreased level of reperfusion injury in Ml patients with stress hyperglycemia.

Materials and Methods

Cell treatment at early period of hypoxia and re-oxygenation

H9C2 cardiac myoblast (ATCC) was maintained in DMEM (4,500 mg/l glucose)-10% FBS
(Hyclone, USA). Cells were plated at 5x10° cells/well for 16 hrs before changing the medium to
DMEM (no FBS), further incubated in closed hypoxic chamber at <0.5% Oxygen (observed by O,
indicator ). Re-oxygenation and rescue of cells by immediate change of medium to DMEM-2%FBS.
Theophylline or adenosine was added as indicated. After 3.5 hr-re-oxygenation, cells were assayed
for viability test, treated for analysis of DNA fragment and harvested for RNA storage at -20 °c.

Cell injury, viability, and cell death

LDH test by kinetic assay (Human, USA) was performed to measure the level of cell necrosis.
MTT at 0.5 mg/ml was used for assaying mitochondrial activity and cellular viability for 1.5 hrs.
DNA fragmentation was analyzed for activation of endo-nuclease cleavage of chromosomal DNA
prepared by a method using Proteinase K-SDS-NaCl/ phenol-chloroform extraction and ethanol
precipitation and semi-quantified the weakly intensed band of DNA fragment by Genetools
(SynGene).

Gene expression and DNA-quantitation by real time-PCR

RNA prepared as a method of Gibco-BRL was reverse-transcribed using pooled specific
reverse primers of Bax, Bnip3, Nix, P53, P21, HIF1-alpha, HIF1-beta, AMPDs, ADSS, ADSL, ENTs
and beta-actin. Quantitative PCR was performed in RotorGene 6000 (Corbette Research, Australia).
Data was analyzed by comparison with control gene and calculated as deltadelta Ct.
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Results

Increased levels of LDH release from H9C2 cells treated under high level of glucose and
hypoxic stress was direct/exponential proportional to increased incubation time of hypoxia (Figure
1B). The selected early period was 21 hrs of hypoxic treatment since no bleb cell of cardiac myoblast
after 21 hr-hypoxia was microscopically observed and the later injury which was seen as cell
shrinkage and nuclear condensation, found after 3.5 hrs of reperfusion, indicating early phase of
reperfusion injury under this experimental condition (Figure 1A). Replacement of new medium
(DMEM with 10%FBS) before period of reperfusion reduced cell injury as compared to continued
incubation without change of medium, indicated by 10 fold reduction of LDH release (from >30
mU/ml to <4 mU/ml), shown in figure 1C and 1D. The rescued process was partially inhibited by
theophylline, a non-selective adenosine antagonist, at 240 uM indicated by an increased level of DNA
fragmentation.

Heart cells compensate its imbalanced intracellular pH via .....................

Discussion
Early phase in hypoxic reperfusion

This is first demonstration of adenosinergic effect on cardiac protection from hypoxic
reperfusion injury under high glucose/hyperglycemia. Though the hypoxic period is early as detected
by no bleb cells and low LDH level before reperfusion, the fragment analysis also confirmed early
period of hypoxia as only <10% obtained DNA fragments, contrasting to the other in vitro studies
under acidic environment. This data is correlated to the in vivo study of hyperglycemia-induced
apoptosis in mouse myocardium under normal aeration by Cai L et.al. (18), suggesting that at this
early phase of hypoxic treatment, cardiac myoblasts might be damaged by reduced anti-oxidative
status, not the intracellular acidity. High level of glucose suppresses the activity of Na+/H+
exchanger (NHE) leading to lowering uptake of calcium ions, apoptosis and cardiac injury (19-20).
However, the report of KimMH etal ................ooiien .
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