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ABSTRACT

Expression of calcium homeostasis proteins andeptioe effects

in ketamine-treated cardiomyocytes

Jang Ho Roh

Department of Medicine

The Graduate School, Yonsal University

(Directed by Professor Yong Woo Hong)

Ketamine is clinically used as an inducer of aresithin critically ill patients
because it has more stable hemodynamics than lnatei$ or inhaled anesthetic
agents. There are rarely few studies for the effeEanesthetics related with calcium
homeostasis in myocardium and myocardial protectibketamine from hypoxia-
reoxygenation injury.

The purpose of the present study was to investitp@tehanges in survival proteins,
Erk and Akt, apoptosis-related proteins, Bcl-2, Baxd cytochrome C, and calcium
ion (C&") overload in hypoxia-reoxygenated cardiomyocytested with ketamine.
It was also investigated to compare experimentalifigs with the results from the

gene expression of &ahandling proteins and various ion channels as aglion



exchangers.

It was found that ketamine had a protective effattthe survival of hypoxia-
reoxygenated cardiomyocytes in phosphorylationl$eg€ Erk and Akt as well as on
the suppression of pro-apoptotic proteins, Bax eytdchrome C, and induction of
anti-apoptotic protein, Bcl-2. Ketamine also oveneathe intracellular Caoverload.
Ketamine induced a significant increase in the sceipt level of C&-handling
proteins (calsequestrin, calreticulin), ion chasn@l-type voltage dependent Ca
channel, inward rectifying Kchannel (K) 3.4, K; 6.1) and suppressed the transcript
level of ion exchangers (sarcoplasmic reticulumi*@aenosine triphosphatase 2a) in
hypoxia-reoxygenated cardiomyocytes.

In conclusion, ketamine increases the survival afdiomyocyte in hypoxia-
reoxygenation, and this protective effect seembdarelated to the change in the
expression of the proteins regulating the intratetl calcium level. Therefore
ketamine may be beneficial to myocardial protecfrom hypoxic injury and clinical
research into ketamine and its protective effeciukh be performed for practical

application.

Key words : cardiomyocyte, calcium homeostasisatkite, myocardial protection
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Jang Ho Roh

Department of Medicine

The Graduate School, Yonsel University

(Directed by Professor Yong Woo Hong)

. INTRODUCTION

Ketamine is clinically used as an inducer of aresithin critically ill patients
because it has more stable hemodynamics than lnatei$ or inhaled anesthetic
agents- Especially, ketamine is frequently used in infand toddlers for elective
surgeries due to its short acting and rapid dissivel anesthesia followed by a rapid
recovery’ Cytochrome P450 (CYP3A4, CYP2B6, and CYP2C9) igolved in
metabolism of ketamine and N-desmethylketamine k@tamine), the main
metabolite of ketamine, may contribute to the amsily effects following ketamine
administratior?®

Myocardial ischemia is one of the most serious daafions in perioperative

period and needs proper treatment to prevent casiqular crisis. In many studies,



strategies to minimize myocardial damage have beémportant target of research.

Previous studies have shown that intravenous agsatmakes an effect on cardiac
parameters such as heart rate and cardiac outpatiehtss Myocardial protection
by volatile anesthetics, morphine and propofolakatively well investigated. It is
generally agreed that these agents reduce the myalcdamage caused by hypoxia
and reoxygenatiohThere are some proposed mechanisms for myocanditdction
by anesthetic agents: ischemic preconditioning-likifect, interference in the
neutrophil/platelet-endothelium interaction, blod&aof calcium ion (C4&) overload
to the cytosolic space and antioxidant-like effett.

The pivotal role of calcium cycling and homeostdsis long been recognized in
contractile, metabolic, electrical and ionic altemas associated with myocardial
ischemia, as well as in hibernation, stunning, andochondrial dysfunction
associated with reperfusioh®® Ischemia and simulated ischemic conditions cause
C&" overload in the myocardium and the increase irmdgtlular calcium activates a
number of cytosolic proteins, including phosphddigs, protein kinases, proteases
and endonucleases. Activation of these proteaseseea to proteolysis of proteins
involved in the regulation of intracellular calciusvels and, thus, to acceleration of
heart damage.

There are rarely few studies for the effects ofs#msics related with calcium
homeostasis in myocardium and myocardial protectibketamine from hypoxia-

reoxygenation injury. The goal of the current studgs to determine whether



ketamine protected cardiomyocyte from hypoxia-rg@nation injury. Ketamine-
induced myocardial protection in neonatal rat Jeolar cardiomyocyte was
characterized further by examining the change aftgms related to calcium

homeostasis and survival signals.



[I.MATERIALSAND METHODS

1. Isolation of neonatal rat cardiomyocytes

Neonatal rat cardiomyocytes were isolated and ipdriby the means described
below. Briefly, hearts of 1 or 2 day-old Spraguenl@y rat pups were dissected, and
the ventricles washed with Dulbecco's phosphatéeled saline solution (PBS, pH
7.4, Gibco BRL, Gaithersburg, MD, USA) lacking ®and Md*. Using micro-
dissecting scissors, hearts were minced until theeg were approximately 1 mm
and treated with 10 ml of collagenase | (0.8 mg/g82 units/mg, Gibco BRL,
Gaithersburg, MD, USA) for 15 min at 37°C. The supa¢ant was then removed and
the tissue was treated with fresh collagenasedutisal for an additional 15 min. The
cells in the supernatant were transferred to a talmaining cell culture mediuna{
MEM containing 10% fetal bovine serum, Gibco BRlaitBersburg, MD, USA). The
tubes were centrifuged at 1200 rpm for 4 min atrdaemperature, and the cell pellet
was resuspended in 5 ml of cell culture medium.

The above procedures were repeated 7-9 timesthet# little tissue was left. Cell
suspensions were collected and incubated in 10Qtiszwe culture dishes for 1-3 hr
to reduce fibroblast contamination. The non-adhetelis were collected and seeded
to achieve a final concentration of 5 x*klls/ml. After incubation for 4-6 hr, the
cells were rinsed twice with cell culture mediund@&nl mM BrdU added. Cells were

then cultured in a CQOncubator at 37°C.



2. Praoliferation assay

Cardiomyocytes were platedtiiplicate wells of 96 well plates at a densitylok
10" per well,and put in hypoxic chamber for 1 hr prior to expesio repefusion with
0, 0.01, 0.1, 1.0, 10, 10@M ketamine for 5 hr. Culture plates containing
cardiomyocyte irn-MEM were subjected to hypoxic stress in an anderolamber
(ThermoForma, Marietta, OH, USA) maintained afC37n wihich ambient oxygen
was replaced by a mixture of 5% ¢ 6% H, and 90% N

The cell viability was determined by the 3-(4,5-Ritmylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide (MTT) assay. After the incubatperiod, MTTsolution (Sigma,
St. Louis, MO, USA) was added to each well to alficoncentrationf 0.5 mg/ml
and was incubated at 87 forh8 to allow MTT reductionThe formazan crystals
were dissolved by adding dimethylsulfoxide (DMS@yabsorbance was measured

at the 570 nm with a spectrophotometer.

3. Immunoblot analysis

Protein-treated cells were washed once in PBS gsetllin a lysis buffer (Cell
signaling, Beverly, MA, USA) containing 20 mM TiigH 7.5), 150 mM NaCl, 1 mM
N&EDTA, 1 mM EGTA, 1% Triton, 2.5 mM sodium pyrophbspe, 1 mM}p-
glycerophosphate, 1 mM RO, 1 mg/ml leupeptin, and 1 mM PMSF.

Protein concentrations were determined using thadferd protein assay kit

(BioRad, Hercules, CA, USA). Proteins were sepdraia a 12% SDS-



polyacrylamide gel and transferred to PVDF membi@ti#ipore Co, Bedford, MA,
USA). After blocking the membrane with Tris-buffdresaline-tween 20 (TBS-T,
0.1% tween 20) containing 5% non-fat dried milk fbrhr at room temperature,
membrane was washed twice with TBS-T and incubattdprimary antibodies for 1
hr at room temperature or for overnight at 4°C. Tieembrane was washed three
times with TBS-T for 10 min, and then incubated fohr at room temperature with
horseradish peroxidase (HRP)-conjugated seconadityodies.

After extensive washing, the bands were detecteehivanced chemiluminescence
(ECL) reagent (Santa Cruz Biotechnology, Santa Ci®a, USA). The band
intensities were quantified using Photo-Image Systiglolecular Dynamics, Uppsala,

Sweden).

4. Confocal microscopy and fluorescence measurements

The measurement of cytosolic free ?Caoncentration was performed by the
confocal microscopy analysis. Neonatal rat cardiocyies were plated on glass
coverslips coated with laminin (5 mg/&nfor 1 day in cell culture mediuna{MEM
containing 10% fetal bovine serum, Gibco BRL, Gaiiourg, MD, USA) and 0.1
uM BrdU. After incubation, the cells were washedhwmihodified Tyrode's solution
containing: 0.265 g/l Cag10.214 g/l MgCJ, 0.2 g/l KCI, 8.0 g/l NaCl, 1 g/l glucose,
0.05 g/l NaHPQ,, and 1.0 g/l NaHC®

Cells were then loaded with 5 mM of the acetoxyryle#ster of Fura-2 (Fura-2



AM, Molecular Probes, Eugene, OR, USA) for 20 mim,the dark and at room
temperature, by incubation in modified Tyrode'susoh. Fluorescence images were
obtained using an argon laser confocal microscopeeicd, Solms,
Germany). Fluorochrome was excited by 488 nm thargon laser and emitted
light was collected through a 510-560 nm bandpdiss. fRelative changes of free

intracellular C&" were determined by measuring fluorescent intensity

5. Caspase3 assay

The relative caspase3 activity was determined ughpgppTarget¥ Capase3
Colorimetric Protease Assay, according to manufactl instructions (Biosource,
Camarillo, CA, USA). This assay is based on theegmion of free DEVIDBNA
chromophore when the provided substrate is cle@yechspase3. Upon cleavage of
the substrate by caspase3, fi@éA light absorbance can be quantified using a
microplate reader at 405 nm.

Briefly, the cultured neonatal cardiomyocytes (3%1&fter different treatments
were harvested in lysis buffer (1M DTT), and ceftracts were centrifuged to
eliminate cellular debris. Protein concentratiorswatermined by the Bradford assay
(Bio-Rad, Hercules, CA, USA). Aliquots (50 ul) et cell extracts were incubated at
37°C for 2 hr in the presence of the chromophotestsate. Free DEVDpNA is
determined colorimetrically. The comparison of abaace ofpNA from apoptotic
sample with uninduced control allow determinatidrtte fold increase in Capase3

activity.



6. RT-PCR analysis

The expression levels of various proteins were yaieal by the reverse
transcription polymerase chain reaction (RT-PCRghmégue. For the RNA
preparation, confluent rat neonatal cardiomyocyteee cultured for 48 hr in serum-
free a-MEM. Total RNA was prepared by UltraspectTM-1I RNgystem (Biotecx
Laboratories, Houston, TX, USA) and single-strandBiNA was then synthesized
from isolated total RNA by Avian Myeloblastosis wér (AMV) reverse transcriptase.
A 20 pl reverse transcription reaction mixture ediming 1 g of total RNA, 1X
reverse transcription buffer (10 mM Tris-HCI, pH0950 mM KCI, 0.1% Triton X-
100), 1 mM deoxynucleoside triphosphates (ANTPS)udit of RNase inhibitor, 0.5
rg of oligo(dT)15, and 15 units of AMV reverse tranptase was incubated at 42
for 15 min, heated to 99  for 5 min, and then incabat 65°C for 5 min.

PCRs were performed for 35 cycles with 3' and ihers based on the sequences
of various genes. The actin primers (5'-catcacca@elcgctcaac-3' and 5'-
catagcacgatggtcgattgtcgt-3') were used as thenadtetandard. The signal intensity of

the amplification product was normalized to itgpexdive actin signal intensity.

7. Satistical analysis
Data are presented as mean = S.E.M. of more thae theparate experiments
performed in triplicates. Where the results of $laire shown, a representative

experiment is depicted. Comparisons between thdiptailgroups were performed

10



with one-way ANOVA (Analysis of Variance) with Bagrfoni’s test. The statistical

significance was defined as p < 0.05 and p < 0.01.

11



1. RESULTS

1. The effect of ketamine on survival of hypoxia-reoxygenated cardiomyocytes
Following 5 hr of reoxygenation, the viability of ypoxia-reoxygenated
cardiomyocytes was about 50% of the control leBek the survival rate of hypoxia-
reoxygenated cardiomyocyte treated with ketamine mare increased than that of
the cells without ketamine (Figure 1). The concatidn of ketamine largely
influenced the survival of hypoxia-reoxygenateddaanyocyte. The result showed
that ketamine had a protective effect on hypox@a<ygenated cardiomyocte over 10
uM. Although ketamine improved the viability of hyga-reoxygenated
cardiomyocyte, the ability to protect cell from loyia-reoxygenation might be

incomplete because the increasing survival rateneakigh.

WST-1 signal (Absorbance, 440nm)

Control 0 001 0.1 1.0 10 100

Ketamine (uM)

Hypoxia/Reoxygenation (1/5 h)
Figure 1. The effect of ketamine on survival of byja-reoxygenated cardiomyocytes.
Cardiomyocytes were platedtiiplicate wells of 96 well plates at a densitylok 10 per well,

and put in hypoxic chamber for 1 hr prior to expesto reoxygenation with the above

12



concentration of ketamine for 5 hr. Cell viabilityas determined by the MTT assay. WST-1

signal on vertical axis represents the degreelbsuevival. (**: p-value < 0.01)

2. The effect of ketamine on activity of proteins related to survival of hypoxia-
reoxygenated cardiomyocytes
The phosphorylation of Akt at S&tand Erk1,2 (42 and 44 kDa) was detected by

immunoblot assay. As shown in Figure 2, the phogpation activities of both Akt
and Erk were obviously decreased in hypoxia-reomgtgd cardiomyocyte compared
to the normal cells. The treatment of hypoxia-reenated cells with 1M of
ketamine resulted in the increase of the activitiedkt and Erk. But phosphorylation
activities of both Akt and Erk in hypoxia-reoxygésa cells treated with ketamine

was not the same as in normal cells.

:“ p-Erk - P-Akt
e tk — Akt

1

*k

*

= 5
A s
z z
Z >
= o=
7] Q
< <
o [
2 >
= ®
7] o
o o
0
Control 0 10 Control 0 10
Ketamine (ph) Ketamine (uM)
H/R (1/5 h) H/R (1/5 h)

13



Figure 2. The effect of ketamine on activity of {@as related to survival of
hypoxia-reoxygenated cardiomyocytes. Western biatysis of phosphorylaton
of Erk and Akt p-Erk and p-Akt) in cardiomyocytes exposed to hypoxic
chamber for 1 hr prior to exposure to reoxygenatigih O or 10uM ketamine
for 5 hr. Each signal was quantified by scanningsitemetry and the figure
shows the levels of each activity as relative valfithe maximal level op-Erk
and p-Akt. Western blot was repeated three times. (Vapse < 0.05, ** : p-

value < 0.01)

3. The effect of ketamine on activity of proteins related to apoptosis of hypoxia-
reoxygenated cardiomyocytes
Hypoxia-reoxygenation induced the increased exjmess pro-apoptotic protein,
Bax and cytochrome C and the decreased expreskmtieapoptotic protein, Bcl-2
from the normal condition (Figure 3). Following thieeatment of hypoxia-
reoxygenation cell with 1QuM of ketamine, the expression level of Bax and

cytochrome C was decreased and Bcl-2 was increased.

14
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Kot m Control Control _Y 10
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HIR (1/5 h) HIR (1/5 hy

Figure 3. The effect of ketamine on activity of f@ias related to apoptosis of hypoxia-
reoxygenated cardiomyocytes. Western blot anabfsicl-2, Bax, and cytochrome C in
cardiomyocytes exposed to hypoxic chamber for firlor to exposure to reoxygenation
with O or 10uM ketamine for 5 hr. Western blot was repeatedettimes. (*: p-value <

0.05, ** : p-value < 0.01)

4. The effect of ketamine on activity of caspase3 of hypoxia-reoxygenated
cardiomyocytes

When the hypoxia-reoxygenation activates the caspascardiomyocyte, DEVD-
pPNA, a substrate was cleaved vigorously by the emzgmd the increased fredlA
light absorbance can be quantified at 405nm (Fig)rd3ut the activity of caspase3

was reduced sharply in the treatment of hypoxiayrgenated cardiomyocytes with

15



10 uM of ketamine due to its protective effect from pfosis of cardiomyocytes.

5
ek
£
=
=
Q
Py
©
@
0
©
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&)
0
Control O 10
Ketamine (M)
HIR (1/5 h)

Figure 4. The effect of ketamine on activity of pase3 of hypoxia-
reoxygenated cardiomyocytes. Relative caspaseditgolias determined using
ApopTarget" Capase-3 Colorimetric Protease Assay in cardiogtgsc
exposed to hypoxic chamber for 1 hr prior to expegso reoxygenation with 0
or 10 uM ketamine for 5 hr. Data denote the means + S.EeM2~3 replicate
measurements in three different cell culturespftalue < 0.05, ** : p-value <

0.01)

5. The effect of ketamine on intracellular calcium concentration of hypoxia-
reoxygenated cardiomyocytes

To examine the intracellular €a overload in hypoxia-reoxygenated

16



cardiomyocytes, the fluorescence intensity methad uwsed in cardiomyocyte loaded
with fluo-4 AM. Figure 5 showed that the intracédlu calcium level of hypoxia-

reoxygenated cells was much higher than that ohtrenal cells but the treatment of
hypoxia-reoxygenated cells with 10M of ketamine induced the reduction of

intracellular calcium level.

*k
*k

30r
201

1 i
0

Control 0 10

Fluorescence increase (%)

H/R +Ketamine (pM)

Figure 5. The effect of ketamine on intracellulalctum concentration of
hypoxia-reoxygenated cardiomyocytes. Cardiomyocwerse exposed to hypoxic
chamber for 1 hr prior to exposure to reoxygenatiah O orlOuM ketamine for

5 hr. Bright red color in the picture representghhiC&" concentration in
cardiomyocytes. Cytosolic free €aconcentration is determined with relative
fluorescence intensity. The phrase of ‘Fluorescemzease’ in vertical axis
presents the degree of increase in brightness ef br@ht area in cellular matrix
compared to least bright area. (*: p-value < 005 p-value < 0.01)
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6. The effect of ketamine on genes coding for Ca?*-binding proteins of hypoxia-
reoxygenated cardiomyocytes

The transcript level of calsequestrin in hypoxiaxygenated cardiomyocytes was
similar to that of normal cells. But the treatmehthypoxia-reoxygenated cells with
10 uM of ketamine increased the expression of calseqnéBigure 6).

Compared with normal cardiomyocyte, the expressafn calreticulin was
significantly decreased in hypoxia-reoxygenatediicanyocyte but the treatment of
hypoxia-reoxygenated cells with i of ketamine induced a large increase in the
expression of calreticulin (Figure 6).

As shown in Figure 6, the transcript patterns dimcalulin were totally different
from calreticulin. The transcript level of calmouiuin hypoxia-reoxygenated cells
was higher than that of the normal cardiomyocyte was more or less similar in

normal cell and hypoxia-reoxygenated cell treatét 0 pM of ketamine.
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Control 0 10
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Control 0 10 Control 0 10
Ketamine (uM)

Ketamine (uM) Ketamine (uM)
HR (1/5 h) H/R (1/5 h)

HIR (1/5 h)

Figure 6. The effect of ketamine on genes coding Gef*-handling protein of
hypoxia-reoxygenated cardiomyocytes. Cardiomyocytese exposed to hypoxic
chamber for 1 hr prior to exposure to reoxygenatigth O or 10uM ketamine for
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5 hr. mRNA expression of genes was amplified by FRIOR and its products were
separated by agarose gel electrophoresis and izisddly ethidium bromide staining.
GAPDH is glyceraldehydes-3-phosphate dehydrogerfasp-value < 0.05, ** : p-

value < 0.01)

7. The effect of ketamine on genes coding for ion channels of hypoxia-
reoxygenated cardiomyocytes

Figure 7 shows the representative examples'afhiannel in hypoxia-reoxygenated
cardiomyocytes treated with or without B! of ketamine. The expression of mMRNA
of the inward rectifying K channel () 3.4, and K 6.1 was significantly lower in
hypoxia-reoxygenated cardiomyocytes compared with normal cells. After the
treatment of hypoxia-reoxygenated cells withy0 of ketamine, the transcript levels
of Ki 3.4 and K 6.1 were increased. The transcript pattern offetg4"’-channel

was as same as 8.4, and K 6.1.
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Figure 7. The effect of ketamine on genes codimgida channels of hypoxia-
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reoxygenated cardiomyocytes. Cardiomyocytes wepesad to hypoxic chamber
for 1 hr prior to exposure to reoxygenation witlo010 uM ketamine for 5 hr.
mMRNA expression of genes were amplified by RT-PCH #&s products were
separated by agarose gel electrophoresis and izisdaby ethidium bromide
staining. GAPDH is glyceraldehydes-3-phosphate dedgenase and;Ks inward

rectifying K channel. (*: p-value < 0.05, ** : p-value < 0.01)

8. The effect of ketamine on genes coding for ion exchangers of hypoxia-
reoxygenated cardiomyocytes

The expressions of genes coding ion exchangers diiéeeent from each other in
hypoxia-reoxygenated cardiomyocytes treated witWittout 10uM of ketamine.

In sarcoplasmic reticulum €aadenosine triphosphatase (SERCA) 2a, the gene
expression of hypoxia-reoxygenated cardiomyocyeemsted with 1QuM of ketamine
was much more decreased than that of hypoxia-rematgd cells without ketamine
and it was as same as normal cells (Figure 8).

Plasma membrane &aadenosine triphosphatase (PMCA) 1 formed a distinc
contrast to SERCAZ2a in the transcript pattern. ffbatment of hypoxia-reoxygenated
cardiomyocytes with 1@M of ketamine induced the increase of expressiogeofe

coding PMCA1 compared with hypoxia-reoxygenatetsagithout ketamine.
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Figure 8. The effect of ketamine on genes codingiém exchangers of
hypoxia-reoxygenated cardiomyocytes. Cardiomyocyiese exposed to
hypoxic chamber for 1 hr prior to exposure to regeyation with 0 or 1QM
ketamine for 5 hr. mMRNA expression of genes werplédied by RT-PCR and
its products were separated by agarose gel eléwirepis and visualized by
ethidium bromide staining. GAPDH is glyceraldehy@eghosphate
dehydrogenase. SERCA is sarcoplasmic reticulum **-&denosine
triphosphatase and PMCA is plasma membrarfé-&enosine triphosphatase.

(*: p-value < 0.05, **: p-value < 0.01)
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V. DISCUSSION

The myocardial protection by intravenous anesthdtiworphine and propofol) and
volatile anesthetics (isoflurane and sevoflurares been relatively well investigated
in the previous studi€é It has been known that these agents reduce theardial
damage caused by hypoxia-reoxygenation. Other laetest used in the clinical
practice, such as fentanyl, ketamine, barbiturated benzodiazepines have been
much less studied, and their abilities as cardimgtors are currently unknown. Some
studies indicate that different anesthetics havierdnt mechanisms of myocardial
protection.

In general, myocardial ischemia initiates a ran@ecallular events, which are
initially mild and become progressively damagingthwthe increased period of
ischemia. Although the reperfusion is the termoratof ischemia and an essential
condition for the cellular survival and restorati@hnormal function, it paradoxically
causes damage to the céllischemia reduces the adequate oxygen supply, which
results in the depletion of adenosine triphosplAfEP). This inhibits ATP-driven
Na'-K* pumps, increasing [Nh [H']; is also increased by the poor washout of
metabolites and the inhibition of mitochondrial dedion of nicotinamide-adenine
dinucleotide (NADH). Increased [H enhances NaH" exchange to retain normal
pH, leading to the increased [§a hence [C&]; is augmented via NeCe*

exchange! High [C&"]; degrades proteins and phospholipids. Ischemiaiatkxes
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the production of free radical and the major tasgeft free radicals are lipid and
protein, which are the components of structurel@smpa membrane and enzyme. On
reperfusion, [H]; outside the cell is abruptly reduced to a norreskl because it is
washed out. This results in an increase of’{Icadue to the enhanced N&* and
Na'-C&* exchangé® Reperfusion also results in a burst of free radigeheration
because oxygen is abundantly supplie€&* and free radicals injure the heart
further at reperfusion.

In this study, it was found that the treatment ofpdxia-reoxygenated
cardiomyocytes with ketamine improved the cellgarvival (Figure 1). Hypoxia-
reoxygenation decreased obviously the survival afdiomyocytes. The cellular
survival was increased with the increase in thecentration of ketamine and there
was no difference in the survival between inuhdd and 100uM ketamine. In human
the plasma concentration of ketamine is 9.3 £ d/8by the intravenous injection of
2 mg/kg as loading dose accompanied by the contmutravenous infusion for
maintenance of anesthe$iaso the positive effect of ketamine on the survigél
hypoxia-reoxygenated cardiomyocytes can be clilyicakaningful.

In the mechanisms of cellular survival and proatesn, the activation of Erk1,2
plays an important role in the gene regulation Bitkinase/Akt signaling pathway
is also pro-survival and anti-apoptotic sigffahkt is phosphorylated at two sites due
to the activation of enzyme activity: Ffitin the catalytic domain and $E€rin the

cytoplasmic domaif? Erk is one of dual specificity kinases in mitogestivated
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protein kinases (MAPKS} In cardiomyocyte, the members of the Erk MAPK figmi

have been implicated in survival signaling in resgm to hypoxia-reoxygenation,
oxidative stress, angtadrenergic stimulatioff-* In many systems, activations of Akt
and Erks provide potent pro-survival signal. Ungathological condition of hypoxia-

reoxygenation, enhanced survival of neonatal ratrigular cardiomyocyte seems to
be related to increased activation of Akt and Filgijre 2).

It has been known that hypoxia-reoxygenation is ohepoptotic stimulus in
cardiomyocyte’ Apoptosis through the mitochondrial pathway istlgaegulated by
the interaction of Bcl-2 family proteirf8 These proteins may be anti-apoptotic (Bcl-
2) or pro-apoptotic (Bax) and pro-apoptotic protgiduces conformational change
which triggers the release of cytochrome C fromrttimchondrial membrane space
into the cytosof® In relation to pro-apoptosis via hypoxia-reoxydim this study
suggested that the treatment of hypoxia-reoxygenasediomyocyte with 1QuM
ketamine led to the reduction of apoptosis. Cagpase activated following cleavage
at specific aspartate cleavage sites in responsgdptotic stimulus and caspase3
activation has been documented in the myocardiumertd-stage heart failure
patients®®>** Generally, ischemia causes mitochondrial permigahiainsition (MPT)-
related cytochrome C release, which then inducespas®3 activation and
apoptosig?® Ketamine attenuated the expression and activifyrofapoptotic signal
such as Bax, cytochrome C, and caspase3 but erthtrexpression of Bcl-2 in this

study (Figure 3, 4). Therefore it can be suppobat Ketamine increases the cellular
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survival of hypoxia-reoxygenated cardiomyocytes the interference in the
expression of pro-apoptotic proteins.

In this study there was an obvious increase ofitatitular C4' level in hypoxia-
reoxygenated cardiomyocytes compared to the nocelld and ketamine inhibited
the increase of intracellular €devel at the concentration of 1M (Figure 5). The
increased level of intracellular calcium can adtiveignaling pathway leading to the
apoptosis and cell death caused by calcium ovdrigaas been implicated in
myocardium injury of hypoxia-reoxygenation. Ketamircould not reduce the
intracellular C&' level to normal in this study. But consideringtttae intracellular
ca&" level of hypoxia-reoxygenated cardiomyocytes wasreased and its cellular
survival increased by ketamine, it is possible uppose that the positive effect of
ketamine on cellular survival in hypoxia-reoxygeoatis related to its ability to
reduce intracellular Galevel.

C&" does not only have the role as a second messbuggris also the effector of
the contractile everit. Therefore, several proteins are involved to ensufinely
tuned C&" mobilization in the cardiomyocyte, including Ghinding proteins, ion
channels and ion pumps.

Calsequestrin is a major €ainding protein in the sarcoplasmic reticulum of
cardiomyocyte” It has two major roles, one is ¥huffering by the C# -binding
properties and the other is the regulation of thigvitay of C&* release channel by

interaction with ryanodine receptor (RyR). In caealsequestrin overexpression it
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inhibits so strongly RyR channel by binding dirgctb the RyR, which reduces
intracellular C&'releas€>*® In this study the expression of gene coding calestmn
was largely increased by ketamine in the hypoxteyygenated cardiomyocytes
(Figure 6). It can be suggested that ketamine itgukthe intracellular CGaincrease
in hypoxia-reoxygenated cardiomyocytes by meartalsequestrin overexpression.

Calreticulin is a C& -binding chaperone of the sarcoplasmic reticulBR)¢’
Overexpression of calreticulin leads to the preenof oxidant-induced intracellular
Cd" increase and results in cytoprotectiif In this study the expression of gene
coding calreticulin was excessively decreased inpokia-reoxygenated
cardiomyocytes (Figure 6). However the administratdf ketamine in hypoxia-
reoxygenated cardiomyocytes restored the expresditine gene to nearly normal.
This result represents that the effect of ketamame calreticulin in hypoxia-
reoxygenated cardiomyocytes contributed to the atolu of elevated intracellular
cd” level.

Calmodulin is a typical C&binding protein and a important second messenmer i
intracellular signal transductidfl. It is involved in many important pathways of
intracellular signal transduction directly or iretitly>* So it is hard to expect specific
cellular event by the expression of calmodulin aeloBut the expression of gene
coding calmodulin was increased in the hypoxia-ygexated cardiomyocytes and
the administration of ketamine lowered the increafeexpression (Figure 6). A

further study is necessary to define the relatignbletween the expression of gene
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coding calmodulin and the intracellular‘Clavel.

In cardiomyocyte the excitation-contraction prodsssiggered by a depolarization,
which induces the opening of specialized”€aannel, L-type C&- channef! The
activation of L-type C&- channel allows a small amount of®Cto enter the cytosol.
The C&" entering the cytosol can reach RyR, which producesassive release of
c&" from the SR into the cytosol. In this study th@mssion of gene coding L-type
Cd*- channel was decreased in the hypoxia-reoxygenatediomyocytes and
ketamine diminished the decrease of the gene esipre@~igure 7). According to this
result it is not certain whether L-type Gachannel played a major role in the change
of intracellular C& level in hypoxia-reoxygenated cardiomyocytes. Betamine
seems to make the expression of gene coding L@gk channel nearly normal in
hypoxia-reoxygenation.

Gene expression of ATP-sensitivé @ xrp) channel mediates its cardioprotective
effect and increased expression gf &1 is related to myocardial protectifi® In
this study ketamine enhanced the expression of gedeng K 6.1 and the cell
survival in hypoxia-reoxygenation, so it seems #teiamine has a protective effect in
hypoxia-reoxygenated cardiomyocyte via increasqutession of I§ 6.1 (Figure 7).
K 3.4 is another Jgr channel but there are still numerous opposed esutbr
expressiorf? In this study, the pattern of,k3.4 was as same as K.1 (Figure 7).

Sarcoplasmic reticulum &a ATPase (SERCA) 2a is the most abundant isoform of

the C&'-ATPase within the heaft.It is a conerstone molecules for maintaining a
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balanced concentration of €aluring the cardiac cycle, since it controls thmsport
of C&" to SR during relaxatioff. Many studies showed reduced expression of
SERCA2a but some reports provided unaltered express SERCAZ2a in failing
hearts’>*"* In this study the expression of gene coding SERCA®&s largely
increased in hypoxia-reoxygenated cardiomyocytesiareturned to nearly normal
level by ketamine (Figure 8). Considering the rleSERCA2a to transport €ato
SR, it is difficult to explain this discordance ween the elevated intracellular Ca
level and the increased gene expression of SERCB\Rait is also hard to elucidate
the change of intracellular €alevel by the gene expression of SERCA2a alone
because SERCA2a is specially regulated by phospthela (PLN) and other
molecules are also involved in regulating the extton between SERCA2a and PLN,
i.e., protein phosphatase | and inhibit8t° Although hypoxia-reoxygenation led to
the increased expression of SERCAZ2a in this stutlydemonstrated that ketamine
was the cardioprotective agent because the expreksiel of SERCA2a in hypoxia-
reoxygenated cardiomyocyte was as same as norridbycéhe administration of
ketamine.

Plasma membrane €aATPase (PMCA) transport €aout of the cell by using the
energy stored in ATH:> Overexpression of PMCA leads to a reduction inattévity
of the SERCA. Conversely the expression of the SER&s a direct influence on the
activity of PMCA. This may indicate that the gengmessions of the PMCA and

SERCA are interdependent on each othétypoxia-reoxygenation has been known
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to reduce the expression of PMCAL in brain and ioamgocyte>® In this study the
expression of gene coding PMCAl was decreased ipoXig-reoxygenated
cardiomyocytes as expected and ketamine diministied reduction of gene
expression (Figure 8).

There are two conflicting opinions about the capditective effect of ketamine.
One is that ketamine has a weak scavenging effettaaweak effect to suppress
reactive oxygen species (ROS) production by nebitep>* The other is that
ketamine blocks the cardioprotective effect of &soit preconditioning in vive> So
it is not simple to conclude whether ketamine has@ioprotective effect but this
study can make a suggestion that ketamine protamdiomyocytes in hypoxia-
reoxygenation. All ion channels and ion pumps ratjod intracellular C4 level are
not investigated in this study. Especially, experits for major proteins regulating
intracellular C&' level, RyR channel and KaC&* exchanger, were not performed. It
is also difficult to explain the change of intrdakr C&* level without the
investigation into the factors regulating the atig of these channels and pumps.

These are limitations of this study, so detailedigtshould be followed.
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V. CONCLUSION

In the present study it was performed to investighé changes in survival proteins,
apoptosis-related  proteins and “Ca overload in hypoxia-reoxygenated
cardiomyocytes. It was also performed to compapeimental findings with results
from gene expression of €zinding proteins and various ion channels as a&ibn
exchangers by RT-PCR.

The results were as follows :

1. The survival rate of hypoxia-reoxygenated cardiooyyes treated with

ketamine was more increased than without ketamine.

2. Treatment of hypoxia-reoxygenated cardiomyocyteth vti0 uM ketamine
resulted in the increase of the activities of Aktl&rk than that of the cells
without ketamine.

3. Ketamine decreased the expression level of Baxcgtmthrome C and the
activity of caspase3 but increased the expressiorBad-2 in hypoxia-
reoxygenated cardiomyocytes.

4. The treatment of hypoxia-reoxygenated cardiomyscyigh 10uM ketamine
induced the reduction of intracellular calcium leve

5. The expressions of calsequestrin and calreticulerewincreased by the
treatment with 1QuM ketamine but not in calmodulin.

6. The expressions of k3.4, K, 6.1 and L-type Cé-channel were increased by
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the treatment with 10M ketamine.

7. The expression of SERCA2a was decreased by theneaa10uM ketamine,

while that of PMCAL increased.

Ketamine increases the survival of cardiomyocytdypoxia-reoxygenation, and
this protective effect seems to be related to thange in the expression of the
proteins regulating the intracellular calcium levdlherefore ketamine may be
beneficial to the myocardial protection from hypoxnjury and a further clinical

research into ketamine and its protective effectukh be performed for practical

application.
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