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Purpose: The potential cardio-protective property of germinated brown rice (GBR) has
been revealed by ameliorating risk factors related to cardiovascular diseases. This study
hypothesized that the combination of GBR and cardioplegic solution could protect the
cardiomyocytes exposed to simulated ischemic reperfusion injury in vitro study and preserve
cardiac function during cardiopulmonary bypass surgery in animal models.

Methods: Primary porcine cardiomyocytes were isolated and experimented cell viability
against simulated ischemic reperfusion injury. In a cardiac surgical animal model, six pigs
were randomly assigned to receive the two types of cardioplegic solution: i) St. Thomas
cardioplegic solution (20 cc/kg); and ii) St. Thomas cardioplegic solution plus GBR (1 mg/
kg). During open-heart surgery, the aorta was cross-clamped for 20 minutes, followed by
reperfusion for 1 hour. Cardiopulmonary bypass parameters were recorded until the end of
the procedure. Furthermore, hemodynamic parameters and arterial blood gas characteristics
of animals among groups were monitored at different time points, including baseline before
cardiopulmonary bypass (T1), during cardiopulmonary bypass (T2), during aortic clamp on
(T3), and aortic clamp off (T4).

Results: Primarily, GBR cotreatment with cardioplegic solution essentially resulted in the
improvement of cell viability in primary porcine cardiomyocytes against simulated ischemic
reperfusion induction. The findings from cardiac surgery demonstrated that mean arterial
pressure and heart rate are constantly stable in cardioplegic solution combined with the GBR
group, while the trend of potassium and lactase concentration was decreased in the
animals receiving GBR group. Consistently, all parameters from arterial blood gas showed
better outcomes in animals receiving GBR; however, there were no statistically significant
differences between groups, except hepatic enzymes.

Conclusion: Therefore, GBR might exert cardio-protective effects against ischemic reper-
fusion injury in the porcine cardiac surgery model due to anti-inflammatory response. These
protective actions of GBR may explain the benefits gained from applying GBR products as
a possible therapeutic supplement on cardiac diseases.

Keywords: cardioprotection, cardiopulmonary bypass, germinated brown rice, ischemic
injury, primary porcine cardiomyocytes

Introduction

Cardiovascular diseases are among the most common causes of global death and
continue rising in almost all countries.' Ischemic heart disease is the major con-
tributor to death in cardiovascular diseases.? Besides, numerous risk factors such as
hypertension, hyperglycemia, dyslipidemia, and sedentary lifestyle are well known
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as contributing causes of ischemic heart disease.>* Mainly,
the standard therapeutic technique of cardiovascular dis-
eases is a surgical treatment in humans.” Usually,
cardiopulmonary bypass (CPB) is extensively used during
open-heart surgery.® This technique encourages maintain-
ing systemic perfusion and oxygenation during cardiac
surgery under CPB.” Myocardial protection is the critical
principle, including reducing cell metabolism by hypother-
mia and cardiac arrest by cardioplegic solution.®

In practice, a cardioplegic solution’s administration
provides a motionless and bloodless operation field.”'°
Additionally, the cardioplegia solution exhibits the ability
to reduce myocardial oxygen demand by creating electri-
cal quiescence. Moreover, it has been established that
cardioplegic solutions protect cardiomyocytes against
ischemic reperfusion injury during CPB surgery.'""'?

To date, exploring the health benefits of functional
foods has attracted increasing attention, especially phy-
tochemical substrates.'**'* Germinated brown rice (GBR)
is a biotransformation product of brown rice and an
excellent source of phytochemical agents.'” In recent
years, many researchers have reported the protective
effects of germinated brown rice (GBR), such as anti-
hypertension, anti-atherosclerotic, anti-oxidant, anti-
obesity, antidepressant, anti-inflammatory, antidiabetic,
and hypolipidemic.'®?° According to several studies, it
has been established that GBR exerts its health benefits
due to bioactive compounds such as phenolic com-
pounds, total flavonoid, y-Aminobutyric acid (GABA),
and phytic acid."*'>*! Furthermore, our previous studies
have initially demonstrated potential cardioprotective
properties of GBR extract both in myocardial ischemic-
reperfusion injury and chronic myocardial infarction.
The possible mechanism is the activation of p38
MAPK and downstream of proapoptotic Bax and Bcl-2,
and caspase-3 protein expression.?!?? Recently, a study
in H9¢c2 cardiomyocytes subjected to simulated ischemic
reperfusion injury has documented a protective property
of GBR via ameliorated mitochondria dysfunction by
maintaining mitochondrial membrane potential and pre-
serving mitochondrial respiration.”® Accumulating indi-
cated that GBR might preserve the cardiomyocytes’
function from ischemic reperfusion injury in an experi-
mental model. However, the effects of GBR on cardiac
protection during cardiac surgery under CPB have not
been studied.

Therefore, this study investigates whether GBR and
cardioplegic solution’s cotreatment protects cardiomyocyte

injury during open-heart surgery under CPB in the porcine
experimental model.

Materials and Methods

Animals

Animal experiments were conducted at Kasetsart
University Veterinary Teaching Hospital, the Faculty of
Veterinary Medicine, Kasetsart University, Kamphaeng
Saen campus. The animal ethics was approved by
Kasetsart University Institutional Animal Care and Use
Committee, Kasetsart University, Bangkok, Thailand,
used committee “IACUC” approval number ACKUG62-
VET-059, and followed the guidelines for the use of
animals National Research Council of Thailand policy
and procedures for animal care. All surgery procedures
were performed under anesthesia, minimizing pain, suf-
fering, and distress of the animal. Nursery pigs (2—-10 kg)
were provided by the Faculty of Veterinary Medicine,
Kasetsart University, Kamphaeng Saen campus. Heart
isolation was used to study the cell viability of primary
porcine cardiomyocytes in GBR co-treatment with car-
dioplegic solution in simulated ischemic-reperfusion
conditions. On the other hand, six adult pigs (30—
45 kg) were obtained, and cardiopulmonary bypass sur-
gery was performed for open heart surgery in an animal

model.

Isolation of Primary Porcine

Cardiomyocyte

The heart was routinely dissected with an aseptic techni-
que. Isolation of cardiomyocytes protocol was modified
from a previous study.”** Briefly, the right atrium cham-
ber was immediately identified and isolated into a sterile
glass Petri dish. After that, the isolated right atrium was
gently washed with PBS mixed with 0.5 mL of 10%
marbofloxacin three times. This isolated right atrium was
chopped into small pieces and digested with 0.4% type 11
collagenase and 0.01% DNAse. Finally, pellets of the right
atrium were plated to a T25 culture flask in DMEM culture
medium containing 10% FBS, amphotericin, penicillin G,
and streptomycin under pH 7.4, 37°C in humidified air
containing 5% CO,. The 70% confluence of primary por-
cine cardiomyocytes cells growth were used for all experi-
ments in passage number 1-2. The culture medium was
changed with warm fresh medium every 3 days. Cells
were cultured under either GBR pretreatment, cardioplegic
solution, or sI/R induction.
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Simulation of Ischemic Reperfusion Injury

in Primary Porcine Cardiomyocyte

In this study, ischemic simulation was conducted as
described in previous research.?® In an ex vivo study, we
provided sodium dithionite to induce the ischemic condi-
tion. Briefly, primary porcine cardiomyocytes were cul-
tured in DMEM with 10% fetal bovine serum (FBS) for
all experiments. These primary cells were incubated in
200 pl of ischemic buffer (137 mM NacCl, 3.8 mM KClI,
0.49 mM MgCl,, 1.8 mM CacCl,, and 4.0 mM HEPES),
followed by 20 mM of 2-deoxyglucose, 30% sodium lac-
tate, and 1 mM sodium dithionite at pH 6.3, to induce sI/R
in a 96-well plate. The effective ischemic induction period
was optimized in different time points ranging from 10 to
120 minutes. After ischemic induction, the ischemic buffer
was replaced and the cells were incubated with cultured
medium. The appropriated time for sI/R induction was
performed for all ex vivo studies.

DNA Extraction and Polymerase Chain
Reaction (PCR)

To verify the primary porcine cardiomyocyte, cardiac myosin
binding protein C3 gene (cMYBPC3) was preliminary per-
formed by polymerase chain reaction (PCR) method, as
described previously.”” According to the manufacturer’s
instructions, DNA extraction was accessed with a DNeasy
blood and tissue kit (Qiagen, Germany). Amplification of
genomic DNA was performed using the following primer set:
forward primer 5 AGCCTTCAGCAAGAAGCCA3' and
reverse primer 5 CAAACTT GACCTTGGAGGAGC3".
The estimated size of the PCR product is 242 base pairs.
The PCR condition was carried out with 2.5 pL of
DNA template in a total volume of 25 pL, also containing
12.5 pL of HotStarTaq Master Mix (Qiagen, Germany),
0.5 uL of forward primer (0.2 uM), 0.5 pL of reverse primer
(0.2 uM), and 9 pL of RNase-Free water (Qiagen, Germany).
PCR for cMYBPC3 gene (95°C 15 minutes, 95°C 30 sec-
onds, 58°C 30 seconds; 35 cycles, 72°C 15 minutes) was
performed on the sample. The PCR products were electro-
phoresed on 1.5% agarose gel at 135 volts for 20 minutes and
stained by ethidium bromide to visualize DNA bands with
a Gel Doc EZ Gel Documentation System (Biorad, USA).

Germinated Brown Jasmine Rice (GBR)

Extract
GBR extract was provided by the cardiac research laboratory
unit, Faculty of Veterinary Medicine, Kasetsart University,

Kamphaeng Saen campus. The preparation of GBR extract
was obtained as depicted in our previous work.?! In brief,
Brown jasmine rice (Oryza sativa L.) was washed, and
100 g of cleaned grains were soaked in water at 35°C for
12 hours. After that the seeds were placed on moist filter
papers and covered for 24 hours of germination. Then, the
germinated seeds were finely ground, prior to preparing the
germinated brown rice extract powder. The samples were
stored at —20°C until used. Finally, the water-soluble GBR
extraction was filtered using a sterilized acrylic membrane
syringe filter with 0.2 pm pore size.

Light Microscopy and Acquisition of

Pictures

Digital images were received using a phase-contrast micro-
scope for cell culture (10X, Nikon Eclipse TS100, USA)
with a digital camera modulated by NIS software. Cells were
seeded in a 96-well plate at a density of 4x10* cells in 200
pL cultured medium/well and incubated according to the
different concentrations of cardioplegic solution and experi-
mental protocols. Representative photographs were taken of
three different parts of incubated cell culture dishes.

Determination of Cell Viability

Due to cell viability measurement, tetrazolium bromide
(MTT) assay was performed based on mitochondria dehy-
drogenase activity. Primary porcine cardiomyocytes were
seeded at a density of 4x10* cells/well in a 96-well plate
until 80% confluence was reached. The suitable time for
simulated ischemic reperfusion injury was done by incubat-
ing cells with sI/R at several time points and cell viability was
accessed by MTT assay. In addition, the cells were incubated
for 24 hours either in the 5 ng/mL of GBR extract or 1%
St. Thomas cardioplegic solution or both before being sub-
jected to sI/R. After that the culture media was discarded,
0.5 mg/mL MTT reagent was added, and incubated for 2
hours at 37°C. At the end of the incubation period, the excess
MTT reagent was removed and DMSO was added to solu-
bilize the formazan dye. The optical density (OD) was deter-
mined by a spectrophotometer at A 595 nm using DMSO as
a blank. The relative percentage of cell viability was com-
pared against the control group.

Cardiopulmonary Bypass (CPB) Surgery

in a Porcine Animal Model

The surgical procedure to open the heart was performed

according to a well-accepted technique with modifications.*®
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Briefly, pigs were anesthetized with propofol (0.2 mg/kg) and
underwent tracheal intubation for subsequent mechanical ven-
tilation. The tidal volume and the minute volume were adjusted
to produce an arterial carbon dioxide tension of 35-45 mm Hg.
Anesthesia and paralysis were maintained by inspiration of
isoflurane (1-5%) and intermittent boluses of fentanyl (2 pg/
kg). An arterial line was inserted into the left femoral artery and
a central venous line was inserted into the right atrium.
Electrocardiogram, arterial blood pressure, oxygen saturation
from pulse oximetry (SpO5), heart rate, and rectal temperature
were monitored throughout the procedure.

The operations with cardiopulmonary bypass (CPB)
included a roller pump, arterial cannulation, venous cannu-
lation, and mild systemic hypothermia (32-36°C) (Figure 1).
The CPB circuit was filled with a priming solution consist-
ing of 50 mL of sodium bicarbonate, 50 mL of gelofusine,
20% mannitol (5 mL/kg), and 800 mL acetate Ringer’s
solution. Heparin (300 IU/kg) was administered to maintain
the activated clotting time over 480 seconds.”’ CPB was
initiated at a flow rate of 100—150 mL/kg/min and adjusted
to produce a minimal mean arterial pressure of 50 mmHg.
Pigs in the experimental groups were cooled to 32°C.
Cardiac arrest was achieved by ascending aorta cross-
clamping for 20 minutes and adding either St. Thomas
cardioplegia solution (20 cc/kg) or combined with GBR
(1 mg/kg) into the ascending aorta for cardiomyocytes pro-
tection during the 20 minutes interval of cardiac arrest.
Hemodynamic parameters and arterial blood gas were mon-
itored dividing into four phases including T1; before CPB,
T2; during CPB, T3; aortic clamp-on, T4; aortic clamp off.
When the animals were cooled to the rectal temperature of
32°C, the arterial flow rate decreased to 50 mL/kg/min.
After releasing the cross clamp, the animals were rewarmed
to a core temperature of 36-37°C and weaned from the CPB
circuit. The animals were euthanized 2 hours after the clamp
was removed.

Statistical Analysis

All experiments were performed at least three independent
experiments. All data are presented as meanststandard
deviation (SD). Comparisons among groups were assessed
for significance using one-way analysis of variance
(ANOVA) followed by Tukey Post hoc test. Some para-
meters, which were compared between two groups or
different time points, were measured for significance using
a two-way analysis of variance (ANOVA). GraphPad Prism
8 software was used for all statistical analyses and p<0.05
was taken to indicate a statistically significant difference.

Results
DNA Amplification of cMYBPC3 Gene

c¢cMYBPC3 is a cardiac isoform of myosin binding protein
C.*° This protein plays a role in the regulation of cardiac
contraction. The mutation of cMYBPC3 had reported in
the association with familial hypertrophic cardiomyopathy
and was found to be dephosphorylated in I/R injury.®' In
this study, we performed DNA amplification of cMYBPC3
gene by PCR method as described before. In particular,
PCR condition has successfully amplified the fragments of
cMYBPC3 in primary porcine cardiomyocyte isolated
from the right atrium (RA). The gel electrophoresis detec-
tion exhibited the target band at 242 bp as shown in
Figure 2. This result suggested that the cMYBPC3 gene
was detected in primary porcine cardiomyocytes.

Optimization of Time for Simulated
Ischemia/Reperfusion (sI/R) Injury in

Primary Porcine Cardiomyocytes

Primary porcine cardiomyocytes were subjected to different
time points of simulated ischemia (0—120 minutes), followed
by cell viability measurement. The results demonstrated that
simulated ischemia decreased cell viability in a time-
dependent manner (Figure 3). The sI/R at times varying
from 10 minutes to 30 minutes did not affect the cell viability
of primary porcine cardiomyocytes than control. The sI/R
periods from 40 minutes to 120 minutes significantly reduced
the percentage of cell viability, respectively. In this study, we
preferred the condition of sI/R at 40 minutes as a sI/R
protocol for examining the sI/R injury-induced cell death.

Optimization of Cardioplegic
Concentration in Primary Porcine

Cardiomyocytes

To further evaluate the optimized concentration of
a cardioplegic solution, primary porcine cardiomyocytes
were incubated with various percentages of cardioplegic
solution, consisting of 1% to 50% for 24 hours. At the end
of incubation times, cell morphology and the percentage of
cell viability were acquired. The microscopic results were
demonstrated in Figure 4A while the percentage of cell
viability was represented in Figure 4B. The primary por-
cine cardiomyocytes in control condition showed
a spheroidal shape, while 1% of cardioplegic condition
did not change the morphology of cardiomyocytes. These

results were constantly similar to the percentage of cell
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Figure | Diagrammatic representation of cardiopulmonary bypass surgery in a porcine experimental model. The open-heart surgery procedure was performed on the
median sternotomy. An arterial cannula was placed in a femoral artery, and a venous cannula was inserted into the right atrium. Both cannulas were connected to the CPB
circuit. Venous blood was drained from the right atrium cannula to the blood reservoir and delivered to the oxygenator, the artificial lung, by the CPB pump. The blood was
then returned to animal circulation via the femoral artery. Spill-blood was returned to the blood reservoir through a suction line. Blood in the heart chambers was drained
by vent line. Cardioplegic solution and GBR solution were supplied to protect the myocardium and stop the heart beating during surgery.
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Figure 2 DNA amplification by PCR examined in primary porcine cardiomyocyte
cell isolated from the right atrium (RA). Fragment of the expected size for MYBPC3
gene (242 base pairs) was amplified successfully in the sample.
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Figure 3 Optimization of time for simulated ischemia/reperfusion (sl/R) injury in
primary porcine cardiomyocytes. The cells were incubated with different time
points varying from 10 to 120 minutes. The percentage of cell viability was mea-
sured by MTT assay (n=4). Each bar graph represents the meantSD. One-way
ANOVA analyzed data with Tukey's Multiple Comparison Test, *p<0.0l,
**p<0.0001 compared to control.

viability (Figure 4B). Interestingly, 5% and 10% cardio-
plegic condition initially led to widespread and flat mor-
phology of primary porcine cardiomyocytes. Damage with
25% and 50% of cardioplegia solutions sharply resulted in
membrane destruction and development of apoptotic
bodies (Figure 4A). Consistently, the percentage of cell
viability remarkedly decreased in various concentrations
of cardioplegic solutions, varying from 5% to 50%,

4B).
a cardioplegic solution concentration at 1% for down-

respectively  (Figure Therefore, we provided

stream further experiments in this study.

Effect of GBR Co-Treatment with
Cardioplegic Solution in Primary Porcine

Cardiomyocytes

The cardioprotective effect of GBR has been revealed in
a previous study.”'*? However, the effect of GBR treat-
ment combined with cardioplegic solution has not been
explored yet. To investigate whether the combination of
GBR and cardioplegic solution protected against sI/R
injury, cell viability of primary porcine cardiomyocytes
cultured in experimental conditions for 72 hours were
determined by MTT assay. As shown in Figure 5A and
Figure 5B, a marked reduction of cell viability was
detected in primary porcine cardiomyocytes subjected to
sI/R condition compared with the control condition (100%
+0 vs 63.34%=+6.22). This result agreed with the appear-
ance of cell morphology results from light microscopy
(Figure 5A). Pretreatment of either GBR or cardioplegic
solution significantly greater brought the percentage of cell
viability back to a similar level of primary porcine cardi-
omyocytes cultured in the control group (100%+0 vs
84.35%+3.48, 100%+0 vs 86.86%+4.00, respectively).
Consequently, cells in cotreatment with GBR and cardio-
plegic solution subjected to sI/R exhibited an effective
increase in cell viability compared to the control condition
(100%+0 vs 84.44%+4.87) (Figure 5B). This result sug-
gested that either GBR combined with cardioplegic solu-
tion or those alone in these treatments exerts a protective
effect against sI/R induced primary porcine cardiomyo-
cytes injury in a similar fashion.

Effect of GBR Treatment on
Cardiopulmonary Bypass Surgery

The cardioprotective effect of GBR has been unveiled
on primary porcine cardiomyocytes subjected to sI/R. To
gain more insight and further confirm the cardioprotec-
tive effect of GBR, cardiopulmonary bypass surgery was
performed in an experimental animal model. Six pigs
were randomly divided into two groups. The control
group (Con, n=3) received a St. Thomas cardioplegic
solution, while the GBR treatment group (GBR, n=3)
received both GBR and St

solution.

Thomas cardioplegic
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Figure 4 Optimization of cardioplegic solution concentration in primary porcine cardiomyocytes. The cells were cultured in various cardioplegic solution concentrations,
consisting of 1-50% for 24 hours. (A) The change of cell morphology was captured under microscopy (10X). (B) The percentage of cell viability was examined by MTT assay
(n=3). Each bar graph represents the mean+SD. One-way ANOVA analyzed data with Tukey’s Multiple Comparison Test, NS = not significant, *p<0.0001 compared to

control.

Effect of GBR Treatment on Clinical
Characteristics of the Animal Model

The clinical characteristics of animals undergoing cardi-
opulmonary bypass (CPB) surgery are represented in
Table 1. The result showed increased body weight,

heart rate, total cardioplegia volume, and dopamine
dose in the GBR group compared to those who received
GBR. On the other hand, some CPB parameters, includ-
ing cooling time, rewarming time, and CPB time,
demonstrated an assistive trend in GBR group animals.
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Figure 5 Effect of GBR cotreatment with cardioplegic solution in primary porcine cardiomyocytes subjected to sl/R injury. The cells were pretreated with GBR and
cardioplegic solution for 24 hours. (A) The change of cell morphology was captured under microscopy (10X). (B) The percentage of cell viability was accessed by MTT assay
(n=4). Each bar graph represents the mean+SD. One-way ANOVA analyzed data with Tukey’s Multiple Comparison Test, ¥p<0.0001 compared to control; #p<0.05,

##P<0.01, ####P<0.00] compared to sl/R.

However, there was no significant difference in all
parameters.

Effect of GBR Treatment on

Hemodynamic Data of Animal Model

Hemodynamic parameters and arterial blood gas were
monitored until the end of the experimental procedure.
There are four phases of time points, including T1; before
CPB, T2; during CPB, T3; aortic clamp-on, T4; aortic
clamp off. Heart rate and mean arterial pressure showed
a fluctuated pattern several times in the control and GBR
group (Figure 6A and B). Consistent with Table 2, para-
meters of pH, Pco,, Po,, and oxygen saturation were not
statistically significant differences between the two groups

at different time points. Moreover, animals in the GBR
group represented a reduction of sodium, potassium, and
lactase concentration. These results suggested that animals
receiving GBR plus cardioplegic solution could exert
a more significant potential cardioprotective effect.

Effect of GBR Treatment on Blood
Chemistry Profile of the Animal Model

The blood chemistry profile was observed in the control
group and GBR group, as shown in Table 3. This result
represented a higher value of white blood cell count,
platelets, and BUN, while the percentage of hematocrit,
creatinine, and plasma protein was decreased in the GBR
group compared to the control group. However, there were
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Table | Clinical Characteristics of Animals

Characteristics CON GBR p-value
Body weight (kg) 35.3345.33 40.27+4.63 0.85
Heart rate (BPM):T1 91.33x10.73 | 123.67+23.25 0.35
Cooling time (min) 35.00+2.89 30£10.00 0.15
Rewarming time (min) 31.67+7.26 15+£2.89 0.27
Cross-clamping time (min) 20.00+0.00 20.00+0.00 -
CPB time (min) 66.67+6.67 60+5.77 0.85
Total cardioplegia volume | 233.33%16.67 250+28.87 0.50
(mL/kg)

Dopamine dose (ug/kg) 0.33+0.33 2+1.00 0.20

Abbreviations: CON, control group; GBR, Adding GBR group.

no statistically significant differences between groups,
except hepatic profiles such as ALP and ALT. Therefore,
this result suggested that GBR might potentially protect
liver function.

Discussion

In this study, we highlighted the experimental models to
establish the potential effect of GBR on cardioprotection that
is necessary to improve the therapeutic approaches following
cardiovascular diseases. We constantly presented evidence
indicating the cardioprotection effects of GBR in ex vivo
studies and animal models. Firstly, we attempted to clarify
the cardiomyocyte by detecting the cMYBPC3 gene by PCR
method (Figure 2). cMYBPC3 is a cardiac isoform of myosin
binding protein C, a sarcomeric protein, and plays a crucial
role in regulating cardiac contraction.>' It has been reported
that cMYBPC3 mutation was associated not only in familial
hypertrophic cardiomyopathy but also found to be depho-
sphorylated in I/R injury.*® The experiment of primary porcine
cardiomyocytes established a significant increase of cell via-
bility in cotreatment of GBR and cardioplegic solution

150~ -o- Control
-m- GBR
= 100
E
g
< 50
-
0 T T 1 T

T1 T2 T3 T4

(Figure 5). Interestingly, we found that adding GBR into
cardioplegia solution effectively preserved myocardial func-
tion similar with standard cardioplegic solution during open-
heart surgery under CBP in the porcine experimental model
(Figure 5). Furthermore, animals that received GBR could
reduce the parameters of cardiopulmonary bypass-related
myocardial ischemic-reperfusion injury (Tables 1-3). The
data obtained from this study provided a novel insight into
the cardioprotective activity of GBR due to its biologically
active compounds. The in vivo model established by open-
heart surgery can mimic the pathophysiological changes dur-
ing ischemic-reperfusion. However, the in vivo model has
a disadvantage in the number of laboratory animals.
Although the animal’s number should increase for analyzing
our data, we still gain valuable results in understanding the
cardioprotection induced by germinated brown rice treatment.

Bio-functional foods, especially GBR, have gained
their

properties.'*!>?* However, a few previous studies pros-

extensive attention due to health-enhancing
perously published the potential effects of GBR on cardiac
protection, including anti-inflammation, anti-oxidant, and
anti-arrhythmia.>'* They found that GBR demonstrated
the cardio-protective effects against ischemic- reperfusion
injury both in vitro and in vivo experiment from chronic
myocardial injury. A study in H9c2 cells revealed that
GBR exerted its cardioprotective effects by preserving
mitochondria function regarding mitochondria membrane
potential and mitochondria respiration.”* The fact that
possible mechanism by which p-38 MAPK pathway
plays a critical role in cardioprotection of GBR against
apoptosis.”> Also, as previous study demonstrated the
bioactive compounds of GBR protect cardiac cells against
I/R injury via reducing the necrotic cell death and

250 -o- Control

-m- GBR
200+

HR (bpm)
S o
o o
1 1

1%
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1
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Figure 6 Effect of GBR treatment on hemodynamic data of the animal model. (A) Mean arterial pressure (mmHg), (B) Heart rate (bpm). Each group’s data collection was
divided into four times; T| = before CPB, T2 = during CPB, T3 = aortic clamp-on, T4 = aortic clamp off. The dark circle line represented the data of the control group
(N=3). The square dark line represented the data of the GBR group (N=3). All data expressed the mean+SD. Two-way ANOVA analyzed data. p<0.05 was considered
a statistically significant difference.

Abbreviations: MAP, mean arterial pressure; HR, heart rate; mmHg, millimeters of mercury; bpm, beat per minute; CPB, cardiopulmonary bypass.
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Table 2 Arterial Blood Gas Characteristics of Animals

Parameters TI T2 T3 T4
pH 7.410.02 7.5£0.04 7.5£0.06 7.4+0.03
CON
GBR 7.320.01 7.6£0.08 7.5£0.09 7.4+0.06
Pco, (mmHg) CON 59.2+3.8 43.7£35 43.2+5.9 46.3+5.5
GBR 50.6%13.9 38.0+9.9 37.2£11.05 40.1£10.3
Po, (mmHg) CON 435.6144.05 509.9+60.6 509.6£12.7 504.2+41 .4
GBR 368.5+54.3 573.6x14.6 560.6+10.4 550.6+6.7
SpO, (%) CON 99.7+0.03 99.65+0.04 99.3£0.2 99.610.1
GBR 99.6+0.03 99.3+0.05 99.240.1 99.240.3
Na* (mmol/L) CON 144.3x1.3 138.4+1.8 126.2+7.2 133.6+1.8
GBR 132.2+3.6 139.6+2.5 134.5+3.4 137.5+0.8
K* (mmol/L) CON 3.3x0.01 4.3+0.03 5.1£0.4 5.310.6
GBR 3.310.1 4.2+0.5 4.4+03 4.620.2
Lactase (mmol/L) CON 5.5%0.8 10.6+0.3 12.4+4.1 14.4+2.8
GBR 9.2+0.8 82x1.7 9.1£1.4 9.2£1.5

Abbreviations: CON, control group; GBR, Adding GBR group.

Table 3 Blood Chemistry Profiles of Animals
Parameters CON GBR p-value Reference Range
WBC (x10%/ul) 15.04+0.66 17.92x1.62 0.28 6-17
Platelets (gm%) 497.66+37.13 533.50+53.42 0.65 2-9x10°
Hematocrit (%) 29.66+0.88 25.00+3.03 0.16 30-35
ALP (U/L) 201.33+3.76 138.75+29.89 0.03* <200
ALT (U/L) 60.66+23.7 16.00+3.03 0.03* <89
BUN (mg%) 10.23+2.58 13.88+1.82 0.66 <34.5
Creatinine (mg%) 1.13+0.06 1.11£0.13 0.35 <18
Plasma protein (/uL) 6.33+0.33 6.1+0.31 0.94 5-7.5

Abbreviations: CON, control group; GBR, Adding GBR group; WBC, White blood cell; ALP, Alkaline phosphatase; ALT, Alanine aminotransferase; BUN, Blood urea

nitrogen.

LDH and IL-4."
Consistent with a previous study, GBR is able to decrease

inflammatory cytokines such as
and obviate the reactive oxygen species (ROS) which is
excessively produced during cardiac reperfusion injury
and related to the inflammation process.”” Accumulated
with the present in vivo study, we represented that GBR
treatment prompted cell viability in isolated primary por-
cine cardiomyocytes against sI/R injury. Therefore, it pro-
vides the ability on anti-inflammatory action.

Importantly, there were several bioactive compounds of
GBR that assisted the health-advantage activities.'>** The
significant active substrates of GBR extract have been
demonstrated as anti-inflammatory, anti-arrhythmia, antidia-

betic properties, anti-obesity, and anti-oxidant.'*?!=% Tt

seems that the anti-inflammatory effect of GBR is due to
enrichment of flavonoid and phenolic compound contents. It
has been documented that flavonoid significantly prohibited
a number of inflammatory mediators and prevents the synth-
esis of prostaglandins.* The compound which contributes to
these effects of GBR is not yet fully clarified. In addition, the
present study indicated a maintenance of liver function by
declining of ALP and ALT on animals receiving GBR. It has
been shown that high flavonoid and phenolic compound in
ginkgo biloba extracts exhibited an elimination of lipid
synthesis and liver secretion in non-alcoholic fatty liver dis-
ease via ameliorating endoplasmic reticulum stress signals
activation.”* Indeed, clinical parameters of hepatic profiles
characterized the damage in liver such as hepatocyte
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inflammation, oxidative stress, and liver injury.>> Therefore,
we can assume that GBR exhibits an anti-inflammatory
activity via preserving liver function.

According to the present findings in primary porcine car-
diomyocytes, GBR co-treatment with cardioplegic solution
provided cardioprotection similar to a cardioplegic solution
alone. Hence, we further aimed to investigate the protective
effect of GBR on cardiac surgery under CPB. Cardiac surgery
under CPB is the most common method that significantly
applies in clinical practice. CPB is non-physiologic circula-
tion, leading to adverse effects such as organ dysfunction.*®
Due to that, it has also been reported that open-heart surgery
under CPB eventually triggered an acute systemic inflamma-
tion response.”” Myocardial damage during the surgical pro-
cedure is one of the main contributors to morbidity and
mortality after heart surgery.*® Therefore, myocardial protec-
tion is strictly concerned during the operation. Literally, there
are two major principles for myocardial protection, including
cardioplegic solution and the hypothermia process.® Both
principles result in the reduction of cellular metabolism and
energy consumption, and myocardial preservation.”” A variety
of cardioplegic types have been applied depending on the
hospital center.

In this animal study model, we preferred the experi-
ment in the porcine open-heart surgery. St. Thomas cardi-
oplegic solution (20 cc/kg), a standard cardioplegic
solution, was administered for 20 minutes with mild
hypothermia (32°C) to arrest the heart and preserve the
myocardium. At the same time, animals in the cotreatment
group received the cardioplegic solution mixed with GBR
(1 mg/kg) as the same protocol. The clinical parameters
related to a surgical procedure on the effect of GBR
cotreatment with a cardioplegic solution were reported.
Our results demonstrated that animals in the GBR group
exhibited a more significant characteristic of cardiopul-
monary bypass surgery parameters such as cooling time,
rewarming time, and CPB time (Table 1). In agreement
with a previous study, they reported that less CPB time
with hypothermia significantly improved organ perfusion
and reduced the inflammatory response.*® Together with
a study in ischemic stroke mice, the researcher documen-
ted a
inflammatory activity.*' Regarding the present study, we

therapeutic hypothermia owing to its anti-
performed open-heart surgery under CPB with hypother-
mia to preserve myocardial function. Therefore, the appli-
cation of GBR with standard cardioplegic solution
potentially showed a similar pattern on myocardial protec-
tion when compared to animals giving only standard

cardioplegic solution. It seems like that GBR provided
a protective effect against myocardial damage during
open-heart surgery under CPB due to its bioactive com-
pounds and acted as an anti-inflammatory response.

Aside from that, GBR combined with cardioplegic solu-
tion significantly exhibited a significant reduction of hepatic
profiles, ALT and ALP with shorter CPB time, cooling time,
and rewarming time (Table 3). Indeed, the pathogenesis of
liver dysfunction following open-heart surgery depends on
multi-factors.>*** A previous study has reported the associa-
tion of prolonged CPB time and the increase of liver
enzymes.” As mentioned above, GBR might demonstrate
a liver preservation caused by an anti-inflammatory activity.

To collaborate with the result in this study, this finding
demonstrated an excellent clinical parameters trend with
arterial blood gas characteristics (Table 2) and the percen-
tage of hematocrit, creatinine, and plasma protein
(Table 3) in adding the GBR group. Several studies
explained the systemic inflammatory response and oxida-
tive stress from surgery under CPB (36). Lactate produc-
tion is an end-step of anaerobic metabolism that can refer
to adequate myocardial protection and sufficient organ
by CPB during
Consistent with our finding, animals in GBR groups gently

perfusion open-heart  surgery.*
exhibited a lower lactate production level throughout the
surgical procedure. This data suggested that GBR might
enhance organ perfusion and get rid of lactic acidosis
undergoing open-heart surgery.

Similarly, mean arterial pressure and heart rate were
well improved in animals receiving GBR but not
a statistically significant difference (Figure 6). This result
is consistent with the previous finding that consumption of
GBR was capable of heart function as anti-arrhythmia
activity in the chronic myocardial ischemia model.?!
These findings led to the idea that GBR cotreatment with
the cardioplegic solution could be more significant for
cardioprotection during cardiac surgery under CPB.

Conclusion

This study demonstrates the protective effects of GBR in
primary cell culture against simulated ischemic-reperfusion
injury. The cardio-protection of GBR was also investigated
by open heart surgery under CPB. This study concluded that
GBR cotreatment with standard cardioplegic solution might
have exhibited a similar efficacy on myocardial protection
during the surgical operation. However, definitive proof of
cardiac protection of GBR is required further investigation.
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