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ns:@mta:né”mtﬁa (musculoskeletal) laun ’lTaL?}aﬁJ (osteoarthritis) Sl (gout) gfgl,ﬁmna
ﬂéﬁmﬁa (loss of muscle mass) ﬂi:@ﬂﬁyﬂ (fracture)

ga3lan (hormone) laun twmau (diabetes) fﬂ‘lﬂmﬁ:@ (menopause) sUTaHa (thyroid)
ABLAALABIARFY (high blood cholesterol) MILHIHANY (FUaALl) maas’wnwnmzum%aﬁw
(slow overall metabolism)
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N33R (visual) b ﬁ;@mwfmﬁammw (macular degeneration) 6891 (glaucoma) @18
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walowaznaaadon ldun waleay (heart attack) walaguiwaaisanss (congestive heart
failure) 39mzialaldsainiane (irregular heart thythm — atrial fibrillation) anuanlafagy (high
blood pressure — hypertension, atherosclerosis WaaaliaaLALLAzIDY) lsAnaealfansindais

(peripheral artery disease M3 bAaLiuAan id auldunaaNraaaRaady)
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16.

laa loun Iiﬂﬂaﬂq@ngul,%?a% (chronic obstructive pulmonary disease) gwyiFnUTu1asLloa

(loss of lung volume)
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Awstouazust leun wusa9 (hair loss) @amtisurs (dry skin) @3 (itching) Ms@aLda (infection)

a5 leun @aNgNWNAIN (prostate) aldlnal (colon) Uaa (lung) Léua  (breast) NIzLWZ

Usane (bladder) 3412 (ovary) @9 (brain) AUBa (pancreas)

lanszanuazszuugiaiunin laun ldewsonfaosdidaiionuasnaifiss  (anemia,

myelodysplasia)

NILINITDIAITUALAN LA bAUA WHANTZLNIZDIWNT (stomach  ulcer) lyagenbadldaniay

(diverticulosis) &1'l&lwnjeniay  (colon  inflammation) NAW&1LNN (swallowing  difficulty -
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(hemorrhoids)
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infection) J8TAANUWILEULIZEM (shingles) s1ldlnaifiaide (diverticulitis, colitis)

a2y (psychiatric) oA Suain (depression) n9a (anxiety) SUNIBNITUAY (sleep interfering)

uaulinay (insomnia)

Taywvialyl ldun

« nilapan (fatigue —adrenal)

= gz lU@ (deconditioning — Wunszuaunstudenyasmitasuudssassingmasain’
n3zfeias (inactivity) wawlfes (bed rest)

« 51 LUUMIEUARTIAlIuouaNn (sedentary  lifestyle) LﬁuwaslﬁgzyL?{ﬂmiﬁmﬁﬁﬁluﬁm
gnzaala (mental status), seaumIzala (incontinent), wazAMUEIRNTDNAZYNAINTINVES
F3aUses1Iuld15a (accomplish activities of daily living)

= MIAN (forgetfulness)

s NaliRILUszRIAINNTlEEN (medication side effect)

= AMNUBYINAINIRARY (diminished appetite)

= smiinan (weight loss)
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- TIMNWINY (gerontology) %%amsu’%msq"umwﬁu
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TN (availability of services in the community)

- MR INUNBINTUS Lﬁas:qmm’]mﬁmﬂu ﬂytgm WaTMITIBWR eI N

MIUJuAuuuna1sd@ (multidimensional approach)
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3. 9 agaﬂi:ﬁﬂaﬁmmmwwﬂ (medication profile assessment)

4. mIdssfiufanssumseIngses1u (activity of daily living — ADL) waznsussifiumsld
aunsallgmaslufanssumsld®ingezd1iu (instrumental activity of daily living — IADL)

5. mydszdinenuifesfgaiunisanwnay (fall risk reduction)

6. midduanudasansluiiu (home safety assessment)

7. mydssifnenulasunnms (nutritional assessment)

8.  mIvszidunizduain (depression assessment)
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12, MIUszIuAUENARTINIY (balance management)
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nsdssdnanie

1. ﬂ’li@i’;ﬁ]iﬁym’]mﬁw (vital sign) LT aqm%n“ﬁ (temperature) Ty (pulse) wela (respiration)
ANNAKIaTAA (blood pressure)

2. mwﬁuﬁ"maoaaﬂs‘ﬁl,ﬁm (oxygen saturation)

3. szeutnenaluldaansseneawis (fasting blood sugar) i:@”ﬂﬁwmalwﬁa@q}umm (random
blood sugar)

4. mMyUsztdun1InmenIw (physical assessment) Lﬁmﬁ'u
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Research Article

Effect of Boesenbergia rotunda (L.) Mansf. on seminiferous epithelial cells ratio

and sperm count in mature male rats

Jureeporn U-pathi1, Paiwan Sudwanz*

! Department of General Education, Kanchanabhisek Institute of Medical and Public Health Technology,
Nonthaburi Province 11150
z Department of Anatomy, Faculty of Medicine, Chiang Mai University, Chiang Mai Province 50200

* Correspondence to: paiwan.sudwan@cmu.ac.th

Naresuan Phayao J. 2018;11(1):4-11.

Abstract

The study was aimed to determine the seminiferous epithelial cell ratios in mature male rats treated
with Boesenbergia rotunda (L.) Mansf. or Krachai (name in Thai). Thirty-two mature male Wistar rats were
equally divided into four groups: the control group received 1 mlL/day of distilled water while the three
experimental groups were orally given B. rotunda juice of 60, 120 and 600 mg/kg BW daily for 30 days. The
testicular weight, sperm count, and stage VII-VIIl per of the seminiferous epithelium cycle were counted to
calculate the cell ratios of spermatogenic cell type to Sertoli cell. The results showed that no significant
change in testicular weight or the ratios of round spermatids to Sertoli cell. In comparison with the control, the
120 mg/kg BW group demonstrated the significant changes in type A spermatogonia ratio, pachytene
spermatocytes, total number of germ cells to Sertoli cell, as well as Sertoli cell index (SEI). While, 600 mg/kg
BW group had significantly increased (p<0.05) in the sperm count, as well as 120 and 600 mg/Kg BW group
in the spermatozoa-Sertoli index (SSEI). The B. rotunda juice has probably increased reproductive parameter

and sperm quantity in mature male rats.
Keywords: Boesenbergia rotunda, seminiferous epithelial cells ratio, Sertoli cell, sperm count, male rat

Introduction

The common health problems for older men are erectile dysfunction (ED), prostate disease, and
lower urinary tract problems. [1] In particular, ED has been proposed as an indicator of men’s health and was
found in 10 to 20% of men in many countries, the problem affects the quality of their life and well-being. [2]
There are several methods to improve ED such as the use of medical, psychological and pharmacological
therapies. [3] For hundreds of years, the folk medicines have been widely used as food ingredients, dietary
supplements, and sexual enhancer for males. [4] Some of these plants were used to treat and relieve the
illness in various forms such as extractions and juices. Herbs had been used for therapeutic and health

promotion at local places for a long time by pursuing the ancient herbal recipes, books, or hearsay. [5]
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In Thailand, several medicinal plants have
been utilized in daily living for a long time. They
applied via food ingredient, juice, alcoholic drink,
and traditional medicine. Boesenbergia rotunda (L.)
Mansf. is a member of the Zingiberaceae (ginger
family), known as Krachai in Thai. [6] It is
indigenous plants of India, Sri Lanka, southern
China, and Southeast Asia countries. [7] The fresh
rhizome ftraditionally used as a food ingredient
according to aroma characteristics, as well as a
traditional herb for alleviation of colic disorders, oral
diseases, abdominal pain, anti-flatulent, leukorrhea,
health promotion, and even herbal aphrodisiacs. [8]

In 2008, B. rotunda was approved as
traditional herbal medical prescripton by the
National List of Essential Medicines (NLEM). [9]
Several medicinal plants are used for aphrodisiacs;
such as Kaempferia parviflora or Krachaidum,
[4,10] and Eurycoma longifeli (Tongkat Ali). [11,12]
Butea Superba and B. rotunda extracts had been
demonstrated an increase  tendency  on
seminiferous tubules diameter, testis, and seminal
vesicle weight. [13,14] Beside, B. rotunda juice
might enhance the progressive movement of the
sperm motility, normal sperm morphology, and
stages VII to VIII of the seminiferous epithelium
cycle in mature male rats. [15]

The study was aimed to determine the
seminiferous epithelial cell ratos among the

assigned male rats with B. rotunda juice.

Material and Method

Preparation of B. rotunda juice

The fresh rhizomes of B. rotunda had been
procured from Chiang Mai province, Thailand. The
specimens were weighed, washed with water, air-
dried, cut into small pieces, put in the blender, and
finally filtered. The fresh juice was kept safely 4°C
refrigerator.at for three days, and need the

rearrangement.
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Animal and assignment

The study protocol was approved by Animal
Ethics Committee, Faculty of Medicine, Chiang Mai
University (Certificate No.11/2551). Thirty-two male
Wistar rats (Rattus norvergicus), 6 weeks old, were
purchased from the National Laboratory Animal
Center. The rats were housed in a cage for two or
three, well ventilated and air-conditioned (12 h: 12
h, light: dark cycle; at 25 £ 2°C). After 1-week
acclimatization, the animals were fed with
commercial food pellets (CP. No. 082) with tap
water ad libitum. Each experimental group was
passed a feeding needle down the esophagus to
deliver study substance of 60, 120 and 600 mg/kg
BW once daily for 30 days, while the control group
was received 1 mL distilled water.

Sperm count and seminiferous epithelium

examination

Thirty days after the animals were anesthetized
and sacrificed to assess the parameters.

The right cauda epididymis was cut into small
pieces, and dispersed in 10 mL of 0.9% normal
saline to obtained the suspension, and transfer to
Neubauer chamber for sperm counting.

The testes were immediately fixed in 4%
paraformaldehyde, dehydrated in ethanol, and
finally embedded in paraffin wax. The section’s
thickness was around 4 pm thick, and stained with
periodic acid-Schiffs reaction (PAS) and counter-
stained with hematoxylin on the glass slide.

The stages VII and VIII of seminiferous
epithelium cycle were identified based on the
development of the acrosome and the morphology
of nuclear development of spermatid and sperm.
[16] The sampling cycles at this stage consisted of
10 rounds or nearly round seminiferous tubules
from each animal, [17] and taking digital photo-
micrographs under the light microscope (Olympus

AX70).
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The total number of spermatogenic cells and
Sertoli cells were counted with Image tool
processing, and analysis program version 3.0.
Spermatogenic cell nuclei were counted according
to the following: dark and pale type A
spermatogonia, pachytene spermatocytes, and
round spermatids. Moreover, the total numbers of
Sertoli cells were counted from their nuclei per
seminiferous tubule cross-section.

The ratios of each spermatogenic cell types:
type A spermatogonia, pachytene spermatocytes,
and round spermatids per Sertoli cell were

obtained. [18,19] The pachytene primary
spermatocytes/type A spermatogonia estimated
the coefficient of efficiency of the mitosis of
spermatogonia.

The round spermatids/type A spermatogonia

was used to obtain the overall rate of

spermatogenesis. The round spermatids/
pachytene spermatocytes were used to get the
speed of germ cell loss during meiosis (meiotic
index). Round spermatids/SertoIi cell nuclei were

utilized to estimate the Sertoli efficiency; total

number of germ cells/Sertoli cell nuclei, to obtain
the total support capacity of each Sertoli cell. In
addition, the Sertoli cell index (SEl) was
determined as the number of Sertoli cells per 100
spermatogenic cells as an index of spermatogenic
activity and tubular germ potential. The spermatic
index (Sl) was determined as the number of
spermatozoa per 100 spermatogenic cells as an

index of spermatogenic activity, and the

Naresuan Phayao Journal

spermatozoa-Sertoli index (SSEl) was calculated
as the ratio of spermatozoa to Sertoli cells.

Statistical analysis

All  parameters are expressed as mean
(standard deviation, SD). A comparison of
statistically significant increase between
experimental groups and the control group was
calculated, using One-Way ANOVA at p<0.05
level. It was followed by the least significant
difference test for multiple comparisons, and the
Kruskal-Wallis and the Mann-Whitney Tests in

case of non-homogeneity variances. The SPSS

version 17.0 was used for all analyses.

Results

There were no statistical difference of the
body and testicular weight among the four groups
of rats. The stages VII and VIII of seminiferous
epithelium cycle among with normal
cytoarchitecture of the seminiferous tubules and
without histopathological alterations were
demonstrated. (Figure 1)

The ratios of each spermatogenic cell type
(type A spermatogonia, pachytene spermatocytes,
and round spermatids) per Sertoli cell implied to
the significant changes in the ratios of type A
spermatogonia, pachytene spermatocytes, total
number of germ cells per Sertoli cell and SEI
among 120 mg/kg BW group. (Table 1)

The mean (SD) of the sperm count was
significantly increased in 600 mg/kg BW group,
and SSEI were significantly different among 120
and 600 mg/kg BW groups, compared with the
control. (p<0.05) (Table 2)
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Left 200x magnification Righ 400x magnification

Fig 1 The stages VIl and VIII of seminiferous epithelium: A & B) control group; C & D), E & F), and G & H)
60, 120 and 600 mg/kg BW group. Left column (A, C, E, G), and right column (B, D, F, H) showed

magnification of 200x and 400x, respectively
Legend: DA=dark type A spermatogonia, PA=pale type A spermatogonia, B=type B spermatogonia, P=pachytene spermatocyte,

Rs=round spermatids, Es=elongate spermatids, S=Sertoli cells
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Table 1 Distribution of various B. rofunda juice concentrations and seminiferous epithelial cell ratios and

Sertoli cell index

Cell ratios; mean (SD) Control 60 mg/kg BW 120 mg/kg BW 600 mg/kg BW
Type A spermatogonia: Sertoli cell 1.73 (0.24)° 1.98 (0.2)" 2.20 (0.34) 2.08 (0.27)"
Pachytene spermatocytes: Sertoli cell 1.81 (0.31)° 2.07 (0.33)" 2.38 (0.44)’ 2.07 (0.36)"
Round spermatids: Sertoli cell 8.96 (1.17) 9.31 (0.83) 10.45 (1.63) 9.55 (0.85)
Total number of germ cells: Sertoli cell 12.51 (1.44)a 13.36 (1.04)ab 15.04 (2.3)b 13.70 (1.33)ab
Pachytene spermatocytes: Type A 2.66 (0.98) 2.66 (0.92) 2.56 (0.58) 2.32 (0.83)
spermatogonia
Round spermatids: Type A spermatogonia 13.00 (4.02) 11.74 (2.74) 11.15 (2.00) 10.63 (3.10)
Round spermatids: Pachytene 5.00 (0.56) 4.58 (0.73) 4.43 (0.54) 4.72 (0.76)
spermatocytes
Sertoli cell index (SEI) 8.08 (0.87)° 7.53 (0.62)" 6.78 (1.02)° 7.36 (0.75)"

b
° Different letters indicate significant differences between groups within each row (p<0.05)

Table 2 Distribution of various B. rotunda juice concentration and testicular weight, sperm count, and

testicular cytological indices

Cell ratios; mean (SD) Control 60 mg/kg BW 120 mg/kg BW 600 mg/kg BW
Testicular weight (g) 1.05 (0.05) 0.97 (0.05) 1.03 (0.05) 1.02 (0.10)
Sperm count (million/mL) 34.56 (4.48)° 46.34 (1.47)%° 50.95 (1.94) " 51.18 (5.25)°
Spermatic index (SI) (x10°) 1.38 (0.20) 1.45 (0.74) 1.72 (0.72) 1.87 (0.27)
Spermatozoa-Sertoli index (SSEI) (x10°) 1.71 (0.15)° 1.93 (1.00)" 2.47 (0.76)° 2.55 (0.38)’
,b
¢ Different letters indicate significant differences between groups within each row (p<0.05)
Discussion

The 120 mg/kg BW group had significant number.  Secondary  spermatocytes  quickly

changing ratios in type A spermatogonia,
pachytene spermatocyte, total number of germ
cells per Sertoli cell and SEI, as well as the 600
mg/kg BW group in the sperm count, and 120,
600 mg/kg BE in SSEI. The increasing number of
type A spermatogonia was harmonized with the
number of pachytene spermatocytes and total
number of germ cells. As type A spermatogonia
have been induced by testosterone, mitosis
proliferating and rising to type B spermatogonia,
and related to the elevated numbers of pachytene
spermatocytes, initiating meiosis | and becoming
primary spermatocytes. [20,21] Then the primary
spermatocytes produce smaller cells (secondary

spermatocytes) which reduce in the chromosome

undergo second meiotic division and produce two
haploid cells (spermatid). Finally, spermatids are
transformed into spermatozoa, occurring during
spermiogenesis. [20-22] Thus B. rotunda juice
might presume to have its  significant
spermatogenesis effect on sperm production.

The number of germ cells were determined
by the total support capacity of each Sertoli cell in
seminiferous tubules, [18,19] and each Sertoli cell
could support a limited number of germ cells and
the number of Sertoli cells are constant in the
adult animal. [23,24] According to increasing
number of germ cell, it might be postulated that
the study substance may play the essential role in

supporting Sertoli cells function. In addition, the
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seminiferous epithelial cell ratios and cell indices
(SEI, Sl and SSEI) may be useful for quantitating
spermatogenesis, as well as the differential count
of spermatogenic cell and cell indices. [25]

The SEI (index of spermatogenic activity
and tubular germ potential) was varied and
highest among mammalian species during
breeding season, [26-28] and SSEI (ratio of
spermatozoa to Sertoli cells) was increased to
support the germ cell development. [20,28] This
might be caused by the effect of the study
compound toward condensed lysosomes in Sertoli
cells, counteracting the increasing of SEI and
SSEIl such as K. Parviflora study. [29]

In conclusion, B. rotunda juice in optimal
proportion might effectively increase the ratio of
type A spermatogonia, pachytene spermatocytes,
total number of germ cells, sperm count, SEI, and

SSEI in mature male rats.
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Abstract

Improved survival of Lactobacillus casei Lc-01 with germinated black glutinous rice (G-BGR) was

investigated. Black glutinous rice (BGR) was germinated for 24 h, and 13.12 mg/100 g of gamma-amino

butyric acid (GABA, y-aminobutyric acid) was found. Total phenolic content of G-BGR/GRB for 24 h extract
sample was approximately 10.63/6.90 mg gallic acid equivalent (GAE)/g which indicated G-BGR might be a
functional food ingredient to enhance health functionality. G-BGR was expected to enhance the viable of
Lactobacillus casei (Lc-01) during fermentation. Incorporating G-BGR into fermented milk has slightly higher
the viability (bacterial count) of Lc-01 of 10.92 log colony-forming unit (CFU/mL) than native black glutinous
rice (BGR) of 9.87 log CFU/mL. Combination with G-BGR showed that treated fermented milk has pH of
4.52, and 0.73 % of lactic acid. After 3 days of storage, Lc-01 slightly increased, and acidity tended to
increase. G-BGR ingredient can be used as well as new substrate of Lc-01. It therefore applies as functional

ingredients.

Keywords: Germinated-black glutinous rice, fermented milk, Lactobacillus casei (Lc-01)

Introduction

There are many studies reported the important of phytochemical properties being beneficial to health
of a consumer. Colored rice (Oryza sativa L.) is stated as a good source of antioxidants. [1] Thailand has
several varieties of pigmented rice, for example, red rice, riceberry rice, and black rice (or purple rice) etc.
These pigments are abundant in layer of rice bran which enrich in antioxidant properties. Black rice is a good
source of nutritional including, cyanidin 3-glucoside and peonoidin 3-glucoside, the dominant anthocyanins in
black rice varieties are around 19.4 to 140.8 mg/100 g and 11.1 to 12.8 mg/100 g, respectively. [2] Cyanidin
3-glucoside and peonidin 3-glucoside were to inhibit the invasion and motility of SKHep-1 cells. [3]
Previously, many studies have determined the biological active substances, including cyanidin 3-glucoside,
peonoidin 3-glucoside and peonidin, phenolic compound, and oryzanol etc. [2,3]

Moreover, functional properties of colored rice can increase the nutrition value by germination
process. The soaking rice grain in water until tiny bud appeared is called the germination process. During
germination, the rice grain has a metabolic change which enriches in the health promoting substances such

as gamma-aminobutyric acid (GABA). Glutamic acid was synthesized by the glutamine oxoglutarate
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aminotransferase and glutamine synthetase cycle.
[4] Application of cereals-based in fermented dairy
products is widely used among novel food products
to promote the nutrition. Interestingly, the utilization
of rice grain as dietary ingredient has been used for
promoting lactic acid bacteria during fermentation.

Probiotics have several health benefits
associated with their consumption. The functional
properties of probiotic inculded decreasing in
lactose malabsorption, prevention of cancer, and
reducing risk of coronary heart disease. [5] The
International Dairy Federation suggested the
minimum level in concentration of living cells of 107
colony-forming units per gram (CFU/g) at the date
of product consumption. The viability concentration
of probiotic product have to contain in range of 108
to 10° CFU/mL. [6] However, the probiotic is
sensitive during food product processing. Several
factors might improve probiotic survival such as the
use of other food supplements, which act as a
probiotic growth promoter.

The study was aimed to apply germinated
black glutinous rice (G-BGR), as antioxidative
supplements in order to improve probiotic survival

in a fermented milk product%

Material and Method
Sample preparation
Black glutinous rice (BGR - Leum Pua cultivar)

was used. The dehusking of paddy was done, and

then the dehusked

germination process. The BGR was soaked for 4 h

rice was continued to
and afterwards the sample was drained and
incubated for 0, 12, 18, and 24 h. The germination
process was discontinued by steam for 15 min,
after that the samples were dried at 45°C until
reached 10 to 12% of moisture content. The
specimens were put in sealed plastic bags, and
keep in 4°C refrigerator.

Determination of total phenolic compound

One gram of sample was extracted using

extraction solvent (methanol: water, 80:20 v/v) (25
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mL), mixed for 24 h with magnetic stirrer, and
centrifuged at 2,500 g for 10 min (HIMAC CR 20B2,
Hitachi, Japan). The collected supernatant was
used for total phenolic compound according to
Sompong and colleagues’ method. [2]

Colorimetric method was used for analysis total
phenolic content. The 120 uL of extracted sample
was reacted with Folin's phenol reagent for 1 min.
960 pL of 7.5 M Na,CO; was added to mixture
solution and then, incubated for 30 min at room
temperature. The absorbance was measured at 765
nm by spectrophotometer. The amount of total
phenolic content was calculated using gallic acid at
concentration of 20, 40, 60, 80 and 100 mg/L as a
reference standard. The total phenolic content was
expressed as gallic acid equivalent (GAE) in
milligram of gallic acid/mg of sample. [2]

Fermented milk production

The GBGR to water ratio of 1:3 (w/w) was
mixed with 5% of skimmed milk powder. The
mixture slurry was blended, pasteurized at 90°C for
5 min, and cooled down to below 25°C. The
pasteurized sample was warmed up to 42°C, and
inoculated with probiotic Lactobacillus casei (Lc-01)
(CHR Hansen, Denmark). The mixtures were put
into the glass jars, and incubated in a water bath
(42°C) until pH up to 4.5. The fermented milk
samples were replicated in three times for all
analysis.

Determination of acidification profile

Value of pH and increasing in titratable acidity
of fermented milk samples were measured of final
product. For titratable acidity, the sample (25 g)
was titrated with 0.1 N NaOH using phenolphthalein
as indicator. [7] The amount of titratable acid value
was expressed as % acid equivalent to lactic acid

(% lactic acid) calculated using the below formula.

%% Lactic acid = NaOH (mL) x Normality x 0.009 x 100

Weight of sample (g)
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Enumeration of viable bacteria

Viable count of probiotic Lactobacillus casei Lc-
01 was counted with De Man, Rogosa and Sharpe
(MRS) agar media. To enumerate the Lc-01,
samples were serially diluted with peptone water,
and then plated on MRS agar (Hi Media Laboratory
Pvt. Ltd.,
incubated at 37°C for 48 h. Afterward the count of

Mumbai, India). The plates were
viable probiotic cells was carried out, and
expressed as log colony forming units per milliliter
(log CFU/mL). [8]

Naresuan Phayao Journal

Statistical analysis

Data is statistical analyzed using SPSS version
16. The experimental data were analyzed by one-
way ANOVA and p-value <0.05 was considered
statistically significant. Result were expressed as
means (standard deviation, SD) of at least three

independent measurements.

Results

Total phenolic content GABA, and gamma-

aminobutyric acid (standard deviation - SD) of G-
BGR/native BGR were 10.63 (0.84)/6.90 (0.36) mg

GAE/g and 13.13 (0.18)/4.72 (0.03) mg/100 g,
respectively. (Table 1)

Table 1 Functional properties of the native and germinated black glutinous rice

Functional properties Native BGR G-BGR for 24 h
Total phenolic content (mg GAE/g) 6.90 (0.36) 10.63 (0.84)
gamma-aminobutyric acid (mg/100g) 4.72 (0.03) 13.13 (0.18)

Note: gamma-aminobutyric acid was analyzed by Institute of Food Research and Product Development (IFRPD), Kasetsart

University

The pH and lactic acid (SD) of various
samples of germinated rice-based fermented milk

are demonstrated. (Table 2)

Table 2 pH and lactic acid among three different
durations of fermented sample

pH percent of lactic acid
12-h Germinated rice 4.55 (0.02)" 0.56 (0.02)°
18-h Germinated rice 4.53 (0.01)b 0.63 (0.06)a
24-h Germinated rice 4.52 (0.01)° 0.73 (0.04)°

-b
*"" Different letter superscripts in the same column indicates

statistical difference (p<0.05)

At the beginning of the fermentation, the
initial pH values were approximately 6.5. After 6 h,
the pH of all fermented samples decreased
according to lactic acid production by Lc-01. The
24-h germinated rice had higher proportion of acid

lactic than those of 12- and 18-h.

Longer fermentation had found to have high
population of Lc-01. The growths of Lc-01 in log
CFU/mL among three different fermented samples

were demonstrated. (Figure 1)

ML. casei Le-01

G-BGR 12h

GBGR 18h

G-BGR 24h

Figure 1 Lc-01 growth among three different

durations of fermented samples



IIIFITULIAITNELE

The G-BGR of 24-h fermented milk
resulted in a noticeably higher viability (bacterial
count) of Lc-01. While during storage at 4°C for 3
days, viability of probiotics was slightly increased
trends of high acidity. The pH, acidity, and viable
count of Lc-01 (SD) were shown. (Table 3)

Table 3 Characteristics of storage Lc-01

pH % Lactic Lc-01 Coliform E.
acid (log (MPN/ coli
CFU/mL) 100mL)

1-day 4.52 0.73 10.92 <3 ND
(0.01) (0.04) (0.08)

2-day 413 1.18 11.05 <3 ND
(0.05) (0.01) (0.14)

3-day 3.97 1.36 11.26 <3 ND

0.03)  (0.02) (0.11)

MPN = most probable number, ND = Not detect

Discussion

The study result is similar to several Thai's
studies which revealed that germinate black waxy
rice (Niew Dam) has higher antioxidative capacity
than UG-BGR. [9] While the other reported
germinate rough rice has higher amount of
bioactive compound and nutrient such as -
tocopherol, y-oryzanol than ungerminated rice. [10]

Longer fermentation had increased the larger
proportion of lactic acid, however the doubling time
has needed much more longer of 5 to 12 h, and
survival of lactobacilli in prebiotic, in general their
survivals was enhance, was strain specific [11]. Lc-
01 was found to have good viability in fermented
milk with G-BGR. Those contain the mixture sugar
(maltose, glucose and dextrin), usage and occurring

germination process.
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Abstract

In the experiment, the hexane and ethanol extracts from three kinds of Thai berry fruits including
Muntingia calabura L., Malpighia glabra L. and Ampelocissus martinii Planch were determined. The
colorimetric assay, total phenolics and anthocyanins, Diphenyl-picrylhydrazyl (DPPH) scavenging methods,
and Ferric reducing ability of plasma (FRAP) assay were utilized. The different kinds of polyphenols were
demonstrated including flavanonol, flavonol-3-glycoside, anthocyanin, leucoanthocyanin. Total phenolic
contents and anthocyanin were 16.93 to 656.55 mg gallic acid equivalent (GAE)/g, and 0.08 to 52.30 mg
cyanidin-3-glucoside (c3g)/g dry weight. Both hexane and ethanolic extracts of Malpighia glabra L. pulp
significantly exhibited the FRAP property of 299.39 and 972.51 mM FeSO,/g extract, respectively), also
exerted the greatest DPPH scavenging activity by 96.31% with half maximal inhibitory concentration (ICs) of
0.15 mg/mL.

Keywords: Anthocyanin, antioxidant capacity, polyphenol, Thai berry fruits

Introduction

Berry fruits are considered the good sources of polyphenolic compounds that provide the
advantages for biological activities. [1] Berries contain powerful antioxidants, potential allergens, and other
bioactive compounds. Genetic and environmental factors affect the production and storage of such
compounds, where the anthocyanins have important functions in plant physiology as well in health effects.
[2,3] The high anthocyanin contents and biological activities of these fruits indicate that their consumption
would be beneficial to health. The presence of predominantly phenolic compounds (ellagic and gallic acids,
and corilagin) demonstrated varying degrees of antioxidative efficacy. [4] Cranberries with high content of
polyphenols have been associated with several cardiovascular health benefits. [5] The content of bioactive
compounds in different berries was identified. [6] The food industry has used the cape gooseberry in different
products including beverages, yogurts, jams, nutraceutical, and pharmaceutical industries. [7-8] All of the
evaluated gooseberries extracts presented detectable amounts of phenolic, flavonoid, and tannin. Natural

antioxidants that are presented in berry fruits have attracted the considerable interest because of their
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presumed safety, potential nutritional and
therapeutic value. The increased interest in natural
antioxidants has led to the antioxidant evaluation of
many species of fruits. Even many Thai berries
may contain the powerful phytochemicals that there
is no evidence to investigate their antioxidant
capacity.

The study was aimed to evaluate the type of
polyphenols, total phenolics and total anthocyanins,
Ferric reducing ability of plasma (FRAP) and
diphenyl-picrylhydrazyl (DPPH) scavenging assays
of hexane and ethanol extracts obtained from Thai

berries.

Material and Method
Muntingia calabura L. and Malpighia glabra L.

fruits were collected from Chon Buri province, and
Ampelocissus martini Planch fruit was obtained from
Sisaket province, Thailand during October-November
2015, and were authenticated by a botanist.

Sample preparation and extraction

The prepared berries were weighed, chopped,
and homogenized under liquid nitrogen in a high-
speed blender. The ground samples were freeze-
dried, and then stored at -ZOOC until use. Forty to
140 grams of samples were macerated with 400 to
1,400 mL of hexane or ethanol 3 times in darkness
and were occasionally shaken. (Table 1) After
filtration through filter paper (No. 1, Whatman Inc.),
the solvent was removed under reduced pressure
using a rotary evaporator and the crude extracts
were stored at -20°C until analysis.

Qualitative determination by colorimetric

assay

The colorimetric assay was carried out to screen
the type of polyphenols in selected extracts that
comprised of 7 methods including FeCl; assay,

cyanidin reaction (Shinoda test), Pew test, base
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reaction, acid-base reaction, leucoanthocyanin test,
and gelatin test as referred to the previous study.

9]

Table 1 Characteristics of the berries

Scientific Studied weight:
Local name
name parts volume (g/mL)
Malpighia Pulp 40:400
Acerola cherry
glabra L.
(Thai)
Seed 60:600
Malayan cherry  Muntingia Pulp and 140:1,400
(Takob) calabura L. seed
Wild grapes Ampelocissus Pulp 50:500
martinii Planch Seed 50:500

Quantitative determination

Determination of total phenolic content

Total phenolic content of the extracts was
determined by the Folin—Ciocalteu colorimetric
method described previously [10] with minor
modifications. The assay was measured in
triplicate, and the results were calculated using a
calibration curve for gallic acid, and expressed as
mg gallic acid equivalent (GAE) per g extract.

Determination of total anthocyanin content

Total anthocyanin content was determined using
a previously described method. [11] The values
were expressed as mg cyanidin-3-glucoside (c3g)
equivalent/g dry weight using a molar extinction
coefficient of 26,900. All determinations were
performed in triplicates.

DPPH radical scavenging activity

The bleaching rate of a stable free radical
DPPH was monitored at a characteristic
wavelength. The radical form of DPPH absorbs at
517 nm upon the reduction by an antioxidant. The
activity was measured according the previously

described method. [10]
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Ferric reducing antioxidant power (FRAP)

assay

The assay was based on the reducing power of
a compound (antioxidant) as previously described.
[12] Standard curve was prepared using different
concentrations of FeSO,. The results were
corrected for dilution and expressed in mM FeSO,/g
of extract. All determinations were performed in
triplicate.

Statistical analysis

Data were presented as mean (standard error of
the mean — SEM). The statistical analysis was
determined using one-way analysis of variance

(ANOVA) and Student’s t-test, and values of p<0.05

were considered to be significant.

Results

Table 2 shows the variety of polyphenols

found in Thai berries, including polyphenol,

flavanonol, flavonol-3-glycoside, anthocyanin,

leucoanthocyanin, flavone, chalcone, aurone,
xanthone and tannin, however polyphenol in seed
hexane extract of wild grape (Ampelocissus martinii
Planch) was the lowest. The amounts of bioactive
compounds are summarized in Table 3. The
significant highest content (p<0.05) of bioactive
compounds was in the pulp of Thai berry ethanol
extract. The seeds of wild grape showed average
results in hexane extracts for anthocyanins.

The antioxidant activity of Thai berry extracts
using DPPH method was determined. The assay
based on the measurement of the antioxidant ability
to scavenge the stable organic radical DPPH and
used BHT as positive control with the ICg of
0.0041 = 0.03 mg/mL. Table 4, the ethanol extract
of Thai cherry pulp at the concentration of 1mg/mL
exhibited the highest DPPH radical scavenging
activity with IC5;, of DPPH scavenging activity as

0.15 £ 0.26 mg/mL.
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The IC5, of DPPH scavenging activity and
FRAP value (SD) were demonstrated. The ICg, of
DPPH scavenging activity of Malayan cherry (pulp +
seeds) hexane extract was highest, and Thai cherry
(pulp) ethanol extract was lowest. While the FRAP
value of Thai cherry (pulp) ethanol extract was the
highest, and Malayan cherry (pulp + seed) hexane

extract was the lowest. (Table 4)

Table 2 Polyphenol found in the berries

Extracts Polyphenols

Ethanolic

Thai cherry (pulp) Polyphenol, flavanonol, flavonol-3-
glycoside, anthocyanin,
leucoanthocyanin

Thai cherry (seed) Polyphenol, flavonoids with -

benzopyrone, flavanonol, flavonol-3-
glycoside, flavanone

Malayan cherry

(pulp + seed) flavonol, xanthone, anthocyanin,

leucoanthocyanin, tannin

Wild grape (pulp)
flavonol, flavonol-3-glycoside,
xanthone, anthocyanin,
leucoanthocyanin

Wild grape (seed) Polyphenol, flavanonol, flavonol-3-

glycoside

Hexane

Thai cherry (pulp) Polyphenol, flavanonol, flavonol-3-

glycoside, anthocyanin,

leucoanthocyanin

Thai cherry (seed)
flavonol, xanthone

Malayan cherry

(pulp + seed) flavanonol, flavonol-3-glycoside,

flavonol, xanthone, anthocyanin,

leucoanthocyanin, tannin

Wild grape (pulp)
flavanonol, flavonol-3-glycoside,
flavonol, xanthone, anthocyanin,
leucoanthocyanin

Wild grape (seed) Polyphenol

Polyphenol, flavone, chalcone, aurone,

Polyphenol, flavone, chalcone, aurone,

Polyphenol, flavone, chalcone, aurone,

Polyphenol, flavone, chalcone, aurone,

Polyphenol, flavone, chalcone, aurone,
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Table 3 Bioactive compounds of the berries

% phenolic anthocyanin
Extracts

yield content content

Ethanol
Thai cherry (pulp) 6.70
Thai cherry (seed) 3.70

Malayan cherry
(pulp + seed)
Wild grape (pulp) 5.30

a

656.55 (4.00)
C
380.45 (2.29)

D
28.83 (2.67)

a

0.21 (0.03)
b

590  426.25 (8.40)  28.77 (1.99)

a a
331.48 (2.44) 52.30 (0.01)

Wild grape (seed) 1262 45079 (6.48) 0.4 (0.03)
Hexane

Thai cherry (pulp) 1.50 112.48 (0.38)e 8.45 (2.02)C

Thai cherry (seed)  0.83 43.83 (4.75)n 0.13 (0.03)u

Malayan cherry i c
7.48 16.93 (0.93) 5.40 (2.99)
(pulp + seed)

Wild grape (pulp) 3.02
Wild grape (seed) 4.64

a

0.08 (0.02)
a
51.90 (2.02)

9
69.55 (10.06)

T
93.31 (1.29)

Total phenolic content in mg GAE#/g extract (SEM)

Total anthocyanin content in mg c3g'/g dry weight (SEM)

GAE = gallic acid equivalent, c3g = cyaniding-3-glucoside

= superscripts indicate the significant difference at p<<0.05

in the same column

Table 4 Antioxidant capacities by DPPH of the

berries
IC,, of DPPH FRAP
Extracts
(mg/mL) (mM/g)
Ethanol
Thai cherry (pulp) 0.15(0.26)°  972.51 (0.01)"
Thai cherry (seed) 0.17 (0.09)e 728.59 (0.01)b
Malayan cherry (pulp + seed) 0 17 (0.04)°  746.52 (0.03)b
Wild grape (pulp) 0.38 (0.42)d 618.03 (0.01)°
Wild grape (seed) 0.16 (0.06)  951.34 (0.04)"
Hexane
Thai cherry (pulp) 1.10 (0.34)° 299.39 (0.01)d
Thai cherry (seed) 2.53 (0.66)b 127.94 (0.01)e
Malayan cherry (pulp + seed) 3 14 (0.51)" 2757 (0_02)f
Wild grape (pulp) 147 (020  167.64 (0.03)
Wild grape (seed) 1.26 (0_31)° 217.49 (0.01)d

o superscripts indicate the significant difference at p<<0.05

of the same column
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Discussion

In the study, the ethanol extracts of three
Thai berries showed stronger antioxidant effects in
terms of phenolic and anthocyanin. There was a
direct linear relationship between the phenolic
contents and total antioxidant activities in the
samples. The higher total phenolic content in fruits
resulted in higher antioxidant activity. Similarly, the
previous study reported a significant positive
correlation between the DPPH scavenging potential
and the total phenolic content in Muntingia
calabura. [13] Moreover, our results corresponded
also with the data of Wu et al [1], where
concentrations of total anthocyanins varied
considerably in different berries.

A number of reviewed articles showed that
the main bioactive compounds determining the
nutritional quality of berries are polyphenols,
anthocyanins, and flavonoids. [2,5,14-16] The high
anthocyanin content and biological activities of
these fruits indicated that they might be the benefit
for health. The berries may be useful in the
production of functional foods containing an
efficacious dose of

anthocyanins. [2] The

antioxidant  capacity =~ of  polyphenols  and
anthocyanins present in diverse fruits has been
demonstrated with a wide variety of assay methods:
oxygen radical absorbance capacity (ORAC), a
hydrogen transfer-based assay; [17] ferric reducing
antioxidant potential (FRAP), trolox equivalent
antioxidant capacity (TEAC), and 2,2-diphenyl-1-
picrylhydrazyl (DPPH) free radical scavenging
activity, all of them electron transfer-based assays;
[18-20] scavenging activity towards superoxide; [21]
peroxynitrite (ONOO-) scavenging activity; [22]
inhibition of human low-density lipoprotein (LDL and
liposome oxidation); [23] inhibiton of lipid
peroxidation; [22] ability to bind heavy metals such

as iron, zinc and copper; [24] and induction of



ANITITULIFAITNSLEN
antioxidant enzymes such as glutathione-S-
transferase (GST), glutathione reductase (GR),

glutathione peroxidase (GPx) and superoxide
dismutase. [25]

In conclusion, among three Thai berries, the
amounts of phenolic and anthocyanin were
observed. The metabolism research and consumer
interest in Thai berries-containing food and products

with health benefit might be useful.

References

1. Wu X, Beecher GR, Holden JM, Haytowitz DB,

Gebhardt SE, Prior RL. Concentrations of

anthocyanins in common foods in the United
States and estimation of normal consumption. J
Agric Food Chem. 2006;54:4069-75.

2. Bowen-Forbes CS, Zhang Y, Nair MG.

Anthocyanin content, antioxidant, anti-

inflammatory and anticancer properties of

blackberry and fruits. J Food
Compos Anal. 2010;23:554—-60.

3. Namiesnik J, Vearasilp K, Kupska M, Ham KS,

raspberry

Kang SG, Park YK, et al. Antioxidant activities
and bioactive components in some berries.
Eur Food Res Technol. 2013;237:819-29.

4. Poltanov EA, Shikov AN,
Pozharitskaya ON, Makarov VG, Tikhonov VP,

Dorman HJ,

et al. Chemical and antioxidant evaluation of
Indian gooseberry (Emblica officinalis Gaertn.,
syn. Phyllanthus emblica L.) supplements.
Phytother Res. 2009;23:1309-15.

5. Basu A, Betts NM, Ortiz J, Simmons B, Wu M,
Lyons TJ. Low-energy cranberry juice
decreases lipid oxidation and increases plasma
antioxidant capacity in women with metabolic
syndrome. Nutr Res. 2011;31:190-6.

6. Borges G, Degeneve A, Mullen W, Crozier A.

flavonoid  and

Identification  of phenolic

antioxidants in black currants, blueberries,

10.

11.

12.

13.

9 11 aguil 1, ynTau - Wwew 2561 | 21

raspberries, red currants, and cranberries. J
Agric Food Chem. 2010;58:3901-9.

Ramadan MF. Bioactive phytochemicals,
nutritional value, and functional properties of
cape gooseberry (Physalis peruviana): an

overview (Review). Food Res Int. 2011;44:
1830-6.

Hassanien MFR. Physalis peruviana: a rich
source of bioactive phytochemicals for
functional foods and pharmaceuticals. Food
Rev Int 2011;27:259-73.

Thepmongkon K, Rungreungburanakul K,
Petchlert C. Antioxidant effect of some edible
plants from Ban Ang-Ed Official Community
Forest Project (The Chaipattana Foundation) at

Proceedings of Sth

Chantaburi  Province.
Science Research Conference; 2013 Mar 4-5;
University of Phayao, Phayao, Thailand; 2013,
BIO5-BIO10.
Petchlert C, Romlee S, Kleansom P.
Antioxidant activity of some commercial spice
powders (curry and pa-lo powders) from local
markets at Chon Buri province. Burapha Sci J.
2014;19:97-103.

Lee J, Durst RW, Wrolstad RE. Total
monomeric anthocyanin pigment content of fruit
juices, beverages, natural colorants, and wines
method. J AOAC Int.

2005;88(5):1269-78.

pH differential

Nile SH, Park SW. Antioxidant: Ol-glucosidase
and xanthine oxidase inhibitory activity of
bioactive compounds from maize (Zea mays
L.). Chem Biol Drug Des. 2014b;83:119-25.

Siddiqua A, Premakumari KB, Sultana R,
Savitha V. Antioxidant activity and estimation of
total phenolic content of Muntingia calabura by
colorimetry. Int J ChemTech Res. 2010;2(1):

205-8.



22| vol. 11, No. 1, January — April 2018

14.

15.

16.

17.

18.

19.

Sinelli N, Spinardi A, Di Egidio V, Mignani I,

Casiraghia E. Evaluation of quality and
nutraceutical content of blueberries (Vaccinium
corymbosum L.) by near and mid-infrared
spectroscopy. Postharvest Biol Technol. 2008;
50:31-6.

Erkaya T, Dademir E, Sengll M. Influence of
Cape

gooseberry  (Physalis peruviana L.)

addition on the chemical and sensory
characteristics and mineral concentrations of
ice cream. Food Res Int. 2012;45:331-5.
Zhang L, Zhou J, Liu H, Khan MA, Huang K,
Gu Z. Compositions of anthocyanins in
blackberry juice and their thermal degradation
in relation to antioxidant activity. Eur Food Res
Technol. 2012;235:637-45.

Wang H, Cao G, Prior RL. Oxygen radical
absorbing capacity of anthocyanins. J Agric
Food Chem. 1997;45:304-9.

Moyer RA, Hummer KE, Finn CE, Frei B,
Wrolstad RE. Anthocyanins, phenolics, and
antioxidant capacity in diverse small fruits:
Vaccinium, Rubus, and Ribes. J Agric Food
Chem. 2002;50:519-25.

Lee J, Finn CE, Wrolstad RE. Comparison of
anthocyanin pigment and other phenolic
compounds of Vaccinium membranaceum and
Vaccinium ovatum native to the Pacific
Northwest of North America. J Agric Food

Chem. 2004;52:7039-44.

20.

21.

22.

23.

24,

25.

Naresuan Phayao Journal

Koca |, Karadeniz B. Antioxidant properties of
blackberry and blueberry fruits grown in the
Black Sea region of Turkey. Sci Hort. 2009;
121:447-50.

Costantino L, Albasini A, Rastelli G, Benvenuti
S. Activity of polyphenolic crude extracts as
scavengers of superoxide radicals and
inhibitors of xanthine oxidase. Planta Med.
1992;58:342-4.

Muselik J, Garcia-Alonso M, Martin-Lopez MP,
Zemlicka M, Rivas-Gonzalo JC. Measurement
of antioxidant activity of wine catechins,

procyanidins, anthocyanins and

pyranoanthocyanins. Int J Mol Sci. 2007;8:797-
809.
AS, Frankel EN.

Heinonen IM, Meyer

Antioxidant activity of berry phenolics on
and

1998;46:4107-

human low-density lipoprotein liposome
oxidation. J Agric Food Chem.
12.

Havsteen B. Flavonoids, a class of natural
products of high pharmacological

Biochem Pharmacol. 1983;32:1141-8.

potency.

Fiander H, Schneider H. Dietary ortho phenols
that induce glutathione S-transferase and
increase the resistance of cells to hydrogen
peroxide are potential cancer
chemopreventives that act by two mechanisms:
the alleviation of oxidative stress and the
detoxification of mutagenic xenobiotics. Cancer

Lett. 2000;156:117-24.



VITRITULTAITNEE 79 11 aguil 1, yn71au - Wiew 2561 | 23

Research Article

Etlingera pavieana rhizome extract decreases oxidative stress and activates

eNOS activity via stimulation of Akt phosphorylation in human endothelial cells

Klaokwan Srisook1*, Sarinporn Udompongz, Petchrat Sawai1, Thitiporn Thongyen1

1 Department of Biochemistry and Center of Excellence for Innovation in Chemistry, Faculty of Science,
Burapha University, Chonburi Province 20131

: Biological Science Program and Center of Excellence for Innovation in Chemistry, Faculty of Science,
Burapha University, Chonburi Province 20131

* Correspondence to: klaokwan@go.buu.ac.th

Naresuan Phayao J. 2018;11(1):23-28.

Abstract

Atherosclerosis is a major cause of cardiovascular diseases (CVDs) and associated with endothelial
dysfunction involving the reduced nitric oxide (NO) bioavailability. Currently, many plant extracts have been
shown to have potential for the prevention and treatment of CVDs via activation of endothelial nitric oxide
synthase (eNOS) and suppression of oxidative stress. The study was aimed to investigate the effect of
Etlingera pavieana extracts (EPE) on the production of reactive oxygen species (ROS) and eNOS-derived NO
in human endothelial EA.hy926 cells. The effect of EPE on ROS production in TNF o-induced EA.hy926
human endothelial cells was determined by H,DCF-DA probe. EPE inhibited ROS levels in a concentration-
dependent manner. NO production and eNOS activation in human endothelial cells were examined by Griess
reaction assay, and Western blot analysis, respectively. The NO levels of media from EA.hy926 cells treated
with EPE increased in a concentration-dependent manner. EPE slightly increased, while eNOS significantly
increased expression in endothelial cells. Moreover, EPE had upregulated the levels of p-eNOS (Ser1177)

and p-Akt (Serd73). In conclusion, EPE rhizome extract increased NO bioavailability through inhibiting

oxidative stress and activating eNOS expression as well as eNOS/Akt signaling pathway in endothelial cells.

Keywords: Etlingera pavieana, antioxidant activity, endothelial nitric oxide synthase, nitric oxide

Introduction

Nitric oxide (NO) catalyzed by endothelial nitric oxide synthase (eNOS), regulates endothelial
function. [1] It causes vasodilation by binding to heme-containing soluble guanylyl cyclase leading to
relaxation of vessel smooth muscle. Activity of eNOS markedly increases with increasing of intracellular Ca2+
flux. In addition eNOS activity is regulated by phosphorylation of the enzyme on Ser, Thr and Tyr by a variety
of stimuli. [1] The phosphorylation of Akt at Ser473 via PI3-K activation leads to eNOS phosphorylation at
Ser1177 which stimulates electron flux within the reductase domain. [1]

The mortality rate of cardiovascular diseases (CVDs), a group of disorders of the heart and blood
vessels including hypertension, heart attacks and stroke, will be increased to 40% in 2030. [2] The reduction

of endothelial NO availability is a hallmark of endothelial dysfunction, leading to atherosclerosis, a major
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cause of CVDs. [3] NO availability is reduced either
by increasing reactive oxygen species (ROS) or by
decreasing eNOS expression and activity. [3,4]
ROS causes oxidation of NO and uncoupling of
eNOS resulting in a decreased NO bioavailability.
Therefore, increasing of NO bioavailability and
reducing ROS production might decrease the
incidence of atherosclerosis.

Some bioactive compounds have been
shown to enhance the NO production from eNOS
also under pathophysiological conditions and thus
may have therapeutic potential. [5] Several
medicinal plants offer potential for the prevention
and treatment of cardiovascular diseases. [6]
Etlingera pavieana (Pierre ex Gagnep.) R.M.Sm. is
a plant of the family Zingiberaceae. Its rhizomes
have been used as a spice in eastern Thailand and
as a medicine for the treatment of diuresis and
flatulence. [7] Recently, E. pavieana extracts (EPE)
were shown to have antioxidant and anti-
inflammatory activities. [8]

The study was aimed to investigate the
effects of the extract on antioxidant activity, and
eNOS activation in human vascular endothelial

cells.

Material and method
Chemicals
The chemicals used included tetrazolium salt 3-

(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium

bromide (MTT), 2,7-dichlorodihydofluorescein
diacetate (H,DCF-DA) and resveratrol (Sigma
Chemical, USA), protease inhibitor cocktail,

phosphatase inhibitor cocktail and SuperSignal
West Pico chemiluminescent substrate (Thermo
Scientific, USA), and anti eNOS, anti p-eNOS
(Ser1177), anti-Akt, anti-p-Akt (Ser473), anti-mouse
IgG: HRP-linked antibody and anti-rabbit 1gG: HRP-
linked antibody (Cell Signaling Technology, USA).
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Preparation of E. pavieana extract

Rhizomes of E. pavieana were collected from
Chantaburi Province, Thailand, and authenticated
by Dr. B. Chewprecha, Department of Biology,
Faculty of Science, Burapha University. The
preparation of ethanol extract of E. pavieana was
performed as described by Srisook et al. [8] Briefly,
dried rhizomes were ground to a fine powder,
extracted with 95% ethanol, and filtered under
pressure. Filtrate was evaporated by rotary
evaporator to obtain ethanol extract of E. pavieana
rhizomes.

Measurement of NO production by nitrite

assay

Nitrite is a stable oxidation product of NO, and
present in the culture media. It was determined by
spectrophotometric assay based on Griess reaction.
Human endothelial cells EA.hy926 (American Type
Culture Collection) were cultured in 10% Fetal
bovine Modified

Medium (FBS-DMEM), then seeded in 24-well

serum-Dulbecco's Eagle
plate with 5x104 cells/well, and allowed to adhere at
37°C in a humidified air containing 5% CO, for
overnight before treating with EPE at various
concentrations for 24 h. Amount of nitrite in the cell
culture media was evaluated by Griess reagent as
described by Srisook et al. [9]

Evaluation of cell viability by MTT assay

Cells were cultured in 10% FBS-DMEM and
treated with EPE. Cell viability was evaluated from
the ability of mitochondria to reduce MTT into MTT-
formazan crystals. Formation of formazan is

proportional to the number of functional
mitochondria in living cells as described by Srisook
et al. [9]

Measurement of ROS

The ROS production was detected by H,DCF-
DA probe as described by Simin et al [10] with a

slight modification. Cells were plated in 24-well
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plate (5x104 cells/well) and pretreated with EPE for
1 h before exposure to 10 ng/mL TNF-a for 12 h.
Cells were washed twice with PBS and then
incubated with 20 uM H,DCF-DA for 30 min at
37°C. The fluorescence was detected by
spectrofluorometer set up excitation wavelength at
485 nm, and emission wavelength at 520 nm.

Examination of protein expression and

phosphorylation by Western blot analysis

EA.hy926 cells were seeded in 60-min culture
plate (1x106cells), and treated with EPE at indicated
time points. Cells were washed with ice-cold
phosphate-buffered saline (PBS), and scraped in
NOS lysis buffer [200 mM Na,HPO,, pH 7.2, 320
mM sucrose and 1 mM ethylene glycol-bis (B-
aminoethyl ether)-N,N,N',N'-tetraacetic acid
(EGTA)], containing mixture of protease inhibitors
and phosphatase inhibitors. The cell suspension
was sonicated twice with a Vibracell ultrasonic
processor (VCX 500, Sonics, USA). The cell lysate
was centrifuged at 12,000 g for 10 min at 4°c.
Equal amounts of supernatant protein were
subjected to electrophoresis using 10% SDS-
polyacrylamide gels. Separated proteins were
transferred onto a Polyvinylidene fluoride (PVDF)
membrane, and non-specific bindings were blocked
with Tris Buffered Saline with Tween (TBS-T) buffer
(10mM Tris—HCI, pH 7.4, 100mM NaCl, and 0.1%
(v/v) Tween 20), containing 5% skim milk for 1 h at
room temperature.

The membrane was then incubated with primary
antibodies specific for eNOS, p-eNOS (Ser1177),
Akt, p-Akt (Ser473), or GAPDH dissolved in TBS-T
buffer containing 5% BSA. Subsequently, the
membrane was incubated with goat anti-mouse or
goat anti-rabbit IgG conjugated HRP secondary
antibodies for 1 h at room temperature. The PVDF

membrane was detected on X-ray film activated by
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enhanced chemiluminescence using SuperSignal
West Pico.
Statistical analysis
The data are expressed as means
(standard deviation, SD) of at least three
experiments. Statistical significance was tested
using one-way analysis of variance (ANOVA),

followed by Tukey test for multiple comparison. The

values of p<0.05 were considered significant.

Results

TNF-a caused significant increase in ROS
production compared to control the unstimulated
cells. Treatment of endothelial cells with EPE
resulted in suppression of TNF-o-induced ROS
production in a concentration-dependent manner.

(Figure 1)

ROS inhibition

(% of control)
= =
=) n
1 1

o
tn
)

0.0~
CON TNF-a 25 50 100

TNF-a + EPE (ug/mL)

? p<0.05; compared with 0.2% DMSO-treated cells (CON)
* p<0.05; compared with TNF-Q-treated cells

Figure 1 Effect of EPE on TNF-a-induced ROS

production in  EAhy 926 human

endothelium

Nitrite concentration in culture media was
used as an index of NO amount. The nitrite levels
in conditioned media from cells treated with EPE
(12.5-200 pg/mL) were dose-dependently increased
compared to control the unstimulated cells. (Figure
2A) Resveratrol is a well-known enhancer of NO

production and eNOS expression in EA.hy926 cells.
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[11] It stimulated NO level in

endothelial cells. EPE at concentrations of 12.5 to

significantly

50 pg/mL did not affect cell viability while at higher

concentrations (100 and 200 pg/mL) caused

reduction in cell viability. (Figure 2B)

(A)

o
=]
]

-]
1

Nitrite concentration (uM)

CON 125 25 50 100 200 RES

EPE (pg/mL)

(B)

Cell viability
(% of control)

CON 125 25 50 100 200 RES

EPE (pg/mL)

* p<0.05; when compared with 0.2% DMSO-treated cells (CON)
RES; cells were treated with 100 UM resveratrol

Figure 2 Effect of EPE on NO production (A) and

cell viability in EAhy 926 human

endothelium (B)

The effect of EPE on eNOS protein level
in EA.hy 926 cells was done by Western blot
analysis. EPE enhanced eNOS protein expression
in a dose-dependent manner. (Figure 3) The
resveratrol drastically also increased eNOS protein

level.

Naresuan Phayao Journal

EPE (ug/mL)
CON 625 25 100  RES

——  eNOS

| S a— Go— wmseeme | [} 20T

Figure 3 Effect of EPE on eNOS protein expression
in EA.hy 926 human endothelium

The activation of eNOS activity is mediated
by intracellular calcium and phosphorylation. The
Akt pathway was shown to directly activate eNOS

Ser1177 by calcium-

by phosphorylation at
independent. [1] Treatment of endothelial cells had
increased the level of p-eNOS (Ser1177) in a dose-
dependent manner. (Figure 4A) In accordance with
p-eNOS, EPE induced phosphorylation of Akt at

Ser473. (Figure 4B)

(A)
EPE (pg/mL)
CON 6.25 25 100

W T T | p-eNOS

A A S A cNOS

(B)
EPE (pg/mL)
CON 625 125 100

p-Akt

. WunTe emenene . Akt

Figure 4 Effect of EPE on the phosphorylation of
eNOS (A) and Akt (B) in EA.hy 926

human endothelium.
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Discussion

Experimentally, TNF-a had been
demonstrated to induce the levels of ROS in EA.hy
926 human endothelium. This result is in
accordance with a previous study that showed the
increase in the level of ROS in cells treated with
TNF-o. [12] The present study, EPE reduced ROS
levels in TNF-a-stimulated cells indicating that EPE
could suppress oxidative stress in  human
endothelial cells, consistence with that study. [9]

Since some plants have been shown to
increase NO production and eNOS expression, [13,
14] the effect of EPE on NO formation in
endothelial cells was investigated. The treatment of
endothelial cells with EPE increased NO production
in a concentration-dependent manner. Interestingly,
the viability of cells treated with EPE at 100 and
200 pg/mL was decreased by 20 to 25% but
substantial amount of NO were detected in the
culture media. There are two ways to increase
eNOS-derived NO production: enhancing eNOS
expression and eNOS activity. [1] Therefore, the
modulation of eNOS expression by EPE was
determined to verify whether its expression is
involved with NO production. The obtained result
showed that EPE upregulated eNOS protein
expression. Noticeably, EPE at 100 and 200 pg/mL
slightly enhanced while significantly increase in
eNOS protein level, whereas the nitrite
concentration was detected to a greater extent
amount. This suggests that the increase in NO
production under this condition might have been
caused by the other means than the stimulating
eNOS protein expression.

In addition to calcium efflux, eNOS activity is
modulated by the phosphorylation of eNOS. The
study also demonstrated that EPE increased p-
eNOS (Ser1177) and p-Akt (Ser473) levels. [1,5]

Thus, increasing in NO production by EPE might be
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mediated through the activation of eNOS
expression and activity. This observation is in line
with previous research findings that stimulating
phosphorylation of Akt at Ser473 and e-NOS at
Ser117 by Rumex acetosa extract is involved in
inducing endothelial NO. [15]

In conclusion EPE, rhizome extract increases
NO bioavailability through inhibiting oxidative stress

and activating eNOS expression as well as the

eNOS/Akt signaling pathway in endothelial cells.
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Abstract

Helicobacter pylori has been found in the stomach of humans in all parts of the world. H. pylori
infection increases risk of peptic ulcer and is associated with stomach cancer, and several life-threatening
diseases. The study was aimed to investigate anti-H. pylori activity of Thai local vegetables which have
potential to be developed as Nutraceuticals or Functional Foods for people of all ages, especially those
suffering from H. pylori-associated gastrointestinal diseases. Eleven aqueous and ethanolic extracts of 4 Thai
local vegetables, namely, Boesenbergia rotunda (Linn.) Mansf.,, Kaempferia galanga Linn., Polygonum
odoratum Lour., and Plectranthus amboinicus (Lour.) Spreng. were screened for anti-H. pylori activity, using
disc diffusion method. Three types of ethanolic extracts of P. amboinicus were selected for Minimum
Inhibitory Concentration determination, using agar dilution test. The ethanolic extract from dried leaves and

young shoots exhibited the lowest MIC of 256 ug/mL.

Keywords: Anti-H. pylori, B. rotunda, K. galanga, P. odoratum, P. amboinicus

Introduction

Helicobacter pylori has been demonstrated in the human and some primate animal stomach. The
bacterial infection has negative impact in human well-being because not only it is estimated that half of the
world's population is infected with this type of infection, [1,2] but also because this chronic infection can lead
to peptic ulcer diseases affecting the quality of life of patients. There is clear evidence that H. pylori infection
is associated with stomach cancer, gastric non-Hodgkin's lymphoma, lymphoproliferative disorder, gastric
mucosa-associated lymphoid tissue (MALT) lymphoma (MALToma). [3] In 1994, the International Agency for
Cancer Research of World Health Organization (WHQO) declared that H. pylori is a carcinogen in human
stomach. H. pylori infection may be contagious through drinking water and contaminated fresh foods. [4]
Humans with this infection were infected from childhood and chronically infected until the infection is treated
and finally cured. Thailand is the area where the prevalence of this disease is high because our country is a

developing country with rural sanitation problems. In Thailand, Diagnostic and therapeutic approaches for
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diagnosing and treating dyspepsia in patients with
H. pylori infection was set by the Gastroenterology
Association of Thailand 2015; the recommendation
was the removal of H. pylori in patients with all
stages of gastric cancer. The first-line therapy is
standard PPI-based triple therapy. [5] Since drug-
resistant strains of H. pylori and poor treatment
response are the main reasons for the failure in
eradicating it in patients, there have been searches
for other alternative therapy, e.g. foods, nutrients,
or other compounds.

In Thailand, it has been reported that several
local vegetables, especially those in the spice
group, exhibited anti-infectious activity against
gastrointestinal infections, including H. pylori. [6,7]
Thus, the use of appropriate diet could reduce
levels of H. pylori colonization or virulence and
prevent or delay development of peptic ulcer or
gastric carcinoma, is attractive from a number of
perspectives including those of cost, and treatment
tolerability.

The study was aimed to screen the anti H.
pylori activities of some Thai vegetables which have

not been thoroughly investigated.

Material and Method
The edible parts of four Thai vegetables,

including rhizomes of Boesenbergia rotunda,
rhizomes of Kaempferia galanga, leaves and young
shoots of Polygonum odoratum, and leaves of
Plectranthus amboinicus, were dried and grounded
to fine powders. Plant powders were extracted by
two edible solvents, including water, and 95%
ethanol. Aqueous plant extracts were evaporated,
using a lyophilizer. Ethanolic plant extracts were
evaporated, using a rotary evaporator.

H. pylori strain

H. pylori bacterial strain was obtained from

Department of Microbiology, Faculty of Medicine,

Naresuan Phayao Journal

Chulalongkorn  University. Columbia blood agar
containing 10 mg/L vancomycin and 5 mg/L
trimethoprim was used as the selective medium.
The inoculum plates were subcultured, and
incubated under microaerophilic condition at 37°C
until there were no contaminations.

Disc Diffusion Test

Discs containing 0.5, 1.0, and 1.5 mg of the
plant extracts were prepared. H. pylori inoculum
suspension was prepared following direct colony
suspension method, using brain-heart infusion (BHI)
broth. The turbidity of the suspension was adjusted
to be equivalent to 3 McFarland standards with the
absorbance of 0.582 at the wavelength of 600 nm,
using a spectrophotometer. The inhibition zones
were measured from the top of plates using a
caliper or a ruler.

Determination of Minimum Inhibitory

Concentration (MIC) by agar dilution test

Determination of MIC of 3 solvents, including
95% ethanol, dimethyl sulfoxide (DMSO), tween 20
(polysorbate 20), were performed. The two-fold
serial dilution agar containing 1024, 512, 256, 128,
64, 32, 16, 8, 4, 2 pg/mL of the selected plant
extracts were prepared. Each plant extract was
dissolved in 1% DMSO + 0.025% Tween 20 in
water. Growth control and blank control plates were
performed. The plates were inoculated with 2 pL of
the 3 McFarland - H. pylori inoculum suspension
(on top and incubated for 72 h. The lowest

concentration that had no growth of H. pylori was

recorded as MIC.

Results
The antimicrobial activity, disc diffusion, of
three aqueous and six ethanolic plant extracts were

demonstrated. (Table 1)
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Table 1 Antimicrobial activity of the extracts, using disc diffusion test

Plant Part used Type of extract Clear zone diameter (mm)
0.5 mg/disc 1.0 mg/disc 1.5 mg/disc
P. amboinicus Fresh aerial part Aqueous extract No zone No zone No zone
Ethanolic extract 13 ND ND
Dried young Aqueous extract No zone No zone No zone
shoots and leaves  Ethanolic extract 10 16 ND
B. rotunda Dried rhizomes Aqueous extract No zone No zone No zone
Ethanolic extract 12 16 ND
Water-extracted Ethanolic extract 14 18 ND
rhizomes
P. odoratum Dried young Aqueous extract No zone No zone No zone
shoots and leaves  Ethanolic extract 12 15 ND
K. galanga Dried rhizomes Ethanolic extract 20 21 ND

Disc diameter = 6 mm, ND = not determined

MICs of 3 solvents, including 95%ethanoal,
dimethyl sulfoxide (DMSO), tween 20 (polysorbate
20), using agar dilution test were 3, 3, and 0.1% v/v
in water, respectively.

The ethanolic extracts of P. amboinicus were
selected for further MIC of determination. MIC of
the ethanolic extract of the dried young shoot and
leaves against H. pylori was 256 pg/mL, while the
ethanolic extract of fresh aerial part and ethanolic
extract of water-extracted sample of dried young
shoots and leaves were 1,024 and more than 1,024

pg/mL, respectively.

Discussion

The inhibition zone of 0.5 mg/disc of crude
ethanolic extracts of P. amboinicus, P. odoratum, B.
rotunda, and K. galanga were 10, 12, 12, 20 mm,
respectively. Considering their anti-H. pylori activity,
and consumer’s

availability, acceptability, K.

galanga was excluded, in spite of promising
inhibition zone result, because of its strong odor
and flavor-the obstacle for product development.
Among crude ethanolic plant extracts, three types
of P. amboinicus extracts were selected for the
factors

determination of the MIC by several

including their anti-H. pylori activity and higher
potential to be further developed as nutraceuticals
or functional foods. According to MIC determination
of solvents, 1% DMSO and 0.025% tween 20
affected H. pylori growth similar to the growth
control.

Ninety-five percent ethanol was not included
in the solvent mixture because 1% DMSO +
0.025% tween 20 mixture was able to dissolve the
three ethanolic extracts of P. amboinicus
completely, thus minimizing the inhibitory effect of
the solvents against H. pylori growth. The selected
solvent (1% DMSO + 0.025% tween 20) was used
for the MIC determination of the three crude
ethanolic extracts of P. amboinicus. The dried
leaves and young shoots extract had exhibited the
lowest MIC of 256 pg/mL, and was much lower
than fresh aerial part extract. It might be resulted
from 95% ethanol which could penetrate into the
dried plant tissue and the bioactive compounds
were easily extracted. On the other hand, the plant
tissue of the fresh aerial parts contained high water
content, thus the solvent system became more

hydroalcoholic.
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The other solute compounds without anti-H.
pylori activity might cause the dilution effect of the
active compounds. Moreover, ethanolic extract of
water-extracted sample from dried leaves and
young shoots exhibited the highest MIC; this might
be from the exclusion of some bioactive
compounds during water extraction. The crude
ethanolic extract from dried shoots and leaves of P.
amboinicus had shown potential to be further
developed as a nutraceuticals or functional foods in

future study.
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Abstract

The study was aimed to analyze the residence requirement for ASEAN Economic Community (AEC).
The survey with structure questionnaire was conducted among 385 residents in AEC region, between August
2016 and June 2017. The results are able to demonstrate requirement for smart residence system in AEC
region. Additionally, the conceptual smart residence design which is appropriate to AEC region with the system

to create and manage energy for energy saving has been addressed.

Keywords: Smart grid, smart residence, advanced metering infrastructure, internet of things

Introduction

According to the higher averaged temperature affected by El Nifio phenomenon, [1] the population of
ASEAN Economic Community (AEC) increase to 633 million people in 2015 [2] impacted on the higher fuel
and energy consumption, [3] the era of a growing awareness of the environmental conservation, electricity
generation industry can be beneficial since it reduces fossil energy sources as well as increases share of
renewable energy. Moreover, the self-supplied energy supply with renewable energy (solar, wind, etc.) which
generates electricity for use in residence is one of methods for energy management, helps to reduce volume
of greenhouse gas emissions and cut expenses on electricity bills.

Additionally, the sustainable energy management in the near and far future must base on linkage
between the systems of generation, transmission and distribution. In the form of two way communication [4]
which the sources of electricity production spread over potential local areas of renewable energy, the
consumers can generate electricity for use in their residences. In the case that electricity generation is not
adequate for utilization, so they can use electricity from outside their residences or generate emergency
electricity from energy storage system. Furthermore, the more electricity is generated, it may be kept in
energy storage system or sold back to the grid system (micro or community or national or international grid)
for the purpose of distribution for other consumers. Purchasing and selling activity in energy system will take
place. Consequently, the development of electricity network and Smart Grid and Smart Residence was
emerged, with two-way communication and energy management system in the residence was based on
advanced metering infrastructure (AMI) system. [4,5] It is mutual working between the systems of AMI and

internet of things (loTs). [6] The residence is the starting point of smart lifestyle in the future. It is comfortable
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life that people will have more time for other
activities in daily life and conserve environment at
the same time.

Based on a study in 2014, [7] there are four
factors for making smart residence popular by the
reasons of: 1) saving on energy and reduce
electricity bills; 2) having the clear benefits for more
comfortable life; 3) promoting positive
environmental impact, the quality of life, and
reduction in fossil fuel consumption; and 4)
observing and detect energy consumption data.
Also, there are six problems in acceptance and
development of the smart residence market by the
reasons of: 1) the challenge to design
within limitations; 2) ability to operate; 3) security
and reliability; 4) privacy and safety; 5) prices,
expenses and running costs; and 6) difficulty in
using smart technology.

Similarly, an another research in 2017, [8]
stated that Home Energy Management System
(HEMS) has six interesting challenges in case of
smart home development into commerce as follows:
1) the residents choose to adapt themselves
instead of buying new house; 2) smart system of
appliances in accordance with recognized international
standards; 3) privacy and safety; and 4) the
consumers’ concerns about high costs.

The study was aimed to analyze the
requirement of residence system in AEC: its
development potentialities of conceptual smart
residence system model with the hypothesis that
personal factors relate with consumption behavior

or lifestyle of the respondents.

Material and Method

Data collection and analysis were conducted
to identify demographic factor and behaviors of the
385 residents among 10 countries in AEC. The
validation and reliability of questionnaire were

tested by the experts of energy and business field.

Naresuan Phayao Journal

The index of item-objective congruence (IOC) was
utilized, and its IOC was 0.93 to analyze the
requirement for the residence system in AEC. The
design framework and flow chart of conceptual
smart residence included: tool (questionnaire),
method (instrument test), and then conceptual
smart residence model.

The total of 385 sampling residents was
representatives for the total of the 632,282,000
population in AEC. [2] The formula of Krejcie and
Morgan was introduced, [9] ata 0.05 level of error.
The data were analyzed as number, percentage,

and standard deviation.

Results

Figure 1 demonstrates the result framework

of the respondents with the following details.

Age
Residential Country Access to Internet

Annual Personal Income Energy Saving

Residence Type Automation System

Family Member

Money Saving
Mean : 3.26
Environmental Concerns
Standard Deviation : 0.76
Quality of Life
Most of the time

Nation Energy Security

Figure 1 Result framework

The subjects and proportion (subjects, %) of
all major variables were distributed. The respondent
age-groups were 25 to 30 years old (107, 27.7), 31
to 40 years old (106, 27.5), and 41 to 50 years old
(108, 28.05), and the remains were 51 to 60 years
old and over. The three main residents were Thai
(114, 37.4), Malaysia (97, 25.1) and Cambodia (31,
8.0), respectively. While the annual personal
income was less than USD 20,000 (207 subjects,
53.7), USD 30,000 to 39,999 (52 subjects, 13.5)
and 40,000 to 49,999 (40 subjects, 10.3) and the
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rest was higher. The three main types of residence
were detached and single house (188, 48.8),
attached house (91, 23.6) and apartment or
condominium (73, 18.9). The resident persons were
1 to 3 (139, 36.1), 4 to 6 (212, 55.0), and 7 to 10
(9, 2.3).

In addition for multiple answer question, the
access to internet were reported on mobile phone
(279, 29.6), at office (211, 22.4) and by public WIFI
(175, 18.6). The three major of energy saving
electric appliances were air condition system (220,
33.1), television (141, 21.3) and computer (84,
12.6). However, the reason of energy efficient
electric appliances were money saving (339, 35.8),
environment concern (239, 25.5) and quality of life
(168, 17.7). Briefly, the mean (standard deviation —
SD) of interest in smart residences, in 4-point scale,
was rather high of (3.26, 0.76). On probe-demand
revealed having right to own the six-people lodging,
preferring smart residence and focusing on money

saving as well.

Discussion

The habitat with smart residence is seem to
be a key component and various conceptual
models were offered, for example the lodging of 85
square meters with two bed rooms and other
utilized spaces such as kitchen, rest room, living
room and parking with affordable price at 850,000
Bahts  (excluding agriculture land, electric
appliances, solar energy generating systems and
information technology system). Near future, it is
expected 90 million people living in smart residence

and its facilities with distant remote sensing. [10-12]
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Abstract

The aim of the study was to determine the effects of ascetic exercise, 15 basic maneuvers, on
muscle flexibility, and quality of life. The outcome of muscle flexibility, back hip and shoulder, was assessed
using sit and reach test, and back scratch test. Quality of Life was evaluated by WHO QOL-brief-Thai at 4-,
8-, and 12- week. After 12-week admission, all of mean using sit and reach test, mean back scratch test, and

mean quality of Life score were improved with statistical significance (p<0.05).
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