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Background. Ageing resulted in a progressive loss of muscle mass and strength. Increased oxidative stress in ageing affects the
capacity of the myoblast to differentiate leading to impairment of muscle regeneration. Zingiber officinale Roscoe (ginger) has
potential benefits in reversing muscle ageing due to its antioxidant property. This study aimed to determine the effect of ginger in
the prevention of cellular senescence and promotion of muscle regeneration. Methods. Myoblast cells were cultured into young
and senescent state before treated with different concentrations of ginger standardised extracts containing different concen-
trations of 6-gingerol and 6-shogaol. Analysis on cellular morphology and myogenic purity was carried out besides determination
of SA-f-galactosidase expression and cell cycle profile. Myoblast differentiation was quantitated by determining the fusion index,
maturation index, and myotube size. Results. Treatment with ginger extracts resulted in improvement of cellular morphology of
senescent myoblasts which resembled the morphology of young myoblasts. Our results also showed that ginger treatment caused a
significant reduction in SA-f-galactosidase expression on senescent myoblasts indicating prevention of cellular senescence, while
cell cycle analysis showed a significant increase in the percentage of cells in the Go/G; phase and reduction in the S-phase cells.
Increased myoblast regenerative capacity was observed as shown by the increased number of nuclei per myotube, fusion index,
and maturation index. Conclusions. Ginger extracts exerted their potency in promoting muscle regeneration as indicated by
prevention of cellular senescence and promotion of myoblast regenerative capacity.

1. Introduction

Sarcopenia is one of the age-related diseases which is defined as
the progressive loss of muscle mass and strength [1]. Sarcopenia
begins approximately at the age of 40 years in which muscle
mass is predicted to decline about 8% per decade until the age of
70 years [2]. The progressive loss of muscle mass is characterized
by the decrement of regenerative capacity of the skeletal muscle
involving myoblast cells which can result in impairment of
muscle regeneration and difficulty in movement [3].

In the development of the skeletal muscle, satellite cell is
a vital component as it will proliferate and differentiate into

the myoblast before fuse with another adjacent muscle fibre
in order to form a new muscle fibre. As ageing occurs, the
capacity of the satellite cell to regenerate is reduced resulting
in decreased muscle mass and strength [3]. Several factors
including hormonal change, reduction in physical activity,
insulin change, increased level of oxidative stress, genetic
susceptibility, and nutritional deficiencies may contribute to
this age-related disease [4].

Oxidative stress is depicted by the presence of reactive
oxygen species (ROS). The level of oxidative stress is in-
creased when the antioxidant level is decreased due to the
low antioxidant capacity, impaired antioxidant enzyme
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activity, and increased ROS production [5]. The increment of
oxidative stress which is represented by the overproduction of
ROS could lead to oxidative damage of some biological
molecules including DNA, protein, carbohydrates, and lipid.
This further causes alteration of DNA transcription, loss of
DNA repair capacity, lipid peroxidation, mitochondrial
dysfunction, alteration of cell growth and differentiation,
induction of mutation, and apoptosis [6-8].

Ginger (Zingiber officinale Roscoe) is one of the potential
herbs that can be used in scavenging free radicals produced
during oxidative stress and inflammation [9]. Ginger not
only possesses antioxidant properties but also displays an-
ticancer [10], antibacterial [11], antidiabetic [12], and anti-
inflammatory [13] properties. Several bioactive compounds
including 6-gingerol, 6-shogaol, 10-gingerol, gingerdiones,
gingerdiols, paradols, 6-dehydrogingerols, 5-acetoxy-6-
gingerol, 3,5-diacetoxy-6-gingerdioal, and 12-gingerol [14]
have been characterised in ginger. However, the most
abundant active compounds in ginger are 6-gingerol and 6-
shogaol. The antioxidant effects in 6-gingerol and 6-shogaol
have been shown on various types of diseases caused by
oxidative stress, such as cardiovascular disease [15], cancer
[16], and diabetes [17]. A previous in vitro study showed that
treatment of ginger extract on liver cancer cell line removed
the superoxide radicals and hydrogen peroxide by replacing
the function of glutathione peroxidase (GPx), superoxide
dismutase (SOD), and catalase (CAT) [16].

Hosseinzadeh et al. reported that the ginger extract
which contains 6-gingerol and 6-shogaol reduced the pro-
duction of ROS and lipid peroxidation as well as induced the
expression of the antioxidant enzyme, namely, CAT, SOD,
glutathione peroxidase-1 (GPx1), glutathione peroxidase-3
(GPx3), and glutathione peroxidase-4 (GPx4), in the human
chondrocyte model [18]. A previous study performed by Lee
et al. found that 6-gingerol suppressed the expression of
p-amyloid, increased the expression of antioxidant enzyme,
and restored glutathione level in Alzheimer’s disease [19]. 6-
Shogaol also displayed a positive result in Parkinson disease
by protecting dopaminergic neurons against MPTP™- and
MPP"-induced neurotoxicity as well as inhibiting the release
of nitric oxide and reduced the expression of inducible nitric
oxide synthase (iNOS) [20, 21].

However, currently, no study has been conducted to
determine the effect of 6-gingerol and 6-shogoal in ginger
extracts on cellular senescence and myoblast differentiation.
Thus, this study aimed to elucidate the effect of 6-gingerol
and 6-shogaol in standardised ginger extracts in the pre-
vention of cellular senescence and promotion of myoblast
differentiation in the culture.

2. Materials and Methods

2.1. Cell Culture and Replicative Senescence. Primary human
myoblasts (human skeletal muscle myoblast; HSMM) which
were derived from a 17-year-old female were purchased
from Lonza (Walkersville, MD, USA). Myoblast cells were
maintained in the growth medium, skeletal muscle growth
media-2 (SkGM-2 medium) that contained the skeletal
muscle basal medium (SkBM), and complete culture media
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(CCM). SkGM-2 consists of human epidermal growth factor
(HeGF), L-glutamine, dexamethasone, foetal bovine serum
(FBS), and gentamicin/amphotericin B (Lonza, Walkersville,
MD, USA). When cell populations reached 70-80% of
confluency, cells were trypsinised. The medium was warmed
to 37°C, and cells were cultivated at 5,000-7,500 cells/cm?
prior incubated in humid atmosphere at 37°C containing 5%
carbon dioxide (CO,). For each passage, the number of cell
divisions was calculated as log (N/n)/log2, where N is the
number of cells at the time of passage and 7 is the number of
cells initially plated. The cells were divided into two groups
which were young cells with population doubling (PD) 14
and senescent cells with PD 21.

2.2. Gingerol and Shogaol Preparation and Treatment
Protocol. Ginger (Zingiber officinale Roscoe) extract was
obtained from Universiti Teknologi Malaysia (UTM,
Malaysia). Two types of the extraction method were used by
using subcritical water extraction to extract the standardised
ginger extracts [22]. For ginger extract 1 (GE1), the optimum
condition was at 130°C, for 30 minutes, while the solvent to
solid ratio was 28/2 ml/mg, while for ginger extract 2 (GE2),
the optimum condition was at 120°C, for 20 minutes, and the
solvent to solid ratio was 28/2ml/mg. GEl contains 6-
gingerol and 6-shogaol at concentrations of 289.531 ug/mL
and 15.466 ug/mL, respectively. Meanwhile, GE2 contains
lower gingerol and higher shogaol as compared to GE1
which are 181.257 ug/mL and 63.425 ug/mL, respectively.

Stock solutions for GE1 and GE2 were freshly prepared
in water at a concentration of 10 mg/ml. The stock solutions
were kept not more than one month at —20°C. Both ginger
extracts were diluted with CCM into series of concentra-
tions, 0, 10, 20, 30, 50, 100, 200, 300, 500, and 1,000 yg/mL.
Myoblast cells were plated at density of 2 x 10* in the 96-well
plate before incubated overnight. The medium was then
changed with the new medium containing different con-
centrations (50, 100, 200, and 300 yg/mL) of GE1 and GE2
and incubated in humidified atmosphere with 5% CO, at
37°C for 24 h. After 24 h of incubation, the media containing
either GE1 or GE2 were replaced with the new CCM. The
final concentration used in this study was taken from the
previous study on the cell viability assay (manuscript under
review).

2.3. Analysis of Cellular Morphology and Myogenic Purity.
The myogenic purity was evaluated by desmin staining.
Desmin is a cytoskeletal protein that is only expressed in
myogenic cells and not in fibroblast cells. Myogenic purity
was determined by performing immunocytochemistry
analysis using the specific antibody for desmin (D33; DAKO
Denmark) at a dilution of 1:50. Myoblasts were plated at a
density of 1x10* on u-Slide 8 well (ibidi, Martinsried,
Germany). The cells were then fixed with cold ethanol for 5
minutes. Then, cells were incubated sequentially with the
antidesmin antibody and Alexa Flour 488 goat antimouse.
Nuclei were visualized using Hoechst 33342 (Life Tech-
nologies, Carlsbad, USA). The slides were observed under an
EVOS FL Digital Inverted Fluorescence Microscope (Life
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Technologies, Carlsbad, CA, USA). The percentage of des-
min-positive cells was determined by counting at least 100
cells in three independent cultures. The morphological
changes of myoblast cells were also observed.

2.4. SA-B-Galactosidase Analysis. The presence of the se-
nescent myoblast was confirmed by evaluating the expression
of SA-B-galactosidase (SA-f3-gal) as described by Dimri et al.
[26]. SA-f-gal was analysed by using Senescent Cell Histo-
chemical Staining Kit (Sigma-Aldrich, St. Louis, Missouri,
USA). Before analysis, cells were incubated in staining solution
in the absence of CO, at 37°C for 8 h. At least 100 cells were
observed to obtain the percentage of blue-stained cells. The
morphological changes of the myoblast were also evaluated.

2.5. Induction of Differentiation. To induce differentiation,
the cells were plated at 20,000 cells/cm® before incubated
overnight at 37°C with 5% CO,. On the following day, the
growth medium was replaced with DMEM: F12 (Lonza,
Walkersville, MD, USA) which was supplemented with 2%
horse serum (ATCC, Baltimore, USA). The cells were then
treated with different concentrations of GE1 and GE2

fusion index =

the number of nuclei in myotube (> 2 nuclei)

containing 6-gingerol and 6-shogaol. Muscle cell differen-
tiation was induced by replacing proliferation medium
SkBM with a differentiation medium DMEM: F12 (Lonza,
Walkersville, MD, USA), supplemented with 2% horse se-
rum (ATCC, Baltimore, USA). The medium was changed
every two days.

2.6. Determination of Myogenic Differentiation. Myoblast
regenerative capacity was determined by myotube size, fu-
sion index, and maturation index which indicate efficacy of
myogenic differentiation. Myogenic differentiation was
observed on days 1, 3, 5, and 7 of differentiation. Differ-
entiated myoblast cells on days 0, 1, 3, 5, and 7 were cultured
and stained using immunocytochemistry technique. Fusion
index, maturation index, and myotube size were determined
by using Image] software version 1.50i. The myotube size
was analysed by the number of nuclei per myotube in a
minimum of 11 multinucleated cells in 3 different randomly
chosen optical fields [23]. The fusion index [24] and mat-
uration index [25] were calculated in a minimum of 50
nuclei in 3 different randomly chosen optical fields, and the
formula is shown as follows:

x 100%,

the total number of desmin-positive nuclei

maturation index =

the number of nuclei in myotubes (>5 nuclei)

(1)
x 100%.

the total number of desmin-positive nuclei

2.7. Cell Cycle Analysis. Ginger-treated myoblasts and un-
treated control cells were subcultured in the 10 cm? tissue
culture dish. Cells were harvested and prepared for cell cycle
analysis using Cycletest PLUS DNA Reagent Kit (Becton
Dickinson, USA) after 24 h of incubation. The cell cycle was
analysed by using the FACS Calibur flow cytometer (Becton
Dickinson, USA) using specific fluorescent dye probe,
propidium iodide (PI).

2.8. Statistical Analysis. Each experiment was conducted at
least three times, and data were presented as mean + SD. The
data were analysed by one-way analysis of variance
(ANOVA) using SPSS software version 20. p <0.05 was
accepted as the significant value.

3. Results

3.1. Analysis of Myogenic Purity of the Myoblast. Cellular
morphology and myogenic purity were observed in all
groups of cells (control and treated groups) by determining
desmin expression. The myogenic purity of the young and
senescent myoblast was more than 95% in both control and
ginger-treated myoblasts (Tables 1 and 2).

3.2. Effect of Ginger on Cellular Morphology of the Human
Myoblast. Control young myoblast displayed a normal

spindle shape with round nuclei and lacked striation
(Figures 1(a) and 2(a)). However, during cellular senescence,
the myoblast became larger and flatter with prominent
filaments in the cytoplasm (Figures 1(d) and 2(d)). After
treated with GE1 (Figures 1(e) and 1(f)) and GE2
(Figures 2(e) and 2(f)), the senescent myoblast resembled
young myoblast morphology by showing normal spindle
shape and round nuclei. Senescent myoblasts treated with
high concentration (300 yg/mL) of GE1 and GE2 displayed
more normal spindle shape and round nuclei as compared
with low concentration (50 ug/mL) of GE1 and GE2.

3.3. Effects of Ginger on Cellular Senescence of the Human
Mpyoblast (SA-B-Galactosidase Analysis). SA-B-gal analysis
was performed by determining the presence of blue stain
which indicates the senescence-associated biomarker in
myoblasts. Positively stained senescent myoblasts are shown
in Figures 3(d)-3(f) and 4(d)-4(f), while young myoblasts
are shown in Figures 3(a)-3(c) and 4(a)-4(c). The per-
centage of SA-B-gal-positive cells for GE1 and GE2 treat-
ment in young and senescent myoblast cells is shown in
Figures 3(g) and 4(g). There was a significant increase in SA-
B-gal expression in the senescent myoblast as compared to
young cells (p < 0.05). However, the percentage of SA-f3-gal-
positive cells in the senescent myoblast was significantly
decreased with GE1 and GE2 treatment as compared to
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TaBLE 1: Percentage of desmin-positive cells for GE1 treatment in young and senescent myoblast cells.

Myoblasts Young Senescent

Concentration of ginger extracts (ug/mL) Control 50 200 Control 50 300

Desmin-positive cell (%) 97.32 98.93 98.36 97.34 96.24 96.49
TaBLE 2: Percentage of desmin-positive cells for GE2 treatment in young and senescent myoblast cells.

Myoblasts Young Senescent

Concentration of ginger extracts (ug/mL) Control 50 200 Control 50 300

Desmin-positive cell (%) 98.70 96.85 95.48 96.67 97.34 97.40

(d)

()

FiGure I: Effects of GE1 treatment on the cellular morphology of myoblasts. The micrographs of myoblasts were taken from the young
control (a), 50 ug/mL GE1-treated young (b), 200 ug/mL GE1-treated young (c), control senescent (d), 100 yg/mL GE1-treated senescent (e),
and 300 yg/mL GEl-treated senescent (f). Myoblasts were stained with green colour for desmin and blue colour for nuclei.

untreated control cells (p <0.05). Both concentrations of
GEl and GE2 treatment caused a significant reduction in
SA-f-gal expression in senescent myoblasts (p < 0.05).

3.4. Effect of Ginger on Myoblast Regenerative Capacity.
Effect of ginger on myoblast regenerative capacity was de-
termined based on myotube size, fusion index, and matu-
ration index. Figures 5(a)-5(e) show the positive desmin
stained that represents myoblast differentiation for each
treatment group on day 7 of differentiation. The myotube size,
percentage of fusion index, and percentage of maturation
index of the myoblast on different days of differentiation are
shown in Figures 5(f)-5(h) and in Table 3 (A)-(C).

The number of nuclei per myotube in the control
myoblast was significantly higher on days 3, 5, and 7 of

differentiation as compared with day 0 (p<0.05)
(Figure 5(f)and Table 3 (A)), while on day 5, there was a
significant increase in myotube size for the 100 ug/mL GE1-
treated myoblast, 300 ug/mL GEl-treated myoblast, 100 ug/
mL GE2-treated myoblast, and 300ug/mL GE2-treated
myoblast as compared with the control (p < 0.05). On day 7 of
myoblast differentiation, the number of nuclei per myotube
was significantly higher for 100 ug/mL GE1, 300 ug/mL GEI,
100 ug/mL GE2, and 300 ug/mL GE2 (p <0.05).
Meanwhile, the fusion index of the control myoblast was
significantly higher on days 3, 5, and 7 of differentiation as
compared with day 0 (p <0.05) (Figure 5(g) and Table 3 (B)).
Treatment with 100 ug/mL GE1 and 300 yg/mL GE2 on day 3
significantly increased the fusion index of the myoblast as
compared with the control (p < 0.05). Meanwhile, the fusion
index on days 5 and 7 was significantly increased for
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FiGure 2: Effects of GE2 treatment on the cellular morphology of myoblasts. The micrographs of myoblasts were taken from the young
control (a), 50 ug/mL GE2-treated young (b), 200 ug/mL GE2-treated young (c), control senescent (d), 100 yg/mL GE2-treated senescent (e),
and 300 yg/mL GE2-treated senescent (f). Myoblast was stained with green colour for desmin and blue colour for nuclei.

concentration of 100 yg/mL GE1, 300 yg/mL GE1, 100 yg/mL
GE2, and 300pug/mL GE2 as compared with the control
(p<0.05).

The maturation index of control myoblasts was sig-
nificantly higher on days 1, 3, 5, and 7 of differentiation
compared with day 0 (p <0.05) (Figure 5(h) and Table 3
(C)). On day 3, treatment with 100 yg/mL of GE1 caused a
significant increase to the maturation index as compared
with the control group of the myoblast (p < 0.05). Treat-
ment with GEI at concentrations of 100 yg/mL and 300 ug/
mL significantly increased the maturation index of myo-
blasts as compared with control myoblasts on days 5 and 7
of differentiation (p < 0.05). Meanwhile, for treatment with
GE2, there was also a significant increase in the maturation
index at concentrations of 100 ug/mL and 300 yg/mL of
GE2 on days 5 and 7 compared with the control group
(p<0.05).

3.5. Effect of Ginger on Cell Cycle Profile. Treatment with
GE1 and GE2 caused a significant increase in the Gy/G;
phase of senescent myoblasts as compared with control
senescent myoblasts (p <0.05) (Figure 6). The percentage
of cells in phase S, however, was significantly reduced with
GE1 and GE2 treatment as compared with the untreated
control (p<0.05). Treatment with GE1 and GE2 also
caused a significant reduction in the percentage of cells in

the G,/M phase as compared with the untreated control
(p<0.05).

4, Discussion

Myoblast is an embryonic progenitor cell originated from
differentiation process of satellite cells. It is essential for the
formation of muscle tissue. From the satellite cell, myoblasts
will further differentiate into myotube which is depicted by
the presence of multiple nuclei in its fibres [27]. Normally,
young myoblasts will differentiate into large-branched
myotube, and senescent myoblasts will turn into smaller
myotube [23]. The morphology of the young myoblast is
normally thin, elongated, and spindle shaped, while se-
nescent of the myoblast turned into a flattened and broader
structure with larger cytoplasm.

Previous study reported that the senescent myoblast
displayed high level of reactive oxygen species (ROS),
downregulation of myogenic differentiation, low prolifera-
tion capacity, and high expression of oxidative damage-
associated genes [23, 28]. The high level of ROS contributes
to the increment of oxidative stress level that causes oxi-
dative damage to protein and DNA, as well as it increases
lipid peroxidation which later contributes to mitochondrial
dysfunction, alters cell growth, and induces mutation as well
as apoptosis [7, 8]. Huang et al. reported that the accu-
mulation of ROS during senescent leads to the alteration of
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FIGURE 3: Effects of GE1 treatment on senescent biomarker SA-B-galactosidase. The micrographs of the myoblast were captured from control
young (a), 50 ug/mL GE1-treated young (b), 200 ug/mL GEl-treated young (c), control senescent (d), 100 ug/mL GE1-treated senescent (e), and
300 pg/mL GE1-treated senescent (f) cells. As shown by the arrow in (d), the senescent control cells were stained blue indicating the positive result
for SA-f3-gal expression. The percentage of cells positive to SA-f-gal staining was measured quantitatively (g). The cells positively stained for SA-
B-gal were significantly reduced with GE1 treatment. * p <0.05 Significantly different as compared with control young myoblasts; # p<0.05
significantly different as compared with control senescent myoblasts. The data were presented as the mean +SD, n=9.

cellular metabolism and pathway which contributes to the ~ morphology of the senescent myoblast is different as
changes in the cell membrane, cytoskeleton, and extracel-  compared with the morphology of the young myoblast.

lular matrix (ECM) which are vital in maintaining the in- Ginger (Zingiber officinale Roscoe) is one of the po-
tegrity of the myoblast cell structure [29]. Therefore, the  tential herbs that can be introduced in order to reverse
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FIGURE 4: Effects of GE2 treatment on senescent biomarker SA-S-galactosidase. The micrographs of myoblasts were captured from control
young (a), 50 ug/mL GE2-treated young (b), 200 ug/mL GE2-treated young (c), control senescent (d), 100 yg/mL GE2-treated senescent (e),
and 300 yg/mL GE2-treated senescent (f) cells. As shown by the arrow in (d), the senescent control was stained blue indicating the positive
result for SA-f3-gal. The percentage of cells positive to SA-3-gal staining was measured quantitatively (g). The cells positively stained for SA-
B-gal were significantly reduced with GE2 treatment * p < 0.05 Significantly different as compared with control young myoblasts; # p<0.05
significantly different as compared with control senescent myoblasts. The data were presented as the mean+SD, n=9.

muscle ageing by exhibiting its antioxidant properties. ~ which is formed when fresh ginger is dried or treated with
There are two main active compounds that contribute to  high temperature [30]. These bioactive compounds dis-
the therapeutic effects in ginger which are 6-gingeroland 6-  played an antioxidant property via the nuclear factor

shogaol. 6-Shogaol is the dehydrated form of 6-gingerol  erythroid 2-related factor (Nrf2) signalling pathway [31].
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FiGgure 5: Continued.
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Ficure 5: Effects of ginger (Zingiber officinale Roscoe) on myoblast differentiation. The micrographs of myoblasts were taken from the
control (a), 100 ug/mL GE1-treated myoblast (b), 300 ug/mL GE1-treated myoblast (c), 100 ug/mL GE2-treated myoblast (d), and 300 pg/
mL GE2-treated myoblast (e) on day 7 of differentiation. Myoblast was stained with green colour for desmin and blue colour for nuclei. The
myotube sizes (f), fusion index (g), and maturation index (h) were quantitated on day 0, day 1, day 3, day 5, and day 7 of differentiation for
different concentrations (100 yg/mL and 300 ug/mL) of GE1 and GE2 treatment in senescent myoblast cells. Data are presented as
means + SD, n=3. * p <0.05: significantly different compared with the control group (day 0), # P <0.05: significantly different compared
with the control (day 3), * p < 0.05: significantly different compared with the control (day 5), and ®p < 0.05: significantly different compared

with the control (day 7).

TABLE 3: Myotube size (A), fusion index (B), and maturation index (C) for GE1 and GE2 treatment in senescent myoblast cells.

Day 0 Day 1 Day 3 Day 5 Day 7
(A) Myotube size (number of nuclei per myotube)
Control 3.83+0.17 4.25+0.27 6.30 £ 1.65 6.07+0.47 7.07£0.12
100 ug/mL GEl-treated myoblast 3.40+0.57 7.44+1.40 10.96 +2.65 15.06 +1.99 22.87 £2.65
300 yug/mL GEl-treated myoblast 3.58+0.42 7.38+1.92 8.94+1.73 13.76 +2.47 14.95+1.10
100 pg/mL GE2-treated myoblast 3.67+£0.74 8.41+£2.04 7.89 £1.69 13.88 +0.69 21.37+1.26
300 pg/mL GE2-treated myoblast 3.75+0.59 8.27+2.10 8.383 +£4.07 8.64+0.67 13.52+0.18
(B) Fusion index (%)
Control 142.36 £10.71 188.91 +16.13 205.44 £ 15.48 253.49 £ 35.14 289.14 + 14.06
100 pg/mL GEl-treated myoblast 130.01 +33.43 439.05+101.72 735.87 +£170.41 1126.08 +136.36 1868.75 + 193.04
300 pg/mL GEl-treated myoblast 138.64 +32.28 42848 +117.43 592.86 + 125.59 962.76 £ 169.81 1173.37 +£101.12
100 pg/mL GE2-treated myoblast 146.40 +43.73 500.94 +137.12 511.81 +128.92 1003.54 + 135.43 1662.94 + 84.07
300 pg/mL GE2-treated myoblast 165.05 +45.54 500.85+159.23 659.62 + 263.66 863.93 +£67.28 988.85 + 38.51
(C) Maturation index (%)
Control 78.65+3.02 161.27 +20.25 205.44 +15.48 248.73 £ 35.13 286.29 + 14.64
100 ug/mL GEl-treated myoblast 67.02 +30.21 363.65+97.84 669.06 +170.15 1099.34 +129.41 1812.29 +£209.96
300 pg/mL GEl-treated myoblast 80.125 + 24.65 356.51 +116.49 517.24 +£138.36 920.32 £173.30 1132.88 +104.01
100 ug/mL GE2-treated myoblast 88.42 +48.41 433.31 +147.51 438.71 +133.89 966.51 + 134.50 1623.49 + 81.31
300 ug/mL GE2-treated myoblast 95.40 +40.82 427.50 +£165.71 610.44 +265.51 835.20 +£69.78 938.97 £43.51

Values are mean + SD, N=3.

The introduction of ginger into the cell leads to the dis-
sociation of Nrf2 from Kelch-like ECH-associated protein 1
(Keapl), an inhibitory protein partner in cytosol which
results in the translocation of Nrf2 into the nucleus [32].
These Nrf2 will bind to the antioxidant response element
(ARE) and induce the transcription of antioxidant genes
exhibiting the protective effect of ginger.

In this study, the effects of 6-gingerol and 6-shogaol in
two types of ginger standardised extract on myoblast cells in
culture were elucidated. The composition of 6-gingerol and
6-shogaol in these two ginger extracts was different. GE1
consists of 289.531 mg/mL of 6-gingerol and 15.466 mg/mL
of 6-shogoal, while GE2 consists of 181.257 mg/mL of 6-
gingerol and 63.425mg/mL of 6-shogoal. Several factors
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FIGURE 6: Cell cycle profile of the senescent myoblast treated with
different concentrations of ginger (Zingiber officinale Roscoe)
extracts 1 and 2. * p <0.05 compared to control senescent. The data
were presented as the mean + SD, N=3.

contribute to these differences such as the type of extraction,
temperature, pressure, time, and solvent used in the ex-
traction process [33]. In this study, two different extraction
conditions were applied in preparing the extracts. GE1 was
extracted by using higher temperature with prolonged time
of extraction as compared to GE2 resulting in higher con-
centration of 6-gingerol and 6-shogoal. A previous study
showed that the quantity of ginger oil extraction was de-
creased with the increasing of temperature and changes in
pressure [33]. This difference may be due to the difference in
the extraction method of ginger.

The findings of our study showed that the morphology of
senescent myoblasts treated with standardised ginger ex-
tracts containing 6-gingerol and 6-shogaol resembled the
morphology of young myoblasts. 6-Gingerol- and 6-sho-
gaol-treated senescent myoblast displayed a round nuclei
and normal spindle shape of the young myoblast. This result
was in accordance with the study performed by Khor et al.,
which found that the senescent myoblast treated with
tocotrienol-rich fraction (TRF) displayed a similar mor-
phology as the young myoblast cell [23]. The changes of
morphology in the senescent myoblast treated with 6-gin-
gerol and 6-shogaol may be due to the modulation of protein
expression of matrix metalloproteinases (MPPs). It has been
reported that higher level of ROS during senescence con-
tributes to the activation of MAP kinase, which is vital in the
transcriptional regulation of MMPs [34]. These MMPs are
responsible to degrade procollagen in the myoblast cell as
well as regulate skeletal muscle cell migration, differentia-
tion, and regeneration which influence the structure of the
myoblast [35]. A previous study reported that 6-gingerol and
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6-shagoal inhibited the expression of MMPs which is highly
expressed during senescence by inhibiting the MAP kinase
and PI3k/Akt pathway as well as NF-f3 and STAT3 activities
[36]. The inhibition of MMP expression will then reduce the
changes in morphology of the senescent myoblast.

One of the most important features of senescence is the
expression of senescence-associated f-galactosidase (SA-
B-gal) which acts as a replicative senescent biomarker. Our
study demonstrated that treatment with 6-gingerol and 6-
shogaol reduced the level of SA-f-gal in the senescent
myoblast. This proved that 6-gingerol and 6-shogaol were
able to exhibit ageing reversal effect on myoblast cells in the
culture. This finding is in agreement with the finding from a
previous study which reported that treatment with TRF and
alpha-tocopherol (ATF) on the senescent myoblast [23] and
H,0,-induced myoblast [37] caused a decrease in SA-f3-gal
expression. Our current study also revealed that GE1 which
contains higher amount of 6-gingerol with less 6-shogoal
exhibited similar reduction in SA-f-gal expression as
compared with the effects of GE2 which contains higher level
of 6-shogoal with lower 6-gingerol. Even though both 6-
gingerol and 6-shogaol possess different chemical structures,
they produced similar effects on myoblasts in the culture
when given in combination with the standardised ginger
extracts. A previous study reported that based on the
chemical structure of 6-shogaol, there is conjugation of «,
B-unsaturated ketone skeleton which may contribute to the
positive effect of 6-shogaol [38]. Another study reported that
6-shogaol exerted better potency and efficacy as compared to
6-gingerol as an anticancer, anti-inflammatory, and anti-
oxidant [38].

The ability of the myoblast cell to differentiate was
confirmed by measuring the number of nuclei per myo-
tube, fusion indexes, and maturation indexes. The differ-
entiated myoblast can be seen through formation of the
multinucleated myoblast. Our findings showed that the
senescent myoblast underwent differentiation as it caused
increment in fusion indexes, maturation indexes, and the
number of nuclei per myotube. Treatment with different
concentrations of ginger extract was found to improve
differentiation of the senescent myoblast by increasing the
tusion indexes, maturation indexes, and myotube size. This
result was similar to our previous findings which found that
treatment with Chlorella vulgaris on the myoblast has
promoted the differentiation in the young myoblast by
improving myotube size, fusion index, and maturation
index [39]. In another study, treatment with TRF on the
myoblast resulted in increased fusion index and myotube
surface area in both young and senescent myoblasts [40].
Meanwhile, ATF treatment on the senescent myoblast
displayed a significant decrease in the fusion index and size
of myotubes which contradicted with ginger extract
treatment on the senescent myoblast [23]. This finding
indicated the potential of ginger extract in promoting
myoblast differentiation and regeneration in the senescent
myoblast.

Our results also showed that treatment with 6-gingerol
and 6-shogaol affects the progression of cell cycle of
myoblast cells. Normally, myoblasts undergo active
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proliferation before entering the differentiation phase
which consists of cell cycle arrest and fusion of the
myoblast cell into the myotube [41]. In the Go/G; phase,
cells are growth-arrested as prevention for replication to
allow repair of damaged DNA [42]. During this phase,
DNA damage and other factors are being assessed, and if
there are inadequate conditions, the cell will not be allowed
to enter the next phase of the cell cycle. A previous study
found that the expression of the Ki67 protein which is
essential in cell proliferation was low during the Go/G;
phase resulting in loss of proliferative capacity in the
myoblast cell [43]. Previous finding also reported that the
expression of the Ki67 protein was decreased in the se-
nescent myoblast as compared with the young myoblast
leading to the decline in cellular proliferation of the se-
nescent myoblast [44]. Moreover, cellular proliferation is
influenced by telomere length and telomerase activity. As
ageing occurs, telomere length and telomerase activity are
decreased resulting in the capacity reduction of cells to
proliferate [45]. Treatment with the natural compound
such as TRF on senescent fibroblast cells has been reported
to stimulate the expression of telomerase and increased
elongation of telomere resulting in cells commit to the
S-phase [46]. 6-Gingerol and 6-shogaol may have a similar
effect on fibroblast cells but not on myoblasts. Razak et al.
demonstrated in their findings that, during the early stage
of differentiation, there was promotion of cell cycle
withdrawal to facilitate myoblast differentiation [40]. This
was further confirmed in the findings of this study which
showed decreased senescent myoblast cell population in
the S-phase suggesting cell proliferation was inhibited in
preparation for cell differentiation. The findings observed
in this study strengthen the facts that 6-gingerol and 6-
shogoal may protect against cellular senescence and pro-
mote myoblast differentiation.

5. Conclusion

In conclusion, standardised extract of ginger which consists
of 6-gingerol and 6-shogaol has great potential in preventing
cellular senescence of human myoblasts and promotes
myoblast differentiation. Both 6-gingerol and 6-shogaol
exerted a comparable effect in preventing cellular senescence
of human myoblasts which also promote myoblast differ-
entiation. This may give an advantage in the prevention of
muscle disease particularly sarcopenia.
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