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ABSTRACT OF THE THESIS
Effect of Egg Yolk Extract on Proliferation and Myogenic Differentiation of C2C12
Myoblasts
By DEVIKA UMESH JOGLEKAR

Thesis Advisor: Dr Joseph W. Freeman

Muscle wasting disorders like atrophy and sarcopenia are characterized by compromised
skeletal muscle mass and function. One of the many causes of muscle wasting reported is
the failure of satellite cells to fuse and form myofibres. Satellite cells are an integral part
of skeletal muscle regeneration because of their self-renewal and differentiation abilities.
Muscle regeneration research with respect to satellite cells has stimulated interest in
discovering factors that enhance proliferation and differentiation as a first step in the
regenerative process. The importance of nutrition in regulating muscle mass and muscle
protein synthesis is well established. However, limited literature is available regarding
the role of nutrition in muscle regeneration; specifically with respect to satellite cells. As
for nutrition, chicken egg yolk appears to be a promising candidate. Egg yolks are rich in
nutrients such as vitamins, minerals, amino acids and proteins which can provide
sustained supply of nutrition to the cells in-vitro. In the present study, we tested the effect
of different fractions and concentrations of egg yolk extract on C2C12 myoblasts. For
this purpose, egg yolk extract was supplemented in growth media and cells were grown
in this nutrient rich media for one week. Cell viability, fluorescence imaging and mMRNA
expression of muscle specific genes were analyzed at specific time points of proliferation



and differentiation stages of myoblast. The study results showed that supplementation of
the egg yolk extract in media enhanced proliferation and differentiation of myoblasts in a
dose dependent manner which was analyzed by increase in cell viability, number of
nuclei, number of myofibres and mRNA expression of muscle specific genes such as

MyoD and myogenin.
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CHAPTER 1 - Introduction

1.1 Overview

Skeletal muscle is a highly organised striated muscle tissue which comprises of long
multinucleated cells called myofibres. It is the most abundantly found muscle type in the
body. In developmental stages, mononucleated myogenic progenitors called myoblasts
fuse together to form multinucleated myofibres through a multistep process known as
myogenesis. This differentiation of myoblasts into myofibres is achieved in neonatal
stages and the number of fibres remains constant thereafter [1, 2]. However, these
myofibres grow in size in postnatal stages by fusing with muscle stem cells. In normal
conditions, the skeletal muscle is stable and promotes sporadic satellite cell fusion if
required for muscle turnover [2]. In mammals, skeletal muscle regeneration takes place at
molecular, cellular or tissue level which is driven by various intrinsic and extrinsic

factors.

Alleviating poor muscle regeneration or ameliorating dysfunctional muscle regeneration
can be achieved by implementing these new therapeutic strategies that are targeted at
cellular level. There are different aspects of skeletal muscle regeneration that individually
and later collectively contribute to reformation of innervated and vascularised muscle
tissue. These aspects include the proliferation or differentiation of myogenic stem cells,

regulation of molecules, up regulation or down regulation of muscle specific genes or



ageing to name a few [3-8]. Efforts are being made to explore each of these aspects to

better understand and improve research in muscle regeneration.

Muscle wasting disorders like atrophy and sarcopenia are characterized by compromised
or loss of skeletal muscle mass and function [9-13]. The failure of satellite cells to fuse
and form myofibres or decrease in their number and function are reported to cause such
disorders [14, 15]. The regenerative ability is thought to be compromised due to the
decreased response of these cells to various growth factors and agents or due to decrease
in availability of sufficient growth factors that help in maintenance and sustenance of

muscle mass and satellite cells [2].

Importance of satellite cells in skeletal muscle regeneration, be it in neonatal stage or
postnatal stage can be attributed to their self-renewal and differentiating abilities [24].
Muscle regeneration research with respect to satellite cells has stimulated interest in
discovering factors that enhance proliferation and differentiation as the first step of
regenerative process. It is seen that these cells respond well in-vitro to different growth
factors in a way that is dose or concentration dependent [8]. Numerous studies have also
revealed that hormones, stimulation, innervations and vasculature can highly influence
the proliferation and differentiation of satellite cells [2, 17]. Together it can be deduced

that microenvironment of satellite cells do affect their behaviour and function.

Dysregulation of myogenic precursors that contribute to muscle loss is an emerging field

of research. The importance of nutrition in regulating muscle mass and muscle protein



synthesis is well established [9]. However, limited literature is available regarding the
role of nutrition on muscle regeneration; specifically with respect to satellite cells. As for
nutrition, chicken egg yolk appears to be a promising candidate for providing sustained
supply of nutrition to the cells in-vitro. Chicken egg yolk contains cholesterol, vitamins,
minerals, amino acids and proteins. In the present study, we tested the effect of different
concentrations of fertilized egg yolk extract on C2C12 myoblasts. For this purpose, egg
yolk extract was supplemented in growth media and cells were grown in this nutrient rich
media for one week. Cell viability, fluorescence imaging and mRNA expression of genes
were analyzed at specific time points of proliferation and differentiation stages of

myoblasts.

1.2 Objectives
Specific aims of this study were:
1. To assess effect of egg yolk extract on myoblast proliferation and growth

2. To assess effect of egg yolk extract on myoblast fusion and differentiation

In order to achieve these objectives, following experiments were designed, conducted and

analyzed:

C2C12 myoblasts were grown in Dulbecco modified eagle medium (DMEM)
supplemented with 10% (v/v) fetal bovine serum (FBS) and 1% penicillin and
streptomycin (P/S). The cell line was maintained in growth medium at 37°C in 5% CO,

atmosphere. The cell studies were carried out in two sets of condition media: proliferation



media (10%FBS) supplemented with egg yolk extract and differentiation media (2%FBS)
supplemented with egg yolk extract. To determine the effects of different concentration
of egg yolk extract on cell proliferation and differentiation: 500ug/ml, 1mg/ml and
10mg/ml concentrations were used. All the cell studies were carried out for 7 days. Cell
viability was measured on days 1, 3 and 7 of every cell study. Cell viability was
determined using Presto Blue Assay with incubation period of 1 hour. The results were
calculated in form of absorbance values using average values and standard deviations.
The cells were fixed on day 7 and prepared for staining using cytochemical technique.
The cells were stained with phalloidin and DAPI to detect nuclei and actin fibres.
Fluorescence images were captured using a confocal microscope. Image analysis was
carried out using ImageJ software to determine number of nuclei, number of myotubes
and fusion index. For mRNA expression, PCR was carried out on day 3. The cells were
lysed on day 3 to extract RNA and then reverse transcribed to form cDNA. gPCR was

then carried out using cDNA and specific gene primers using SYBR green technique.



CHAPTER 2- LITERATURE REVIEW

2.1 Overview of Muscle Regeneration

Muscle regeneration is a process that has three main sequential stages: 1) inflammation;
2) satellite cell activation, differentiation and self-renewal; and 3) maturation and
remodelling of regenerated myofibres [1, 2]. These stages could also overlap when
necessary. Muscle degeneration occurs when myofibre undergoes necrosis caused due to
trauma, injury or mechanical damage to the muscle tissue [1, 2]. This event is marked by
disruption of organised sarcolemma within myofibres which eventually breaks the
myofibre integrity. Necrosis then activates cascade of inflammatory responses which
attracts neutrophils and leucocytes to the injured area. Macrophages then invade the site
of injury and remove the necrotic muscle tissue. During this stage, cytokines (e.g. TNF-a)
and interleukins (e.g. 1L-1) are released [1, 2]. All these events are reported to facilitate
proliferation and differentiation of satellite cells (myoblasts). Proliferation and
differentiation of satellite cells is the hallmark of muscle regeneration process.
Proliferation of satellite cells results in increased number of nuclei for differentiation and
fusion which is required for muscle repair. Few studies have reported that muscle
regenerative capacity is drastically challenged if the cell proliferation is blocked by
treatments such as irradiation or colchicines [18, 19]. Following proliferation, satellite
cells differentiate and fuse together to form myofibres. For regeneration of complete
functional muscle, reinnervation and maturation of newly formed muscle fibres is

required. Maturation of regenerated myofibres is associated with increase in size of



myofibres and migration of myonuclei to the peripheral region of the plasma membrane

[1, 2, 20, 21].

Dysfunctional muscle regeneration is characterized by reduced differentiation and fusion
of satellite cells into myofibres or incomplete fusion of regenerated myofibres which lead
to muscle disorders as in case of sarcopenia or atrophy. Abnormal muscle regeneration is
characterized by formation of branched myofibres as in case of hypertrophy. There are
many causes of muscle wasting that are directly associated with the impairment of
regenerative ability of the atrophying muscle. However, one of the prevailing hypothesis
in the field of skeletal muscle regeneration associated with muscle wasting disorders such
as cachexia, sarcopenia or atrophy is the impairment of satellite cell proliferation,
differentiation or fusion of myoblasts [2, 9-13, 22] . It is reported that in atrophied muscle
number of precursor cells or the satellite cells decrease over time and it could also result
due to myoblast fusion defects [12]. In such cases, the satellite cells or the precursor cells
are active which is marked by increased number of muscle precursor cells. However, due
to fusion defect the myoblasts are prevented from differentiating and fusing into muscle

fibres.

2.2 Satellite Cells in Skeletal Muscle Regeneration: Activation, Differentiation and
Self-Renewal

During embryonic stage, proliferated embryonic myogenic cells (myoblasts) differentiate
and finally fuse to form multinucleated myofibres. This process is termed as myogenesis.

Mammalian skeletal muscle which is otherwise stable recovers immediately from normal



wear and tear of muscle [2]. Postnatal myogenesis occurs by fusion of myoblasts with
pre-existing myofibres. Satellite cells are required for muscle regeneration under
pathological and physiological conditions. This is supported by studies where the satellite

cells that were ablated in adulthood resulted in decreased muscle regeneration [2].

Myogenesis comprises of activation, differentiation and fusion of myoblasts. This process
is controlled and regulated by appropriate and specific transcription factors. Satellite cells
are located in sublamina of the intact muscle and are quiescent. These quiescent cells
express paired-box protein-7 (Pax-7) which maintains their population [5-7, 23-24].
Satellite cells exit their quiescent stage when exposed to trauma or any kind of muscle
damage. At this stage, myogenic factor 5 (Myf-5) along with Pax-7 activate and expand
satellite cells (myoblasts) [5, 7]. Once activation, these satellite cells which are now
termed as adult myoblasts proliferate. Satellite niche and its microenvironment are
reported to influence the proliferation of myoblasts. Proliferating myoblasts are
characterized by rapid expression of myoblast determination protein (MyoD) which
predicts the differentiation potential of the proliferating myoblasts. After certain amount
of time, the satellite cells are programmed to enter into myogenic differentiation phase
where each cell fuses into a small myofibre. Differentiating myoblasts are characterized
by expression of myogenin and myocyte enhancer factor 2 (MEF 2) [23, 25]. Finally the
cells fuse together to form nascent multinucleated myotubes which then mature and are
characterized by expression of myosin heavy chain (MHC) [23]. Together, expression of
all these muscle specific genes is necessary for proper formation of skeletal muscle and

down-regulation or up-regulation of any of the genes can result in changes in the



morphology and function of the skeletal muscle. These transcription factors also dictate a
proper balance between proliferation and differentiation [5-7, 24, 26]. Imbalance of these

events can result in muscle disorders as seen in muscle wasting.

2.3 C2C12 Myoblasts: Model of Skeletal Muscle Regeneration

C2C12 murine cell line is an excellent and extensively used in vitro model to study
myoblast proliferation and differentiation [27]. They are immortalized cells capable of
differentiating into myofibres within three days of culture. At the undifferentiated stage,
these myoblasts are flat and fusiform mononucleated structures. They are fast replicating
cells and become confluent within 24-48 hours in high serum concentrations.
Differentiation can be initiated by serum removal or providing low serum after reaching
confluence. Differentiation is prominent after 72 hours in low serum concentration. At
this stage, mononucleated myoblasts fuse to form multinucleated myotubes (intermediate
differentiation) and the transcription factors such as MyoD and myogenin are expressed
[23, 27]. These then increase in size and length and appear as large myotubes with
numerous nuclei which are characterized by muscle specific protein, MHC (late

differentiation).

2.4 Potential Therapeutic Strategies for Muscle Regeneration

Therapeutic options for ameliorating muscle wasting are constantly evolving. Many
pharmacological and non-pharmacological options including the effects of exercise,

electrical stimulation, laser therapy, follistatin, growth factors [28-31] etc. have been



explored which have shown positive effects in-vitro and in-vivo and can contribute to the

emerging therapies for sarcopenia and atrophy.

Nutrition is an emerging field in muscle regeneration which seems to have positive
effects in improving muscle wasting. Nutritional compounds such as resveratrol (found in
grapes) and epigallacatechin gallate (found in green tea) [32,33] have been studied and
reported to enhance satellite cell proliferation in in-vitro and in-vivo models. Effects of
resveratrol (RSV) on proliferation, differentiation and hypertrophy were studied in
C2C12 cells [33]. The study showed that RSV has the potential to regulate the cell cycle
thereby inducing and promoting hypertrophy in vitro. Its clinical application in conditions
of muscle impairment would further confirm its efficacy. Green tea extract (GTE) is
another nutritional compound that is reported to stimulate regenerative capacity of the
atrophied muscle. Its effect was studied in dystrophic mice where their diet was
supplemented with GTE .The study showed that in dystrophic mice, GTE was able to
protect hindlimb muscle from necrosis and improving the function of the muscle. It is
suggested that RSV and epigallacatechin gallate act as anti-oxidant thereby reducing
reactive oxygen that favours proliferation and differentiation of satellite cells [32, 33].
Coffee is another compound that improves and enhances satellite cell function for muscle
regeneration. The study showed that treatment of coffee was able to increase the
regenerative capacity of the injured muscles in vivo and in vitro increased proliferation of
satellite cells isolated from aged mice and attenuated cell cycle [34]. Vitamin D is also

reported to have positive effects on muscle cells in skeletal muscle recovery.



10

Supplementation of vitamin D3 in-vitro was reported to enhance and improve cell

migration, myoblast fusion and differentiation [35].

Advances in stem cell therapy have presented the scope of using muscle satellite cells for
muscle development and repair. Furthermore, importance of stem cell and stem cell
niche has been established which can directly or indirectly affect the homeostasis and
regeneration processes. To support this, few studies have shown impairment of muscle
satellite cell niche can negatively influence skeletal muscle development and result in
sarcopenia [2, 3, 14]. Thus, delivery of stem cells seems to be an effective therapeutic
strategy. However, direct delivery of stem cells at the damaged muscle site has
challenges such as limited migration and exposure to inflammatory response. To
overcome this, bioengineered cell engraftment matrices have been explored recently [36].
The basic idea behind developing these matrices is that the matrices can act as delivery
systems for cells along with the key elements of stem cell niche. Incorporating the key
elements in these engineered matrices would enhance the function of the satellite cells in
muscle regeneration. Many natural and synthetic hydrogel-based biomaterials can be
used to deliver the satellite muscle cells in vitro. Collagen gels have been used to
encapsulate the C2C12 myoblasts which promoted myogenesis (early muscle
development) in vitro [37]. Alginate which is derived from brown algae is also used to
encapsulate myoblasts in vitro. Studies have shown that RGD-conjugated alginate can
successfully encapsulate myoblasts which proliferate, differentiate and fuse into

multinucleated myofibres [38].
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Finally, there is no specific therapeutic option for muscle wasting. Therapy would vary
from person to person. All the therapeutic strategies explored so far need to be tested on
humans and transition of these therapies at clinical level is needed for their application.

Combination of therapies can also be explored for better efficacy.
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CHAPTER 3- Cell Viability, Fluorescence Imaging and mRNA Expression of

Muscle Specific Genes of C2C12 Myoblasts

3.1 Materials and Methods

3.1.1 Preparation of egg yolk solution

Fertilized egg yolk extract (stored at -20°C) obtained from Myos. Corp was first crushed
into powder using mortar and pestle. The egg yolk extract powder was then dissolved in
PBS to make egg yolk stock solution. Finally, the egg yolk solution was supplemented in

media at respective concentrations.

3.1.2 Cell culture

C2C12 (ATCC) cells were expanded in Dulbecco modified eagle medium (DMEM)
(Fischer Scientific) supplemented with 10% (v/v) fetal bovine serum (FBS) ( Fischer
Scientific) and 1% (v/v) penicillin and streptomycin (P/S) (Gibco® by Life
Technologies). The cell line was maintained in the growth medium (DMEM+ 10%FBS+
1%P/S) at 37°C in 5% CO, atmosphere. Cell culture studies were performed when about
80% cell confluence was attained. For cell studies, the cells were fed with 400ul of
condition media every day. The cell proliferation, differentiation and myofibre formation

were monitored daily until day 7 using a light microscope (Olympus CKX31).
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3.1.2.1 Proliferation of C2C12 myoblasts in growth media (10% FBS) supplemented
with egg yolk extract

Cells were seeded at seeding density of 10,000 cells/cm? . The cells were grown in
growth medium (DMEM+ 10%FBS+ 1%P/S) until 80% confluent. Media was then
replaced with growth media supplemented with 500ug/ml egg yolk (Myos Corp) stock
solution (day 0). Furthermore, the egg yolk supplemented media was filtered through
0.2um sterile filter (Fischer Scientific). Together, the cell study had 3 groups of condition
media (n=4): 1) Control media (no egg yolk extract), 2) Unfiltered growth media

(500pg/ml egg yolk extract) and 3) Filtered growth media (500ug/ml egg yolk extract).

3.1.2.2 Proliferation of C2C12 myoblasts in growth media (10% FBS) supplemented
with higher concentration of egg yolk extract

Cells were seeded at seeding density of 10,000 cells/cm? . The cells were grown in
growth medium (DMEM+ 10%FBS+ 1%P/S) until 80% confluent. Media were then
replaced with growth media supplemented with 1mg/ml and 10mg/ml egg yolk stock
solution respectively (day 0). The study had filtered and unfiltered media. Together, the
cell study had 3 groups of condition media (n=4) for filtered and unfiltered respectively:
1) Control media (no egg yolk extract), 2) Growth media (1mg/ml egg yolk extract) and

3) Growth media (10mg/ml egg yolk extract).
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3.1.2.3 Myogenic differentiation of C2C12 myoblasts in differentiation media (2%
FBS) supplemented with egg yolk extract

Cells were seeded at seeding density of 10,000 cells/cm? . The cells were grown in
growth medium (DMEM+ 10%FBS+ 1%P/S) until 80% confluent. Media were then
replaced with differentiation media (DMEM+ 2%FBS+ 1%P/S) supplemented with
500ug/ml egg yolk stock solution (day 0). Furthermore, egg yolk supplemented media
was filtered through 0.2um sterile filter. Together, the cell study had 3 groups of
condition media (n=4): 1) Control media (no egg Yyolk extract), 2) Unfiltered
differentiation media (500ug/ml egg yolk extract) and 3) Filtered differentiation media

(500png/ml egg yolk extract).

3.1.2.4 Myogenic differentiation of C2C12 myoblasts in differentiation media (2%
FBS) supplemented with higher concentration of egg yolk extract

Cells were seeded at seeding density of 10,000 cells/cm? . The cells were grown in
growth medium (DMEM+10%FBS+1%P/S) until 80% confluent. Media were then
replaced with differentiation media (DMEM+ 2%FBS+ 1%P/S) supplemented with
Img/ml and 10mg/ml egg yolk stock solution respectively (day 0). The study had filtered
and unfiltered media. Together, the cell study had 3 groups of condition media (n=4) for
filtered and unfiltered respectively: 1) Control media (no egg yolk extract), 2)
Differentiation media (Img/ml egg yolk extract) and 3) Differentiation media (10mg/ml

egg yolk extract).
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3.1.3 Cell viability

Cell viability assay was performed on days 1, 3 and 7 during cell studies. Cell viability
was analyzed using Presto Blue® (Invitrogen) assay. The assay measured mitochondrial
activity which indirectly detected cell viability. The assay was characterized by change in
color (blue to dark violet) which was measured in form of fluorescence units. Presto
Blue® solution was made by diluting the reagent (1:10) with media in dark condition.
Media was removed from all wells and washed with PBS. The Presto Blue solution was
then added to each well and incubated for 1 hour in dark. After incubation period, Presto
Blue® solution from each well was collected in a new well plate. The readings were
measured using a plate reader (Infinite M200 Pro, Tecan) with help of i-control 1.9
software. Relative absorbance for every sample was calculated using the average values

and standard deviation.

3.1.4 Cytochemical Technique and Fluorescence Imaging

Cytochemical technique was carried out directly on cells in well-plates on day 7. Cells
were washed with PBS and fixed with 4% paraformaldehyde (PFA) at R.T. for 20 min.
The cells were washed again with PBS and stored at 4°C overnight. Cells were then
treated with triton-X (0.5%) solution for 15 min, washed with PBS and incubated in 1%
bovine serum albumin (BSA) (Fischer Scientific) for 30 min. The cells were then stained
with fluorescein phalloidin (1:20) (Life Technologies) for 20 min at R.T., washed with

PBS and counter stained with DAPI ( Life Technologies) for 5 min.
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All the wells were imaged with spinning disc confocal microscope (Olympus 1X81) to
view actin fibres and nuclei of cells at 20X objective. The slidebook 5 software by 3i
intelligent imaging innovations was used to capture images of the samples. ImagelJ
software was used to analyze number of nuclei, number of myotubes and fusion index.
Fusion index was calculated using the formula: number of nuclei on myotubes / total
number of nuclei [42]. All the values were calculated using average and standard

deviation.

3.1.5 Real Time Quantitative PCR analysis

gPCR was performed on day 3 to analyze mRNA expression of muscle specific genes
such as MyoD and myogenin in cells. The cells were lysed using RLT Plus Buffer with
B-mercaptoethanol (10 ul of B-mercaptoethanol to every 1ml of RLT Plus Buffer) and
RNA was extracted using RNeasy Plus mini kit (Qiagen). Total RNA was quantified
using Nanodrop 2000c spectrophotometer (Thermo Scientific) and reverse transcribed to
create  ¢cDNA library using high-capacity cDNA reverse transcription kit (Life
Technologies) using Peltier Thermal Cycler (PTC-200, MJ Research). The resultant
cDNA was amplified using the primers (Harvard Medical School Primer Bank) listed in
Table 1 [43, 44, 45]. PikoReal 96™ Real-Time PCR System (Thermo Fisher Scientific)
was used to analyze the PCR products. gPCR measurement was performed in triplicates.
SYBR green technique was used to detect the PCR products. The relative quantification
of real time PCR was carried out according to the method mentioned in [38, 39]. The

values were normalized to a reference gene, GAPDH.



Table 1: gPCR Primer Sequences

Gene

Primer Sequence (5°-3’)

MyoD- Forward [43]
MyoD- Reverse [43]

PrimerBank ID: 170172578c1

CGG GAC ATAGACTTG ACA GGC

TCG AAACAC GGG TCATCATAGA

Myogenin 1- Forward [44]
Myogenin 1- Reverse [44]

PrimerBank ID: 13654247al

GAG ACATCCCCCTATTTCTACCA

GCT CAG TCC GCT CATAGCC

Myogenin 4- Forward [45]
Myogenin 4- Reverse [45]

PrimerBank ID: 162287254c3

CGATCTCCGCTACAGAGGC

GTT GGG ACCGAACTCCAGT

GAPDH- Forward [46]
GAPDH- Reverse [46]

PrimerBank ID: 126012538c1

AGG TCG GTG TGA ACGGATTTG

GGG GTC GTT GAT GGC AAC A

3.1.6 Statistical Analysis

17

One way analysis of variance (ANOVA) was carried out using Synergy software by

Kleidagraph® to determine statistical significance. A value of p < 0.05 was considered

significant using Fischer’s least significant difference comparison. All the data are

represented as + mean standard deviation (xS.D).



18

3.2 Results

3.2.1 Cell viability studies

3.2.1.1 Proliferation of C2C12 myoblasts in growth media supplemented with egg
yolk extract

Cell viability increased from day 1 to day 7 for control media and filtered media
supplemented with 500ug/ml egg yolk. However, the cell viability decreased on day 2
and then increased on day 7 for unfiltered media supplemented with 500ug/ml egg yolk.
Together, the cell viability was highest on day 7 as expected. Also, the cell viability on
day 7 was significantly higher (p< 0.05) in egg yolk supplemented groups (filtered and

unfiltered) as compared to the control group.
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35000 - 1 I
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Control Media  Filtered 500ug/ml Egg Yolk Unfiltered 300pug/ml Egg
Supplemented Media Yolk
Supplemented Media
EDay 1 MDay 3 W Day 7

Figure 1: Cell viability using Presto Blue Assay (n=4). Media with 10% fetal bovine

serum (FBS) supplemented with 500ug/ml egg yolk extract.
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3.2.1.2 Proliferation of C2C12 myoblasts in growth media supplemented with higher
concentration of egg yolk extract —Filtered Media

For the filtered media, cell viability increased from day 1 to day 3 and then decreased on
day 7 for control media and 1mg/ml egg yolk supplemented media. However, the cell
viability increased from day 1 to day 7 for 10mg/ml egg yolk supplemented media. Also,
the cell viability on day 7 was highest for the 10mg/ml egg yolk supplemented media
group. Statistically significant differences (p<0.05) were seen on day 3 and day 7

between control media and filtered 10mg/ml fertilized egg yolk supplemented media.
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BDay! MDay3 MDay7

Figure 2: Cell viability using Presto Blue Assay (n=4). Filtered media with 10% fetal

bovine serum (FBS) supplemented with higher concentration of egg yolk extract
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3.2.1.3 Proliferation of C2C12 myoblasts in growth media supplemented with higher
concentration of egg yolk extract —Unfiltered Media

For unfiltered media, cell viability decreased from day 1 to day 7 for all the groups. There
were two separate controls for 1mg/ml and 10mg/ml egg yolk supplemented media
groups. The cell viability was higher for unfiltered 1mg/ml egg yolk supplemented media
as compared to control media2 on day 1, 3 and 7. Cell viability was almost same for
unfiltered 10mg/ml egg yolk supplemented media and control media2. Statistically
significant differences (p<0.05) were seen on day 1, day 3 and day 7 between control2
and unfiltered 1mg/ml egg yolk supplemented media. No statistical significance was seen

between control medial and unfiltered 10mg/ml egg yolk supplemented media.
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Figure 3: Cell viability using Presto Blue Assay (n=4). Unfiltered media with 10% fetal

bovine serum (FBS) supplemented with higher concentration of egg yolk extract
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3.2.1.4 Myogenic differentiation of C2C12 myoblasts in differentiation media
supplemented with egg yolk extract

Cell viability decreased from day 1 to day 7 for the control media. However, for the egg
yolk supplemented media the cell viability decreased on day 2 and then eventually
increased on day 7. The cell viability on day 3 and day 7 was significantly higher

(p<0.05) for the 500pg/ml egg yolk supplemented media (filtered and unfiltered) as

compared to the control media.
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Figure 4: Cell viability using Presto Blue Assay (n=4). Media with 2% fetal bovine

serum (FBS) supplemented with 500ug/ml egg yolk extract
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3.2.1.5 Myogenic differentiation of C2C12 myoblasts in differentiation media
supplemented with higher concentration egg yolk extract-Unfiltered Media

For unfiltered, the cell viability decreased from dayl to day 7 for control media and
unfiltered 10mg/ml egg yolk supplemented media. The cell viability increased from day 1
to day 7 for unfiltered 1mg/ml egg yolk supplemented media. On day 7, the cell viability
was significantly higher (p<0.05) for unfiltered 1mg/ml egg yolk supplemented media as

compared to the control media.
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Figure 5: Cell viability using Presto Blue Assay (n=4). Unfiltered media with 2% fetal

bovine serum (FBS) supplemented with higher concentration of egg yolk extract
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3.2.1.6 Myogenic differentiation of C2C12 myoblasts in differentiation media
supplemented with higher concentration egg yolk extract-Filtered Media

For filtered media, the cell viability decreased from day 1 to day 7 for all the groups. The
cell viability was slightly higher on day 7 for egg yolk supplemented media as compared
to the control media. However, statistically significant differences were not seen between

groups.
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= 15000 -
2 10000 -
= I
& 5000 -
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ControlMedia Fltered 10mgmlEgg Yolk Fltered Img'ml Egg Yolk
Supplemented Media Supplemented Media

BDay! MDay3 mDay7

Figure 6: Cell viability using Presto Blue Assay (n=4). Filtered media with 2% fetal

bovine serum (FBS) supplemented with higher concentration of egg yolk extract

3.2.2 mRNA expression of muscle specific genes
MRNA expressions of muscle specific genes: MyoD and myogenin were analyzed on day

3 for C2C12 myoblasts grown in control media and egg yolk supplemented media :
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500pg/ml, Img/ml and 10mg/ml respectively. Filtered and unfiltered media was used for

the respective concentrations.

3.2.2.1 Filtered Media
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Figure 7: mRNA expression of MyoD on day 3. Filtered media with 2% fetal bovine

serum (FBS) supplemented with different concentrations of egg yolk extract

Statistical differences in mRNA expression of MyoD were not seen in the filtered egg

yolk supplemented groups as compared to the control on day 3 (Fig.7)
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Figure 8: mRNA expression of Myogenin 1 on day 3. Filtered media with 2% fetal

bovine serum (FBS) supplemented with different concentrations of egg yolk extract

MRNA expression of Myogenin-1 was significantly higher (p<0.05) for filtered 1mg/mi
egg yolk supplemented media. mMRNA expression of Myogenin-1 was relatively same for
control media and filtered 500ug/ml egg yolk and lowest for filtered 10mg/ml egg yolk
supplemented media. However, there was no significant difference between control
media, filtered 500ug/ml egg yolk supplemented media and filtered 10mg/ml egg yolk

supplemented media (Fig. 8).
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Figure 9: mRNA expression of Myogenin 4 on day 3. Filtered media with 2% fetal

bovine serum (FBS) supplemented with different concentrations of egg yolk extract

MRNA expression of Myogenin-4 was significantly higher (p<0.05) for filtered 1mg/ml
egg yolk supplemented media. mMRNA expression of Myogenin-4 is slightly higher for
filtered 500ug/ml egg yolk and slightly lower for filtered 10mg/ml egg yolk
supplemented media as compared to the control media. However, there was no significant
difference between control media, filtered 500ug/ml egg yolk supplemented media and

filtered 10mg/ml egg yolk supplemented media (Fig. 9).
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3.2.2.2 Unfiltered Media
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Figure 10: mRNA expression of MyoD on day 3.Unfiltered media with 2% fetal bovine

serum (FBS) supplemented with different concentrations of egg yolk extract

MRNA expression of MyoD-1 was slightly higher for unfiltered 500ug/ml egg yolk
supplemented group and unfiltered 1mg/ml egg yolk supplemented group. However,
there was no statistical significance between the two groups. The mRNA expression was

lowest for unfiltered 10mg/ml egg yolk supplemented media (Fig.10).
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Figure 11: mRNA expression of Myogenin 1 on day 3.Unfiltered media with 2% fetal

bovine serum (FBS) supplemented with different concentrations of egg yolk extract

MRNA expression of Myogenin-1 was significantly higher (p<0.05) for unfiltered
500ug/ml egg yolk supplemented media. The mRNA expression was almost same for
control and unfiltered 10mg/ml egg yolk supplemented media. There was no significant
difference between control and the unfiltered 1mg/ml egg yolk supplemented group (Fig.

11).
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Figure 12: mRNA expression of Myogenin 4 on day 3.Unfiltered media with 2% fetal

bovine serum (FBS) supplemented with different concentrations of egg yolk extract

MRNA expression of Myogenin-4 was lowest for unfiltered 10mg/ml egg yolk

supplemented media. The mRNA expression was almost same for control media and

unfiltered 1mg/ml egg yolk supplemented media. The mMRNA expression was slightly

higher for unfiltered 500ug/ml egg yolk supplemented media. However, there were no

significant differences between control and unfiltered egg yolk supplemented groups

(Fig. 12).
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3.2.3 Fluorescence Image Analysis

3.2.3.1: Proliferation of C2C12 myoblasts in growth media (10% FBS)
supplemented with egg yolk extract

There was no significant difference in number of nuclei and number of myotubes
between the control and 500ug/ml egg yolk supplemented groups. However, there was a
significant difference (p<0.05) in fusion index between control media and 500ug/ml egg

yolk supplemented media (unfiltered and filtered).

Figure 13: Fluorescence images of C2C12 myoblasts on day 7. Proliferation of C2C12
myoblasts in A: Control Media, B: Filtered 500ug/ml Egg Yolk Supplemented Media and

C: Unfiltered 500ug/ml Egg Yolk Supplemented Media.
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Table 2: Image Analysis using ImageJ for filtered and unfiltered 500ug/ml egg yolk

supplemented media (10%FBS)

Groups # Nuclei # Myotubes Fusion
Index(%0)

Control Media 908=160 4547 40307 =

Filtered 500pg/ml :|
Egz Yolk 751+54 3342 59407
Supplemented
Media

Unfiltered 500ug/ml
Egg Yolk
Supplemented 926179 4844 T7L7 .86
Media

3.2.3.2: Proliferation of C2C12 myoblasts in growth media (10% FBS)
supplemented with higher concentration of egg yolk extract —Filtered Media

Significant difference (p<0.05) was seen in number of nuclei and number of myotubes
between control and filtered 10mg/ml egg yolk supplemented media. However, there was
no significant difference in number of nuclei and number of myotubes between control
and filtered 1mg/ml egg yolk supplemented media. There was also no significant

difference in fusion index between control and filtered egg yolk supplemented media.
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Figure 14: Fluorescence images of C2C12 myoblasts on day 7. Proliferation of C2C12

myoblasts in A: Control Media, B: Filtered 1mg/ml Egg Yolk Supplemented Media and

C: Filtered 10mg/ml Egg Yolk Supplemented Media

Table 3: Image Analysis using Imagel) for filtered 1mg/ml and 10mg/ml egg yolk

supplemented media (10%FBS)

(%)

Control 971=145 — 3810 5822010

Filtered
Img/ml Egg
Yolk 1226+180 4510 53=10.10
Supplemented =
Media

Filtered
10mg/ml Egg
Yolk 1226103 4825 — 604931
Supplemented
Media
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3.2.3.3: Proliferation of C2C12 myoblasts in growth media (10% FBS)
supplemented with higher concentration of egg yolk extract —Unfiltered Media

Significant difference was not seen in number of nuclei between the control and
unfiltered egg yolk supplemented groups. However, there was significant difference
(p<0.05) in number of myotubes for unfiltered 1mg/ml and unfiltered 10mg/ml egg yolk
supplemented media when compared to the control media. Significant difference
(p<0.05) was also seen in fusion index for unfiltered 1mg/ml egg yolk supplemented

media when compared to the control.

Figure 15: Fluorescence images of C2C12 myoblasts on day 7. Proliferation of C2C12
myoblasts in A: Control Media 1, B: Unfiltered 1mg/ml Egg Yolk Supplemented Media,

C: Control Media 2 and D: Unfiltered 10mg/ml Egg Yolk Supplemented Media
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Table 4: Image Analysis using ImageJ for unfiltered 1mg/ml and 10mg/ml egg yolk

supplemented media (10%FBS)

(%)

Control Media 1001+61 13626 47431261
1

Unfiltered * *
1lmg/ml Egg
Yolk 1028453 182+18 66 29+8 93
Supplemented
Media

Control Media 085197 15620 T050+£6.71
2

Unfiltered ’
10mg/'ml Egg
Yolk 903+26 223442 T835+£8 .45
Supplemented

Media

3.2.3.4: Myogenic differentiation of C2C12 myoblasts in differentiation media (2%
FBS) supplemented with egg yolk extract
There was no significant difference in number of nuclei, number of myotubes and fusion

index between control and egg yolk supplemented groups.
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Figure 16: Myogenic differentiation of C2C12 myoblasts in A: Control Media, B:

Filtered 500ug/ml Egg Yolk Supplemented Media and C: Unfiltered 500ug/ml Egg Yolk

Supplemented Media

Table 5: Image Analysis using ImageJ for filtered and unfiltered 500ug/ml egg yolk

supplemented media (2%FBS)

(%0)

Control 438245 46.80=4.5

Filtered
500pg/ml Egg
Yolk 455=63 3017 51.00£7.36
Supplemented
Media

Unfiltered
500ugml Egg
Yolk 456=117 53412 5782
Supplemented
Media
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3.2.3.5: Myogenic differentiation of C2C12 myoblasts in differentiation media (2%
FBS) supplemented with higher concentration egg yolk extract-Unfiltered

Significant difference (p<0.05) was seen in number of nuclei between control and both
unfiltered egg yolk supplemented media. Significant difference (p<0.05) was also seen in
number of myotubes for unfiltered 10mg/ml egg yolk supplemented media when

compared to the control media. For fusion index, there was significant difference

(p<0.05) between control and unfiltered 10mg/ml egg yolk supplemented media.

Figure 17: Fluorescence images of C2C12 myoblasts on day 7. Myogenic differentiation
of C2C12 myoblasts in A: Control Media, B: Unfiltered Img/ml Egg Yolk Supplemented

Media and C: Unfiltered 10mg/ml Egg Yolk Supplemented Media
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Table 6: Image Analysis using ImageJ for unfiltered 1mg/ml and 10mg/ml egg yolk

supplemented media (2%FBS)

S
(*o)

Control 69470 —— 11942 2— 40.77x11.33

Unfiltered
Img/'ml Egg 1
Yolk 1002+7 174281 | © 4600225 [

Supplemented
Media

Unfiltered
10mgml Egg

Yolk 101118 _ 269573 63717
Supplemented

Media

3.2.3.6: Myogenic differentiation of C2C12 myoblasts in differentiation media (2%
FBS) supplemented with higher concentration egg yolk extract-Filtered

Significant difference (p<0.05) was seen in number of nuclei for both filtered 1mg/ml and
filtered 10mg/ml egg yolk supplemented media when compared to the control media.
Significant difference (p<0.05) was also seen in number of myotubes and fusion index for
filtered 10mg/ml egg yolk supplemented media when compared to the control media.
However, there was no significant difference in number of myotubes or fusion index

between control and filtered 1mg/ml egg yolk supplemented media.
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Figure 18: Fluorescence images of C2C12 myoblasts on day 7. Myogenic differentiation

of C2C12 myoblasts in A: Control Media, B: Filtered 1mg/ml Egg Yolk Supplemented

Media and C: Filtered 10mg/ml Egg Yolk Supplemented Media

Table 7: Image Analysis using Imagel) for filtered 1mg/ml and 10mg/ml egg yolk

supplemented media (2%FBS)

(%0)

Control

Filtered
Img/ml Egg
Yolk
Supplemented
Media

Filtered
10mg/ml Egg
Yolk
Supplemented
Media

6o4=T

82651

S06=106 -

119+22—

153237

212+24—

40.77£11.3+

53.00£11.08 |«

56.74+8 33
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3.3 Discussion

Compromised muscle regenerative capacity as seen in atrophy and sarcopenia can be
caused due to the reduced number or function of myoblasts [37]. To address this issue,
in-vitro studies are being developed which typically involve studying the process of
myogenesisin in muscle cells at conditions that promote cell growth. As mentioned
earlier, nutritional intervention to ameliorate skeletal muscle function at cellular or
molecular level can be a promising therapeutic strategy. In the present study, we have
studied the effect of egg yolk extract on proliferation and differentiation of C2C12
myoblasts. This was achieved by supplementing different concentrations of egg yolk in
growth media. Three end points: cell viability, mRNA expression and fluorescence
imaging were used to analyze the effects of egg yolk on myogenesis of C2C12
myoblasts. C2C12 cell line is an ideal model to study myogenesis in vitro. Since the
process of myogenesis can be divided into two stages: proliferation and differentiation,
the study was also divided into these respective stages. The end points were analyzed in
both the phases to see whether supplementation of egg yolk in growth media directly or

indirectly affects the process of myogenesis.

3.3.1 Effect of egg yolk extract on myoblast proliferation and growth

To study the effect of egg yolk extract on proliferation of C2C12 myoblasts, the egg yolk
extract was supplemented in 10% FBS media. This maintained the growth of myoblasts
until day 7. In proliferative phase, the formation of myotubes took place from day 5. On

day 7, well defined and mature myotubes were seen.
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Cell viability increased from day 1 to day 7 for the filtered and unfiltered 500ug/ml egg
yolk supplemented groups as expected and was significantly higher than the control on
day 7. This was the lowest concentration of egg yolk that was used which had a positive
effect on cell viability. Thus, it appeared that supplementation of egg yolk enhanced and
maintained myoblast proliferation at low concentration. To confirm whether an increase
in the concentration of egg yolk supplemented in media would change cell viability data,
higher concentrations of egg yolk: 1mg/ml and 10mg/ml were used. Here again filtered
and unfiltered media was used. This was done to see if the filtration of egg yolk had any
effects on the myoblast growth and proliferation. Filtration can be considered as a way of
fractionating the egg yolk extract. The cell viability was significantly higher for the
10mg/ml egg yolk supplemented media after filtration when compared to control media.
However, for the unfiltered media, cell viability was higher for 1mg/ml egg yolk
supplemented media. This clearly showed that filtration of the egg yolk supplemented
media affected the myoblast growth and proliferation. This could be because of the
concentration range of egg yolk needed to be supplemented in the media. It appeared that
high concentration of egg yolk had a positive effect after filtration and low concentration
of egg yolk had a positive effect without filtration. One of the reasons could be that the
active agent/factor that promoted myoblast proliferation present in low and high egg
yolk concentration got filtered out during the process which directly affected the
myoblast growth. Another reason could be that the cells required the growth promoting
agent/factor at a particular concentration range. However, we do not exactly know if
lipids, proteins or lipoproteins present in egg yolk could be the active agents/factors that

promoted myoblast growth. Together, the cell viability results showed that the egg yolk
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extract supplementation in media enhanced and promoted myoblast growth and

proliferation which was dose dependent.

To see if the cell viability results correlate with the morphology of the myoblasts,
fluorescence images of the myoblasts were captured on day 7. It can be seen clearly in
the images that there are dense myotubes in egg yolk supplemented media as compared to
the control media. Image analysis for the myoblasts grown in 500ug/ml egg yolk
supplemented media showed that there was no significant difference in number of nuclei
between groups. However, fusion index (number of nuclei on myotubes/ total number of
nuclei) which determined myoblast fusion into myotubes was significantly higher for
filtered and unfiltered 500ug/ml egg yolk supplemented media than the control media.
This showed that the egg yolk supplementation enhanced fusion of myoblasts into
myotubes. For filtered 10mg/ml egg yolk supplemented in the media, the number of
nuclei was significantly higher than control which showed that the egg yolk affected the
myoblast proliferation by increasing the number of nuclei in filtered media. Also, the
number of myotubes in filtered 10mg/ml egg yolk supplemented media was significantly
higher than the control which showed that at higher, filtered concentrations egg yolk
enhanced myotube formation. However, fusion index for all groups are not significantly
different. For higher concentrations of egg yolk supplemented in the media, the number
of nuclei is not significantly different for unfiltered media when compared with the
control. However, the number of myotubes in unfiltered 1mg/ml and 10mg/ml egg yolk
supplemented media was significantly different than the control which showed that egg

yolk promoted myotube formation. Also, the fusion index was higher and significantly
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different for unfiltered 1mg/ml egg yolk supplemented media than the control. Together,
the image analysis showed that the higher filtered egg yolk concentration and the lower
unfiltered egg yolk concentration supplemented in the growth media promoted and

enhanced myoblast growth and fusion.

Looking at the trend of the results summarised in Table 8, it appeared that lower
concentration of egg yolk extract enhanced cell viability and promoted fusion of
myoblasts. However, higher concentration of egg yolk extract enhanced cell viability and
proliferation which was characterized by increase in number of nuclei and myotubes.
Together, it appeared that higher concentration of egg yolk along with high serum
concentration drove the cells to the proliferation phase and low concentration of egg yolk

helped in differentiation and fusion of myoblasts.

Table 8: Summary of proliferation study.

Gromms ca
"iability

#Muelai  #hdvotubas FI
Filterad 500 pg/ml EY £ e
supplemantad madia »

Unfilterad 500pgfml EY e
supplementad madia " »
Filterad lmmgmlEY
supplementa=d madia a " " ad

Unfiltered Imgml EY P
supplamantad madia =
Filterad 10mg'mlEY
supplementad madia " - - -

Unfilterad 1{mgml EY
supplamentad madia =< & 2 =

#8 Higher/'mors than control (significantly differant)
# Samneas control (not significantly diffarant)



43

3.3.2 Effect of egg yolk extract on myoblast differentiation and fusion
To study the effect of egg yolk on differentiation and fusion of C2C12 myaoblasts, the egg
yolk was supplemented in 2% FBS media. In differentiation phase, the formation of

myotubes took place from day 3. By day 7, well defined and mature myotubes were seen.

Cell viability for the control group went on decreasing from day 1 to day 7. This was
probably because of the low serum available for the cells. However, the low serum did
promote differentiation from day 3. The cell viability for 500pg/ml egg yolk
supplemented groups and control was almost same on day 1. The cell viability dropped
on day 3 for all groups but the cell viability was slightly higher for 500pg/ml egg yolk
supplemented groups when compared to the control. On day 7, the cell viability increased
for 500ug/ml egg yolk supplemented groups and it decreased even further for the control.
Looking at this pattern it can be seen that the egg yolk extract in the media to some extent
maintained myoblast growth and differentiation. Also, the unfiltered egg yolk groups had
highest cell viability which again shows that the filtration may have removed the active
agent that enhanced cell proliferation. For higher concentration of egg yolk extract in the
unfiltered media, the cell viability was highest on day 7 for 1mg/ml egg yolk
supplemented media and was significantly higher than the control. Looking again at the
increasing cell viability pattern for egg yolk supplemented media groups; it appeared that
the egg yolk maintained cell viability while promoting differentiation of myoblasts. For
higher concentration of egg yolk extract in the filtered media, the cell viability was
almost same for all groups and not significantly different than control on day 7. This

shows that the filtration of low serum media with the egg yolk did not improve cell
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viability but the unfiltered low serum concentration media improved cell viability. This
indirectly tells us that the agent or factor present in egg yolk which enhanced myogenesis
needs to be present at a specific concentration and may get filtered out during filtration
process thereby affecting the cell viability. Together, the egg yolk extract in presence of

low serum concentration promoted differentiation and maintained cell viability.

To see how the egg yolk affects the muscle specific genes during myogenesis, mMRNA
expressions of MyoD and myogenin were analyzed on day 3 since the fusion of
myoblasts into myotubes were apparent on day 3 and all the muscle specific markers for
early differentiation are usually expressed on day 3. To initiate differentiation low serum
concentration was used in the media. MyoD and myogenin are myogenic transcription
factors for skeletal muscle which determine the fate of the myoblasts in their early
differentiation stage. These are not the only factors that are expressed during the process
of myogenesis but their expression would suggest that the myoblasts do fuse into
myotubes and could be considered as a positive effect. The mRNA expression levels of
MyaoD in filtered egg yolk supplemented media showed that the MyoD expression was
not significantly different between the groups which suggested that the egg yolk did not
affect the MyoD expression but also did not interfere with the myogenesis process at
gene level. The mRNA expression levels for MyoD in unfiltered egg yolk supplemented
media showed that the MyoD expression was not significantly different between the egg
yolk groups and the control. The myogenin 1 and myogenin 4 expressions was
significantly higher in filtered 1mg/ml egg yolk supplemented media than the control.

The expression was almost same for the filtered 500pg/ml and filtered 10mg/ml egg yolk
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supplemented groups when compared with the control. mMRNA expression for myogenin
1 was significantly higher in unfiltered 500pug/ml egg yolk supplemented media when
compared to the control. The myogenin 1 expression was not significantly different for
the unfiltered 1mg/ml and 10mg/ml egg yolk supplemented groups. The myogenin 4
expression was almost same for all the groups and there were no significant differences
between the groups. Myogenin 1 and myogenin 4 were two different primers for the same
marker with different sensitivity. This showed that myogenin 1 was more sensitive than
myogenin 4. Together, it appeared that there was no enhanced MyoD expression in
myoblasts on day 3 as compared to the control but there was increased myogenin
expression in myoblasts grown in filtered 1mg/ml egg yolk supplemented media and
increased myogenin expression in myoblasts grown in unfiltered 500ug/ml egg yolk

supplemented media.

Image analysis of 500ug/ml egg yolk supplemented groups for day 7 showed no
significant differences in number of nuclei, number of myotubes and fusion index
between the groups. For higher concentration of egg yolk in unfiltered media, the number
of nuclei was significantly higher for unfiltered 1mg/ml egg yolk, unfiltered 10mg/ml egg
yolk and filtered 10mg/ml egg yolk supplemented groups when compared to the control.
Number of myotubes was significantly higher in filtered and unfiltered 10mg/ml egg yolk
supplemented groups. Fusion index was significantly higher only in filtered and
unfiltered 10mg/ml egg yolk supplemented groups. Together, the image analysis showed

that the higher filtered or unfiltered egg yolk concentration supplemented in the low
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serum concentration media contributed to the myoblast differentiation and fusion which

was characterized by increase in number of nuclei, myotubes and fusion index.

Looking at the trend of the results summarized in Table 9, it appeared that low egg yolk
concentration in differentiation media only maintained and enhanced cell viability.
However, higher egg yolk concentration in differentiation media drove the cells to
differentiation phase even though the viability was comparatively same with the control.
Also, the expression of myogenin on day 3 for low egg yolk extract supplemented media
suggested that low egg yolk concentration has the ability to enhance myogenin
expression; however the concentration is not enough to promote fusion. Increased
myogenin expression was not seen in filtered and unfiltered 10mg/ml egg yolk
supplemented groups on day 3 which suggests that it was too early for the myogenin to
get expressed in cells grown in 10mg/ml egg yolk supplemented media thus presenting

the need for more timepoints.

Table 9: Summary of differentiation study.
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CHAPTER 4 - Conclusion and Future Perspectives

Overall, supplementation of egg yolk extract enhanced proliferation and differentiation of
myoblasts which was dose dependent. This was characterized by increased cell viability,
number of nuclei, number of myotubes, fusion index and mRNA expression of
myogenin. Also, filtration can be used as a method of fractionating the egg yolk.
However, depending on the concentration of the egg yolk supplemented, filtration can
result in loss of active components (e.g. lipids, lipoproteins) of egg yolk that promotes
and enhances proliferation or differentiation. More endpoints such as immunostaining
(e.g. MHC, myogenin), increasing the number of samples and time points are needed to
determine ideal concentration of egg yolk extract that can be supplemented. Thus, this
study highlights the potential use of egg yolk as a therapeutic agent to improve

myogenesis.

Stem cells are ideal cues for skeletal muscle regeneration. Currently, use of stem cells in
regenerative medicine is not easily applicable because of the difficulties in handling and
isolating these cells. However, stem cell based therapies would greatly benefit from the
future studies that are targeted towards ameliorating the function of stem cells during
muscle regeneration using different natural compounds. Microenvironment and stem cell
niche should be taken into account to influence the efficacy of stem cell therapies. Thus,
developing cell engraftment matrices with growth factors and natural compounds that
promote or enhance cell function would greatly benefit the stem cell therapy for muscle

regeneration. Egg yolk extract can also be considered as a natural compound that could
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be incorporated in the biomaterial based matrices for developing cell delivery systems.
PEGDA seems to be a potential hydrogel for incorporating egg yolk extract. However,
various factors have to be considered while using this technique such as denaturation of
egg yolk while crosslinking PEGDA, concentration of egg yolk and stability of the
hydrogels. Besides PEGDA, collagen and hyaluronic acid can also be explored. Nutrition
in muscle regeneration is a new field and has promising effects in regenerative medicine.
Nutritional intervention can improve the microenvironment and function of cells in aging
muscles. Thus, future research should focus on developing such nutrition based therapies

for clinical applications.
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