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Abstract

Coenzyme Q10 is a lipid-soluble coenzyme, synthesized in mammalian tissue to support
energy production, and also act as an antioxidant. Certain medication, stress and age may
deplete the body’s endogenous Coenzyme Q10 store. Numerous disease conditions have
been shown to benefit from Coenzyme Q10 supplementation. It is a lipid-soluble component
of virtually all cell membranes, and is located in the hydrophobic domain of the phospholipid
bilayer of cellular membranes. It is also the only known lipid-soluble antioxidant that animal
cells can synthesize de novo, and for which there exist enzymatic mechanisms which can
regenerate it from its oxidized product formed in the course of its antioxidant function. The
aim of this study was to investigate the cellular effects of Coenzyme Q10 and Triton X-100
on primary chicken embryo heart and muscle cell cultures. Triton X-100, a well known
membrane disrupter, extensively used by cell biologists for that purpose, was used to
investigate whether Coenzyme Q10 might offer protection to cell membranes exposed to
disruption. Due to the correlation found between the chemical structures of nonylphenol and
Triton X-100, it was decided to determine whether Triton X-100 possess estrogenic
properties. Using the Recombinant Yeast Screen Assay for estrogenic activity, it was found

that Triton X-100 induced weak estrogenic activity.

The primary heart and skeletal muscle cell cultures were established by harvesting skeletal

muscle tissue and hearts from 13 day old chicken embryos. After establishment of the cell
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cultures, the concentrations of Coenzyme Q10 and Triton X-100 were tested for cytotoxicity
using the MTT, NR, and CV assays, in the form of a combined colorimetric cytotoxicity
assay. The MTT assay revealed an increase in cell viability in both cell cultures upon
exposure to Triton X-100 and Coenzyme Q10, alone, and in combination. Triton X-100 and
Coenzyme Q10, alone, and in combination, caused a decrease in lysosomal membrane
integrity, as measured by the NR assay, and both substances, alone, and in combination,

had no effect on cellular proteins, as measured by the CV assay.

Scanning electron microscopy (SEM) was done to determine the cellular effect of heart and
skeletal muscle cell cultures on the external surface, more specifically the membranes, of
cells in culture. Triton X-100 in the concentrations used in the study, caused membrane
disruption, ranging from complete membrane lyses at the highest concentrations to
membrane ruptures and apoptotic blebbing in lower concentrations. SEM revealed that no
adverse effects were caused by Coenzyme Q10 on the membrane structure, in dissimilarity,
cell differentiation and proliferation, including myoblast formation were seen in the presence
of all the concentrations of Coenzyme Q10. Numerous ion channels were observed on
cellular surfaces exposed to Coenzyme Q10. Upon exposure to 0.005% Triton X-100, after
pre-treatment with Coenzyme Q10, SEM revealed a “membrane patch” formation on
membranes disrupted by Triton X-100. Damage to cell membranes in the presence of Triton
X-100, were less severe when cells were pre-treated with Coenzyme Q10. Confocal
microscopy was utilized to investigate intracellular occurrences in the presence of Triton X-
100 and Coenzyme Q10. Using Mito Tracker Red to stain active respiring mitochondria and
DAPI to stain nuclei, confocal microscopy confirmed the observations made by SEM, that
Coenzyme Q10 enhance cell proliferation and differentiation, and that the adverse effects to
cells exposed to Triton X-100 are less severe after pre-treatment with Coenzyme Q10. ROS
generation was detected, using dichlorodihydrofluorescein diacetate, in cultures exposed to
Triton X-100, and none in the presence of Coenzyme Q10. In the presence of Triton X-100,

after pre-treatment with Coenzyme Q10, ROS generation was remarkably lower.

The study provided apparent evidence that Coenzyme Q10 offer protection to cardiac and
skeletal muscle cells in culture after exposure to relatively low concentrations of the
membrane disrupter Triton X-100. Coenzyme Q10 also promotes the process of proliferation

and differentiation in primary chicken embryonic cultures of heart and skeletal muscle cells.
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Figure 4.6: Skeletal muscle cells exposed to 0.05% Triton X-100, after two hours pre-treatment

with different concentrations of CoQ10. A): 0.2mg/ml CoQ10; intact muscle cells were seen,
myotubes were present at this concentration (black arrow), fibroblasts with numerous vacuoles
were seen (white arrow). B): 0.1mg/ml CoQ10; muscle cells seemed less intact than the cells
in A. C): 0.05mg/ml CoQ10; muscle cells presented with a disrupted with the presence of
vacuoles. Fibroblasts with numerous vacuoles were present. D): 0.01mg/ml CoQ10; muscle

cells (black arrow) showed bulging and instability of the membrane. Fibroblasts were present
With VacUOIES (WHILE @ITOW). ...iiiiriireieeieeeiiiiiirreeeeeeessssitbbrreeeeeesssssabbbaeeeeeessssssasbrreeeeeeensans 70
Figure 4.7: Skeletal and cardiac muscle cells exposed to 0.005% Triton X-100, after two hours

pre-treatment with different concentrations of CoQ10. A): 0.2mg/ml CoQ10; B): 0.1mg/ml
CoQ10; C): 0.05mg/ml CoQ10; D): 0.02mg/ml CoQ10. Myotube formation were seen in all the

concentrations tested (A — D indicated by the black arrows). ........ccccoovvvviiiiiiiiiicn e, 71
Figure 4.8 a: The effect of 0 — 0.5% of Triton X-100 on the cell viability of chick cardiac and
skeletal muscle cells in vitro, measured using the MTT bioassay...........cccecveevriieeenennininns 75
Figure 4.8 b: The effect of 0 — 0.5% of Triton X-100 on the lysosomal membrane integrity of
chick cardiac and skeletal muscle cells in vitro, measured using the NR bioassay................ 76
Figure 4.8 c: The effect of 0 — 0.5% of Triton X-100 on cell number of chick cardiac and
skeletal muscle cells in vitro, measured using the CV bioassay.........cccccccovvvcvivieiineeeiinnnnne, 77
Figure 4.9 a: The effect of 0 — 0.2mg/ml of CoQ10 on the cell viability of chick cardiac and
skeletal muscle cells in vitro, measured using the MTT bioassay. ........cccoevviveiiieiiieniinnienns 79
Figure 4.9 b: The effect of 0 — 0.2mg/ml of CoQ10 on the lysosomal membrane integrity of
chick cardiac and skeletal muscle cells in vitro, measured using the NR bioassay................ 80
Figure 4.9 c: The effect of 0 — 0.2mg/ml of CoQ10 on cell number of chick cardiac and skeletal
muscle cells in vitro, measured using the CV DIOaSSaY. .......cccvveereeeeiiiiiiinnineeeeeessssinsnseeeeens 81
Figure 4.10 a: The effect of 0.05% Triton X-100 (TX2) in combination with increasing
concentrations (0.02 — 0.2mg/ml) CoQ10 on chick cardiac muscle cells, as measured by the
MTT, NR, and CV DIOGSSAYS. ....cceeiiuuriiieiieeeeeiiiiiireeeeeeeessesisttseeeseasssssssssssssssseesssasssssssesens 83
Figure 4.10 b: The effect of 0.05% Triton X-100 (TX2) in combination with increasing
concentrations (0.02 — 0.2mg/ml) CoQ10 on chick skeletal muscle cells, as measured by the
MTT, NR, @nd CV DIOGSSAYS. ....cceeiiurriiirieeeeiiiiiiireeeeeeeessisistrseeeesesssssssssssesseeesssssssssssseeees 84
Figure 4.10 c: The effect of 0.005% Triton X-100 (TX3) in combination with increasing
concentrations (0.02 — 0.2mg/ml) CoQ10 on chick cardiac muscle cells, as measured by the

MTT, NR, @nd CV DIOBSSAYS. ...eeeeiiuriireeiiiiireeiiitieeeesitieeeesssteeeesassseeeeassssesessssssessassssesessnnes 85
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Figure 4.10 d: The effect of 0.005% Triton X-100 (TX3) in combination with increasing
concentrations (0.02 — 0.2mg/ml) CoQ10 on chick skeletal muscle cells, as measured by the

MTT, NR, @nd CV DIOGSSAYS. ....cceeiiurriirrieeeeeiiiiiireeeeeeeessssistrseseseasssssasnssssseseesssassssssseeees 86

Figure 5.1: Skeletal muscle cells from the control group, at high and low magnification. Intact
membranes were observed (blue arrow). a): Low magnification; bipolar cytoplasmic extensions

become slender with filopodia extending into the substrate. b): High magnifications of (a);

presence of microvilli on the membrane surface (b - thin white arrows). .........cccccoooviiiiis 9

Figure 5.2: Cardiac muscle cells from the control group, at high and low magpnification. Intact

membranes were observed (blue arrow). a): Low magnification; bipolar cytoplasmic extensions

become slender with filopodia extending into the substrate. b): High magnifications of (a);

presence of microvilli on the membrane surface (b - thin white arrows). ...........ccoooviviinnnnns 95

Figure 5.3: Skeletal muscle cells exposed to 0.5% Triton X-100. Complete membrane lyses

were seen in these cells. a): Low magnification; the thick white arrow indicate the cytoskeleton

insoluble to Triton X-100. b): Components of the cytoskeleton, thin white arrows indicate

microfilaments, intermediate filaments and microtubules. ...........ccoiiiiiiiii 96

Figure 5.4: Cardiac muscle cells exposed to 0.5% Triton X-100. a & b): Low and high
magnification showing a part of the cytoskeleton (thick arrow in b) and the nuclear remnant

(thin arrow in b), insoluble to Triton X-100 are left. ........cooveeiiiiiii e 97

Figure 5.5: Skeletal muscle cells exposed to 0.05% Triton X-100. Low magpnification (a):
showed cell debris and a cell of which the membrane was completely lysed (thick black arrow),
with thin filaments extending from the tip of the cell (thin white arrow). b): Higher magnification
enables visualization of exposed cytoskeletal components. Thin white arrows indicate f-actin
filaments, the thick white arrow indicates intermediate filaments, surrounded by vesicular

bodies (beaded appearance); the thick black arrow indicates a microtubule (Wallace et al.,

Figure 5.6: Cardiac muscle cells exposed to 0.05% Triton X-100. a): At low magnification part

of a cell with completely lysed membrane (thick white arrow) and cell debris lying in the vicinity.
b): At higher magnification, the cell membrane was clearly absent. The thick white arrow
indicates what Fulton et al., 1981, described as a lacuna. Lacunae in the surface lamina
correspond to regions deficient in lectin binding protein, presumably lipid-rich domains in the

plasma membrane. The surface proteins form a sheet or lamina that covers the internal

skeletal framework remaining after detergent extraction (Ben'Zev et al., 1979). ................. 103

Figure 5.7: Skeletal muscle cells exposed to 0.005% Triton X-100. a): At low magnification

blebbing was observed on the membrane (thin white arrows). b): At higher magnification, it

was seen that the membrane was shrunken (thick black arrow). The apoptotic bleb (thick white

Vil
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arrow). Contractile force generated by actin-myosin cytoskeletal structures is thought to drive
the formation of membrane blebs and apoptotic bodies (Coleman et al., 2001). Ruthenium

artefacts (thin DIACK @ITOWS)........vieiiiiiieeeiiiiee e e st e st e e e e se e e e et e e e e s aae e e e s snrae e e e ennreeeeeas 104

Figure 5.8: Cardiac muscle cells exposed 0.005% to Triton X-100. a): Low magnification

showed disruption of the membrane (thick white arrow). b): At higher magnification it was seen
that the membrane collapsed almost in the center of the cell. The surface lamina (thick white
arrow) was partly intact, with severe disruptions visible. The thin black arrows show (a) a
rhutenium artefact; (b) protein precipitation, possibly derived from the 5% foetal bovine serum

IN tNE CUIUIE MEAIUM. 1 etiiieeitie e e ettt ettt e et e e e et eeee e e s e eesseee s s b ra s eeeesesess b b s reeesseeenrrnn s 105

Figure 5.9: Skeletal muscle cells exposed to 0.0005% Triton X-100. a): Low magnification

shows an intact cell (myoblast) with microprocesses/filopodia extending from the bipolar ends.
b): At higher magnification it was clear that the membrane was shrunken (thick white arrow)
and instable. Microvilli (thin white arrows) extended from the membrane, which might be a
possible indication of the cell’s state in the cell cycle (Late G2, Masuko et al., 1983). Although

no myotubes or fusion of myoblasts were observed at this concentration, the myoblast (a)

might be in Proliferating StAte. ........cccivrrieiiee e e s e e s s s e sabbrraee s 107
Figure 5.10: Cardiac muscle cells exposed to 0.0005% Triton X-100. a): Low magnification

shows two intact cells (myoblasts) with bipolar ends with extending microprocesses/filopodia
possibly in proliferating state. The thick white arrow indicates the very characteristic end of a
cardiac cell. b): higher magnification showed a smooth membrane surface, possibly unstable

(thick white arrow indicate a tear in the membrane), thin white arrows indicate microvilli

confirming the state of Proliferation. ........iueeeeecei i e eanres 108

Figure 5.11: Skeletal muscle cells exposed to 0.00005% Triton X-100. a): Low magnification

shows bipolar ends with extending microprocesses. b): Higher magnification shows that the

membrane is not smooth, it almost appear to have a rough surface (thick white arrow). Thin

white arrows indicate rutheniUM ArtEFACES. .......iiieiiiieieiiie et eeeeeeeer e e e e eeeeessirreeeesseeessnns 109

Figure 5.12: Cardiac muscle cells exposed to 0.00005% Triton X-100. a): Low magnification

shows a bipolar intact cell with extending microprocesses. b): On higher magnification the

membrane show shrinkage with numerous microvilli, possibly the cell is in proliferating state.

Thick white arrow point to an artefact lying on the membrane surface. ..............cccoeeiiininnnn, 110

Figure 5.13: Skeletal muscle cells exposed to 0.2mg/ml CoQ10. a): Low magnification shows

an intact spindle-shaped cell with bipolar ends and microprocesses (thick white arrow indicate
breakage of the upper tip of the cell, which might be due to critical point drying. b): Higher

magnification shows an intact membrane (blue arrow), the surface seems rough with
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numerous mcirovilli (thin black arrows) and small spherical protrusions starting to protrude

from the membrane. The thick white arrow indicates an ion channel in the membrane........ 111

Figure 5.14: Cardiac muscle cells exposed to 0.2mg/ml CoQ10. a): Low magnification possibly

shows a myoblast entering fusion. Broad flat upper end with numerous extending
microprocesses, numerous microvilli, small spherical protrusions (b: thick white arrow), and a
bulging appearance (b: thick and thin black arrows), indicating that the cell are possibly in the

M phase of the cell cycle. b): The membrane is largely intact with a few slightly rough patches.

Figure 5.15: Skeletal muscle cells exposed to 0.1mg/ml CoQ10. a): Low magnification shows

an intact skeletal muscle cell with extending microprocesses. Breakage of the tip is probably
due to critical point drying procedure (thick white arrow). b): High magnification shows and
intact membrane (blue arrow), microvilli (thin white arrows). lon channels are visible (thick

white arrow). Protein precipitation occurred due to proteins present in culture medium (black
T (o) TSR 113
Figure 5.16: Cardiac muscle cells exposed to 0.1mg/ml CoQ10. b): High magnification shows

numerous microvilli (thin white arrows), although the membrane presented with a slight

shrunken appearance, it was intact (blue arrow). lon channels are visible (thick white arrow).

Figure 5.17: Skeletal muscle cells exposed to 0.05mg/ml CoQ10. a): Low magnification shows

a cell which is possibly postproliferative (myotube), when considering the size. The relatively
smooth cell surface seen at higher magnification (b), is characteristic of cells capable of

undergoing fusion, probably in the G, phase of the cell cycle (Masuko et al., 1983). The
membrane was perfectly intact (blue arrow). lon channels are visible (white arrow)............ 115
Figure 5.18: Cardiac muscle cells exposed to 0.05mg/ml CoQ10. a): Low magnification shows

two myoblasts after fusion, forming a myotube. b): High magnification shows a smooth, intact

membrane (blue arrow), microvilli and small spherical protrusions are present (thin white
arrows), characteristic of the surface structure of newly formed myotubes. ........................ 116
Figure 5.19: The arrow showed the area where the two myoblasts in Figure 5.17 a, has fused
to form a myotube. The establishment of this connection generate considerable tension
indicating that possibly these cells are drawn together (Singer et al., 1984). ...................... 117
Figure 5.20: Skeletal muscle cells exposed to 0.02mg/ml CoQ10. a): An intact spindle-shaped

cell with extending bipolar ends. b): The membrane surface is relatively smooth and intact

(blue arrow), with rough patches. Numerous ion channels can be seen (thick white arrows).
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Figure 5.21: Cardiac muscle cells exposed to 0.02mg/ml CoQ10. a): A perfectly intact cardiac
muscle cell at low magnification. b): The membrane is intact and smooth (blue arrow). Protein

precipitations (thin black arrows) and artefacts (thick black arrow) are present................... 122

Figure 5.22: Skeletal muscle cells exposed to 0.01mg/ml CoQ10. a): Intact skeletal muscle
cell with bipolar ends. b): The membrane surface appear smooth and intact (blue arrow).

Ruthenium artefact is present (thin bIACK @rroW)...........ceiiiiiiiriieeeee e e e e sssnrrseeeeens 123
Figure 5.23: Cardiac muscle cells exposed to 0.01mg/ml CoQ10. a): Two fusing myoblasts. b):
A smooth intact membrane surface (DIUE arroW). ........ccuuvuiieiiieiniiiiiiieee e 124

Figure 5.24: The connection between the two myoblasts in Figure 5.22 a. The interaction of

these microprocesses with each other, or with cell bodies, establishes a connection between
the cells resulting in the union of their respective filamentous systems. Presumably the

microconnection between two cells develops into a cytoplasmic bridge which facilitates the

integration of the filament network of both cells into a syncytium (Singer et al., 1984)......... 125

Figure 5.25: Cardiac muscle cells exposed to 0.05% Triton X-100 two hours after treatment

with 0.2mg/ml CoQ10. Complete membrane lyses were seen. a): Part of a cell (thick white

arrow) and cell debris (thin white arrows). b): Cytoskeleton exposed (arrows indicate the

circular and cable protein structures which are insoluble to Triton X-100). .........cccevvvveeenne 126

Figure 5.26: Skeletal muscle cells exposed to 0.05% Triton X-100 two hours after treatment
with 0.2mg/ml CoQ10. a): Low magnification shows membrane blebbing (thin white arrows),
leakage of cytoplasmic constituents (thick white arrow & thick black arrow). b): Higher
magnification clearly shows membrane blebs (thin black arrows) due to apoptotic changes in
the cell, cytoplasmic constituents leaking through a possible rupture in the membrane (thick

black & white arrows). Ruthenium artefacts (thin white arrows). ...........cccccveveeeiiiiciiinennn. 127

Figure 5.27: Cardiac muscle cells exposed to 0.05% Triton X-100 after pre-treatment with
0.1mg/ml CoQ10. a): Low magnifications shows a part of a cell (thick white arrow) and cellular
debris (thin white arrows) lying around. b): The cell membrane is completely lysed. Insoluble
proteins of the cytoskeleton (filament bundles or cables as described by Fulton et al., 1981 and
acetylcholine receptor protein clusters as described by Connoly, 1984) are exposed (indicated

by thick black and WHiIt€ @rrOWS). ......ueeiiiuriieeiiiiiee et sie e e e e e ennes 128

Figure 5.28: Skeletal muscle cells exposed to 0.05% Triton X-100, after being pre-treated with

0.05mg/ml CoQ10. a): A cell with bipolar ends and extending microprocesses. Half of the cell
is still surrounded by the surface lamina, but the membrane is lysed. b): Major filament bundles

or cables extending from deep within the cytoplasmic structure to the outer cell periphery

traversing large, nearly empty regions (Fulton et al., 1981).......ccccvveeeeeeeriiiiiiineeeee e, 129



IVERSITEIT VAN PRETORIA
ITY OF PRETORIA
ITHI YA PRETORIA

Figure 5.29: Cardiac muscle cells exposed to 0.05% Triton X-100, after being pre-treated with

0.05mg/ml CoQ10. a): Complete membrane lyses were seen with cell debris lying around. b):
The filament bundles or cables (thick black arrow) described by Fulton et al., 1981. The
circular structure indicated by the white arrow is protein constituents of the cytoskeleton,

possibly acetylcholine receptor clusters described by Connoly, 1984, insoluble to Triton X-100.

Figure 5.30: Cardiac muscle cells exposed to 0.05% Triton X-100 after 0.02mg/ml CoQ10 pre-

treatment. a): Part of a cell with lysed membrane can be seen. Cell debris lying in the vicinity.
b): Components (possibly a remnant of an apoptotic body or a protein cluster) of the

cytoskeleton are visible (thick black arrow). Leakage of cytoplasm indicated by thick white
arrow. The plasma lamina is disrupted but still present (thin white arrows).............cccceeeee 132
Figure 5.31: Skeletal muscle cells exposed to 0.005% Triton X-100 after pre-treatment with

0.2mg/ml CoQ10. a): Membrane blebs were seen at low magnification (thin white arrows). b):

Higher magnification shows a shrunken membrane (thick white arrow) and membrane blebbing
(thin white arrow), characteristic of a cell in which the process of apoptosis is present........ 133
Figure 5.32: Cardiac muscle cells exposed to 0.005% Triton X-100 after pre-treatment with

0.2mg/ml CoQ10. a): Complete membrane lyses were seen at low magnification. b): Filament

bundles and clusters (thick black and white arrows) traversing empty spaces can be seen at
[0]Te oW 0 T=To a1 1iTe7=Y 1o o PRSP 134
Figure 5.33: Skeletal muscle cells exposed to 0.005% Triton X-100 after pre-treatment with
0.1mg/ml CoQ10. Membrane lyses were seen. Plasma lamina were present but largely
disrupted. a): Empty spaces (thin Whit€ @rrOWSs). .....cccuvveeeeieeiiiiiiiriieeeeee e ssiirrreeeeeeessennnnns 135
Figure 5.34: Cardiac muscle cells exposed to 0.005% Triton X-100 after pre-treatment with

0.1mg/ml CoQ10. a): Bipolar ends extending from the spindle-shaped cell. Cell seems largely
intact. b): High magnification shows an intact membrane with bulging (black arrow), and a rare

appearance of a “membrane patch” on a part of the membrane that present more rough and

slightly damaged (thick WHiIt€ @ITOW)..........cocuiieeiiiiiieeeciiiee et e e e e 136

Figure 5.35: Higher magnification of Figure 5.34 a. The thin black arrow shows a part in the

membrane that looks like a tear, on part of the tear is a patch (thick white arrow). The blue

arrow indicates a patch-like formation on the surface of the cell membrane which appears to

have the same structural composition as the membrane itself..............cccceveeeiiieeiiiiiiiinnnnn. 137
Figure 5.36: Schematic representation of the membrane repair machinery in a muscle cell as

presented by Lammerding et al., 2007, .........cooiiirreieeeeriiiiiiirreee e e e s ssirrrreee e e e s s nnrrrreee s 138

Xi



IVERSITEIT VAN PRETORIA
ITY OF PRETORIA
ITHI YA PRETORIA

Figure 5.37: Skeletal muscle cells exposed to 0.005% Triton X-100, after pre-treatment with
0.05mg/ml CoQ10. a): A perfectly intact bipolar cell. b): Higher magnification shows and intact

membrane (blue arrow) with numerous microvilli an spherical protrusions (thin black arrows),

and numerous ion channels on the surface of the CEIl. ....vvvvveiiiiieie e 139

Figure 5.38: Cardiac muscle cells exposed to 0.005% Triton X-100, after pre-treatment with
0.05mg/ml CoQ10. a): An intact bipolar cell (double-headed arrow). Breakage of the upper tip

was probably caused by critical point drying (thin white arrow). b): A perfectly intact membrane

surface (blue arrow) with microvilli and small spherical protrusions (thin white arrows), and ion

channels (thick WhiIt€ @ITOW). .......iiiiiiiiiiiiieiie e 140

Figure 5.39: Skeletal muscle cells exposed to 0.005% Triton X-100 after pre-treatment with
0.02mg/ml CoQ10. a): An intact skeletal muscle cell. b): Cell membrane has a rough patch
(thick black arrow), but seems largely intact. Presence of ruthenium artefacts were noted (thin

(o] F=Tot (=T o1V T SRRSO 141

Figure 5.40: Cardiac muscle cells exposed to 0.005% Triton X-100 after pre-treatment with
0.02mg/ml CoQ10. a): Low magnification shows an intact cell, the white arrows indicate a
presipitation on the membrane surface. b): Higher magnification shows an intact membrane
surface. The precipitation (thick black arrows) might be derived from the protein components in

the culture medium (5% foetal BOVINE SEIUM). .......cccivvreieeiee e annes 142

Figure 6.1: Muscle cells in the control group (a & b) stained with Mito Tracker Red and DAPI.
A major problem with fluorophores (fluorescent probes) is that they fade irreversible (b) when

exposed to excitation light (Semwogerere et al., 2005). .........cccuveeeriiiveeeeeiiiereesiieeee s 152
Figure 6.2 A: Muscle cells in the Triton X-100 group, stained with Mito Tracker Red and DAPI.

a): 0.5% Triton X-100, little mitochondrial staining were seen, as the red signal produced by
Mito Tracker Red was very weak. DAPI produced a weak blue signal, but the position indicates
that the nucleus was not disrupted. b): Three muscle cells in the same culture as (a), the white
arrows point to the distribution of the blue signal throughout the cell. The green arrow points to
a cell where no blue signal was produced. ¢): 0.05% Triton X-100. d): 0.005% Triton X-100. In
both (c) and (d) a relatively strong blue fluorescence was obtained, in disparity to the weak,
almost absent Mito Tracker Red signal. Photos (c) and (d) point to the possibility that the
nucleus was still intact, when mitochondrion were destroyed during the process of possible cell

death caused by 0.05% and 0.005% Triton X-100. ......uueeeeeeeeiiiiiiirieeeeeeessiiinrrreeeeeesseesnnes 153

Figure 6.2 B: Muscle cells in the Triton X-100 group at the second lowest and lowest

concentrations tested in the study. e): 0.0005% Triton X-100, a clear blue signal was observed
indicating the position of the nucleus, which seems to be intact. A weak blue fluorescence can

be seen outside the circular blue signal assumed to represent the nucleus. This phenomenon
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indicates that nucleic acid/nuclear material was also dispersed outside the boundaries of the

nucleus. This was also observed in the muscle cell in (f), the dispersed blue signal was slightly

stronger and the circular blue signal to the left of the cell was less pronounced than in (e).. 154

Figure 6.3 A: Muscle cells in the CoQ10 group stained with Mito Tracker Red and DAPI. a):
0.2mg/ml CoQ10. b): 0.1mg/ml CoQ10. In both the highest and second highest concentrations
(a & b) of CoQ10 used in the study a definite circular blue signal was produced ................ 155

Figure 6.3 B: Muscle cells in the CoQ10 group at the two lowest concentrations of CoQ10
used in the study. e): 0.02mg/ml CoQ10. Two very distinct blue signal in circular form, very
close to each other. Little, but intense red fluorescence was produced. It is possible that this
cell is in the process to undergo proliferation, since there are two distinct nuclei. The little red
fluorescence may point to the fact that cells in this phase minimize cytoplasmic contents in
order to go through the proliferation process, thereafter the cytoplasmic contents and
organelles are restored in order to maintain normal cellular metabolism. f): A clear blue
fluorescence produced by DAPI at 0.01mg/ml. The nucleus appears to be intact. A bright red
fluorescence was produced by Mito Tracker Red, indicating the healthy respiring mitochondria

R ateg = R T oY AT (=) IR LA T I (R 156

Figure 6.4 A: Muscle cells exposed to 0.05% Triton X-100 after two hours pre-treatment with
CoQ10, stained with Mito Tracker Red and DAPI. a & b): Muscle cells pre-treated with
0.1mg/ml CoQ10. A definite blue signal was obtained in (a) with DAPI, the signal was in 3
distinct portions visible, indicating that the nucleus was not intact. The cell was probably in the
process of undergoing apoptosis. The detectable morphological changes in the nucleus are
chromatin condensation and, at a later stage, the fragmentation of the nucleus into several
particles (Hacker, 2000). An intense red signal was produced by Mito Tracker Red, indicating
active respiring mitochondria. In (b), two distinct blue signals can be observed, representing
two intact nuclei, an intense red signal can be seen, with spreading of the red signal outside
the direct vicinity of the nuclei, it is possible that membrane disruption occurred. ¢ & d): Muscle
cells pre-treated with 0.05mg/ml CoQ10. The blue signal in the top cell in ¢ is intense and the
shape indicate and intact nucleus, surrounded by respiring mitochondria. The blue signal in (d)

is spread throughout the cell, with an invagination in the overall shape at the bottom part of the

cell. This cell might be in the process of undergoing MItoSIS. .......cceevveeereeeieeeieeeeeee e, 157

Figure 6.4 B: Muscle cells exposed to 0.005% Triton X-100 after two hours pre-treatment with
CoQ10, stained with Mito Tracker Red and DAPI. a & b): Muscle cells pre-treated with
0.1mg/ml CoQ10. In (a) two distinct intense blue signals were obtained with DAPI, indicating
intact nuclear morphology. Intense red fluorescence was also seen. In (b), the blue signal was
spread in a non-condensed fashion throughout the cytoplasm merged with the red signal

produced by Mito Tracker Red, indicating that the cell is probably in the process of undergoing
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mitosis. ¢ & d): Muscle cells pre-treated with 0.05mg/ml CoQ10. In both (c) and (d), a very
intense blue signal was obtained by DAPI staining indicating, intact nuclei. A red signal was
obtained in both cells, indicating active respiring mitochondria. The more intense red signal in

d, might be the result of a more negative membrane potential, as it compare well to the control

group (Figure 6.1 a), the red signal in ¢ might also be less intense due to photobleaching. . 158

Figure 6.5: Muscle cells exposed to Triton X-100 stained with DCH,FDA. a): 0.05% Triton X-
100 produced a weak green fluorescence. It is possible that Triton X-100 induce cell death by
a mechanism other than to produce ROS, or the weak signal may be due to photobleaching.
b): 0.05% Triton X-100 produced a more intense green fluorescence, with the highest intensity
localized to the boundary of the cell. ¢): 0.005% Triton X-100 produced a green signal
throughout the whole cell, with background staining. In all the cells exposed to Triton X-100,

the presence of ROS was detected with confocal MICroSCOPY. .......vvveeveeeeeeiiiiiriiiieeeeeeeans 162

Figure 6.6 A: Muscle cells exposed to 0.05% Triton X-100, after two hours pre-treatment with

CoQ10. a & b): Muscle cells pre-treated with 0.1mg/ml CoQ10. A mild green signal was

obtained upon staining with DCH,FDA in both cells, indicating the presence of ROS. ¢ & d):
Muscle cells pre-treated with 0.05mg/ml CoQ10. Almost no green signal was produced upon
staining with DCH,FDA, indicating the absence of ROS formation in cells exposed to 0.05%

Triton X-100 after pre-treatment with 0.05mg/ml COQ10. .......cceeiurriiiiieeeeeeeieiiiieieeeee e e 163
Figure 6.6 B: Muscle cells exposed to 0.005% Triton X-100, after two hours pre-treatment with

CoQ10. Both (a) and (b) were pre-treated with 0.05mg/ml Triton X-100, almost no green
fluorescence was detected upon staining with Dichlorodihydrofluorescein diacetate, indicating

the absence of ROS and the absence in production thereof in the presence of 0.05mg/ml

CoQ10 when cells are exposed to 0.005% Triton X-100. ........ceeeeeriiiiiiiiiiiiiiiieeieeeeeeeeee 164
Table 3.1: SUMMAry Of RESUILS .........cccueeiiieeeeeeieeeeeeeeeee et ee e et e e et e e eteeeeaeeeereeeanes 48
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