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Abstract

CoQI10 is a valuable ergogenic supplement which serves as a cofactor for mitochondrial enzymes where it
transfers electrons between complexes of the electron transport chain in the synthesis of ATP. Consequently,
CoQ10 is also vital in protecting cells from the oxidative stress that results from loss of electrons (oxidation)
during ATP production. CoQ10 can also localize in cellular membranes and directly scavenge xenobiotic derived
oxidants. In human subjects, CoQ10 supplementation increases plasma and cellular levels of CoQ10. Further,
clinical studies have shown that CoQ10 supplementation can improve neurological and cardiovascular outcomes
and reduce inflammation in patients with COPD, Covid19, congestive heart failure and diabetes. CoQ10 has been
incorporated into liposomes to enhance absorption and cellular distribution and indeed liposomal CoQ10 is better
absorbed and provides better protection from oxidative stress. Here we show that Liposomax™ Liposomal
CoQ10® demonstrates enhanced increased protection of neurons from oxidative stress. We also show enhanced
neurite outgrowth which is associated with bursts of oxidative phosphorylation and ATP synthesis.

Introduction

CoQ10, also known as ubiquinol (reduced) or ubiquinone (oxidized), is a vitamin-like cofactor that both supports
mitochondrial enzyme activity in the production of ATP and supports antioxidant activity by scavenging reactive
oxidant species (ROS) (1, 2). CoQ10 is considered vitamin-like because it is both an enzyme cofactor and a free
radical scavenger but unlike vitamins, the human body synthesizes CoQ10 primarily in the liver (1, 2). While we
make our own, CoQ10 is also acquired from the diet and as its name suggests it is ubiquitous and widely available
in a variety of foods including some meats, vegetables and nuts (1 — 3). It can also be important to supplement
CoQ10 to boost levels in the body. Indeed, oral supplementation with CoQ10 increases plasma and cellular levels
of CoQ10 (3- 5) and is a supplement of great interest for its health benefits (6).

Published clinical studies show that CoQ10 supplementation can help to address a wide range of human disease
conditions. For example, in cases of genetic deficiencies in the enzymes of CoQI10 biosynthesis, patients
experience nervous system and muscular difficulties including cognitive dysfunction, seizures and muscular
hypotonia and dystonia which can be improved with CoQ10 supplementation (7). CoQ10 supplementation can
also reduce inflammation and disease complications in patients with congestive heart failure, COPD and CoVid19
(8 = 10). CoQ10 supplementation also increases insulin sensitivity and improves cardiovascular function in
patients with diabetes (11). CoQ10 supplementation can also improve patient outcomes post stroke and poste
heart and vascular surgeries (9). While CoQ10 supplementation can address these deficiencies and diseases, a
great deal of interest also surrounds the benefits of CoQ10 supplementation as an ergogenic factor in states of
normal and heightened physiological activity. Specifically, in human clinical trials, the ergogenic properties of
CoQ10 have proven to be both antiaging and to boost athletic performance (5, 12 — 18)
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Mitochondria are the powerhouse of the cell producing ATP with is the chemical currency for muscle and nerve
activity all anabolic enzymes. CoQ10 supplementation can directly boost the availability of ATP for muscle
action and repair (6). Muscles undergo damage during exercise due to the oxidative stress involved in ATP
synthesis and depletion. In clinical studies, athletes taking oral CoQ10 supplements have experienced less muscle
damage and reduced cellular ROS accumulation during exercise and improved muscle repair post-exercise (14,
19 — 22). Interestingly, CoQ10 can also improve the performance in older and aged athletes (23).

Aging involves reduced mitochondrial function and accumulated oxidative stress. Aging is also associated with
a reduced ability of the body to synthesize CoQ10. Consequently, CoQ10 supplementation is of great interest to
not only the older athlete but as an antiaging supplement in general. For example, in clinical studies CoQ10
supplementation reduces the expression of inflammatory markers and markers of aging such as endothelial cell
ICAMI, adiponectin, SCF and OPG (24) and also stabilized leukocyte telomere length (25).

The cellular absorption of CoQ10 has been shown to be enhanced by incorporation into liposomes (26, 27).
Liposomal CoQ10 has been show to improve pancreatic beta cell survival (28), shows enhanced protection from
copper induced oxidative stress (29) reduced neuroinflammation (30) and shows enhanced protection from
myocardial infarction (31) and propionic acid induced hepatic inflammation and fibrosis (32) Here we show that
Liposomax™ Liposomal CoQ10 enters cells more quickly and is statistically significantly better at both enhanced
protection of neuronal of cells from H202 induced oxidative stress and enhanced neurite outgrowth than non-
liposomal CoQ10.

Materials and Methods

N38 Cell Culture and MTT assay: Murine hypothalamic N38 cells were cultured in DMEM containing 5% heat
inactivated fetal Bovine serum (FBS) supplemented with Penn/Strep. For MTT assay, cells were harvested with
trypsin-EDTA which was neutralized by medium. The cells were then washed free of serum using DMEM and
the cells were resuspended in serum-free DMEM containing and ITS supplement (insulin, selenium and
transferrin) (defined medium). The cells were seeded into 24 well plates in 0.5 ml defined medium at 5x10° cells
per well and either untreated (control) or treated with 300 uM H2O2 for 24 hours. Cell receiving H202 were
also concomitantly treated with nonliposomal CoQ10 (NL CoQ10) or LiposoMax™ Liposomal CoQ10®
(LiposoMax™ LipoCoQ10) at 0.5 uM, 5 uM, and 50 uM. After 24 hours of treatment, the medium was gently
removed and 0.05 mg/ml of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide in 200 ul of phosphate
buffered saline (PBS) was added to each well for four hours and incubated at 37°C. After 4 hours, 300 ul of
dimethyl sulfoxide (DMSO) was added to each well and the plate was gently rocked on a shaker at 150 rpm for
10 minutes after which the medium (PBS and DMSO) was collected and clarified by centrifugation and 100 pl
of the solution was transferred to duplicate wells of a 96 well plate and the optical density was measured at 570
nm. To determine the percent viability, the OD at 570 was compared to a standard curve of cell number and the
cell number correlating to the OD was divided then by the total cell number and multiplied by 100 to give percent
viability.

PC12 cell culture and neurite outgrowth: Rat pheochromocytoma PC12 neuronal cells were cultured in DMEM
containing 7.5% heat inactivated FBS and 7.5% heat inactivated equine serum supplemented with Penn/Strep.
PC12 cells were harvested by agitation and suspended at 2x104 cells/ml of medium containing 50 ng/ml nerve
growth factor (NGF) and seeded at 2x10* cells per well in triplicate wells of a 24 well tissue cluster plate. Cells
were then either untreated or treated with 50 uM nonliposomal or Liposomax™ Liposomal CoQ10 and incubated
in a water-jacketed CO2 incubator at 370C for 6 hours and photographed at 640X total magnification. The
percentage of cells exhibiting neurites was determined by visual inspection by examining 100 cells in each well
treatment and determining the number which had neurites at least one time the cell diameter.
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Results and Discussion

Liposomax™ Liposomal CoQ10 protects N38 cells from H202 toxicity better than non-liposomal CoQ10 (Figure
1). Twenty-four-hour treatment of N38 cells lead to an approximate 60 percent reduction in cell viability.
However, both 5 and 50 uM CoQI10 treatment significantly reduced H202 toxicity with approximately 70%
survival when treated with 50 mM Liposomax™ Liposomal CoQ10 (Figure 1). Liposomax™ Liposomal CoQ10
was statistically significantly better than nonliposomal CoQ10 at protecting N38 cells from H202 induced
oxidative stress at both 5.0 uM and 50 uM (Figure 1).

Figure 1. Liposomax™ Liposomal CoQ10 provides enhanced protection to neurons from H202 induced oxidative
stress.
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Figure 1. Liposomax™ Liposomal CoQ10 provides enhanced protection to neurons from H202
induced oxidative stress. Murine Hypothalamic N38 cells were seeded into 24 well plates in 0.5
ml serum-free DMEM supplemented with insulin, selenium and transferrin (defined medium) at
5x10° cells per well and either untreated (control) or treated with 300 uM H202 for 24 hours. Cell
receiving H202 were also concomitantly treated with nonliposomal CoQ10 (NL CoQ10) or
LiposoMax™ Liposomal CoQ10® (LiposoMax™ LipoCoQ10) at 0.5 uM, 5 uM, and 50 pM.
After 24 hours of treatment, the medium was gently removed and 0.05 mg/ml of 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide in 200 pl of phosphate buffered saline was
added to each well for four hours and incubated at 37°C. After 4 hours, 300 pl of dimethyl
sulfoxide (DMSO) was added to each well and the plate was gently rocked on a shaker at 150 rpm
for 10 minutes after which the medium (PBS and DMSO) was collected and clarified by
centrifugation and 100 pl of the solution was transferred to duplicate wells of a 96 well plate and
the optical density was measured at 570 nm. To determine the percent viability, the OD at 570
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was compared to a standard curve of cell number and the cell number correlating to the OD was
divided then by the total cell number and multiplied by 100 to give percent viability.

Liposomax™ Liposomal CoQ10 stimulates neurite outgrowth in PC12 cells more rapidly than nonliposomal
CoQ10. Figure 2A shows photomicrographs of PC12 cells 6 hours after NGF treatment. Maximal neurite
outgrowth is achieved after 72 hours and is not shown. Therefore, the enhanced neurite outgrowth shown here
represents a more rapid stimulation at an early timepoint. Figure 2B shows the percentage of cells with neurites
at six hours post NGF treatment. Both nonliposomal and Liposomax™ Liposomal CoQ10 enhance neurite
outgrowth however Liposomax™ Liposomal CoQ10 is statistically significantly better than non-liposomal
CoQ10 (Figure 2B).

Figure 2. Liposomax™ Liposomal CoQ10 enhances CoQ10 neurite promoting activity.

Figure 2A
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Figure 2B
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Figure 2. Liposomax™ Liposomal CoQ10 enhances CoQ10 neurite promoting activity. In figure
2A above PC12 cells were cultured with NGF alone (left panel) or NGF with 50 uM nonliposomal
CoQ10 (middle panel) or 50 uM Liposomax™ Liposomal CoQ10 (right panel) and incubated for
six hours and photographed at 540X total magnification. Figure 2B shows the same results when
the percentage of cells exhibiting neurites is counted. The single asterisk shows that nonliposomal
CoQ10 (nlCoQ10) stipulates neurite outgrowth in PC12 cells beyond NGF alone. The double
asterisk shows that Liposomax liposomal CoQ10 (LMCoQ10) is statistically significantly extent
in an analysis of variance more effective at enhancing neurite outgrowth than the nonliposomal
form.
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Discussion and Conclusions

Taken together these data show that Liposomax™ Liposomal CoQIl0 is better absorbed into cellular
mitochondrial compartments where it can better protect cells from oxidative stress. Further, these data are unique
in that they show that CoQ10 and in the Liposomax™ Liposomal CoQ10 form enhance cellular ATP production
to meet the high demand of neuronal cells during neurite outgrowth.

More importantly, these data show that Liposomax™ Liposomal CoQ10 has faster and greater beneficial effects
on these parameters when compared to no liposomal form, which explains the Liposomax™ Liposomal CoQ10
improved bioactivity. Here we present a new delivery form, LiposoMax™ Liposomal CoQ10® which is more
active and effective than non-liposomal CoQ10 with regard to stimulation of neurite outgrowth, protection against
oxidative stress, enhance cellular ATP production, promoting healthy mitochondrial function and the protection
of the immune system and cardiovascular system from induced inflammatory mechanisms.

LiposoMax™ Liposomal CoQ10® provides an innovative solution to effectively increase cellular CoQ10 and
its antioxidant activity. As demonstrated in Figure 1, LiposoMax™ Liposomal CoQ10® statistically
significantly enhances cellular protection compared to conventional, non-liposomal CoQ10. Specifically, it
outperformed non-liposomal CoQ10 in shielding neuronal cells from oxidative damage induced by hydrogen
peroxide. As demonstrated in Figure 2A and 2B, LiposoMax™ Liposomal CoQ10® statistically significantly
enhances nerite outgrowth compared to conventional, non-liposomal CoQ10. Specifically, it outperformed non-
liposomal CoQ10 in PC12 cells respond to nerve growth factor (NGF) treatment by extending neurites, and
significant neurite outgrowth in neuronal cells post-treatment.

The ability of LiposoMax™ Liposomal CoQ10® to quickly affect cell behavior and more rapid response is an
indication of its better absorption and better avidity for the cell surface, and peripheral sites and more efficiently
intracellular activity, and its improved bioavailability which facilitates faster and more efficient cellular uptake
and improved bioactivity and the LiposoMax™ Liposomal CoQ10® statistically significantly outperformed on
these parameters when compared to non-liposomal CoQ10.
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