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Abstract

An impaired redox homeostasis is an important hallmark of biological aging. Coenzyme Q,, is an endogenous lipophilic
antioxidant that decreases with age and has been linked to oxidative stress. The purpose of this study was to evaluate the
effect of CoQ,, supplementation on redox homeostasis and levels of inflammatory cytokines in young and old rats. Male
Wistar rats (young and old) were randomly divided into four groups (n=6). Group I: young control, Group II: young rats
treated with CoQ,,, Group III: old control, Group IV: old rats treated with CoQ,,. CoQ,, (20 mg/kg) was administered daily
to Group II and IV via oral gavage. After 28 days of treatment, rats were sacrificed and biomarkers of oxidative stress and
inflammatory cytokines were evaluated. Results demonstrated a significant (p <0.05) increase in malondialdehyde, protein
carbonyl oxidation, advanced oxidation protein products, inflammatory cytokines: CRP, IL-6, TNF-a, and a decline in levels
of superoxide dismutase, catalase, reduced glutathione, ferric reducing antioxidant potential in plasma and plasma mem-
brane redox system in old rats when compared to young rats. After treatment with CoQ), significant decrease in the level of
MDA, PCO, AOPP, CRP, IL-6, and TNF-a was observed. Also, significant up-regulation of SOD, CAT, GSH, FRAP, and
PMRS was observed. The results show that supplementing rats with CoQ, aids in the maintenance of redox equilibrium
with replenishment of antioxidant reserves and down-regulation of inflammatory biomarkers. Thus CoQ),, supplementation

could be a potential anti-aging therapy.
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Introduction

Aging is an intricate process that is characterized by the
gradual decline in the physical, mental, and reproductive
capacity, leading to loss of function, vulnerability to dis-
eases, and ultimately the end of life (Jia et al. 2017). Among
the various theories put forward, the free radical theory of
aging is one of the most accepted postulations which states
that oxidative damage is the underlying cause of aging (Har-
man 2003). The body has a well-defined antioxidant defense
mechanism that is powerful enough to fend off oxidative
stress. However, with aging the efficiency of the body to
manage the disequilibrium induced by an increase in ROS
decreases (Lopez-Otin et al. 2013). Furthermore, it leads
to impairment in the systemic redox system that is one of
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the mechanistic factors for the development of age-related
diseases predominantly vascular diseases linked to aging,
diabetes, arthritis, and neurodegenerative disorders (Akcay
et al. 2000; Cebe et al. 2014; Telci et al. 2002).

Various supplements and natural antioxidant products
have shown to scavenge ROS when supplemented in dif-
ferent rat models. Antioxidants can counteract the damage
caused by ROS in cells at relatively low concentrations
thereby protecting physiological targets such as lipids, DNA,
and proteins (Bast and Haenen 2015). A significant number
of studies has found a relationship between total antioxidant
capacity in serum or plasma and the progression of aging
and age-related diseases (Conti et al. 2016). All this evi-
dence leads to the search for natural or synthetic antioxi-
dants, and the establishment of several treatment strategies
aimed at counteracting oxidative stress by supplementing
exogenous antioxidants, either solely or in combination.

One of the major contributors to aging-related patholo-
gies is oxidative stress which leads to mitochondrial dys-
function and activation of downstream cell death pathways

@ Springer


http://orcid.org/0000-0001-8978-825X
http://crossmark.crossref.org/dialog/?doi=10.1007/s42977-022-00140-5&domain=pdf

474

Biologia Futura (2022) 73:473-481

(Prajapati et al. 2017). During aging the number of defec-
tive mitochondria increases, disrupting the redox homeo-
stasis and signaling mechanism (Scialo and Sanz 2021).
Coenzyme Q;, (CoQ,,) is an essential cofactor in the
electron transport chain and the only endogenously syn-
thesized lipophilic antioxidant. Coenzyme Q,, along with
other molecules plays a significant role in the synthesis of
ATP by channeling electrons in the mitochondrial electron
transport chain. It is also involved in many signaling, met-
abolic and antioxidant activities depicting a central role
of CoQ),, in multiple functions of the body (Lépez-Lluch
2021). A gradual decline in the level of Coenzyme Q, in
plasma as well as tissues is observed during aging that is
related to secondary deficiency of CoQ,, which is a result
of advancing mitochondrial malfunction that occur dur-
ing aging which further leads to decline in biological and
behavioural activity (Navas 2020; Dohlmann et al. 2022;
Hosseini et al. 2022). Triphenyl phosphine (TPP) has been
frequently employed in the development of antioxidants
that target mitochondria. Plastoquinone based SKQ1 and
MitoQ10 are analogues of Coenzyme Q,, that function
similarly to deliver quinonoid to mitochondria at cellu-
lar and functional level via TPP conjugation (Atayik and
Cakatay 2022).

Moreover, the deficiency of Coenzyme Q,, and elevated
level of oxidative stress disturbs the homeostatic balance of
the body and leads to the progression of various age-related
disorders (Rodriguez-Hernandez et al. 2009). Many stud-
ies have demonstrated that exogenous supplementation of
CoQ);, may help to restore the diminished levels and enhance
the activity by stabilizing the level of oxidative stress, which
further exerts a protective mantle (Chis et al. 2020). How-
ever, the role of CoQ,, as a potent antioxidant that could
scavenge free radicals efficiently to maintain redox homeo-
stasis in young and aged rats remains unclear (Mantle and
Hargreaves 2019). In line with this assertion, the present
study was focused on the assessment of the role of Coen-
zyme Q,, supplementation in young and old rats.

Materials and methods
Chemicals and reagents

2,4,6-Tri(2-pyridyl)-S-triazine (TPTZ), 4,7-diphenyl-
1,10-phenanthroline disulfonic acid disodium salt (DPI),
reduced glutathione (GSH), 2,4-dinitrophenylhydrazine(D
NPH), dithiobis nitro benzoic acid (DTNB) were procured
from Sigma Aldrich, St. Louis, MA, USA. Coenzyme Q,,
was purchased from SRL chemicals (India) Pvt. Ltd. All
other chemicals were of analytical grade available from
Merck, Germany, and SRL, India.
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Experimental design

The experiment was carried out on healthy young
(4 months) and old (24 months) male Wistar rats. Rats
were obtained from the CSIR-Indian Institute of Toxicol-
ogy Research (CSIR-IITR) animal house in Lucknow and
bred in the University of Allahabad animal house. Rats
were kept in a controlled environment with a 12-h light/
dark cycle (25 +2 °C). All rats were fed a standard labo-
ratory diet of nutrient-rich pellets and had full access to
water. The rats were then randomly assigned into the fol-
lowing four groups (n=6):

e Group I—Young control (YC): (4 months old,
b.w.=150 g+ 10 g) Rats were administered with olive
oil (as a vehicle) once daily for 28 days.

e Group II—Young treated (YC + CoQ,): (4 months old,
b.w.=150 g+ 10 g) Young rats were treated with a sus-
pension of Coenzyme Q,, orally (20 mg/kg b.w.) once
every afternoon for 28 days.

e Group III—O0ld control (OC): (24 months old,
b.w.=350 g+ 20 g) Rats were administered with olive
oil (as a vehicle) once daily for 28 days.

e Group IV—OId treated (OC + CoQ,,): (24 months old,
b.w.=350 g+ 20 g) Old rats were treated with a sus-
pension of Coenzyme Q) orally (20 mg/kg b.w.) once
every afternoon for 28 days.

The route of administration and dose of Coenzyme Q)
was decided from previously published research (Luo et al.
2019). A separate study in which rats were supplemented
with olive oil was also performed; our results showed that
there were no significant changes when compared with the
control rats (data not shown). The entire study was carried
out following the protocols and procedures approved by
the ethics committee of University of Allahabad.

Isolation of blood and separation of packed red
blood cells (PRBCs)

Rats were sacrificed under mild anesthesia when the
scheduled treatment was completed. Blood was taken into
heparinized syringes via cardiac puncture and centrifuged
at 800 g for 10 min at 4 °C. The red blood cells (RBCs)
were washed twice with cold phosphate buffer saline
(PBS) at physiological pH after the plasma was withdrawn.
The remaining packed RBCs (PRBCs) were suspended
in 0.09% glucose-containing PBS and plasma was kept
at — 80 °C for further analysis. The plasma protein content
was evaluated by Folin’s method (Lowry et al. 1951) using
bovine serum albumin as standard.
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A. Lipid profile parameters

Serum was diluted using PBS (pH 7.4) in the ratio of
1:50. The diluted serum samples were then used for deter-
mining triglycerides and total cholesterol levels using kits
from ERBA diagnostics (Mannheim, Germany) and the
result was analyzed on an Erba Mannheim Chem-7 analyzer.

B. Measurement of oxidative stress biomarkers
1. Total ferric reducing ability of plasma (FRAP)

FRAP was used to determine the total antioxidant capac-
ity of plasma (Benzie and Strain 1996). In brief, 100 ml of
plasma and 900 ml of FRAP reagent (300 mM acetate buffer,
pH 3.6, 20 mM ferric chloride, and 10 mM 2,4,6-tripyridyl-
s-triazine in 40 mM hydrochloric acid in a 10:1:1 ratio) were
taken. For 5 min, the absorbance was measured at 593 nm at
30-s intervals. The values obtained were expressed in pmol
Fe (II)/L plasma.

2. Reduced glutathione (GSH)

The conventional approach for determining erythrocyte
GSH was used (Beutler 1984). The approach is based on
the SH (sulthydryl) group's capacity to reduce 5, 5-dithio-
bis, and 2-nitrobenzoic acid to generate a yellow-colored
anionic product with a 412 nm absorbance. GSH concentra-
tion is derived using a standard plot and expressed in mg/
ml PRBCs. The standard plot range for GSH was from 0 to
100 uM.

3. Erythrocyte PMRS activity

The activity of the erythrocyte PMRS was assessed using
the procedure previously described (Rizvi et al. 2006). In
short, PRBCs (0.2 ml) from all experimental groups were
suspended to a final volume of 2.0 ml in PBS containing
5 mM glucose and 1 mM freshly produced potassium fer-
ricyanide. The solution was incubated for 30 min at 37 °C
before being centrifuged for 10 min at 4 °C at 800 g. Using
4,7-diphenyl-1,10-disulfonic acid disodium salt and absorb-
ance at 535 nm (€=20,500 M! cm‘l), ferrocyanide con-
centration in the supernatant was estimated. The values
obtained are expressed in umol ferrocyanide/ ml PRBC/
30 min.

4. Malondialdehyde (MDA) content

The reaction with thiobarbituric acid was slightly
modified to quantify erythrocyte MDA, a lipid peroxida-
tion indicator (Esterbauer and Cheeseman 1990). Packed
erythrocytes (0.2 ml) were suspended in 3 ml PBS con-
taining 0.5 mM glucose at pH 7.4 and packed erythrocytes

(0.2 ml) were suspended in 3 ml PBS containing 0.5 mM
glucose at pH 7.4. The suspended packed erythrocytes
(0.2 ml) were then combined with 1 ml of 10% trichloro-
acetic acid (TCA) and 2 ml of 0.67% thiobarbituric acid
(TBA), then heated for 20 min at 90-100 °C and chilled.
The mixture was then centrifuged for 5 min at 1000 g,
and the absorbance of the supernatant was measured at
532 nm. The extinction coefficient (€ = 153,000) was used
to calculate the concentration of MDA in erythrocytes,
which is represented as nmol/ml of packed erythrocytes.

5. Plasma protein carbonyls (PCO)

The reported method was used to determine the plasma
protein carbonyls (PCOs) (Levine et al. 1990). Previously
published lab reports outlined an updated version of this
methodology (Garg et al. 2017). Using the supernatant
spectra at 370 nm, the carbonyl concentration was deter-
mined. The carbonyl concentration was calculated using an
absorption coefficient of 22,000 M~! cm™! and expressed
as nmol/ mg protein.

6. Advanced oxidation protein products (AOPP)

With minor modifications, the previously published
protocol (Witko-Sarsat et al. 1996) was used to determine
AOPPs in plasma using a spectrophotometric assay. AOPP
concentrations are measured in millimoles of chloramine-T
per liter of plasma (umol/L).

C. Estimation of enzymatic antioxidants
1. Superoxide dismutase (SOD)

The activity of superoxide dismutase (SOD) was deter-
mined following established protocol (Misra and Fridovich
1972). In 0.1 ml of plasma, sodium carbonate (1 ml, 50
nM), nitroblue tetrazolium (0.4 ml, 25 uM), and hydrox-
ylamine hydrochloride (0.2 ml, 0.1 mM) were mixed to
make a reaction mixture. At 560 nm, the absorbance of the
reaction mixture was measured. The activity of enzyme is
reported in terms of I.U. / min/ mg protein.

2. Catalase (CAT)

For measuring catalase activity (CAT), the following
method has been worked upon (Aebi et al. 1974). The
breakdown of H,0, was used to determine catalase activ-
ity, which was confirmed by a 1-minute drop in absorbance
at 240 nm. Catalase-specific activity is calculated and the
results are expressed in units of IU/ mg protein.

D. Inflammatory cytokines
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The level of different cytokines C-reactive protein, IL-6,
and TNF-a were calculated according to the manufacturer's
instructions (Krishgen Bioframework, India), as discussed
in detail in a previously published lab report (Kumar et al.
2020).

Statistical analysis

The sample size has been calculated by resource equation
method. Values are expressed as mean + standard deviation
(SD) of three independent experiments (n =6 rats/ group).
A test of statistical analysis was performed using Graph Pad
PRISM version 5.01 software. Data were assessed by one-
way analysis of variance (ANOVA) followed by a posthoc
Bonferroni Multiple Comparison Test. p <0.05 was consid-
ered to be statistically significant (* when compared with
young control and # when compared with the old control

group).

Results

A. Lipid profile parameters

A significant increase in the level of triglycerides and total
cholesterol was observed in old control rats (139.93 +1.39*
mg/dl, 107.13 +7.67* mg/dl) when compared with young
controls (113.29 +8.56 mg/dl, 79.44 + 8.86 mg/dl) respec-
tively. After treatment, a non-significant decline in the level
of triglycerides and total cholesterol was observed in young-
treated rats (101.65 +7.45 mg/dl, 60.84 +5.19 mg/dl) when
compared with young control. CoQ,, supplementation led
to a significant down-regulation of lipid profile parameters
in old treated rats (116.91 + 11.65 mg/dl, 83.36 +5.22* mg/
dl) when compared with old control.

B. Enzymatic antioxidant levels
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Fig. 1 Coenzyme Q, supplementation up-regulates the level of enzy-
matic antioxidants denoted by a Superoxide Dismutase (SOD) (U/
min/mg protein) b Catalase (uM of H,0,/min/mg protein) Values are
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A one-way ANOVA detected a significant effect of CoQy,
treatment in levels of SOD [F (3, 8)=20.20, p <0.0004]
and CAT [F (3, 8)=52.18, p<0.0001]. Results show a sig-
nificant decrease (p <0.05) in the level of SOD and a non-
significant change in CAT levels of old control rats when
compared with young control. A significant up-regulation
in the level of CAT was observed in young rats (50.37%)
and non-significant changes were found in SOD levels of
young rats after treatment with Coenzyme Q,,. Whereas,
in old-treated rats a significant increase was found in both
SOD (48.45%) and CAT (49.48%) levels when compared
with their control group shown in Fig. 1a, b.

C. Effect of CoQ,, supplementation on oxidative stress bio-
markers
1. Plasma antioxidant status

The ferric reducing ability of plasma is used to deter-
mine plasma antioxidant capacity (FRAP). A one-way
ANOVA detected a significant effect of CoQ, treatment [F
(3, 8)=26.65, p<0.0002]. A significant decrease (p <0.05)
was found in the old control group when compared with
the young control. Whereas after treatment there was a sig-
nificant increase in the level of FRAP (Fig. 2a) in young
(29.81%) and old (39.82%) treated rats when compared with
their respective controls.

2. Reduced Glutathione (GSH)

A one-way ANOVA detected a significant effect of CoQ,
treatment on GSH [F (3, 8)=33.64, p <0.0001]. Figure 2b
shows a significant decline (p <0.05) in the level of reduced
glutathione in old control concerning young control rats.
Coenzyme Q,, supplementation led to a significant increase
in the plasma GSH level in young (25%) and old (35.71%)
rats when compared with the young and old control group,
respectively.

3. Plasma membrane redox system(PMRS) level

(b)

40+

g

T
=

m

g

protei
2

-
(=]
i

(1Mof H,O, consumed
l

YC YC+CoQ OC 0OC+CoQ

given as mean =+ SD of three independent experiments *p <0.05 when
compared with young control and #p <0.05 when compared with the
old control group



Biologia Futura (2022) 73:473-481

477
(a) 40 . (b) 0-109 (c) 25
x #

T —I— # _ 0.081 == 201 g

] 8 # .

<

- X 006 = 154
%5 20 * ©F * e E B
@ e = []
w3 3 0.041 EE 10

w E =

T 104

E 0.021 054

0 0.00 00

YC YC+CoQ OC O0C+CoQ

Fig.2 Effect of CoQ,, treatment on FRAP, GSH, and PMRS a Anti-
oxidant capacity in terms of FRAP is measured and expressed in
umol Fe (II)/L plasma b Reduced glutathione (GSH) level (mg/ml
PRBC) ¢ Plasma membrane redox system (PMRS) activity (umol

The erythrocyte PMRS is a good regulator of the antioxi-
dant state. A one-way ANOVA detected a significant effect
of CoQ),, treatment [F (3, 8)=154.7, p <0.0001]. PMRS lev-
els were found to be significantly higher (p <0.05) in young
treated rats (31.32%), compared to the young control group.
Similarly, in comparison to the old control, CoQ,, treatment
significantly (p <0.05) increases (29.25%) PMRS levels in
aged rats depicted in Fig. 2c.

4. Malondialdehyde (MDA)

Figure 3a shows a significant increase in the level of
MDA in old control rats when compared with young control.
A one-way ANOVA detected a significant effect of CoQ,,
treatment in levels of MDA [F (3, 8)=99.31, p <0.0001].
After treatment, there was a significant down-regulation
(» £0.05) in the level of malondialdehyde in young treated
rats (20.65%), compared to the young control group. Simi-
larly, in comparison with the old control, CoQ,, treatment
significantly (p <0.05) decreased (22.57%) MDA levels in
aged rats.

YC YC+CoQ OC 0OC+CoQ

YC YC+CoQ OC OC+CoQ

ferrocyanide/mL. PRBCs/30 min) Values are given as mean=+SD of
three independent experiments *p <0.05 when compared with young
control and #p <0.05 when compared with the old control group

5. Level of plasma protein oxidation

The effect of CoQ;, on plasma protein oxidation was
measured using oxidative stress indicators PCO and AOPP.
A significant increase in the level of both PCO and AOPP
was observed in the old control after comparing with the
young control. A one-way ANOVA detected a significant
effect of CoQ,, treatment in levels of PCO [F (3, 8)=38.71,
p<0.0001] and AOPP [F (3, 8)=64.38, p<0.0001]. CoQ,
supplementation significantly down-regulates (p <0.05) the
level of AOPP (33.68%) in young treated rats but no sig-
nificant changes were observed in PCO levels in the young
treated group when compared with their control. A signifi-
cant decline was found in plasma levels of PCO (30.75%)
and AOPP (23.35%) in old treated rats when compared with
their control groups shown in Fig. 3b, c.

D. Biomarkers of inflammation

A one-way ANOVA detected a significant effect of
CoQ,, treatment in the level of CRP [F (3, 4)=40.31,
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Fig.3 Coenzyme Q) attenuates oxidative stress biomarkers in rats
a Malondialdehyde (MDA) lipid peroxidation marker expressed in
nmol/ml packed RBC b Protein oxidation marker measured as protein
carbonyl (PCO) level (nmol/mg protein) ¢ Advanced oxidation pro-
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tein products (AOPPs) (pmol/L) Values are expressed as mean+SD
(n=6). *p <0.05 when compared with young control, #p <0.05 when
compared with the old control group
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Fig.4 Effect of CoQ;, on inflammatory biomarkers The cytokine
level was measured in the serum of rats as a C-Reactive Protein
(CRP) in pg/ml b Interleukin-6 (IL-6) expressed in pg/ml ¢ Tumor

p<0.0019], IL-6 [F (3, 4)=22.64, p <0.0057] and TNF-«
[F (3,4)=12.60, p<0.0166]. In Fig. 4a there is a signifi-
cant increase in the level of CRP in old control rats when
compared with young control. After treatment a significant
(p <0.05) decrease (29.78%) in CRP level of young-treated
rats is observed and non-significant decrease was found in
old-treated rats. In Fig. 4b, c there is a significant decrease
in the level of IL-6 (57.05%) and TNF-a (41.53%) in old-
treated rats when compared with old control whereas a non-
significant decline was found in young treated rats when
compared with young control.

Discussion

There are compelling authentications that support the role
of oxidative stress in the progression of aging and associ-
ated disorders. The shift in the balance of antioxidants leads
to an increment in free radical production resulting in high
oxidative stress and deregulation of cellular function (Birben
et al. 2012). To maintain sufficient ATP synthesis, several
biochemical signaling systems mediate increasing oxida-
tive stress. The mitochondrial efficiency declines with the
advancing age and results in higher ROS production that
causes deleterious effects on the organism (Liguori et al.
2018).Coenzyme Q) is a ubiquitous quinine molecule, that
plays a pivotal role in transfer of electrons from Complex I/
II to Complex III via NADH and succinate in mitochondrial
electron transport chain. Due to the involvement of CoQ,
in ATP synthesis, the role of CoQ,, for optimal biological
function becomes crucial; however, a decline in its level is
observed with aging (Ayunin et al. 2022).

The decline in the levels of CoQ,, leads to distur-
bance in numerous mitochondrial functions during aging.
Imbalance in redox homeostasis, decreased mitochondrial
membrane potential, changed membrane ion transport,
increased proton leak, and degraded mitochondrial sig-
nalling cascades are some of them (Atayik and Cakatay
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necrosis factor alpha (TNF-o) in pg/ml Values are expressed as
mean+SD (n=6). *p<0.05 when compared with young control,
#p <0.05 when compared with the old control group

2022). The hypothesis that Coenzyme Q,, supplementa-
tion could either alleviate symptoms of aging or retard the
severity of age-related disorders is backed up by several
studies (Herndndez-Camacho et al. 2018). CoQ,,, as an
antioxidant, has shown promising results as a treatment for
diseases characterized by oxidative stress, and its positive
benefits in the treatment of aging or age-related damages,
such as the early stages of neurodegenerative disorders,
cardiovascular diseases, osteoporosis, renal disorders, etc.
(Gutierrez-Mariscal et al. 2020).

In the present investigation, there was a non-significant
change in the body weight of treated rats. The decline
observed in the levels of triglycerides was also not signifi-
cant. However, the levels of total cholesterol show signifi-
cant down-regulation in old treated rats when compared with
old control. The results obtained from this study support the
previously published reports (Al-Attar 2010). Many diverse
enzymatic and non-enzymatic antioxidant mechanisms exist
in blood plasma, which helps to reduce free radical levels
and allow them to perform essential biological processes
without inflicting severe harm (Irato and Santovito 2021).
Antioxidant enzymes, represented by superoxide dismutase
(SOD) and catalase (CAT), have been reported to remove
excess ROS. After SOD transforms superoxide anion to
hydrogen peroxide, the enzyme catalase is engaged in H,0,
detoxification in the antioxidant defense mechanism of the
body (Matés 2000). An up-regulation in the activity of SOD
and CAT was observed in treated rats when compared to
control rats in the present study. CoQ,, supplementation
appears to enhance the antioxidant defense mechanism by
effectively scavenging free radicals through the stimulation
of antioxidant enzymes (Song et al. 2017).

The ferric reducing ability of plasma (FRAP) is an exten-
sively used measure of plasma antioxidant reserve. Oral sup-
plementation of Coenzyme Q,, increases the level of FRAP
in the plasma because of its ability to recycle and regenerate
other antioxidants like a-tocopherol or ascorbic acid in their
respective reduced and active state (Navas et al. 2007).
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Reduced glutathione (GSH) has been found a protec-
tive mechanism against oxidative stress. It neutralizes free
radicals and also protects against oxidative stress throughout
aging. A decline in the level of GSH in erythrocytes and
the brain is linked with the elevated levels of reactive oxy-
gen species depicted in several studies (Maurya et al. 2015).
A low level of GSH and its replenishment after treatment
with Coenzyme Q,, was observed. The ability of Coenzyme
Q) as an antioxidant helps in replenishing the glutathione
reserves by combating the adverse actions of free radicals.
Supplementation with CoQ),, significantly increases the level
of GSH in erythrocytes of diabetic rats (Al-Thakafy et al.
2004).

Regulation of the redox cycle of Coenzyme Q, in which
ubiquinone is reduced by reductases that transfer electrons
from cytosolic NAD(P)H is necessary to maintain its anti-
oxidant action (L6pez-Lluch et al. 2010). The most critical
enzymes that maintain ubiquinol levels in cell membranes
are CytB5R3 and NQO1; these are an integral part of the
plasma membrane redox system (PMRS) (Rodriguez-Agu-
ilera et al. 2000). The activation of these reductases results
in the local accumulation of NAD™, which then modulates
numerous important biological functions linked to aging,
such as the activity of sirtuins and the cAMP pathway
(Olgun 2009). As per published data, the erythrocyte PMRS
activity is elevated to provide a stabilizing mechanism to
counteract increasing ROS generation and oxidative damage
with aging (Kumar and Rizvi 2014). Further, PMRS activity
is associated with enhanced mitochondrial activity that leads
to a delay in senescence (Lopez-Lluch 2020).

As a result of which malondialdehyde is produced, this
is an important indicator of oxidative damage. CoQ,, is a
major anti-oxidant that protects membrane phospholipids
from peroxidation by maintaining the plasma membrane
and other intracellular membranes (Gutierrez-Mariscal et al.
2019). The quinol structure of CoQ), inhibits lipid peroxida-
tion by preventing the generation and propagation of lipid
peroxy radicals and is oxidized to quinone and non-radical
lipid hydroperoxide (Conti et al. 2016). The results obtained
by the present study exhibit a decrease in the levels of MDA
in both young and old treated rats when compared with the
control, thus explaining the effectiveness of CoQ,, in inhib-
iting lipid peroxidation. Studies show significant improve-
ment in the oxidative stress parameters like MDA when rats
were treated with CoQ,, (Ulla et al. 2017).

Under stress, ROS also damages plasma proteins, caus-
ing carbonyl to form on a variety of amino acids (Tripathi
et al. 2020). PCO and AOPP are key indicators for plasma
protein oxidation that indicate the severity of protein deg-
radation. During stress conditions, cross-linking protein
products are formed namely advanced oxidation protein
products (AOPP) which is a powerful marker of protein
oxidation (Pandey et al. 2010). A significant decrease in

PCO and AOPP levels was observed after treatment with
Coenzyme Q. The way CoQ, quenches the initiating
peroxy radicals not only prevents lipid peroxidation but
also protects proteins from oxidation thereby exhibiting
protection against damage (Varela-Lopez et al. 2016).

An array of transcription factors are activated by the
elevated levels of oxidative stress that leads to differential
expression of the genes that are incorporated in inflamma-
tory pathways (Hussain et al. 2016). The imbalance caused
by oxidative stress can alter immune system activity; by
decreasing cellular functions due to oxidative damage
implying its role in the progression of immunosenescence
(Hernandez-Camacho et al. 2020). Chronic inflammation
is a common denominator of aging. Substantial produc-
tion of superoxide, either within the cell by mitochon-
dria or intracellular redox activities, or outside the cell by
NADPH oxidases seen in inflammatory cells, can cause
cell damage. (Lopez-Lluch 2021). Our findings show a sig-
nificant reduction of C-Reactive Protein (CRP) an impor-
tant marker of inflammation, pro-inflammatory cytokines
viz. interleukin 6 (IL-6), and tumor necrosis factor-alpha
(TNF-a) levels in treated rats when compared with control.

Recent advances in the field of aging have brought to
the fore some possible mechanisms for the early detec-
tion of onset of aging related alterations of which aging-
induced proteinopathies is probably of high merit. Citrul-
lination, protein carbamylation, abnormal S-nitrosylation,
nitrosylation and protein dityrosination can be an epitope
for autoantibody formation that can prove to be a novel
biomarker (Yanar et al. 2020). Our study however, lacks
the quantification of such novel biomarkers which could be
of further help in detection and establishment of promising
future therapeutics.

Conclusion for future biology

Coenzyme Q,,, a putative antioxidant, was successfully
able to preserve systemic redox equilibrium while main-
taining redox homeostasis in rat erythrocytes during aging.
The exogenous administration of Coenzyme Q,, targeted
the mitochondrial dysfunction and inflammation that is
a common denominator of aging. Our findings support
the concept that consumption of Coenzyme Q,, rich diet
or commercially available supplements like Mito Q10
and SKQ1 could be of high therapeutic value and pro-
vide a viable intervention strategy for achieving a healthy
lifespan.
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