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Graphical Abstract

Coenzyme 010 Enhanced Absorption in Inestinal Tissue

Antioxidant
Action

Coenzyme Q10 Formulation

sal of Oxidative Stress in Cardiac Tissue

Abstract

In the present study, an attempt was made to develop a nano emulsion formulation containing coenzyme
Q10 (CoQ1O0NE) for solubility enhancement. A three-factor three-level Box Behnken design was chosen
as Quality by design (QbD) approach to get optimized nano emulsion formulation. Nano emulsion was
prepared by blending with high-energy ultrasonication method using Soyabean oil, and Soya lecithin
as oil phase, and tween 20 as surfactant. Oil, surfactant, and sonication time was considered as loose
independentvariables. The optimized independent variables were lipid concentration (12.5%), surfactant
concentration (1%), and sonication time (3min). The characteristics of the prepared formulation were
found to be very close to the generated formula in terms of particle size (80.9nm), poly-dispersibility
index (PDI) (0.198), furthermore, CoOQ10NE showed characteristic scanning electron microscope and
transmission electron microscopy images which depicts smooth and spherical surface of the CoOQ10NE
droplets and were in accordance with particle size determination. The particle size, PDI, peak melting
temperature, and enthalpy (Delta H) of optimized formulation was found to be 80.9mm, 0.192, 49.858
°C, and 16.041(]/g) respectively. Confocal Laser Scanning Microscopy (CLSM) study indicated that the
absorption of F2 (Rhodamine loaded nano emulsion) from the rat intestinal tissue was considerably
higher than that of control (F1, Rhodamine solution). Pharmacokinetic profile of optimized CoQ10NE
formulation was found to be AUC0-48 (mg.h/ml) 237.63, AUCO-a (mg.h/ml) 261.40, Cmax (mg/ml)
76.98, TMax 4 hours, K (hr-1) 0.231. The lipid peroxides were measured in the terms of malonaldehyde
formed in the assay. It was observed that coenzyme Q10 nano emulsion significantly reduced the levels of
malonaldehyde when compared to pure drug suspension administration. Further the histopathological
evaluation showed that animal group treated with CoQ10NE formulation completely reversed to normal
cellular anatomy as compared to the drug suspension group which showed only mild restoration. Thus,
the designed coenzyme Q10 loaded nano emulsion showed enhanced antioxidant properties of coenzyme
Q10.

Keywords: Coenzyme Q10; Nano emulsion; Bioavailability; Antioxidant; Box behnken design

Introduction

Coenzyme Q10 (CoQ10) (2,3 dimethoxy-5 methyl-6 decaprenyl benzoquinone) is a
lipophilic, endogenous essential respiratory chain molecule found in eukaryotic cell. It
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can be synthesized in the body and for certain cases, the daily
intake of CoQ10 through food is around 3-5mg [1]. CoQ10 is an
antioxidant which ensures that all cells within the body have
optimal growth but its production decreases with ageing [2,3]. It is
a fat-soluble, vitamin-like quinine moiety that is commonly known
as ubiquinone [4]. The largest concentrations of CoQ10 are found
in organs with high metabolic rates, such as the heart, kidney, and
liver, where it serves as an energy transfer molecule [5,6]. The
four redox states of CoQ10 are reduced (ubiquinol), fully oxidized
(ubiquinone), semiquinone (ubisemiquinone) and completely
reduced (ubiquinol). It plays an essential part in the electron
transport chain and as a radical-destructing antioxidant due to its
ability to carry two electrons (moving between quinone and quinol
type) (move between semiquinone and one such other form) [7-
9]. CoQ10 has shown therapeutic benefits in neurodegenerative
diseases such as Friedreich’s ataxia, Huntington, Parkinson and
Alzheimer disease [10]. Other pathological conditions such as
periodontitis, migraine and asthenozoospermia can be treated
with CoQ10 [11-13]. CoQ10 is listed as a Class II drug according
to biopharmaceutical classification system [14,15]. Its high
hydrophobic nature has lead to poor bioavailability and delivery
[16]. Due to its low water solubility [17], the particle size reduction
technique is not useful and leading to poor wettability and inability
to formulate aqueous solution [18]. Its low bioavailability after oral
administration is the main limitation of CoQ10 [Pravst I 2020].
Using nano technology, the solubility and bioavailability of CoQ10
can be enhanced by formulating it into nanoparticles, liposomes,
solid dispersion, nanostructured lipid carriers, nano capsules,
c-cyclodextrin and self-emulating drug delivery systems [19,20].
Most of the techniques referred to above are adoption of lipid-
based supplies, increasing lipophilic absorption and bioavailability
of the drug [21,22].

Nano emulsions are transparent and thermodynamically
stable systems with nanosized droplets in the range of 1-100nm
[23], Nano emulsion has been proved to be an effective carrier
for improving the oral bioavailability of drugs through different
absorption mechanism by the improvement of aqueous solubility
and stability [24,25]. These have shown better oral bioavailability
in rats and healthy human volunteers [26,27]. Nano emulsion
protects the drug by encapsulating effect and prevents the
recognition of P-glycoprotein. The drugs can be easily absorbed
into the cell without being released out, which results in enhanced
bioavailability of the drug when given orally [28]. Meat, fish, nuts,
and certain oils are the highest dietary sources of CoQ10, with 10
to 50mg/kg. After fish oil and multivitamins, CoQ10 is the third
most popular nutritional supplement in America. Deficiency can
be caused by physio pathologic circumstances including acquired
or inherited changes in metabolism or biosynthesis, as well as
an insufficient intake of CoQ10 or its dietary precursors [29].
It was observed that Co Q10 nano emulsion showed significant
reduction in the levels of malonaldehyde when compared to pure
drug suspension resulting enhancement of antioxidant properties
Histopathology examination of the control group showed typical

tissue structure with well-arranged cardiac muscle cells and well-
defined intercalated discs, well-preserved cytoplasm, noticeable
nucleus and visible central veins. While the sections of doxorubicin
intoxicated animals showed remarkable changes due to oxidative
stress like tissue scarring, tissue degeneration, broad infiltration
of cells and loss of cell boundaries. Treated animals with CoQ10
NE formulation completely reversed to normal cellular anatomy
as compared to drug suspension group which showed only mild
restoration.

Material and Methods
Materials

CoQ10 was obtained from Shilex Chemicals, Delhi, India. Oleic
acid, castor oil and olive oil were received from SD fine chemicals,
Mumbai. Coconut oil, soyabean oil, clove oil was received as a gift
sample from Triveni chemicals, Gujrat, India. Tween 20 and span
20 were obtained from Merck India Ltd. All other chemicals were
of analytical grade.

Methods

Screening and selection of oils: Oils showing maximum
solubility were selected for nano emulsion preparation. Solubility
of the drugin oil was determined by taking 1ml oil in 2ml eppendorf
tube. To it, the excess drug was added and was left on the biological
shaker for 48 hours. This was then centrifuged at 5000 rpm for
15min, the supernatant was taken and dissolved in hexane and
quantified by UV spectrophotometer at 275 nm. The amount of drug
dissolved in other excipients was determined from the calibration
curve of CoQ10 in hexane. Surfactants were selected by storing the
placebo Nano emulsion prepared with different surfactants and
assessing their particle size. Stability of prepared Nano emulsion
was assessed based on phase separation [30]. It is very essential
to determine the solubility of the drug in oil phase before going
for the formulation of nano emulsion because saturation solubility
of the drug in the oil determines the quality of nano emulsion
[31]. The result of solubility studies of CoQ10 in different oils are
showed in Table 1 and depicted in Fig. 1 suggesting that CoQ10
is having maximum solubility in soyabean oil and was opted as
lipid phase for the nano emulsion and Tween 20 was preferred
as surfactant considering stability based on dispersibility and no
phase separation.

Preparation of Coenzyme Q10 Containing Nano emulsion

The formulations of CoQ10-NANOEMULSION, listed in Table 1,
were prepared by blending method combined with ultrasonication
technique. Briefly, appropriate amounts of CoQ10, Soyabean oil,
and Soya lecithin were blended and melted at 50 °C to form a clear
and uniform oil phase. Meanwhile, the aqueous phase consisting
of surfactant Tween 20 was dissolved in double-distilled water
and was added dropwise to the oil phase at the same temperature
with the help of agitation at 600rpm for 10min [32]. The coarse
emulsion was then treated by a probe-sonicator (Hielscher, UP-
50H, Germany) for 3min. Afterwards, the dispersion was cooled to
form nano emulsion at room temperature and then finally stored.
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Table 1: Solubility of drug in different oils.

Oils Solubility(mg/ml)

Oleic Acid 50.10+0.91
Soyabean oil 110+1.08

Eucalyptus 0il 40.20+0.65

Labrafil M 2125 CS 60.16+0.80

Coconut Oil 38.25+0.98

Sunflower Oil 46.28+1.00

Olive 0Oil 76.20+0.70

Data analysis by design expert software

The independent variables selected had a significant influence

on the responses observed with Y1 (80.45 to 142.73nm) and Y2
(0.172 to 0.300) as shown in Table 2. Based on the estimation of
holistic parameters and checks for sequential p-values, lack of
fitness and difference between adjusted and anticipated R2 values,
mathematical fitness of Y1, Y2 and polynomial equation revolving
around the main effect and interaction factors were determined.
Table 3 lists the values observed and predictions obtained for all
responses. Data showed that all responses were in line with the
quadratic model and each response was calculated using ANOVA
for individual p-values of every term. Furthermore, in the same
equations, the intercept and coefficients for each duration of the
quadratic equation produced by software indicate the decreasing
or increasing effect on the response due to that factor before the
coefficients of each factor [33].

Table 2: Variables in Box-Behnken design for preparation of Coenzyme Q10 loaded nano emulsion.

Factor Level Used, Actual (Coded)
Independent variables Low (-1) Medium (0) High (+1)
X1= 0il (%) 5 12.5 20
X2= Surfactant (%) 1 5 10
X3= Sonication time (min) 1 3 5
Dependent Variables
Y1= Particle size Minimum
Y2=PDI (Polydispersity index) Minimum

Table 3: Observed and predicted particle size values (Y1) and poly dispersion index (Y2) values for Box-Behnken design

formulations.
T — Particle Size (nm) (Y1) PDI(Y2)
Observed Predicted Observed Predicted

F1 126.7 127.57 0.3 0.3

F2 117.4 115.87 0.214 0.22
F3 106.3 106.79 0.192 0.19
F4 139.47 138.98 0.261 0.26
F5 118.34 115.87 0.22 0.22
Fé6 142.73 142.48 0.236 0.24
F7 120.22 119.32 0.245 0.25
F8 136.85 137.75 0.172 0.17
F9 113.63 115.87 0.22 0.22
F10 122.98 121.84 0.278 0.28
F11 110.4 109 0.181 0.18
F12 80.45 90.1 0.222 0.22
F13 80.9 0.192 0.199
F14 115.3 115.87 0.216 0.22
F15 105.23 105.48 0.197 0.2

F16 141.36 140.71 0.209 0.21
F17 134.32 135.46 0.231 0.23

In the surface analysis for each response, the effect of
independent variables such as lipid surfactant
concentration and sonic time for the response of the dependent

content,

variables (i.e., particle size and poly dispersion are illustrated in
Figure 1) are shown in tridimensional model graphs and contour

plots. The interaction effects of the 2 independent variables on
dependent variables were examined in these 3D response surface
plots and contour plots while the third factor was kept as a constant
[34,35]. These plots can easily study the qualitative impacts of each
variable.
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Figure 1: Representative graphs for particle size and PDI.

Effects of independent variables on particle size (Y1):
The particle size varies between 80.45nm and 142.73nm for
NANOEMULSION-F12 to NANOEMULSION-F6 as per the result
shown in Table 3. All three independent variables influenced the
particle size. The following equation provides the mathematical
relation between independent variables and particle size [36].

Particle size (Y,) = +115.87+17.29 X -1.20 X,-8.01 X,-0.55
X X,+1.44 X1X3-0.058 X,X,-2.09 X 2+9.65 X,2+3.07 X,2

The main effects of X1, X2 and X3 show the average result of
one variable changing from low to high. The highly significant
factor for particle size was the level of lipid (X1; p<0.0001, F values
677.25), and the concentration of surfactant, the sonication time
was lower than the concentration of lipid (X2; p=0.1133, F-values

s FiEE

L ]

3.27 and X3; p<0.0001, F-value 145.43). From the above equation, it
was clear that lipid levels have an increasing effect while surfactant
and sonicative times decrease the particle size initially, but the
overall effect on the particle size decreased due to sonicative time
and surfactant concentration. The X1X2, X1X3, X2x3, X12, X22, and
X32 interaction terms interlinked the change of particle size with
simultaneous changes in the two variables.. In 3D response surface
plots and contour plots as depicted in Figure 2, highlights that the
effects of the interaction term on particle size can be easily studied.
When the above data was applied to Box Behnken 17 formulation in
terms of coded factors was achieved as given in the Table 4. Surface
response plots were generated to visualize the simultaneous effect
on each response parameter of every variable.

=
Bt weli
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Figure 2: 3D response surface plots and contour plots showing the effect of different variables on polydispersity
index.
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Table 4: Observed responses in Box-Behnken design for nano emulsion of coenzyme Q10.
Std Run Factor 1 (X1) Factor 2 (X2) Factor 3 (X3) Response (Y1) Response (Y2)
A: Oil percentage (%v/v) | B:Surfactant (%) | C:Sonicationtime (min) | Particle size (nm) PDI
2 F, 20 1 2 126.17 0.3
9 F, 12.5 1 1 117.4 0.214
3 F, 5 5 2 106.3 0.192
12 F, 12.5 5 3 139.47 0.261
17 F, 12.5 3 2 118.34 0.22
7 F, 5 3 3 142.73 0.236
8 F, 20 3 3 120.22 0.245
5 F, 5 3 1 136.85 0.172
15 F, 12.5 3 2 113.63 0.22
14 F 12.5 3 2 122.98 0.278
13 F, 125 3 2 110.4 0.181
4 F, 20 1 2 89.45 0.222
11 F, 12.5 5 3 80.9 0.19
6 F, 20 3 1 115.3 0.216
10 F. 12.5 5 1 105.23 0.197
16 Fle 12.5 3 2 141.36 0.209
1 F, 5 1 2 141.36 0.231

Evaluation of nano emulsions

Particle size and polydispersity index: Photon Correlation
Spectroscopy (PCS) was used in the determination of nano emulsion
particle size and poly dispersion index. The particle size and PDI
are determined by Zetasizer Nano-ZS (Malvern instruments UK)
after suitable dilution with double distillation water.

Lyophilization of optimized nano emulsion: Lyophilization
ensures chemical and physical stability by preventing the Ostwald’s
ripening and hydrolysis reactions. During the freezing drying
process, cryoprotectant mannitol was used to reduce the nano
emulsion aggregation from stress. Before freezing, nano emulsion
was added to the cryoprotectant. At -4 °C for 24 hours before
lyophilization, the samples had been lyophilized by freezing the
samples using a freeze dryer (Heto Dry Winner) for 24 hours.
Mannitol (3%, w/v) was found to be an optimal cryoprotectant
for lyophilization as it helps to attain a free-flowing dry powder of
nano emulsion dispersion. For DSC, FT-IR, TEM, and SEM analyses,
lyophilized samples were subjected.

Differential Scanning Calorimetry (DSC): In the present
study, differential scanning calorimetry (DSC 6, Perkinelmer,
USA) is used to obtain the thermal property of the lyophilized
nano emulsion. Empty standard aluminium pans were used as
references. Temperature scan programmed as following: sample
and reference are held at 30 °C for 1min and then heated to 200
2C at 10 °C/min After reaching 200 2C they are held at 200 °C for
1min. The Pyris (Perkinelmer, USA) software is used to analyse the
data acquired during the scan. CoQ10 loaded nano emulsions are
studied. Processed thermograms are obtained to study the thermal
behaviour of different particles with different components. The

onset temperature is measured since it is not significantly affected
by cooling or heating gradient.

Morphology study of nano emulsion (Transmission
Electron Microscopy (TEM) & Scanning Electron Microscopy
(SEM)): Microscopy on the surface of nano emulsion Transmission
Electron (TEM) was performed by Tecnai T12, Japan. After
appropriate dilution of prepared nano emulsion, a drop of was
negatively stained by uranyl acetate deposing over copper grid
coated with the carbon film, dried and then observed by TEM for
observing the morphology of nano emulsion. Scanning Electron
Microscopy (SEM), by model Zeiss EVO 50 VP (Carl Zeiss Germany),
also determined the surface morphology of the lyophilized CoQ10,
and loaded nano emulsion. The samples were mounted on a
circular brass stub to perform the SEM study. Gold-palladium alloy
was covered in an argon atmosphere with a sputter coating device.
The sputtering took almost 2 minutes to get a consistent sample
coverage that enabled good quality SEM pictures when seen with
the electron’s scan microscope at different resolution [37].

In-vitro drug release studies

The dialysis bag diffusion technology with minor modifications
evaluated the in-vitro release of the drug from nano emulsion. The
release studies of nano emulsion CoQ10 were performed with
acetone as a co-solvent in a phosphate buffer (pH 6.8). The 2ml
aqueous nano emulsion dispersion was placed in a pre-activated
dialysis bag, MW 12000-14000 Da, (Hi Media, Mumbai) which
was sealed at both ends. The dissolution vessel, which contained
about 200 ml of dissolution medium (containing 10 % acetone
to maintain the sink), was stirred at 100 rpm and maintained at
37+2 °C. To prevent evaporation of the dissolving medium, the
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receptor compartment was covered. A predetermined 2ml sample
aliquot was removed by a fresh dissolution medium at an interval
0f0.5,0.1,0, 2.0, 4.0, 6.0, 8.0, 12.0, 24.0, and 48.0 hours. The samples
were diluted with acetone and filtered with a filter membrane of
0.22 microns, using UV set at 275 nm the samples were analysed.
All tests have been repeated three times and average values were
recorded. In-vitro release analysis was adapted to a range of
models, including zero order, first order, Higuchi, and Kors Meyer
Peppas. As a best-fit model for drug release, the model giving R2
values nearer to 1 was chosen.

Conc.(ug | ml)x Dilutionfactor x Volumeofreleasemedia(ml) <100

% Drugrelease = Intialdose( ig)

Confocal Laser Scanning Microscopy (CLSM)

The absorption enhancement of optimized formulation in the
small intestine was studied via Confocal Laser Microscopy (CLSM).
The study was performed in aratmodel (Albino Wistar 200-250gm).
Two formulations were prepared F1 and F2 for conducting tissue
uptake studies. F1 was prepared by dissolving a small quantity
of rhodamine B in water, which served as a control formulation
whereas F2 was formulated similarly as nano emulsion except with
the incorporation of rhodamine B dye. A rat was sacrificed and
nearly 5cm intestine section was incised and cleaned for producing
the closed-loop, the proximal end of each intestinal section was tied
up before introducing F1 and F2 formulation (0.5ml) via a syringe
and the distal end was then ligated to form a closed-loop. This
closed loop was tied via clamp stand in a beaker containing 100ml
of physiological solution (Krebs solution) and stirred at 50 rpm for
6 hours at 37 °C with adequate aeration. The intestine was cut in
such a way that the lumen was visualized under CLSM.

Table 5: Dosage regimen for pharmacodynamic study.

Pharmacokinetic study

The pharmacokinetic study was carried out to assess the
bioavailability of the developed optimized nano emulsion of CoQ10
with its marketed capsule formulation. The animals utilized for the
in-vivo study (Adult wistar rat of either sex) were obtained after
approval (Project approval no: 1323) from Central Animal House of
Jamia Hamdard University, New Delhi, India which is an institutional
ethics committee and their guidelines were followed throughout
the course of in-vivo studies. For the study adult female wistar
rat (200-250g) were taken as the animal model. Animals were
maintained at a temperature of 25 2C+2 °C and relative humidity
of 55+5%, under standard laboratory conditions. The livestock
had access to food and water freely in polypropylene cages. The
animals were divided into three categories i.e., 1st group was kept
as control, the 2nd group was given optimized nano emulsion of
CoQ10 and the third group was given marketed CoQ10 capsules.
The formulation that showed the highest drug release during in-
vitro studies was selected for in-vivo studies. The animal dose was
calculated based on the body surface ratio of rats to that of human
beings. For the present study 10mg/kg of CoQ10 was fed to each rat
of the optimized formulation group and Marketed drug group. The
control group was kept on a normal saline solution.

Pharmacodynamic study

The pharmacodynamic study of antioxidant effect of the drug
was performed biochemically using the Lipid peroxidation test and
histopathological examination of cardiac tissue.

Treatment plan for pharmacodynamic study: The rats were
randomly divided into 4 groups and dosing was conducted as per
the treatment schedule presented in Table 5.

S.No Group Treatment Plan Dose Duration (Days) n
1 Normal control Saline 1ml/kg 7 6
2 Toxic control Doxorubicin (induces oxidative stress) single dose on 5" day | 15mg/kg 7 6
3 Test 1 (CoQ10 suspension) Drug suspension + Doxorubicin 5 ml/kg 7 6
4 Test 2 (CoQ10 nano emulsion) Nano emulsion + Doxorubicin 5ml/kg 7 6

Determination of antioxidant enzyme levels (Lipid
Peroxidation (LPO)): The cervical dislocation was done to
sacrifice animals and the heart was isolated quickly. They have been
washed with saline, blotted dry on filter paper and weighed. In ice-
cold KCI (1.15%, pH7.4) homo genisation was conducted to yield
10%(w/v) homogenous tissue and to test the lipid peroxidation.
The underlying principle of this test is the formation of the product
of LPO, Malonaldehyde (MDA), which reacts with Thoi Barbituric
Acid (TBA) to form a pink chromogen TBA reactive product. The
standard used was 1,1,3,3-tetraethoxypropan for the calibration
curve and expressed as mole/mg protein. Homogenizing the ice-
cold by 0.9% KCI of isolated mitochondrial fraction with the heart
tissue produced 10% homogenates, followed by centrifugation by
800 to 10 minutes. The supernatant obtained was re-centrifuged
to the mitochondrial fraction at 12000 rpm for 15 minutes.
Approximately 0.2ml of that fraction was added with 1.5ml with a

20% acetic acid solution (pH 3.5) and 1.5ml of a 0.8% TBA vial to
8.1% (w/v) sodium-dodecyl sulphate solution. At last, the volume
with distilled water was adjusted to 4ml and each bottle was heated
and cooled for 60 minutes. 10% TBA was added and centrifuged at
1000rpm for each vial containing blank and test samples. Instead of
TBA, the control group consisted of distilled water. Absorption was
taken at a 532nm UV-visible spectrophotometer (Shimazu, Japan),
and concentration was expressed in the mol MDA/g of heart tissue.

Histopathological examination: On the last day of our study,
tissue samples of the heart were excised. They were washed with
phosphate buffer, tamped dried with tissue paper and placed in
10% formalin immediately [38]. It was then embedded in paraffin
and microtome sections (4pm) and were stained with hematoxylin
and eosin after which they were examined under a microscope at
400x (Motic, Japan).
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Result and Discussion
Excipients screening

It is essential to determine the solubility of the drug in oil
before going for the formulation of nano emulsion because
saturation solubility of the drug in the oil determines the quality
of nano emulsion. The result of solubility studies of CoQ10 in
different oils are showed in Table 1 and given in Figure 3 which
depicts Q10 having maximum solubility in soyabean oil. Based on
maximum solubility soyabean oil was selected as lipid phase for the

100

o I | I I

2
o

g

Solubility (mg/ml)

-

nano emulsion. Tween 20 surfactants were selected based on the
stability of prepared nano emulsions with various surfactants, such
as ease of redispersibility, no phase separation. Thus, soyabean
oil was preferred for formulation due to higher solubility of the
drug. The size and surface morphology of nano emulsions are
considerably influenced by oil content. It has been reported that as
oil content increases up to 30%w /v, the particles are expected to
show a pronounced smaller size and more regular morphology in a
spherical shape with a smooth surface.

I I B Sl oty g 'mnd}

Efﬁf‘a&"

Figure 3: Solubility of coenzyme Q10 in different oils (mg/ml).

Selection of optimized formulations

As per the results of Design Expert software three formulations
(F2, F5, F9, F13, F14) were selected out of seventeen formulations
based on comparatively smaller particle size and PDI. The primary
emphasis was given to the particle size range between 80-125nm. It
was interesting to note that all these formulations were the centre
point of the Box-Behnken model (i.e middle values of all variables)
with the composition of 12.5%w/v lipid mixture, 1%w /v surfactant
and 3 minutes sonication time. Among all these formulations,
formulation F13 was selected for further characterization and
evaluation in the present study, based on its fit to the desired
properties (mainly particle size and PDI) and their observed values
were closed to the predicted values provided (Table 4) by Box-
Behnken design shown [39].

Table 6: Fit summary for Polydispersity index.

Evaluation of nano emulsions

Particle size and Polydispersity index: The optimised
formulation F13 had a particle size and PDI of 80.9nm and 0.192,
respectively, as shown in Figure 1. In the dynamic light dispersion
technique used to measure the nanoparticle size, the intensity of
dispersed light, caused by the movement of particles in the nano
emulsion, is fluctuating. This technique covers a range of sizes from
several nm to approximately 3pum [40]. One of the most important
parameters for determining nano emulsion stability is particle size
distribution Table 6. The PDI indicator indicates the uniformity of
the formulation size distribution. As the highest homogeneity is
shown, the low PDI value is considered the optimal value (Figure
4).

Sequential Lack of Fit Adjusted Predicted
Source p-value p-value R-Squared R-Squared
Linear <0.0001 0.0009 0.7583 0.6036
2F1 0.0004 0.0132 0.9456 0.8869
Quadratic 0.0004 0.4969 0.9936 0.9787 Suggested
Cubic 0.4969 0.9934 Aliased
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Figure 4: (a) DSC thermogram of pure Coenzyme Q10 and 4 (b) DSC thermogram of Lyophilized nano emulsion.

Differential Scanning Calorimetry (DSC): DSC is a tool for
investigating crystalline material’s melting and re-crystallization
behaviour. DSC thermogram of the pure drug CoQ10, and
optimized nano emulsion formulation was shown in Figure 5. The
corresponding melting temperature, area, and enthalpy (Delta

H) were reported in Table 7. Nano emulsion formulation was
amorphous thus the melting temperature was depressed no matter
whether the drug was free or not and no sharp peaks were observed.
The small effect and the Thomson equation can be explained by the
decrease of the starting point and maximum temperature [41].
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Figure 5: (a) represents TEM and 5 (b) SEM represents optimized formulation of nano emulsions.
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Table 7: Peak Melting temperature and enthalpy (Delta H).

Samples Melting Temp (°C) Delta H (J/g)
Drug 55.361 1027.748
Nano emulsion formulation 49.858,57.374 16.041, 8.445
with cryoprotectant

Morphology study of Nano emulsion (Transmission
Electron Microscopy (TEM) & Scanning Electron Microscopy
(SEM)): TEM image of nano emulsion revealed particle of spherical
shape and globule-like structure with uniform particle size
distribution and as shown in Figure 5(a). In this field of micrograph,
the diameter of droplets was found to be in the range of 52.67nm
to 91.99nm with two particles of 62.67nm and 80.59nm size. The
average particle size of this field is 83.34nm. This result of uniform
particle size distribution was in accordance with the particle size
and small PDI as obtained by Photon correlation microscopy. The
SEM images of optimized nano emulsion samples Figure 5(b)
clearly showed the presence of nanodroplets that were spherical. It

100

m oA #

40

also shows the size of the nano emulsion was in the range that was
obtained with a zeta sizer, which indicated that the nano emulsion
prepared in this study were mono-disperse.

In-Vitro drug release studies of coenzyme Q10

In vitro release studies of nano emulsion were carried out for
48 hours and graphically represented as Cumulative Percentage
drug released v/s time profile. The % Cumulative drug release after
48 hours for optimized nano emulsion formulation of coenzyme
Q10 was found to be 86.21% in phosphate buffer pH 6.8 with tween
20 as surfactant and from marketed formulation i.e., coenzyme
Q10 capsule it was only 35.28%. The nature of the lipid and its
concentration can affect the release of the drug from nano emulsion.
As the concentration of surfactants was optimised by 10%, other
parameters like the lipid nature, lipid solubility, partition coefficient
and particle size affected the drug release profile. The diagram
Figure 6 shows that nano emulsion release of drugs was biphasic
with burst release followed by continuous release.

== Optimized Manoemulsion

H e Marketed Formulation

20

10

0 10 20 30 40
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Figure 6: Comparative in vitro release profile of optimized formulation (nano emulsion) and coenzyme Q10 capsule
in Phosphate buffer pH 6.8 with tween 20 as surfactant.

In vitro drug release Kinetics: The kinetic in vitro release
study has been determined by the integration in the standardized
release equation, i.e., zero order, first order, Higuchi and korsmeyer
pepass data from in vitro releases studies. Based on the coefficient
of correlation value of different models, the model best suited to
the release data was selected (Figure 7 and Table 8). The result
illustrates that the release of drug from nano emulsion of CoQ10
follows Korsmeyer peppas kinetics as indicated by higher R2 values
of 0.954. When the release data was analysed using the Korsmeyer
Peppas equation, the value of release exponent n was found to be

less than 0.5 which indicates that the mechanism of drug release
from nano emulsion was by fickian diffusion.

Table 8: Coefficient of correlation for optimized nano
emulsion formulation.

Release Kinetics Coefficient of Correlation
Zero order release 0.588
First order release 0.803

Higuchi 0.848
Korsmeyer Peppas 0.954
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Figure 7: In vitro release kinetics of nano emulsion by (a) zero order (b) first order (c) Higuchi and (d) korsmeyer
peppas.

Confocal Laser Scanning Microscopy (CLSM)

The result of Confocal Laser Microscopy (CLSM) studies which
was conducted and indicates that the absorption of F2 (Rhodamine
loaded nano emulsion) from the rat intestinal tissue was
considerably higher than that of control (F1). The composition of

F2 was same as that of the optimized formulation except rhodamine
B was incorporated in place of the drug. The results suggested that
F2 formulation was efficiently absorbed in the intestinal segment
indicating the enhanced uptake of optimized nano emulsion by
incorporation of excipients as showed in Figure 8(a) & 8(b).

Figure 8: Confocal image of (a) control (F1) and of (b) nano emulsion formulation (F2).
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Pharmacokinetic study

The optimized formulation and API suspension of CoQ10
were orally administered to albino wistar rats (200-250gm) for
conducting oral bioavailability studies. The plasma concentration
of CoQ10 after oral administration of optimized formulation (nano
emulsion) and API suspension are reported in Table 9 respectively.
Comparative observation for in vivo bioavailability studies shows
that there is a significant increase in the plasma concentration
of nano emulsion as compared to API suspension depicted in the
plasma concentration-time curve in Figure 9 and Table 10 portrays
the pharmacokinetic parameters (Cmax, Tmax and AUC0-12) after
oral administration of formulations. Cmax of optimized formulation
was 2.14 times higher than the corresponding API suspension. The
relative bioavailability of optimized formulation (nano emulsion)
was 4.03 times that of API suspension. Statistically, the difference
in Cmax of nano emulsion formulation was highly significant
(p<0.001) when compared with the API suspension. In addition,
AUC0-48 of nano emulsion formulation was 237.63mg.h/ml which
is very significant (p<0.001) in contrast to the AUC0-48 of API
suspension (64.81mg.h/ml). These results showed incorporation
of Coenzyme Q10 into nano emulsion related to its enhanced
absorption after oral administration [42]. The corresponding
plasma concentration was calculated from the regression equation
of calibration curve of CoQ10 in rat plasmai.e, Y=171.51X+456.22

where y is the peak area and x is the plasma concentration. The
main impediment in the efficient absorption of CoQ10 is its poor
water solubility that prevents the drug to cross the unstirred water
layer of the enterocytes lining of small intestine and even the drug
is also susceptible to enzyme degradation in the gut wall. Thus,
nano emulsion formulation enables lipophilic drug such as CoQ10
to successfully address such obstacles and thereby improving their
in vivo performance. Another important factor of nano emulsion
formulation that contributes to its improved oral bioavailability of
CoQ10 is the small particle size of the nano emulsion formulation,
such smaller size lipid nanoparticles could have efficient
gastrointestinal tissue uptake. The in vivo procedure of Co Q10 is
also increased by the high dispersibility of nano emulsion in the
intestinal environment. In addition, nano emulsion could efficiently
adhere to the intestinal wall, thereby extending its residence time
and therefore its absorption. Importantly, the enhancement in
bioavailability of CoQ10 is also attributed to the incorporation
of excipients/surfactants like tween 20, because of which nano
emulsion can minimize the drug efflux. Besides the above benefit,
another important advantage of nano emulsion is to protect the
fluid in the formulation against chemical and enzyme degradation
and therefore to delay its in-vivo metabolism. To conclude, these
are the possible mechanism for the enhanced absorption of CoQ10
loaded nano emulsion from the intestine.

Table 9: Drug plasma concentration after oral administration of optimized formulation and API suspension.

. Drug Plasma Concentration After Oral Administration of Drug Plasma Concentration After Oral Administration of API
Time (hr) . . q
Optimized Formulation Suspension
AreaxSD Plasma drug concentration (mg/ml) Area+SD Plasma drug concentration (mg/ml)
0.5 3908.71+80.10 20.13+2.41 1253.74+35.89 4.65+0.69
1 11827.39+145.67 28.70+3.44 6531.10+98.90 14.20£2.13
1.5 9470.78+108.00 36.24+4.82 4658.21+85.84 20.12+3.01
2 7357.78+89.22 52.56+6.30 2891.66+67.23 24.50+3.67
3 5378.55+78.65 66.30+6.34 1691.09£45.78 27.20£1.08
4 13659.05+180.23 76.98+9.23 3907.0+£80 35.42+5.31
6 3061.45+56.90 15.19+1.82 884.99+32.65 10.50+0.37
8 2085.56+67.68 9.50+1.14 873.99+31.65 8.49+0.34
12 1399.52+51.98 5.50£0.66 872.99+34.65 5.45+0.31
24 1298.52+41.98 5.40£0.65 869.99+35.21 4.44+0.35
48 1195.52+31.98 5.30+0.67 868.85+32.35 4.40+0.39
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Figure 9: Comparative coenzyme Q10 concentration in plasma after oral administration in rats.
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Table 10: Relative pharmacokinetic parameters of different formulations.

Pharmacokinetic Parameters Optimized Formulation API Suspension Relative Bioavailability%
AUC_ ,, (mg.h/ml) 237.63 64.81
AUC,_ (mg.h/ml) 261.4 64.81
C,.. (mg/ml) 76.98 35.42 403
T, (hr) 4 5
K (hrt) 0.231 0.53
Pharmacodynamic study Histopathological examination: Histopathology of the

Determination of antioxidant enzyme levels by lipid
peroxidation (LPO): The lipid peroxides were measured in the
terms of malonaldehyde formed in the assay. It was observed
that coenzyme Q10 nano emulsion significantly reduced the
levels of malonaldehyde when compared to pure drug suspension
administration. Thus, showing enhanced antioxidant properties
than drug suspension. The relative levels of MDA (product of lipid
peroxidation) after various treatments are presented in Figure
10(a).

§ 83

:

MDA levels (molg)

T Cain ] el

normal control group showed typical tissue structure with
arranged cardiac muscle cells and well-defined intercalated discs,
well-preserved cytoplasm, noticeable nucleus and visible central
veins. While the sections of doxorubicin intoxicated animals
showed remarkable changes due to oxidative stress such as tissue
scarring, tissue degeneration, broad infiltration of cells and loss
of cell boundaries (Figure 10(b)). Treated animals with CoQ10
nano emulsion completely reversed to normal cellular anatomy as
compared to the drug suspension group which showed only mild
restoration.
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Figure 10: (a) Relative levels of malonaldehyde after the study period and (b) represents histology slides of heart
tissue of A) Normal control B) nano emulsion treated C) Toxic control D) Drug suspension treated group.

Conclusion

In conclusion Coenzyme Q10 containing nano emulsion
formulation was developed to a satisfactory level in terms of lower
surfactant concentration, optimum particle size. Minimum PD],
increased dissolution rate as well as enhanced bioavailability. The

present study illustrated nano emulsion to be a promising choice
over the conventional oral formulation of CoQ10 with a merit of
improved dissolution rate and enhanced oral bioavailability. The
developed nano emulsion can be employed in food processing
sector as well as in pharmaceutical industry utilizing CoQ10 in their
preparations.
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