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Abstract The aim of this work was to prepare coenzyme Q10 (CoQ10) long-circulating liposomes,

and establish the quality standard to determine the content and entrapment efficiency. CoQ10

long-circulating liposomes were prepared by the film dispersion method, HPLC assay for the deter-

mination of CoQ10 was developed. Free drugs and liposomes were separated using the protamine

aggregation method and entrapment efficiency was determined. The liposomes were homogeneous

and the mean diameter was 166.0 nm, Zeta potential was �22.2 mV. The content and entrapment

efficiency of CoQ10 were 98.2% and 93.2% for three batches of liposomes, respectively. The lyo-

philized form of liposomes prepared by freeze-drying showed stable quality characteristics during

storage. The formulation and preparative method can be used to prepare CoQ10 long-circulating

liposomes with high entrapment efficiency and high quality, the determination method of drug con-

tent and entrapment efficiency were effective and rapid and can be used for quality evaluation of

liposomes.
� 2015 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is

an open access article under the CCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Coenzyme Q10 (CoQ10) is one of fat-soluble ubiquinone com-

pounds, acts as a hydrogen carrier in the cell respiratory chain,
it can activate cell metabolism and decrease the oxidative dam-
age from peroxidation and free-radical-induced reaction to the

cell membrane in vivo (Salomon and Buchholz, 2000; Portakal
and Inal-Erden, 1999). Thus it has been used to reduce
physical fatigue, anti-oxidation and improve immunity

(Mohammadi-Bardbori et al., 2015; Barbiroli et al., 1999). It
was reported that CoQ10 was more effective than vitamin B
and E in inhibiting lipid peroxidation in the skin and improv-
ing the antisenility effect. Nowadays, CoQ10 is widely used as

functional food, drug and health supplements, clinically, it is
also used as an adjuvant agent in the treatment of cardiovascu-
lar disease, scorbutus, diabetes, gastric ulcers, necrotizing peri-

odontitis, viral hepatitis and cancer (Yang et al., 2015; Villalba
et al., 2010).

However, while used as a therapeutic agent with the dosage

form such as tablets, capsules, injections, CoQ10 is unstable
and difficult to store for a long term due to its large molecular
weight, poor water solubility, extreme hydrophobicity,
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instability to light and thermolability, resulting in the low
bioavailability in vivo after oral administration (Yamada et al.,
2015; Shao et al., 2015; Butt et al., 2015) Therefore, how to

improve the stability and bioavailability with new pharmaceuti-
cal technologies has become the hot topic. New formulations
that have been developed included the solid dispersion system,

cyclodextrin inclusion compound, nanoparticles and microcap-
sules (Zhou et al., 2014; Onoue et al., 2012; Beg et al., 2010).
Preparation of nano-liposomes with long-circulating materials,

would help to improve the stability, prolong circulation times
and increase the bioavailability of CoQ10. In the present study,
new CoQ10 long-circulating liposomes were prepared and
developed as freeze-dried preparations, and evaluated in detail

by particle size and Zeta potential measurement, content and
EE determination, to provide an elementary experiment refer-
ence for the in vitro and in vivo release properties.
2. Materials and methods

2.1. Chemicals and reagents

CoQ10 was purchased from Aladdin Industrial Corporation,

soybean phospholipid (SP) was purchased from Shanghai Tai-
wei Pharmaceutical Co., Ltd, DSPE-PEG (2000), DPPG and
cholesterol were purchased from Avanti Polar Lipids (Alaba-

ster, AL, USA). Protamine Sulfate injection was provided by
Shanghai No.1 Biochemical Pharmaceutical Co., Ltd, vitamin
E (VE) was purchased from Guangzhou rekon Food Chemi-

cals Co., Ltd. Methanol and n-hexane were chromato-
graphically pure and purchased from Tianjin Shield Specialty
Chemical Ltd. Co. and Tianjin Kemiou Chemical Reagent
Co., Ltd., respectively. Trichloromethane was purchased from

Luoyang Haohua Chemical Reagent Co. Ltd. All other
reagents were of analytical grade.

2.2. Preparation of liposomes

Dry-film dispersion method (DF) was used to prepare lipo-
somes (Yang et al., 2012). Briefly, CoQ10, SP 98, DPPG,

DSPE-PEG(2000) and cholesterol were dissolved in 10 ml
chloroform and the solution was evaporated for about
15 min at 25 �C. After the dried film was formed, N2 gas was
used to remove the residuary solvent. The dried film was

hydrated with deionized water. After sufficient hydration, the
film was suspended by vortexing. The liposomes were then
sonicated. Finally, the liposome suspension was further dis-

rupted by using an ultrasonic probe. Resulting liposomes were
sterilized by extruding through a 0.22 lm sterile filter. Lipo-
somes were prepared the day before the experiment, stored

overnight at 4 �C.

2.3. Particle size and Zeta potential measurement

For the determination process, about 200 ll of each sample
was taken and dispersed in deionized water to a final volume
of 3 ml, their particle size and Zeta potential were analyzed
using Laser particle analyzer (Malvern Zetasizer 3000HS,

Malvern, UK) (Lu et al., 2012). Volume-weighted Gaussian
size distribution was fit to autocorrelation functions and
particle size values were obtained.
2.4. Assay method for CoQ10

2.4.1. Preparation of stock and working solutions

The stock solution of CoQ10 was prepared in methanol at the

concentration of 300 lg mL�1 and stored in brown volumetric
flasks at 4 �C before use. Standard solution of CoQ10 was pre-
pared by diluting stock solutions of the analyte with methanol.
Working solution was prepared by taking 1 mL of liposomes

to volumetric flasks and demulsificated in methanol.

2.4.2. High performance liquid chromatography (HPLC)

condition

The chromatography separation was performed with a
DiamonsilTMC18 Column (200 mm � 4.6 mm, 5 lm), the flow
rate was 1.5 mL�min�1, with a column temperature of 30 �C,
the mobile phase was methanol-n-hexane (4:1), the drug was
detected at 275 nm for determining the content of CoQ10.

2.4.3. Specificity

The reference solution of CoQ10, demulsification solution of
blank liposomes, reference solution mixed with blank lipo-
somes and demulsification solution of long-circulating lipo-

somes were taken and injected for HPLC analysis, respectively.

2.4.4. Linearity

The CoQ10 testing solutions of different concentrations were

prepared. The calibration curve samples were assayed in trip-
licate, using concentration (C) as abscissa (X) and peak area
as ordinates (Y).

2.4.5. Accuracy

Precision was assessed by determining the replicate QC sam-
ples on the same day (intra-day precision) and three consecu-

tive days (inter-day precision).

2.4.6. Recovery

Proper amounts of blank liposomes were mixed precisely with

different volumes of stock solution, after filtering through a
0.45-lm sterile membrane, filtrate was collected for determina-
tion. Recoveries were calculated by comparing the mean con-

centration obtained from the tested solutions with that of the
neat standard samples.

2.4.7. Determination of CoQ10

The CoQ10 standard solution and working solution were
respectively taken for HPLC analysis, to quantify CoQ10 by
integrating the peak area using the external standard method.

2.5. Encapsulation efficiencies (EE) determination

2.5.1. Effect of protamine dosage on separation of liposomes

Protamine aggregation method was developed to separate free
drugs and liposomes. Proper amounts of protamine sulfate

injection (10 mg/ml) were taken and diluted by 2, 4, 8, 16,
32, 64, 128 and 256 fold, which signed as 0 (no diluted), 1, 2,
3, 4, 5, 6, 7, and 8 dilutions, respectively. 100 ll liposomes
and 100 ll dilution 0 were taken and mixed, placed for about

3 min, centrifugated with the relative centrifugal force of 350g
for 15 min after diluting with 5 ml purified water precisely. The
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supernatant was selected to measure absorbance by using
an ultraviolet spectrophotometer at 540 nm, signed as A1.
Another 100 ll of liposomes was mixed with purified water

directly, centrifugated and the supernatant was collected to
determine turbidity, signed as A0, the clarity was calculated
according to the formula: (A0 � A1)/A0 � 100%. By the same

method, the clarities of supernatant from 1 to 8 dilutions by
separate liposomes were determined.

2.5.2. Effect of protamine dosage on EE of CoQ10

100 ll liposomes and 100 ll protamine sulfate were taken and
mixed; the free drugs and liposomes were separated as
described above. The supernatant was collected for HPLC

analysis. The chromatography separation was performed with
a DiamonsilTMC18 Column (200 mm � 4.6 mm, 5 lm), the flow
rate was 1.5 ml min�1, with column temperature of 30 �C, the
mobile phase was methanol-n-hexane (4:1), the drug was
detected at 275 nm for determining the content of CoQ10.
By the same method, EE of CoQ10 from the series of dilutions
by separating liposomes were determined.

2.5.3. Determination of recovery of CoQ10

Different concentrations of CoQ10 solutions (80%, 100% and

120%) were prepared with methanol. Proper amounts of blank
liposomes were mixed with CoQ10 solutions, 100 ll of mixture
was taken for separation with protamine sulfate and centrifu-
gation. The supernatant was collected for HPLC analysis to

determine the recovery.

2.5.4. EE determination

A quantity of 100 ll liposomes were taken precisely and mixed

with 100 ll protamine sulfate, after centrifugation the super-
natant was collected for HPLC analysis to determine the
amounts of free drug (W1). Meanwhile, another 100 ll of
Figure 1 Chromatograms of CoQ10 (A), blank liposome (B), r

liposomes (D).
liposomes was taken and dissolved by 4 ml methanol; samples
were taken to determine the total amount of lomustine
(W0). EE was calculated according to the formula: EE =

(1 � W1/W0) � 100%.

2.6. Freeze-drying for coenzyme Q10 long-circulating liposomes

After vortexing and sonicating, liposomes were placed at
�20 �C for about 3 h for freezing. At 40 min before the freez-
ing was finished, the refrigerator was opened to reduce the

temperature. To press the vacuum gauge switch until the
pro-freezing was over, samples were taken on a dry baking
sheet. Freeze-drying was started as the degree of vacuum was

decreased below 1000 Pa by opening the vacuum pump. After
24 h, the lyophilized samples were unpacked. Before the exper-
iment, deionized water was used to disperse the freeze-dried
preparation to re-form the liposome suspension by shaking

(Kuu et al., 2005; Safi et al., 2015a).
Non freeze-dried and freeze-dried preparations were stored

at 4 �C and �20 �C, respectively, the content and EE of CoQ10

were determined in 0 day, 1 month and 3 months after storage.
3. Results

3.1. Particle size and Zeta potential measurement

Results of particle size and Zeta potential determinations were
displayed in

3.2. Development of HPLC assay method of CoQ10

HPLC chromatograms of CoQ10 are shown in Fig 1, it was
indicated that the retention time (RT) of CoQ10 was about
eference solution + blank liposomes (C), and long-circulating
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11 min, lipid and other pharmaceutical necessities were eluted
within 4 min, without interfering with the determination.

Further, the calibration curve of CoQ10 was calculated as:

A= 9.385 � C+ 30.303 (r= 0.9992), indicating the good lin-
ear relationship from 5.0 to 150.0 lg�ml�1. The recovery was
99.5%, 99.7% and 96.3%, with RSD of 0.64%, 0.90% and
Figure 2 The effect of protamine dosage on separation.

Table 1 Particle size and Zeta potential measurement results

of liposomes.

Batch Particle

size (nm)

Polydispersity

index (PDI)

Zeta

potential (mV)

1 164.4 0.291 �21.0

2 171.9 0.192 �21.8

3 161.7 0.202 �23.7

Table 2 Sample determination results of liposomes (n= 5).

Batch Content (%) RSD (%) EE (%) RSD (%)

1 96.7 2.36 94.0 4.63

2 102.3 1.87 94.2 6.74

3 95.6 4.15 91.4 2.54

Figure 3 Content determination results of liposomal non freeze-dr
0.54% (n = 3). The RSD of intra-day and inter-day precisions
were 1.20% and 7.30% (n = 3), respectively.

3.3. Development of protamine aggregation method

3.3.1. Effect of protamine dosage on separation of liposomes

The clarities determination result is shown in Fig 2, we can
conclude that free drugs and liposomes are well separated
(Clarities were higher than 95%) by using very low amounts

of protamine sulfate (0.5 mg).

3.3.2. Effect of protamine dosage on EE

Results indicated that while protamine dosage was between

0.01 and 1.0 mg, EE of CoQ10 determined were 82–90%, thus
there were little effects of protamine dosage on the EE of
CoQ10 (Table 1).

3.3.3. Determination of recovery

Through HPLC analysis and calculation, recovery of CoQ10
was 100.4%, 104.5% and 99.6%, with RSD of 4.31%,

4.14% and 4.59% (n = 3).

3.3.4. Characterization of liposomes

The determination results of liposomes are shown in Table 2.

3.4. Stability investigation for freeze-dried preparations

The content and EE determination results of CoQ10 in liposo-
mal preparations during storage are shown in Figs 3 and 4.
Result indicated that while storing at 4 �C, both content and

EE of CoQ10 in liposomes dropped markedly (the content
and EE were decreased by 24.3% and 18.1%, respectively).
However, freeze-dried preparations remained substantially

unchanged for these two parameters at �20 �C within
3 months, exhibiting good stability and a rational and effective
freeze-drying process.
4. Discussion

EE is one of the most important evaluation parameters for
liposomes (Ma et al., 2007; Ewert et al., 2006; Liu et al.,
ied and freeze-dried preparations during storage at 4 �C (n= 3).



Figure 4 EE determination results of liposomal non freeze-dried and freeze-dried preparations during storage at �20 �C (n= 3).
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2016) Protamine sulfate is one kind of polycation macro-

molecule and is composed of basic amino acids. After mixing
with liposomes protamine sulfate can adsorb to their surface
through electrostatic interaction, thus the density of liposomes
would be increased and may be separated effectively with free

drugs by a lower centrifugal force. For advantages of quick-
ness, simple operation and high efficiency, furthermore, the
separation is based on electrostatic attraction and independent

of the drugs enveloped in liposomes, thus this method is appli-
cable for EE determination of most of the drugs.

In this study, several EE measurement methods including

high speed centrifugation, equilibrium dialysis and Sephadex
filtration, had been applied to separate liposomes (Wasungu
and Hoekstra, 2006; Safi et al., 2015b) However, due to the
poor water solubility of CoQ10, the methods mentioned above

cannot be used to separate free drugs and liposomes effec-
tively. Through large experimental validation and comparison
with other methods, protamine aggregation method was

selected to separate liposomes, which could determine EE
accurately.

As for the demulsifiers, we tried to use methanol, alcohol,

chloroform, methanol–chloroform (1:1, v/v), and alcohol–
chloroform (1:1, v/v). The results suggested that while using
an equal volume of the above organic solvents, liposomes

can be well demulsificated by all these solvents except chloro-
form, and methanol was better than alcohol. Thus methanol
was finally selected as a demulsifier so as to simplify the oper-
ation process.

Instability was the key disadvantage for liposomal for-
mulations, lipid-based vectors would be prone to aggregate
and lead to form clustered complexes with larger dimension

and higher turbidity (Yang et al., 2013) Further, EE was
decreased resulting from the continuing leakage of encapsu-
lated chemicals from lipid layers. As one of the health care

products and medicines, how to improve the stability during
storage for preparations of CoQ10 was especially important.
Through freeze-drying, liposomal structures would become
loose and porous, their solid state tends to recover activity

rapidly by rehydration. The physical and chemical properties
and physiological activities of drugs can remain the same dur-
ing this process. In the present study, the lyophilized form of

liposomes prepared by freeze-drying showed stable quality
characteristics during storage and was conducive to long-
term storage.
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