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ABSTRACT

In this study, (Z)-3-(chloromethylene)-6-fluorothiochroman-4-
one (CF), a novel thiochromanone derivative was organized.
Lipid emulsion containing CF (CF-LE) was developed by high
pressure homogenization to improve its solubility. The
physicochemical properties such as morphology, particle size,
zeta potential and yielding efficiency of CF-LE were studied.
Stability and safety assessment (including hemolytic test,
vascular irritation test and paw lick test) of CF-LE was also
investigated. The optimum CF-LE, consisting of 10% MCT,
1.2% egg yolk lecithin, 0.6% F68, 0.4% oleic acid and 2.25%
glycerol, was prepared at 800 bar for 10 cycles. The average
particle size of CF-LE was 234.7nm, z-potential was -30.76 mV,
and entrapment efficiency was 95%. CF-LE showed a sufficient
physicochemical stability in the long-term centrifugation and
dilution with 0.9% sodium chloride injection and 5% glucose
injection for 6 h. It did not cause any hemolysis and blood
coagulation in vitro and did not cause obvious intravenous
irritation. The results suggested that CF-LE was a promising
drug delivery system for CF intravenous administration.

INTRODUCTION
: Z-3—(chloromethylene)-6—ﬂuorothiochroman—4-one

(CF) is a novel synthetic thiochromanone derivative

[1] and its structural formula is shown in Fig. 1. CF is
highly lipid soluble and low water-soluble sulfur atom
heterocyclic compound [1,2]. It has a wide range of physiological
activity and can easily permeate fungal cell membranes, alter
fungal cell ultrastructure, damage their cell wall structure and
function of cell membranes, and then cause fungal death [3-5].
Studies have shown that fluorothiochroman has a strong
inhibitory activity to several important pathogenic bacteria such
as cryptococcus neoformans, saccharomycetes, mycetin and
trichophyton [6-9]. Although CF showed a strong antifungal
activity, there is a big challenge to develop a formulation of CF for
its practically insoluble in water. It could not be injected directly
as an aqueous solution. Therefore, developing a new CF
preparation to overcome its insolubility is of great significance for
its clinical application.

Lipid emulsion (LE) as drug delivery systems for poorly
water-soluble drugs and oil soluble drugs has been successfully
developed over the last few decades [10-12]. Compared with
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Figure 1 : The chemical structure of CF

liposome, it has the advantages of relatively simple
manufacturing process. It also had the unique properties of low
toxicity, improving patient compliance and decreasing the
adverse reaction for drugs incorporated into the interior oil phase
and the oil-water interfacial [13-18]. Preparation of lipid
emulsion without using organic solvent can directly reduce
irritation to the vascular [15]. The excellent characteristics of
using non-toxic materials, high drug loading, increased stability
[20-23] ofthe drug make LEs as an attractive carrier for CF.

High pressure homogenization is often employed for the
method of large scale production of lipid emulsion. A narrower
particle size range of emulsion can be got by processing liquid
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passed through homogenization under high pressure [24]. In this
study, high pressure homogenization was used to prepare the CF-
LE and the physical and chemical properties of emulsion were
also evaluated. The physicochemical properties such as
morphology, particle size, zeta potential of CF intravenous lipid
emulsion were studied. The stability of CF-LE after long-term
centrifugation and dilution with 0.9% sodium chloride injection
and 5% glucose injection for 6 h were investigated in detail [25].
Preliminary safety assessment of lipid emulsion included
hemolytic test, vascular irritation test and paw lick test was also
studied.

MATERIALSAND METHODS
Materials

(Z)-3-(chloromethylene)-6-fluorothiochroman-4-one (CF)
(purity>99.0%) was synthesized by pharmaceutical chemistry of
Hebei University (baoding, China). Lipoid E80 was purchased
from Lipoid KG, (Ludwigshafen, Germany). Soybean oil and
medium-chain triglyceride (MCT) was purchased from Tieling
Beiya Pharmaceutical Co (Tieling, China). Poloxamer 188
(Pluronic F68) was a kind gift from BASF AG (Ludwigshafen,
Germany). Glycerol was kindly provided by Zhejiang Suichang
Glycerol Plant (Zhejiang, China). Oleic acid is purchased by
Tianjin Hengxing Chemicals Manufacturing. All chemicals and
reagents used in this experiment were analytical or
chromatographic grade.

Preparation of CF-LE

Intravenous CF-LE was prepared by high pressure
homogenization method. Briefly, egg yolk lecithin (1.2%,w/v)
was dissolved in MCT (10%,w/v) with moderate ethanol under
stirring and then CF (0.05%,w/v), oleic acid (0.40%, w/v) were
also added in MCT at 60 °C to obtain a homogeneous oil phase.
F68 (0.60%,w/v) and glycerol (2.25%, w/v) were dissolved in
water as water phase. Then water phase was added to oil phase at
the 60 °C with high-speed dispersion for 15 min to obtain the
primary emulsion. The pH was adjusted to 6.0 using 0.1 mol/L
NaOH solution, and the volume was made up to 100% with
distilled water. The primary emulsion was passed through a high
pressure homogenizer(ATS Engineering Inc AH-2010) at 800 bar
for ten cycles to produce final emulsion. Finally, the lipid
emulsion was sealed in vials and autoclaved at 100 °C for 45 min
to obtain CF-LE.

Characterization of CF-LE

The size distribution and zeta potential of LE were determined
using Nicomp particle sizing system. The emulsion was diluted to
a certain concentration with distilled water before measurement.

The morphology of CF-LE was observed by appearance and
TEM (JEM-100SX, JEOL, Japan). A drop of the diluted sample
was spread on a copper grid, and then negatively stained with 1%
phosphotungstic acid for Smin. Then the grid was dried at room
temperature and was observed by TEM later.

The entrapment efficiency (EE) of CF-LE was determined.
5SmL LE was put in centrifuge tube, and then the sample was put in
the high speed refrigerated centrifuge at 17000 rpm for 3h at 4°C.
Total amounts of CF in the formulation and water phase were
measured by high-performance liquid chromatography (HPLC),
and the EE were calculated according to the following equation:

EE (%) =(C,V,-C,V,)/C,V,*100% (1)

Where C, and V; were drug concentration and drug volume of
CF-LE, and the C, and V, were those in water phase,
respectively.

HPLC assay

CF content was measured using HPLC method with a C18
column (S5um, 250 x 4.6mm). The mobile phase was composed of
acetonitrile/ammonium acetate (containing 0.05% glacial acetic
acid) (70:30, V/V). The flow rate and wavelength were
1.0mL/min and 245nm. After filtration by 0.22um membrane,
20uL of sample was injected for analysis.

Safety assessment
Hemolytic Test

For hemolytic test, blood samples were obtained from ear vein
of rabbit, and fibrin was removed by stirring. Then the red
erythrocyte cells were washed several times with normal saline,
then the red blood cells was diluted to 2% erythrocyte dispersion
with 0.9% physiologic saline. Various volume of CF-LE (0.1, 0.2,
0.3,0.4and 0.5 mL) (1°-5") were added to the tubes along with 2.5
mL volumes of the erythrocyte dispersion. Distilled water was
served as positive control (6") and normal saline was served as
negative control (7). Then normal saline was added to the tubes to
obtain a final volume of 5SmL, respectively. The tubes were
incubated at room temperature and observed for 4 hours.

Intravenousirritation assessment

Rabbits weighing 2.5 + 0.22 kg were randomly divided into
two groups with three in each group. CF-LE was injected into the
marginal ear vein of at a daily dose of 0.2 mg/mL for 3 days as the
experimental group. The other group was given an equivalent
volume of 0.9% saline as the control. The rabbits were sacrificed
at 24 h after the last administration and then vascular tissues
around the injection site were excised and fixed in 10%
formaldehyde for histological examination. Microscope was then
used for observing and capturing images of histological changes,
vascular endothelium subcutaneous tissue inflammation and
thrombosis etc.

Licking experiment

10 rats were randomly divided into two groups with 5 rats in
each group. Experimental group was given a single injection of
0.2 mL of CF-LE into the foot pad of the right hind paw of the rat.
Meantime, control group received an injection of 0.2 mL saline
solution. The onset time of paw licking, the average time of paw
licking within 30 min and the total time of licking were recorded.

Stability study
Dilution stability

The physical stabilities of CF-LE in 0.9% sodium chloride
(NaCl) and 5% glucose injections were investigated. Samples
were diluted 5 fold and 50 fold with 0.9% NaCl and 5% glucose,
respectively. The morphology of samples was measured at
intervals of 0.5, 1, 2, 3, 4 and 6 h at room temperature,
respectively.

Sterilization stability

CF-LE was autoclaved at 100°C for 45min, 115°C for 30min
and 121°C for 15min, respectively. Then the physical appearance,
content and particle size were evaluated.
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RESULTS
Physical characteristics

The morphology of CF-LE studied by appearance and TEM
analysis were shown in Fig.2A and Fig.2B. CF-LE showed
homogeneous white emulsion.TEM showed a uniform droplet
size of CF-LE. It also was shown that droplet was almost uniform
spherical shape and there was no aggregation or adhesion among
droplet of emulsion. The average diameter and zeta potential of
CF-LE was 234.7 nm and -30.76mV, respectively. The
entrapment efficiency was 95%.

Figure 2A : Micrograph of CF-LE

A

Figure 2B : TEM of CF-LE

Safety test
Hemolysis test

Hemolysis test results of CF-LE were shown in Fig. 3A. It was
easy to see that complete hemolysis was observed in 7 positive
control tube. The upper solution of 1°-5" tubes (experimental
group) and negative control group showed the original color of
CF-LE, and erythrocytes of 1°-5" tubes were precipitated at the

Figure 3A : TResult of hemolysis test for 4h
(1# - 7# tubes from left to right)

bottom, indicating that the lipid emulsion did not cause any
hemolysis in vitro.

The bottom solution of 1" tube, 6 negative control and 7°
positive control tube were drawn on the slide and observed under
optical microscope, the results were shown in Fig. 3B. There was
no hemolysis in 1" tube (drug group) and 6" negative control
group, and complete hemolysis could be seen in 7" positive
control tube. The results indicated that CF-LE did not cause any
hemolysis and blood coagulation in vitro and could be used for
intravenous injection.

Intravenousirritation assessment

Observing the rabbit ear-border vein by naked-eye, there was
no hyperemia swelling or erythema phenomenon at injection site
before and after drug administration. There was no significant
difference between experimental group and saline control group.
Fig.4 showed the appearance and histopathology examination of
rabbit ear vein after intravenous injection. It indicated that CF-LE
had not cause obvious irritation. There was no obvious edema and
vascular congestion and fester or other irritation changes in both
of experimental group and saline control group. No inflammatory
phenomena were found in both groups. The results showed CF-
LE did not cause obvious intravenous irritation and it could be
used for intravenous injection.

Paw licking test

Within 30 minutes, the average and total licking time of
experimental group were higher than the control group (Table 1).
The first licking time of drug group was earlier than that of control
group indicating that lipid emulsion had certain irritation to the
subcutaneous tissue, it need to prevent liquid emulsion from
leaking to the subcutaneous tissue when CF-LE was given in
intravenous injection way.

Figure 4 : ROptical microscope images of test tube of experimental group, negative control group, and positive control group
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Table 1. : Results of rat paw lick test

L _ ) Total time The average time
[l el (ekibed ) licking (s) licking (s)
Group of Experi E : E . Exoeri
mice Control pel Control sl Control Ll Control EEEA
i mental o ental i mental . ental
EIOYR group EIEHR group €24 group EIESR group
1 12 b 100 104
2 20 3 15 95
3 18 5 16.6 4.6 3 85 25.2 77
4 15 4 5 66
5 18 5 3 35

Fig. 4. : The appearance examination of rabbit ear vein, experimental group(A), normal saline (B) and
histopathology examination of rabbit ear vein, experimental group (C), normal saline (D).

Stability study
Dilution stability of CF-LE

The result of physical stabilities of CF-LE in 0.9% sodium
chloride and 5% glucose injections were investigated and the
results showed CF-LE samples diluted 5 fold and 50 fold with
0.9% NaCl and 5% glucose did not produce flocculation or
precipitation within 6h at room temperature, respectively. CF-LE
showed good compatibility with glucose and NaCl and can be
diluted for clinical application.

Sterilization stability

Thermal sterilization is very necessary for intravenous
injection used for clinical application. The appearance stability of
the formulation set as the index to evaluate the CF-LE. The
autoclaving conditions were 100 °C for 45min, which showed the
physical and chemical stability of CF-LE.

DISCUSSION

LE as a parenteral drug carrier could offer organ targeting and
sustained release. Emulsifier was an important component of LE,
the sorts and amount of emulsifiers and the process could
significantly affect the quality of LE. As one of the emulsifiers,
egg yolk lecithin is regarded as well tolerated and non-toxic
compounds with good biocompatibility, so it is suitable for
preparing parenteral lipid emulsion. F68 as a water-soluble non-

ionic emulsifier also has a strong emulsifying effect and can
stabilize the created interface, and it is essential to form the
emulsion with good physicochemical property. A single
emulsifier of egg yolk lecithin was insufficient to maintain the
stability of the emulsion. The combination of F68 and egg yolk
lecithin could help further emulsify the oil phase and form a tight
complex interfacial film between the water phase and oil phase.
Water-soluble co-emulsifier of oleic acid could produce a
negative charge by adsorbing on the oil-water interfacial film and
enhance the electrostatic repulsion between emulsion droplets.
Thus the incorporation of oleic acid could strongly remain the
stability of the emulsion, and keep pH value nearly unchanged
and increase the absolute zeta potential.

In this study, the stability and particle size of emulsion was set
as the evaluation index for the emulsion preparation. The dosage
of egg yolk lecithin and F68 were set at the concentration 1.2%
(w/v) and 0.6% (w/v). The oleic acid was at 0.4% (w/v). Glycerin
is important for the intravenous lipid emulsion as an isotonic
adjustment agent and the amount at 2.25% (w/v) is often selected
to adjust the osmotic pressure. High-speed shear mixing for 15
min was selected to prepare the coarse emulsion, then high
pressure homogenization was used to produce consistent fine
droplets with a narrow size distribution. The mean particle size
reduced as the homogenization cycle increased from 4 to 10,
above 10 cycles, the particle size did not change obviously.
Likewise, the homogenization pressure was up to 800 bar, excess
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did not obviously decrease the mean particle size. Consequently,
800 bar for 10 cycles was chosen as the optimum homogenization
parameters.

CONCLUSION

CF-LE was successfully prepared by high pressure
homogenization and the physicochemical properties, safety and
stability were investigated in detail. The CF-LE containing 10%
MCT, 1.2% egg yolk lecithin, 0.6% F68, 0.4% oleic acid and
2.25% glycerol, was prepared at 800 bar for 10 cycles. The
average particle size was 234.7nm, z-potential was -30.76 mV,
and entrapment efficiency was 95%. Safety assessment
demonstrated that CF-LE did not cause any hemolysis and blood
coagulation in vitro and no obvious intravenous irritation were
found. Paw licking test showed that CF-LE had little tissue
irritation. It was also showed good dilution stability with 0.9%
sodium chloride and 5% glucose solution. Above all, LE provided
a relative useful potential carrier for parenteral administration of
CF.
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