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Introduction: Cefquinome sulfate (CS) is the first fourth-generation antibiotic for animals, which has a wide antibacterial spectrum,
strong antibacterial activity and low drug resistance. However, it is accompanied by problems of poor therapeutic efficacy. In this
context, the use of nanosuspensions have been found to be an attractive strategy. The main objective of this work is to develop a new
oily nanosuspension to improve bioavailability and stability of CS formulations.

Methods: After screening the formulations, cefquinome sulfate oily nanosuspension (CS-NSP) was prepared by mortar grinding,
using propylene glycol dicaprolate/dicaprate (Labrafac™ PG) as oil medium and caprylocaproyl polyoxyl-8 glycerides (Labrasol®) as
stabilizer. The properties of CS-NSP were investigated by testing its physicochemical characteristics, stability, in vitro release,
hemolysis, and muscle irritation. The in vivo pharmacokinetics of CS-NSP was studied using rats.

Results: Results show that CS-NSP presents suitable stability, physicochemical properties and safety. Moreover, a rapid release and
high bioavailability of CS-NSP have also been verified in the study. Pharmacokinetic experiments in vivo showed that the bioavail-
ability of CS-NSP was about 1.6 times that of commercial cefquinome sulfate injection (CS-INJ, Chuangdao®) (p<0.01). These
advantages of CS-NSP were carried out by small particle size and low viscosity, being associated with the use of Labrafac PG and
stabilizer Labrasol.

Conclusion: The results proved that the new preparation is safe and effective and is expected to become a promising veterinary
nanodelivery system.
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Introduction

Cefquinome sulfate is a fourth-generation amino-thiazolyl cephalosporin,’

which has been developed solely for veter-
inary use.” It shows strong antibacterial activity on fighting with a broad spectrum.®* It is widely used in the clinical
treatment of respiratory and breast infections in pigs and cattle.”® Meanwhile, it exhibits strong bactericidal effect, low
toxic and side effects, and without teratogenic, carcinogenic and mutagenic features in clinical use.”*

A commercial product of cefquinome sulfate available on the market is cefquinome sulfate injection (Chuangdao®,
10 mL: 0.25 g, Jiangxi), which is an oily suspension marketed in China. Chuangdao only needs to be injected
intramuscularly once a day, thanks to the use of soybean oil and ethyl oleate as oil medium, but it is also accompanied
by poor stability, low bioavailability and muscular stimulation.” Many approaches have been explored for improving
these problems including using novel formulations such as microspheres,'® micorparticles,'' and liposomes.” However,

the high production costs and complex preparation processes limit the industrial production and application of these drug
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delivery systems. These shortcomings require the development of a new delivery system of cefquinome sulfate to
improve its therapeutic efficacy and reduce its production costs.

According to Noyes-Whitney and Ostwald-Freundlich equations,' the dissolution and bioavailability of drugs can be
greatly improved by making nanosuspensions of drugs.'*"'® In this case, the use of nanosuspensions has been found to be
an attractive strategy to improve bioavailability and reduce the difficulty of industrial production of CS. However, drugs
made into nanosuspensions are generally insoluble in water, but CS is soluble in water. In order to solve this problem,
a new type of oily nanosuspension was explored in this study.

The properties of nanosuspensions prepared by mortar grinding are related to factors such as particle size and the use
of oil phase and stabilizers. Labrafac PG is transparent oily liquid with much lower viscosity (9—-12mPa.s, 20°C) than
soybean oil and similar to the viscosity of ethyl oleate. Labrafac PG can be used not only as oil phase of liquid
preparation,'® but also as a liquid oily core in lipid nanocapsules.'” And it was found to be an ideal oily medium for oily
nanosuspensions due to its low viscosity, better stability and low muscle irritation at the injection site. Labrasol® has
excellent solubilization and penetration promotion ability with hydrophile-lipophile balance (HLB) of 14,'® usually used
as surfactant in microemulsion.'® In the screening of stabilizers in this study, it was found that labrasol as a stabilizer
could effectively reduce the particle size and increase the stability of oily nanosuspension. Meanwhile, oleoyl polyoxyl-6
glycerides (Labrafil® M 1944 CS) can be used in combination with labrasol for self-microemulsifying drug-delivery
system (SMEDDS)."*%° In order to further increase the stability of the oily nanosuspension system, Labrafil M 1944 CS
was added and proved to be effective.

In this study, we designed a novel oily nanosuspension with Labrafac PG as oily medium, Labrasol and Labrafil
M 1944 CS as stabilizers, to improve the strategy of cefquinome sulfate in the treatment of animal bacterial infection.
This new oily nanosuspension not only improves the stability and bioavailability of cefquinome sulfate, but also
reduces muscle irritation and the cost of production, a great therapeutic effectiveness has been promoted
consequently.

Materials and Methods

Materials

Cefquinome sulfate (purity: 81.7%) was purchased from Wuhan Dongkangyuan Technology Co., Ltd (Wuhan, China).
Formic acid (chromatographically pure) was purchased from Aladdin Reagent Co., Ltd (Shanghai, China). Acetonitrile
(chromatographically pure) was obtained from Anhui Tiandi High Purity Solvent Co., Ltd (Anhui, China). Commercial
cefquinome sulfate injection (Chuangdao, 10mL: 0.25g) was obtained from Jiangxi Chuangdao Animal Health Products
Co., Ltd (Jiangxi, China). Labrafac PG (analytical pure), Labrasol (analytical pure) and Labrafil M 1944 CS (analytical
pure) was purchased from GATTEFOSSE Trading Co., Ltd (Shanghai, China). Glycerol monostearate (purity: 99%) was
purchased from Jiangsu Ruiduo Bioengineering Co., Ltd (Jiangsu, China). Tween80 (analytical pure) was purchased
from Sinopharm Chemical Reagent Co., Ltd (China). Tween60 (purity: 99%) was purchased from Shanghai Guchen
Biotechnology Co., Ltd (Shanghai, China). PVPK30 (analytical pure) was obtained from Anhui Shanhe Pharmaceutical
Accessories Co., Ltd (Anhui, China). N-hexane (analytical pure) was obtained from Shanghai Titan Technology Co., Ltd
(Shanghai, China).

Female Wistar rats weighing 250-300 g were purchased from Qinglongshan Farms (SCXK2019-0010, Nanjing,
China). All rats were healthy and free of clinically observable ocular surface disease. All animal experiments complied
with the requirements of the National Institute of Health Guide for Care and procedures were approved by the China
Pharmaceutical University Animal Experiment Center.

Preparation of CS-NSP

Stabilizers, including 306.0 mg of Labrasol, 30.6 mg of glyceryl monostearate and 102.0 mg labrafil M 1944 CS are
accurately weighed by ML104 electronic balance (Mettler Toledo Instrument Co., Ltd, Shanghai, China), and then they
are added into 5 mL Labrafac PG to form oil phase dispersion by swirling for 3 minwith QL-902 vortex mixer (Haimen
Qilinbeier Instrument Manufacturing Co., Ltd, Haimen, China). Then a mixture of 153 mg of cefquinome sulfate and
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a small amount of oil phase dispersion are ground in a mortar for a period of time until the drug is evenly dispersed. After
adding the remaining oil phase, the dispersion should continue to be ground for three hours to be completely uniform.

Selection of Preparation Method
Medium grinding method: according to the above preparation process, the drug with the same formula amount is completely
mixed with the oil dispersion to obtain 5 mL cefquinome sulfate crude suspension, and then it can be added into a grinding
bottle filled with zirconia grinding beads and magnetic stirrer, with the volume ratio of dispersion to grinding beads being
3:2. Place this grinding bottle on a magnetic stirrer and stir it at 1200 rpm for 3 hours to obtain the preparation.

Mortar grinding method: the mortar grinding method is the same preparation process introduced in the above period
of preparation of CS-NSP.

After dilution with Labrafac PG, the particle size and PDI of cefquinome sulfate nanosuspensions with the same
formula prepared by these two methods are measured at 0 h and 48 h, and the particle size and particle size changes are
observed to evaluate the advantages and disadvantages of these two preparation methods.

Screening of Stabilizers

When the formula concentration is 25 mg/mL, formula volume is 5 mL and the mass ratio of drug to stabilizer is 2:1,
Tween60, Tween80, PVPK30, Labrasol, glyceryl monostearate and Labrafil M 1944 CS are used as stabilizers to prepare
formula cefquinome sulfate nanosuspensions by mortar grinding method. The particle size of each nanosuspension, PDI
are measured to evaluate effect of each stabilizer.

Screening of Stabilizer Ratio

Labrasol, glyceryl monostearate and Labrafil M 1944 CS, three stabilizers with better stabilizing effect, were prelimi-
narily screened, and the proportion of these three stabilizers was screened respectively, and the selected ratio of drugs to
Labrasol were 2:1, 1:1, 1:2, the selected ratio of drugs to glyceryl monostearate were 2:1, 5:1, 7:1, the selected ratio of
drugs to Labrafil M 1944 CS were 2:1, 3:2, 1:1. According to the defined formula concentration (25 mg/mL) and formula
volume (5 mL), the mortar grinding method was used to determine the optimum dosage of the three stabilizers.

Screening of Grinding Time

Three stabilizers, including Labrasol, glyceryl monostearate and Labrafil M 1944 CS were weighed according to the
determined mass ratio of drug to stabilizers (drug: Labrasol: glyceryl monostearate: Labrafil M 1944 CS=15:30:3:10),
then they were added into Labrafac PG and swirled for 3 min to mix evenly. The formula quantity of cefquinome sulfate was
weighed and added into the mortar. Then mortar grinding method was used to add oil phase and grind the mixture of drug and
oil phase for 0.5, 1, 1.5, 2, 2.5 and 3 h, respectively to prepare CS-NSP The particle size and DPI of the preparations after
grinding for 0.5, 1, 1.5, 2, 2.5 and 3 h, respectively were measured and the effects on grinding time were evaluated.

Screening of Dilution Ratio for Size Determination

According to the same preparation process in the section “Preparation of CS-NSP”, cefquinome sulfate nanosuspensions
were prepared. The particle size and PDI of nanosuspensions diluted 5, 10, 20, 25, 30, and 40 times by Labrafac PG were
measured respectively, and the optimal dilution ratio was evaluated.

Formula Process Validation
Three batches of cefquinome sulfate nanosuspension were prepared in parallel by mortar grinding method according to
the best formula process selected by formula, and its particle size and PDI were determined.

Quantification of Cefquinome Sulfate

The concentration of cefquinome sulfate was calculated by HPLC (Shimadzu, Kyoto, Japan) equipped with a diode array
detector (SPD-20AT). HPLC analysis was performed on a reverse C18 column (4.6x250 mm, 5 pm, Topsil C18, Welch
Materials, Shanghai, China). The mobile phase consisted of a mixture of 0.1% formic acid aqueous solution: acetonitrile
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(90:10, v/v). The detection wavelength was 270 nm, the flow rate was 1 mL/min, the injection volume was 20 uL, and the
column temperature was 30°C. The accuracy, recovery, linearity, and limit of quantitation of HPLC method were validated.?'

Viscosity Measurement

Ten milliliters of CS-NSP was taken and the viscosity of it was measured by viscometer at 12 RPM (CED-E-VM-
085DV2T rotor viscometer, Bolefei Company, USA), which was compared with the CS-INJ. All the experiments were
conducted in triplicate.

Content Determination of CS-NSP

Then, 0.2 mL of CS-NSP was put into a centrifuge tube, where 2.5 mL of N-hexane saturated with cefquinome reference
substance was added. Then the mixture was shaken to disperse and centrifuged for 10 min (8500 rpm) (KDC-140HR,
Anhui Zhongke Zhongjia Scientific Instrument Co., Ltd, Anhui, China). The supernatant was discarded and precipitate
was operated twice by the same method, and the final precipitate was evaporated at room temperature. A small amount of
mobile phase then was mixed with achieved precipitate and ultrasonicated (KQ5200DB, Kunshan Ultrasonic Instrument
Co., Ltd, Kunshan, China) for a period of time until the precipitate was completely dissolved. Then its content were

detected by HPLC (please see quantification procedures in section “Quantification of cefquinome”).

Characterization of CS-NSP

Appearance and Transmission Electron Microscopy (TEM)

The appearance of self-made CS-NSP was observed by comparing with CS-INJ. We put 0.4 mL of CS-NSP into
a centrifuge tube, then 2.5 mL of N-hexane saturated with cefquinome reference substance was also added into the
tube. The mixture of CS-NSP and N-hexane was then shaken to disperse completely and centrifuged for 10 min
(8500 rpm). The supernatant was discarded and the precipitate operated twice by the same method. After taking the
precipitate, it was placed on the special copper net for transmission electron microscope and dried naturally at room
temperature. The particle morphology was observed by transmission electron microscope at an accelerating voltage of
80 kV. (EVO transmission electron microscope, Dongguan Sanben Precision Instrument Co., Ltd, Dongguan, China.’

Particle Size and Particle Size Distribution

The CS-NSP was prepared according to the optimized formula, and the particle size and particle size distribution of the
nanosuspension were determined by a ZetaPlus laser particle size analyzer (Brookhaven Instruments Corporation,
Holtsville, NY, USA) after taking the right amount and diluting it 20 times with Labrafac PG. All the experiments

were conducted in triplicate.

Fourier Transform Infrared (FTIR) Spectroscopy

Fourier transform infrared spectroscopy was done to determine the cefquinome sulfate’s functional group to compare
physicochemical characterization. For this purpose, samples were reduced to powder which was precipitated by n-hexane
and analyzed as KBr pellets by using a FTIR spectrometer (Nicolet IS 10, USA) and characterized in wavelengths with
a range of 4000 to 400 cm . >

Differential Scanning Calorimetry (DSC)

DSC was performed using a differential scanning calorimeter (DSC-250, USA). Ten milligrams CS-NSP was crimped
separately in an aluminum pan and heated from 0 to 200°C at a heating rate of 10°C/min.>* During the scanning nitrogen
gas at a flow rate of 20 mL/min was continuously provided. An empty aluminum pan was used as reference. The same
weight of CS-INJ and physical mixture were tested as control. The melting points (Tm) were determined using TA-
Universal Analysis 2000 software (version 4.7A).
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X-ray Diffraction (XRD)

XRD patterns were recorded on an X diffractometer (Phillip PW 1130/00 diffractometer, The Netherlands),”* employing
Cu radiation source operating at 40 mA.>* CS-NSP, CS-INJ, and API were scanned at 20 values from 3° to 40° at
a scanning rate of 4° minute .

In vitro Release Study
In vitro dissolution studies were performed for CS-NSP and CS-INJ by using dissolution tester RC806 (Tianjing Tian
datianfa, China) following the guidelines of “People's Republic of Veterinary Pharmacopoeia”.?®

The CS-NSP and CS-INJ containing 25 mg cefquinome sulfate were placed in the dissolution medium®*” which contains
phosphate buffer (pH 7.4, 500 mL) with 0.05% Tween 80 at 37+0.5°C under a paddle rotating at 75 rpm. Each time, samples (1
mL) were withdrawn at 3, 5, 10, 20, 30, 45, and 60 min and equal amount of fresh dissolution medium was added. Withdrawn
samples were filtered by 0.22 pum organic filtration and cefquinome sulfate in the sample was detected by HPLC. The study was
performed in triplicate and cumulative release percentage (%) was calculated by the following equation: cumulative release
percentage (%) = [Ci* V; + X (Cr * Vi 4+ ... ... +CixVii)]/(Crx Vi 4+ ...+ Cyx Vy) x 100%. (C; is the con-
centration at time point of i, V; is the volume of the dissolution medium at time point of I, C,, is the concentration at the last time
point, V,, is the volume of the dissolution medium at the last time point).

Syringeability and Stability
Syringeability
The syringeability was assessed as the ability of a suspension to pass easily through a hypodermic needle.”® It is
a measurement to determine syringeability by determining the time required to withdraw the suspension under the
specified pressure for 5-gauge syringe-needle system. The plunger end of the 1 mL size syringe was forced to the top to
keep a stable negative pressure environment which was used for the specified pressure. After inserting the needle into the
suspension, the time when the suspension reached to the needle scale of 1 mL was measured as the function of
syringeability. The flow velocity calculated according to the formula: flow velocity (mm/s) = L/T (L: the length from
the needle to the scale of 1 mL, T: the withdraw time) solutions were tested as control. All the experiments were
conducted in triplicate.

The parameters studied included ease of withdrawal, freedom from clogging, foaming, tendency, evenness of flow,
and aspiration quality.

Sedimentation Volume Ratio Determination

Place the cefquinome sulfate oily nanosuspension and the commercial cefquinome sulfate suspension in a 5 mL centrifuge at
room temperature for 48 h to determine the original height (Hy) and the ultimate height (H) at the fixed time of the
formulations according to the scale. The sedimentation volume ratio is calculated according to the formula F=H/H,.?’

Physical Stability

Based on the optimal formulation, three batches of CS-NSP were used for stability evaluation. These CS-NSP were
packed in clean and dry centrifuge tube, and stored under the accelerated condition for 10 days as prescribed by ICH
guidelines.”® Group 1, Group 2, and Group 3 were separately stored under accelerated conditions at illuminated light
4500 Ix, relative humidity 92% and temperature 60°C, which were respectively used to perform illuminated light
stability, humidity stability and thermal stability. Samples were withdrawn and evaluated for particle size, color, drug
content and in vitro cumulative release percentage profile.”’ Evaluations were performed at 0, 5, and 10 days and all the
experiments were conducted in triplicate.

In vitro Hemolysis Assays

We collected 3 mL blood from the eye socket of one mouse and placed it into a preprepared centrifuge tube coated with
2% heparin sodium to prepare anticoagulated blood. The blood was stirred by a glass to remove fibrin, diluted in
physiological saline solution at a 1:5 volume ratio, and centrifuged at 1500 rpm for 20 min.** The supernatant was
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removed and the remaining sample should be diluted in physiological saline solution at the same volume ratio to
centrifuge. Repeat four times to collect the red blood cells to be diluted with physiological saline solution to prepare a 2%
red blood cells suspension.

Briefly, 1.0 mL of 2% red blood cell suspension were added to tubes labeled 1-10, with 1.0 mL physiological saline
solution in test tube 9, as a negative control, and 1.0 mL ultra-pure water in test tube 10, as the positive control group.
Then, 0.05 mL marketed injection and nanosuspension which had been diluted to a concentration gradient of 0.5, 1.0,
1.5, 2.0 mg/mL were respectively added into tube labeled 1-4 and labeled 5-8 with the concentration gradient to do
comparative analysis, with 0.95 mL physiological saline each tube. Finally, the mixtures gently vortexed, and incubated
for 2 h at 37°C. After 2 h, all tubes were centrifuged at 2000 rpm for 10 min, and measure the absorbance of supernatant
at 570 nm in triplicate.31 The hemolysis ratio is calculated according to the formula hemolysis ratio (%)=(AS-A0)/(Al-
A0)x100% (AS: absorbance of test group, A0: absorbance of negative control group, Al: absorbance of positive control

group).*?

In vivo Muscle Irritation Test

The injection site irritation of the cefquinome sulfate nanosuspension in mice was observed by the cross-comparison
method. Different samples were divided into five groups which separately contain 0.2 mL CS-NSP, 0.1 mL CS-NSP,
0.2 mL CS-INJ, and 0.2mL Labrafac PG, all of them were individually injected in the right side of quadriceps on the
dose of 25 mg/mL in mice and the same volume of the saline solution at the left side. After injection, the muscle
changes at the injection site were visually observed for 48 h and the animals were sacrificed. The muscle tissue near the
injection site was dissected to observe their appearance and the tissue was fixed with 4% paraformaldehyde.**** The
muscle on injection site was also collected for histopathological examination using the hematoxylin & eosin staining
method.

In vivo Pharmacokinetics Study
Randomly selected healthy rats were randomly divided into two groups with five rats in each group. One group was
received CS-INJ and the other was received CS-NSP. The absorption of CS-NSP in rats was evaluated by comparing the
pharmacokinetic parameters of the two groups. Both commercial and self-made preparations were injected intramuscu-
larly at the dose of 40 mg/kg.35 Blood samples were collected at 0.17, 0.33, 0.5, 0.75, 1, 1.5, 2.5, 3.5, 4.5, 6, and 8.5
hs after administration and placed in heparinized Eppendorf tubes.'” Blood samples were centrifuged instantly at
5000 rpm for 10 min.>® After centrifugation, the upper plasma was stored in a low temperature environment to complete
the collection of blood samples. Precipitation of plasma proteins were performed through addition of acetonitrile (100
uL) to the plasma samples (100 uL), which were vortexed for 2 min followed by centrifugation at 10000 rpm for 10 min.
Supernatant was transferred to ultra-pure water of the same volume, and mixture was vortexed for 1 min. Samples were
assayed by high performance liquid chromatography at 270 nm (please see quantification procedures in section
“Quantification of Cefquinome”).3 7

Pharmacokinetic parameters (t;,, half-life; T,.y, the peak time; C,.y, the peak concentration, AUC, area under the
plasma concentration—time curve; AUMC, area under the moment curve; MRT, mean residence time; V, volume of
distribution; CL, clearance) were calculated using a noncompartmental model by PK Solver 2.0 software (Nanjing,
China). Relative bioavailability (F) was calculated by AUCcsnsp * Xes-ni/(AUCcesng * Xesnsp) *¥100%, where
AUCcgnsp and AUCcg vy are the AUC from CS-NSP and CS-INJ group, X is administration dose.

Statistical Analysis
SPSS version 22.0 (SPSS Inc.) was used for statistical analysis. #-test was used to analyze the significant difference
(p<0.05, p<0.01). All data were expressed in mean +SD.
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Results and Discussion
Preparation of CS-NSP

Selection of Preparation Method

The particle size and PDI results of cefquinome sulfate nanosuspensions prepared by medium grinding and mortar
grinding are shown in Table 1. It can be seen that the particle size and PDI of nanosuspension prepared by medium
grinding are significantly larger than those obtained by mortar grinding. After standing at room temperature for 48 h, the
particle size of nanosuspension obtained by mortar grinding is relatively stable, while the particle size of nanosuspension
obtained by medium grinding is obviously increased and the stability is poor.

The high-pressure homogenization process will consume a lot of energy, which may induce particles to gather
together and accelerate Ostwald ripening,*® thus affecting the stability of nanosuspensions. Therefore, the high-pressure
homogenization method is not used in this preparation.

Media grinding is a commonly used method for preparing nanosuspensions, but according to the data in Table 1, this
method is not suitable for preparing this cefquinome sulfate nanosuspensions, which not only has large particle size and
wide particle size distribution, but also has great drug loss. The reason for this may be that the viscosity of oily
nanosuspension is higher and the oil has a great adsorption force on the grinding beads, which makes it difficult for
them to be dispersed at a certain speed. Therefore, the collision friction between drugs and grinding beads is not enough
to make the drug particles reach nanometer level, and also leads to uneven grinding and wide particle size distribution. In
order to avoid the excessive drug loss and reduce drug particle size and distribution to make the suspension more stable,
mortar grinding is considered for oily nanosuspension preparation. It is simple to operate with low cost and small drug
loss. After determination, the mortar grinding method is selected to prepare cefquinome sulfate oily nanosuspension.

Screening of Stabilizers

The particle size and PDI results of six kinds of stabilizers are shown in Figure 1A. It can be seen that different stabilizers
have a great impact on the particle size and PDI of nano suspension, and there are significant differences among the six
treatment groups (p<0.05). Among the six stabilizers, cefquinome sulfate nanosuspensions prepared from glyceryl
monostearate, Labrafil M 1944 CS and Labrasol have preferable particle size and PDI scale (the particle size range is
900-1200 nm and the PDI range is 0.8—1.6) and the particle size of the preparation prepared by Labrasol is 940 nm,
which is relatively better among the three stabilizers.

Screening of Stabilizer Ratio

Labrasol is an oil-based nonionic water dispersed surfactant. Its viscosity is similar to that of oil-phase Labrafac PG used
in this paper, and they are very miscible. On the one hand, it can provide steric hindrance to prevent the aggregation
between drug particles; On the other hand, it will play a role in solubilization and improve the dispersion stability of
drugs in oil phase. The stabilization effect is related to the concentration. It can be seen from Figure 1B that when the
ratio of drug to Labrasol was 1:2, the drug particle size is the smallest, which showed significant difference compared the
other two groups (p<0.05). Because the amount of Labrasol was insufficient in the initial stage, the excess drug
molecules combined to form precipitation leading to the large particle size. With the increase of Labrasol, the preparation
tended to be stable Considering that Labrasol is an effective absorption enhancer, the ratio of drug to Labrasol 1:2 was
chosen in the further study.

Table | Effects of Different Preparation Methods on Particle Size and PDI of CS-NSP, n=3, mean +SD

Method Oh 48 h

Particle Size (nm) PDI Particle Size (nm) PDI
Medium grinding | 2483.61£92.688%* 10.882+8.08** 3054.20+ 1 64.25%* 15.62+9.23%*
Mortar grinding 725.15+79.19* 0.782+0.42* 819.66+84.74** 2.769+2.40%*
CS-INJ 1136.29£29.06 0.884+0.46 1756.09+182.85 2.197+1.18

Notes: *p<0.05, formula made by medium grinding or mortar grinding compared with CS-INJ; **p<0.01, formula made by
medium grinding or mortar grinding compared with CS-INJ.
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Figure | (A) Effect of stabilizer types, (B) Labrasol concentration, (C) glycerol monostearate concentration, (D) Labrafil M 1944 CS concentration (E) grinding time, and
(F) dilution multiple on particle size and PDI of CS-NSP, respectively. n=3, mean *SD.

Glycerol monostearate is a nonionic surfactant, which maintains the stability of nanosuspension by spatial action. In
nanosuspension, there is a complex process of adsorption and desorption of stabilizer on the surface of drug particles,
which is closely related to the concentration of stabilizer. As can be seen from Figure 1C, when the ratio of drug to
glycerol monostearate is 7:1, glycerol monostearate cannot provide enough steric hindrance to organize the aggregation
of nanoparticles. Therefore, the particle size of the prepared nanosuspension is large, when the ratio of drug to glyceryl
monostearate decreased to 5:1, the drug particle size was smaller, and the drug particle size and PDI did not change
significantly with increasing the dosage of the auxiliary materials. Based on the principle of reducing the use of
excipients, the ratio of drugs to glycerol monostearate was 5:1.

Labrafil® M 1944 CS is a nonionic surfactant and solubilizer, which can reduce the surface energy of drug particles
in nanosuspension and maintain the stability of nanosuspension. It can be seen from Figure 1D that when the ratio of
drug to Labrafil M 1944 CS was 2:1, it is difficult to significantly increase the viscosity of the system and provide enough
steric hindrance to stabilize the nanosuspension system. When the ratio decreased to 3:2, the particle size and PDI of the

drug were the smallest compared with the other two groups. Therefore, the mass ratio of drug to Labrafil M 1944 CS
was 3:2.

Screening of Grinding Time

It can be seen from Figure 1E that grinding time has a great influence on the particle size and PDI of nanosuspension.
With the extension of time, both drug particle size and PDI decrease, and grinding time has the most obvious influence on
PDI. With the increase of grinding time, grinding will be more adequate and uniform, so nanosuspension will be more
uniform and PDI will decrease obviously. When the grinding time reaches 3 h, the drug particle size and PDI have
reached an ideal state. Therefore, the appropriate grinding time is 3 h.
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Screening of Dilution Ratio for Size Determination

It can be seen from Figure 1F that when the dilution ratio reaches about 20-25 times, the kilo counts per second of
particle size meter is between 200 and 500, which meets the requirements of instrument detection and the measured
particle size results are normal, When the dilution ratio is further increased, both particle size and PDI increase, which
may be due to the excessive addition of Labrafac PG, which destroys the internal stability of nanosuspension system and
aggregation may occur between particles. Therefore, the appropriate dilution ratio is 20 times.

Formula Process Validation

The process validation results as shown in Table 2. To sum up, the formula composition of CS-NSP prepared by mortar
grinding method was preliminarily determined as follows: drug: Labrasol: glyceryl monostearate: Labrafil M 1944
CS=15:30:3:10 (the mass ratio of drug to Labrasol is 1:2, the mass ratio of drug to glyceryl monostearate is 5:1, the mass
ratio of drug to Labrafil M 1944 CS is 3:2, the grinding time is determined to be 3 h, and the dilution ratio is 20 times.
The average particle size of CS-NSP we prepared was 772.70+£82.03, and average PDI was 0.828+0.45.

Viscosity Measurement

The viscosity measurement results of CS-NSP are shown in Table 3. It can be seen from Table 4 that the viscosity of CS-
NSP is much lower than that of CS-INJ. There was significant difference in viscosity between CS-NSP and CS-INJ
(p<0.05). For injection, the advantages of low viscosity are: good needle permeability, good compliance of livestock and
convenient to industrial production.

Content Determination
After drug extraction treatment, the contents of CS-INJ and self-made CS-NSP with the same marked concentration were
determined, and the results are shown in Table 3.

From the content determination results in Table 3, it can be seen that the contents of the commercial oil suspension
and the self-made CS-NSP meet the requirements of 2020 edition of Chinese Veterinary Pharmacopoeia (95-105%).

Characterization of CS-NSP

Appearance and Transmission Electron Microscopy (TEM)

Use transmission electron microscopy to observe the morphology of particles and take photos, as shown in Figure 2A.
The cefquinome sulfate nanosuspension prepared by mortar grinding has a uniform milky yellow suspension with good

Table 2 Process Validation Results, n=3, mean +SD

Batches | Particle Size (nm) PDI Average Particle Size (nm) | Average PDI
[ 739.61£82.78 0.806+0.52

2 785.39+89.19 0.822+0.38 772.70+82.03 0.828+0.45

3 796.09+74.11 0.856+0.46

Table 3 Comparison of Viscosity and Content Determination Between CS-NSP and CS-IN]J
with the Same Concentration in the Market, n=3, mean *SD

Marked Concentration (mg/mL) Determination Sample Results (%)
25 Content CS-NSP 104.245.3
CS-INJ 96.7+2.35
Viscosity CS-NSP 13.13+0.63*
CS-INJ 54.90+1.89

Notes: *p<0.01, CS-NSP compared with CS-INJ.
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Table 4 Pharmacokinetic Parameters in Rats After Intramuscular Administration of CS-IN]

and CS-NSP at a Dosage of 40 mg CS/kg Body Weight, n=5, mean +SD

Parameters Units CS-INJ CS-NSP

tin H 1.42+0.36 1.86+0.97

Trnax H 0.48+0.17 0.65+0.22

Crnax pg/mL 32.23%7.71 62.88+12.54%
AUC, ug/mL*h 64.02+13.08 115.94£22.21%*
AUGC,... ug/mL*h 66.03+13.35 118.69£21.73%*
AUMC,_.. pg/mL*hA2 141.80+50.28 216.32+58.49
MRT H 2.12+0.56 1.81£0.38

\ L/kg 0.35+0.09 0.29+0.17

CL L/h/kg 0.17+0.03 0.11£0.02*

Notes: *p<0.05, CS-NSP compared with CS-INJ; *p<0.01, CS-NSP compared with CS-INJ.

appearance, as shown in Figure 2B. The measured particle size is smaller than that measured by the particle size tester,
because the laser particle size is statistical data, which may be the performance of single particles and aggregates, while
the electron microscope particle size is generally a statistical single particle. In the suspension, the dispersion perfor-
mance of drug particles in the dispersion medium is not similar to that of monodispersed slurry, so the electron
microscope particle size will be smaller.

Particle Size and Particle Size Distribution

The particle size distribution of CS-NSP and CS-INJ is shown in Figure 2C and D. It can be seen that the particle size
range of CS-NSP is about 200-2000 nm, the average particle size is 725.15+79.19 nm, the polydispersity coefficient is
0.782+0.42, and the particle size distribution is symmetrical and evenly dispersed.

Fourier Transform Infrared (FTIR) Spectroscopy

The FTIR test results indicated in Figure 3A show that the typical bands commonly found in pure cefquinome sulfate
were the band at 3402.1 cm ', which indicated the presence of N-H bonds in primary amine group,”” the band at
1034.7 cm™ ', which showed C-O-N bonds, the band at 1796.2 cm™ !, which assigned C=0 bonds in cyclic amide, and the
band at 1611.0 cm ™', 1482.7 cm ™', which mean C=C and C=N bonds. These peaks were also observed in the powder of
CS-NSP with slightly difference in intensities, but it showed that there was no chemical reaction between drug and
excipients and without new chemical bond.

Differential Scanning Calorimetry (DSC)

The DSC curves of samples are shown in Figure 3B. Due to previous experimental investigations, the CS-NSP showed
sharp endothermic peaks at 173.59 and the bulk drug displayed a melting point of 179.11, indicating their crystalline
nature. Physical mixture of accessories showed flat line with no melting endotherm means that excipients of Labrasol and
Labrafil M 1944 CS have no solvent peak at 0—200°C.***!

The oil-surfactant-cosurfactant system has provided sufficient stabilization to the drug so that the cefquinome sulfate
still exists in crystalline form. Moreover, the temperature difference of 5.52°C in melting point with bulk drug might due
to the slight change in crystal form caused by grinding during the preparation, which can make the deformation of the
crystal form boundary and increase amorphous components.*?

X-ray Diffraction (XRD)

The XRD patterns of pure cefquinome sulfate, the powder of CS-NSP and CS-INJ presented in Figure 3C. The characteristic
peaks appeared in the XRD pattern of the pure cefquinome sulfate at a diffraction angle of 8.200°, 12.667°, 16.219°, 20.259°,
24.657° (20), suggesting that the drug is present as a crystalline state. The XRD pattern of powder of CS-NSP which was
precipitated by n-hexane was also observed that some peaks shown such as 12.518°, 24.520°, 26.549°, and the intensity of
peaks reduced. These observations indicate that the drug in CS-NSP was crystalline state.
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Figure 2 (A) Transmission electron microscopy of CS-NSP. (B) Appearance of CS-NSP and CS-INJ. (C) Particle size distribution of CS-NSP and (D) CS-INJ.

In vitro Release Study
The cumulative release percentage profiles of the CS-NSP and CS-INJ in dissolution medium for 60 min are shown in
Figure 4. The CS-NSP showed an increase in vitro release than CS-INJ, whose cumulative release percentage was
97.84% at 5 min higher than CS-INJ of 27.74%.

The enhanced cumulative release percentage was mainly attributed to the small particle size and increased surface area of
drug, which facilitated drug release.”> Meanwhile, grinding during preparation increase in lattice defects to make the drug in
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Figure 3 (A) Crystallize cefquinome sulfate in CS-NSP and CS-IN] to obtain solid powders and compare them with API for infrared analysis. (B) CS-NSP, CS-IN] and the
physical mixture without bulk drug in liquid station for differential calorimetry and thermogravimetric analysis. (C) Crystallize cefquinome sulfate in CS-NSP and CS-IN] to
obtain solid powders and compare them with API for X-ray diffraction.

disordered crystalline state that exhibited higher solubilization.?® In the end, Labrasol in CS-NSP improved the hydrophilic
ability of the oil system, forcing water molecules to move to the oil solution and weakened the oil barrier.**
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Figure 4 The comparison of cumulative release percentage profiles in CS-NSP and CS-INJ.

Syringeability and Stability

Syringeability

Results showed that the flow velocity reached to 2.91 mm/s in the CS-NSP and increased almost 3.6 times in the CS-INJ
which reached to 0.78 mm/s means the excellent syringeability. The CS-NSP displayed excellent flow properties, such as
faster flow velocity, freedom from clogging or foaming. Within the range studied, the particle size and viscosities were
three parameters. The viscosity of CS-INJ (54.90 cp at 25°C) was five times higher than the CS-NSP (13.13cp at 25°C).
Due to increasing viscosity can lead to higher head loss and longitudinal drag force caused by the pressure to push
particles toward needle scale of 1 mL, the flow of the suspension through the syringe more become more difficult.
Meanwhile, injecting a high number of small particles would impose lower risk of needle blockage and the particle size
of CS-INJ were four times higher compared to CS-NSP. Therefore, the excellent syringeability shortens the injection
time and reduces the pain of injection contributing to the adherence.

Sedimentation Volume Ratio Determination

After standing for 24 h, the sedimentation volume ratio was significantly higher of the CS-NSP in comparison to the CS-
INJ, just as shown on Figure SA. The sedimentation volume ratio was 0.51 and 0.19 at 24 h for CS-NSP and CS-INJ,
respectively, and there was 2.68-fold higher for CS-NSP compared to the CS- INJ.

According to Stokes' law, the sedimentation volume ratio depends on particle size and viscosity of suspensions.*’
During preparation, appropriate stabilizer and 3 h stirring time reduced the drug particle size so that the small particles
were suspended for a long time. Although the internal particles settled after a short time, the interparticle attraction and
bonding were loose, which also contributed to high sedimentation volume ratio.*¢

Physical Stability

From Figure 5B-H, it was observed that there were significant changes on evaluation parameters after the study.
From Figure 5B and E, the color of Group 1 was obviously changed from white to yellow. The formulation showed drug
precipitation and lost 13.6% of its bulk drug after storage for 10 days. To reduce the oxidization under illuminated light,
antioxidants and a dark environment are the key factors for preparation. From Figure 5C and E, the color of Group 2 was
uniform of white, but the drug in Group 2 absorbed moisture which contributed the impurity of 5, 6, 7, 8-tetrahydroquinoline
increased significantly and the bulk drug content loss of 3.4%. Meanwhile, small particles agglomerated to large particles
contributed the particle size from 1682 nm to 3698 nm. From the Figure 5D and E, the color of Group 3 changed drastically
from white to red means the discoloration of drug accelerated and resulted in degradation which contributed to the loss of
5.23% for the bulk drug, so the preparation should be stored at room temperature. In contrast, the cumulative release
percentage profiles of these groups after storage for 10 days were similar to samples when these were just prepared
(Figure 5F, G and H). In conclusion, the CS-NSP should be stored in shade and kept dry.
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Figure 5 (A) Comparison of sedimentation volume ratio of CS-INJ and CS-NSP. (B) The change trend at illuminated light 4500 Ix, (C) relative humidity 92%, and (D)
temperature 60°C, on particle size and PDI of CS-NSP. (E) The change trend in Groups 1, 2, and 3 on content. (F) The change trend at illuminated light 4500 Ix, (G) relative
humidity 92%, and (H) temperature 60°C, on in cumulative release percentage profiles of CS-NSP, n=3, mean+SD.
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In vitro Hemolysis Assays

The hemolysis rate of the CS-NSP shown on Figure 6A at different concentration at 570 nm were lower than 5% means
that it meets the national requirements for hemolysis rate of injections. The negative control solution was stratified, and
there was no red blood cells residue at the bottom of the tube. The upper solutions of tube labeled 1-8 contained two
layers which is the oil layer and the colorless and clear supernatant that could be resuspended by shaking the tube just as
Figure 6B, indicating good hemocompatibility and no red blood cell agglutination.

In vivo Muscle Irritation Test

After intramuscular injection, the mice did not show any clinical sign of pain and without lumps or swelling on the
muscle tissue. Combined with the staining results shown in Figure 7, it can be seen that the elongated skeletal muscle
fibers with a blue stained cell nucleus, and the small interstitial tissue without inflammatory cell infiltration. The
pathological figures of the injection site showed no significant differences compared to the marketed injection means
that the nanosuspension has no irritation which might be due to the low viscosity and small irritation effect of Labrafac
PG, the small drug particles, and the good emulsifying ability of Labrasol.

In vivo Pharmacokinetics

The plasma drug concentration — time curves for CS-INJ and CS-NSP after intramuscular injection to rats are presented
in Figure 8. The plasma concentration of CS in CS-INJ group and CS-NSP group decreased rapidly about 1 h after
administration, and approached the quantitative limit at 8.5 h. After noncompartment model fitting, the pharmacokinetic
parameters of the two groups are shown in Table 4. The C,,,x and AUC,_,, values of CS-NSP were about twice that of
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Figure 6 (A) Comparison of hemolysis rate of CS-NSP and CS-INJ. (B) Appearance of red blood cell suspension with (I—4) CS-NSP, (5-8) CS-INJ, (9) negative control, and
(10) positive control after centrifugation, respectively.
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0.2 mL CS-INJ, respectively.
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Figure 8 The mean plasma concentration — time profiles of CS-NSP and CS-INJ. Each rat was administrated at a dosage of 40 mg/kg body weight via intramuscular injection,
and blood samples were collected at 0.17, 0.33, 0.50, 0.75, I, 1.5, 2.5, 3.5, 4.5, 6, and 8.5 h, n=5, mean *SD. *p<0.05, CS-NSP compared with CS-INJ; **p<0.01, CS-NSP
compared with CS-INJ.

CS-INJ (p<0.01). The CL value of CS-NSP was about three-fifths that of CS-INJ (»p<0.05). The relative bioavailability
values of CS-NSP were 158.18%. It is proved that the CS-NSP group has faster absorption and higher bioavailability
when injected with the same dose of cefquinome sulfate, indicating that the oily nanosuspension alleviated the limitation
of cefquinome sulfate absorption in vivo. CL of CS-NSP group decreased, indicating that the elimination rate of CS-NSP
was slower than CS-INJ in rats, and that more drugs could exert their efficacy in vivo.

Both CS-INJ and CS-NSP belong to oil suspension, so the rate-limiting process of absorption of cefquinome sulfate
in vivo is the dissolution of cefquinome sulfate in tissue liquid, which is related to drug solubility, particle size, liquid
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viscosity and the use of additives. In the in vitro release experiment of this study, it was found that the dissolution of CS-
NSP was very rapid, indicating that cefquinome sulfate may also be rapidly dissolved into body fluid after injection into
the body. The average particle size of the CS-NSP was reduced to half of that of the commercial preparation, and
the viscosity of the oil dispersion medium (Labrafac PG) was lower, which increased the diffusion and dissolution rate of
the drug and increased the absorption of the drug. The new stabilizer Labrasol not only increases the stability of the
suspension, but also promotes the absorption of the drug. Other additives (glycerol monostearate, Labrafil M 1944 CS)
can dissolve cell membrane lipids, increase membrane permeability, decrease surface tension and increase drug wett-
ability, thus increasing the dissolution and absorption of cefquinome sulfate. These factors also affect the distribution and
elimination of cefquinome sulfate in rats in varying degrees, highlighting the advantages of cefquinome sulfate oily
nanosuspension.

Conclusion

The formulation, physicochemical properties and pharmacokinetics of cefquinome sulfate oily nanosuspension were reported
in this paper. CS-NSP was prepared by mortar grinding method. The best formula was drug: Labrasol: glyceryl monostearate:
Labrafil M 1944 CS=15:30:3:10, and add an appropriate amount of Labrafac PG as oily dispersion medium to make CS-NSP
reach the required concentration. The characterization in vitro showed that the particle size and viscosity of oily nanosuspen-
sion decreased. The dissolution test in vitro showed that the dissolution of oily nanosuspension was faster than that of
commercial injection. In vivo pharmacokinetic studies showed that the self-made cefquinome sulfate oily nanosuspension
had advantages in absorption, distribution and elimination in rats. Conclusively, the new preparation is safe and effective and
is expected to become a new type of veterinary preparation with great application prospects.
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