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Background: In this study, fluvastatin (FVT) nanosuspensions containing cyclodextrin were 

developed to improve oral bioavailability.

Methods: FVT nanosuspensions containing cyclodextrin were prepared by a high pressure 

homogenization technique. The nanosuspensions system was then characterized by transmission 

electron microscopy (TEM), particle size, differential scanning calorimetry (DSC) and powder 

X-ray diffractometry (PXRD). In addition, in vitro drug release properties, pharmacokinetics 

and pharmacodynamics were also investigated in detail.

Results: After lyophilization, the nanosuspensions could be redispersed gently and with a nar-

row particle size distribution, but the particle size has no obvious change. The powder X-ray 

diffraction and differential scanning calorimetry of FVT nanosuspensions showed that FVT 

existed in amorphous form in nanosuspensions. In vitro release, FVT nanosuspensions have 

sustained-release properties. Meanwhile, FVT nanosuspensions could significantly modify the 

pharmacokinetic profile and increase the bioavailability of FVT by more than 2.4-fold in compari-

son with the FVT capsules group. In vivo irritation test showed that there was almost no evidence 

of hemorrhagic mucosal erosion and intestinal villus destruction in rat gastric mucosa.

Conclusion: The combination of nanocrystallization and cyclodextrin complexation techniques 

is a new attempt to formulate poorly water-soluble FVT.
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Introduction
Fluvastatin (FVT) belongs to the statin family and is considered as the first line of 

defense against hyperlipidemia.1 It inhibits cholesterol formation in the liver by 

inhibiting HMG-CoA reductase enzyme.2 Most of the statins have been developed for 

immediate release preparations. However, FVT is a poorly water-soluble drug with a 

short half-life (1–3 hours) and can be metabolized by cytochrome P3A in intestine gut 

and liver.3 The recommended dose is 20 or 40 mg daily, 1 hour is required to reach 

peak plasma concentration, and the volume of distribution of FVT is 330 L. The oral 

bioavailability of FVT is as low as 30% due to the slow dissolution rate in the intestinal 

tract and obvious first-pass effect.4 In addition, considering the long-term use of FVT, 

it is an essential requirement to enhance FVT bioavailability and sustain its release to 

lower both the dose and the frequency, hence improving patient tolerability. Clinically, 

the increase in low-density lipoproteins (LDLs) in plasma concentration leads to vascular 

stenosis, which carries the risk of atherosclerosis, coronary artery disease, and plague 

and has life-threatening consequences.5 Therefore, it is urgent for researchers to improve 

the existing drugs. Recent strategies have been used to solve problems related to low 

bioavailability and poor solubility of FVT. These include nanostructured lipid carriers,6 

solid dispersion,7 nanoparticles,8,9 and microspheres.10 In the past few years, the use of 
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particle size reduction method to form stable nanoparticles 

has proved an effective strategy to solve this thorny problem. 

Nanoscale suspensions can be defined as liquid dispersions 

consisting of solid drug nanoparticles, which are stabilized 

by polymers and/or surfactants.11 According to the Noyes–

Whitney equation,12 the reduction in particle size leads to a 

significant increase in the dissolution rate of API, which in 

turn can lead to a significant increase in bioavailability.13,14

In addition, nanosuspensions containing cyclodextrin 

can offset the shortcoming of cyclodextrin-loading tech-

nology because surfactants play a role in stabilizing drug 

nanocrystals.15,16 In this study, we attempted to prepare 

FVT nanosuspensions containing cyclodextrin by using 

high-pressure homogenization method. The nanosuspen-

sions’ system was then characterized by transmission electron 

microscopy (TEM), particle size, differential scanning calorim-

etry (DSC), and powder X-ray diffraction (PXRD). In addition, 

in vitro drug release properties, pharmacokinetics, and phar-

macodynamics were investigated in detail. The combination of 

nanocrystallization and cyclodextrin complexation techniques 

is a new attempt to formulate poorly water-soluble FVT.

Materials and methods
Materials
FVT was sourced from Kang Baotai Fine Chemical Co., Ltd. 

(Hubei, China). The commercially available FVT capsule 

(Lescol® (Fluvastatin), 40 mg/capsule) was purchased from 

Beijing Novatis Pharmaceutical Co., Ltd., (Beijing, China) 

2-Hydroxypropyl-β-cyclodextrin (HP-β-CD), poloxamer 407, 

and other reagents were purchased from Sinopharm Chemical 

Reagent Co., Ltd. (Shanghai, China). Double-distilled water 

from a Milli-Q system (EMD Millipore, Billerica, MA, USA) 

was used throughout the experiment.

Preparation of FVT/hP-β-cD 
nanosuspensions
FVT/HP-β-CD nanosuspensions were prepared by the 

high-pressure homogenization technique. Typically, FVT 

and HP-β-CD (weight ratio =10:15 mg) were dissolved in 

ethanol (50%, 5 mL) and, then, the solvent was removed 

under reduced pressure using a rotatory evaporator until 

no residual ethanol could be detected. Subsequently, 20% 

of poloxamer 407 aqueous solution (5 mL) was intro-

duced into the dried FVT/HP-β-CD system. The system 

was subjected to an AH-1500 high shear homogenizer 

(ATS Engineering Limited Co., Ltd., Suzhou, China) with 

2,200 bar for 12 cycles to form nanosuspensions. FVT/

HP-β-CD nanosuspensions were lyophilized using trays 

that were frozen in deep freezer (BCD-228D11SY; Hisense 

Ronshen, Guangdong, China) at -80°C for 24 hours. The 

trays were then transferred to the vacuum adapter of lyo-

philizer (Genesis Pilot; SP Scientific, Warminster, PA, 

NY, USA). The solvent was sublimed under a pressure of 

0.01 mbar for 48 hours (Figure 1A).

effect of ph on the stability of 
nanosuspensions
Nanosuspensions containing poloxamer 407 were prepared 

in an acidic medium of pH 3 and in an alkaline medium of 

pH 10. The results of particle size analysis and nanosuspen-

sion stability were compared with those of nanosuspensions 

prepared in neutral distilled water (pH 6.5).

characterization
Particle size and zeta potential analysis
The lyophilized FVT/HP-β-CD nanosuspensions powder 

was redispersed with PBS (pH 7.4) before measurement 

(0.5 mg/mL). The particle size and zeta potential were 

measured by dynamic light scattering and electrophoretic 

mobility, respectively, at 25°C (Zetasizer Nano ZS 3000 SH; 

Malvern Instruments, Malvern, UK).

TeM
The external morphology of FVT/HP-β-CD nanosuspensions 

was determined by TEM (CM120; Philips, Amsterdam, 

Netherlands). A drop of freshly prepared FVT/HP-β-CD 

nanosuspensions was dripped onto the surface of a cop-

per grid and air-dried. Because of the poor conductivity of 

organic samples, negative staining with a drop of 2% aque-

ous sodium phosphotungstate for contrast enhancement was 

performed 2 minutes before TEM measurements.17

Dsc and PXrD
DSC and PXRD were used to determine the crystal form of FVT 

dispersed in the HP-β-CD nanosuspensions. DSC analysis was 

performed using a DSC8000 differential scanning calorimeter. 

Accurately weighed samples were placed in aluminum pans 

sealed with a lid. Al
2
O

3
 was used as the reference. During the 

scanning process, a heating rate of 5°C/minute was applied 

in the temperature range from 20°C to 150°C. PXRD studies 

were performed using the Phillips X-ray diffractometer and 

Cu-Kα radiation. The samples were scanned over a 2θ range of 

0°–90° at a rate of 0.05°/second. The freeze-drying procedure 

was performed by a freeze dryer to practically determine the 

formulation of FVT/HP-β-CD nanosuspensions.

stability studies
FVT/HP-β-CD nanosuspensions powder (FVT 10 mg) was 

stored at 25°C for 3 months before the polydispersity index 
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(PDI) and zeta potential were determined. All measurements 

were performed in triplicate.

in vitro release
Analysis of the release characteristics of FVT/HP-β-CD 

nanosuspensions powder was carried out according to the 

procedure outlined in a previous study.18 Briefly, 100 mg 

of FVT/HP-β-CD nanosuspensions powder was introduced 

into a dialysis bag (molecular weight cut-off =10 kDa) and 

resuspended in 500 mL of PBS, pH 7.4. These samples 

were placed in a shaker with constant agitation at 60 rpm 

and kept in an incubator at 37°C. At scheduled time points 

(0.25, 0.5, 1, 2, 4, 6, 8, 10, 12, and 24 hours), the samples 

were centrifuged and 2 mL of the supernatant was removed 

and replaced with 2 mL of fresh PBS. Then, the samples 

were filtered through a 0.45 µm syringe filter and LC-MS/

MS analysis was carried out. Commercial FVT capsules 

were used as control.

Pharmacokinetics
All in vivo experimental protocols were approved by the 

animal care committee of the Faculty of Medicine, Jiangsu 

University Animal Center. In all studies of animals, the pro-

cedures were in line with the National Institutes of Health 

guide for the care and use of laboratory animals. Twelve 

Wistar rats were used in vivo to observe the changes in 

pharmacokinetic parameters of FVT after oral adminis-

tration. All rats were randomly divided into two groups 

and administrated commercial FVT capsules (prepared 

by dispersing commercial FVT capsules in 0.5% sodium 

carboxymethylcellulose solution and having it sonicated 

for 10 minutes) and FVT/HP-β-CD nanosuspensions 

powder by intragastric administration (10 mg/kg dose). 

Blood samples (0.5 mL) were collected from the caudal 

vein into heparinized tubes at 0, 0.5, 1, 2, 4, 6, 12, 16, 

24, and 48 hours after intragastric administration. Blood 

was immediately centrifuged for plasma at 4,000× g for 

β

β

Figure 1 The structure diagram (A) and transmission electron microscope photograph (B) ×50,000 and (C) ×120,000 of FVT/hP-β-cD nanosuspensions.
Abbreviations: FVT, fluvastatin; HP-β-cD, hydroxypropyl-β-cyclodextrin.
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10 minutes. Plasma samples were collected at -70°C and 

kept frozen until analysis.

hPlc analysis condition
The quantification of FVT in samples obtained from in vitro 

and in vivo studies was performed on the LC-MS/MS 

system (API3000) based on a validated method described 

previously.19,20

In short, 100 µL of plasma was collected at each time of 

sampling, and the same volume of simvastatin, used as an 

internal standard with concentration (50 ng/mL), was dis-

solved in acetonitrile to precipitate the plasma proteins. The 

supernatant was transferred into an automatic sampler bottle, 

and 20 µL of sample was injected into LC-MS/MS. Separa-

tion was performed on an Advanced Chromatography Tech-

nologies 3C18 column (50 × 4.5 mm) with a mobile phase of 

ammonium acetate (1 mM, pH 4.0) and acetonitrile (40:60) 

at a flow rate of 1.2 mL/minute. Using the line equation of 

the standard curve plotted in the range of 0.25–20 ng/mL 

and considering interday SD and intraday SD, the peak area 

of FVT in each sample was analyzed.

in vivo irritation test
Wistar rats were used to evaluate the oral tolerance of com-

mercial FVT capsules and FVT/HP-β-CD nanosuspensions. 

The rats were randomly divided into three groups with three 

rats in each. Provided with water, they were fasted for 12 hours 

before euthanasia. FVT capsules and FVT/HP-β-CD nanosus-

pensions (10 mg/kg) were orally administered to rats in two 

groups once a day for 7 days. The control group received an 

equal amount of saline. Two hours after the last administra-

tion, the rats were euthanized and the tissue specimens (5 mm 

of small intestine) were fixed with 4% formaldehyde and 

embedded in paraffin for histopathological evaluation.

statistical analysis
Each experiment was repeated at least three times, and 

mean ± SD (standard error) was calculated from the 

representative experiments. Statistically significant differ-

ences were determined using two-tailed Student’s t-test 

(Version 10.0; SPSS Inc., Chicago, IL, USA). The P-values 

for significance were set at 0.05.

Results and discussion
characterization of FVT/hP-β-cD 
nanosuspensions
In this study, FVT/HP-β-CD nanosuspensions with an aver-

age particle size of 132.4±6.9 nm were prepared. After lyo-

philization, the nanosuspensions could be redispersed gently, 

but the particle size had no obvious change. FVT/HP-β-CD 

nanosuspensions had a narrow particle size distribution. 

Figure 1B and C shows the TEM of FVT/HP-β-CD nano-

suspensions obtained by drying at room temperature (TEM). 

These particle size data and TEM images indicated that 

nanoscale particles would be expected to improve their dis-

solution behavior and bioavailability.21 In the preliminary 

experiment, we found that it was difficult to obtain nano-

suspensions less than 200 nm. The addition of surfactants 

(poloxamer series) greatly reduced the particle size of 

FVT/HP-β-CD nanosuspensions. Therefore, poloxamer 

407 was used in the preparation process of FVT/HP-β-CD 

nanosuspensions. The particle size, together with the PDI, 

of nanosuspensions decreased as the dosage of poloxamer 

407 increased. In this system, the encapsulation technol-

ogy of cyclodextrin can greatly improved the solubility of 

drugs (≈0.3–4.2 mg/mL). Preparation of FVT/HP-β-CD 

nanosuspensions could either improve the dissolution 

of FVT or reduce the binding by intestinal-free mucins, 

which helped improve the bioavailability. In addition, the 

zeta potential of nanosuspensions indicated that there were 

many negative charges on their surface, resulting in good 

physical stability of the whole system (Table 1). The zeta 

potential reflected the charge of particles to a certain extent 

and had a great influence on the stability of the system. The 

influence of nanoparticles on the zeta potential was mainly 

from its material and particle size. When the material was 

fixed, the influence of particle size on the surface charge 

density included the following: 1) the smaller the particle 

size, the larger the surface area, the lower the surface charge 

Table 1 The characteristics data of FVT/hP-β-cD nanosuspensions at room temperatures (n=3)

Group Particle size (nm) Zeta potential (mV) Polydispersity index

With poloxamer 407

Before lyophilization 132.4±6.9 -22.7±2.9 0.18±0.07
after lyophilization 130.2±7.4 -23.5±2.7 0.19±0.10

Without poloxamer 407
Before lyophilization 282.7±29.6 -19.8±3.1 0.33±0.18
after lyophilization 276.2±31.2 -18.4±2.5 0.35±0.21

Abbreviations: FVT, fluvastatin; HP-β-cD, hydroxypropyl-β-cyclodextrin.
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density, and the smaller the potential; 2) the particle size 

affected the viscosity of the system, which affected the 

thickness of the diffusion layer; and the more the diffusion 

layer compressed, the farther the sliding surface was from 

the neutral region, the higher the potential was; and 3) the 

particle size affected the mass and motion of the particles 

in the electric field. In this study, the zeta potential absolute 

value of nanosuspensions was about 20, which had a stabiliz-

ing effect on the system.

effect of ph on stability of 
nanosuspensions
In an attempt to enhance the physical stability of FVT/

HP-β-CD nanosuspensions using poloxamer 407 as stabi-

lizers, the effect of pH was investigated. Nanosuspensions 

were prepared in an acidic medium of pH 3 and in an alkaline 

medium of pH 10, and results were compared with those 

prepared in neutral distilled water (pH 6.5, 132.4±6.9 nm). 

In general, the results indicated that the nanosuspensions 

exhibited a decrease in their mean size in the acidic medium 

(121.5±5.5 nm) and alkaline medium (111.2±3.3 nm). 

Best stability was recorded in the alkaline medium where 

stability persisted for up to 3 days with an almost constant 

mean particle size. Improved stability was attributed to the 

adsorption of hydroxyl ions of nanosuspensions as indicated 

by the negative sign of zeta potential giving rise to a certain 

degree of between dispersed particles.

Dsc and PXrD
DSC was used to investigate the melting and crystalliza-

tion behaviors of the crystalline material of FVT/HP-β-CD 

nanosuspensions. A sharp melting peak of FVT at 69.6°C 

(Figure 2, a) indicated its crystalline nature. The DSC ther-

mal behavior of the blank nanosuspensions (Figure 2, b) 

and physical mixture (FVT + blank nanosuspensions) were 

chosen as a reference. The temperature of the melting peak 

of FVT in the nanosuspensions (Figure 2, c) was 67.5°C, 

signifying that FVT and other components interacted with 

each other while heating. During the preparation of nano-

suspensions, FVT and HP-β-CD were dissolved in a mixture 

of solvents, which were subsequently evaporated, allow-

ing homogeneous dispersion of the drug in the materials 

(Figure 2, d). Therefore, the disappearance of the specific 

peak in FVT/HP-β-CD nanosuspensions revealed that FVT 

existed in the nanosuspensions in an uncrystallized form 

rather than in a crystallized form.

The PXRD spectra for free FVT, blank nanosuspensions, 

the physical mixture of FVT and the blank nanosuspen-

sions, and the FVT/HP-β-CD nanosuspensions are shown in 

Figure 3. FVT showed characteristic intense peaks between 

the 2θ of 2 and 15 (Figure 3, a and c). However, in the cases 

of nanosuspensions (Figure 3, d), the intensity of peaks was 

decreased, showing the amorphous nature of the drug after 

entrapment into nanosuspensions by freeze-drying.

stability studies
One week of investigation into nanosuspension stability 

showed that slight sedimentation on particles would take 

place upon storage in ambient conditions. After lyophiliza-

tion, FVT/HP-β-CD nanosuspensions exhibited good stabil-

ity in a period of 3 months. No significant change in physical 

appearance (re-dispersed) and particle aggregation was 

observed. All the indexes did not change obviously during 

the observation period (Table 2).

Figure 2 Dsc thermograms: free drug (a), hP-β-cD (b), physical mixture (c), and 
FVT/hP-β-cD nanosuspensions (d).
Abbreviations: DSC, differential scanning calorimetry; FVT, fluvastatin; HP-β-cD, 
hydroxypropyl-β-cyclodextrin.

°

Figure 3 Powder X-ray diffraction patterns of free drug (a), hP-β-cD (b), physical 
mixture (c), and FVT/hP-β-cD nanosuspensions (d).
Abbreviations: FVT, fluvastatin; HP-β-cD, hydroxypropyl-β-cyclodextrin.

θ
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in vitro release
FVT is a poorly water-soluble drug with a short half-life 

in vivo. Entrapping it with biodegradable polymers to 

supply a sustained-release effect was an effective way to 

lengthen its half-life and enhance its therapeutic efficacy. In 

order to develop a long-term release system, it is essential 

to understand the mechanism and dynamics of its release. 

Figure 4 illustrates the release profiles of commercial FVT 

capsules and FVT/HP-β-CD nanosuspensions. On the 

whole, in vitro release data showed that FVT capsules were 

released faster than FVT/HP-β-CD nanosuspensions; almost 

95% of FVT was released from capsules after 2 hours. In 

contrast, about 30% of the total FVT was released from the 

HP-β-CD nanosuspension with an initial burst release in 

the first 2 hours. The rapidly released FVT was unencapsu-

lated or loosely attached to the HP-β-CD surface and was 

thus easily extracted at the early stage. After 8 hours, the 

cumulative proportion of FVT released from the HP-β-CD 

nanosuspension was 60%. In the next few hours, there was a 

typical plateau period. At that time, the amount of remaining 

drug was quite limited and the release was slow. When the 

plateau period was extended to 24 hours, the cumulative drug 

release percentage of HP-β-CD nanosuspension increased 

to 72%. It is worth noting that there was no significant 

change in the release behavior of the sample after 3 months 

of stability observation. The kinetics of in vitro release 

was analyzed according to the zero-order, first-order, and 

diffusion-controlled release mechanisms. After calculation, 

the in vitro drug-release kinetic model of FVT in the release 

medium fit well with the Higuchi equation: Q=6.254t
1/2

–1.321 

(r=0.996).

Pharmacokinetics
The time plots of plasma concentration in rats after intra-

gastric administration of test formulations (FVT/HP-β-CD 

nanosuspensions and commercial FVT capsules) are 

shown in Figure 5, and the pharmacokinetic parameters 

are tabulated in Table 3. The T
max

 was 2 hours and the 

C
max

 was 303.7 ng/mL after intragastric administration of 

FVT capsules. However, the time to achieve maximum 

concentration of FVT was delayed by 2 hours in the form 

of HP-β-CD nanosuspensions. The C
max

 of FVT/HP-β-CD 

nanosuspensions was 562.9 ng/mL, significantly (P0.05) 

higher than that obtained with the FVT capsules. Meanwhile, 

the concentration in the plasma of FVT/HP-β-CD nanosus-

pensions from 4 to 16 hours was remarkably higher than in 

rats administered with FVT capsules. Twenty-four hours 

Table 2 Physical stability of FVT/hP-β-cD nanosuspensions 
powders at 25°c, 60% rh (n=3)

Parameters 0 days 1 month 3 months

Physical appearance Milk white Milk white Milk white
Particle size (nm) 130.2±7.4 131.8±6.9 138.2±7.7
Zeta potential (mV) -23.5±2.7 -22.6±3.4 -21.8±2.9
Polydispersity index 0.19±0.10 0.21±0.13 0.20±0.11

Abbreviations: FVT, fluvastatin; HP-β-cD, hydroxypropyl-β-cyclodextrin; rh, 
relative humidity.

β
β

Figure 4 In vitro release profiles of FVT/HP-β-cD nanosuspensions.
Note: Mean ± sD, n=3.
Abbreviations: FVT, fluvastatin; HP-β-cD, hydroxypropyl-β-cyclodextrin.
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after intragastric administration, the concentration of FVT 

in nanosuspensions was still 65 ng/mL, whereas the concen-

tration of FVT in capsule was undetectable. The AUC
0–∞ of 

FVT/HP-β-CD nanosuspensions was 6,952.4 ng hour/mL, 

2.85-fold higher than AUC
0–∞ of 2,436.5 ng hour/mL for FVT 

capsules, clearly displaying the performance superiority of 

nanosuspensions over capsules.

Nanosuspensions have shown potential in enhancing the 

oral bioavailability of poorly soluble drugs. Similarly, the 

ability of cyclodextrin in promoting drug absorption has been 

verified. However, there are relatively few reports on the com-

bination of the two methods. Nanosuspensions containing FVT/

HP-β-CD possess high drug dispersity and additional formula-

tion advantages. Therefore, mechanisms that help enhance the 

bioavailability of FVT were proposed: 1) the nanosuspensions 

of FVT/HP-β-CD dramatically improved the dissolution of the 

drug and 2) the excipients involved in nanosuspensions signifi-

cantly enhanced the intestinal permeability through interaction 

with biomembrane and antidrug efflux effect.22

in vivo irritation test
The long-term irritation effect of FVT/HP-β-CD nanosus-

pensions after oral administration was observed in rats. 

Figure 6 shows the histopathology of the rat gastric mucosa 

treated with various preparations to observe their effect on 

tissue integrity and cell structure. There was almost no evi-

dence of hemorrhagic mucosal erosion or intestinal villus 

destruction in rat gastric mucosa. The results showed that 

the preparation had good biocompatibility with rat gastric 

mucosa.

Conclusion
In this study, FVT nanosuspensions containing cyclodextrin 

were developed by a high-pressure homogenization tech-

nique to improve oral bioavailability. After lyophilization, 

the nanosuspensions could be redispersed gently with a 

narrow particle size distribution, but the particle size had 

no obvious change. The PXRD and DSC of FVT nanosus-

pensions showed that FVT existed in amorphous form in 

Figure 5 Mean plasma concentration–time profiles of FVT after intragastric administration of nanosuspensions and capsules to rats.
Note: each point represents the mean ± sD of six rats.
Abbreviations: FVT, fluvastatin; HP-β-cD, hydroxypropyl-β-cyclodextrin.

β

Table 3 Pharmacokinetic parameters of FVT after intragastric administration of nanosuspensions and capsules to rats (each point 
represents the mean ± sD of 6 rats)

Formulation Tmax  
(hours)

Cmax  
(ng/mL)

AUC0–t

(ng hour/mL)
AUC0–∞

(ng hour/mL)
Vd (L) CL

(L/hour)

FVT capsules 2 303.7±36.5 2258.5±201.3 2436.5±218.5 21.6±2.1 13.6±3.2
FVT/hP-β-cD 
nanosuspensions

4 562.9±51.2* 6523.8±615.2* 6952.4±643.5* 3.7±1.6* 4.7±1.1*

Note: *P0.05, FVT/hP-β-cD nanosuspensions vs FVT capsules.
Abbreviations: FVT, fluvastatin; HP-β-cD, hydroxypropyl-β-cyclodextrin.
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Figure 6 Photomicrographs of pathological sections of rat gastric mucosa after different treatments.
Notes: (A) FVT capsules and (B) FVT/hP-β-CD nanosuspensions. Magnification: 100×.
Abbreviations: FVT, fluvastatin; HP-β-cD, hydroxypropyl-β-cyclodextrin.

nanosuspensions. In vitro release showed sustained-release 

properties of FVT nanosuspensions. Meanwhile, FVT nano-

suspensions could significantly modify the pharmacokinetic 

profile and increase the bioavailability of FVT by more than 

2.4-fold in comparison with the FVT capsules’ group. In vivo 

irritation test showed that there was almost no evidence of 

hemorrhagic mucosal erosion or intestinal villus destruction 

in rat gastric mucosa.
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