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Abstract 

As an orally effective benzimidazole anthelmintic agent, fenbendazole was not only widely used in agriculture 
and animal husbandry to prevent and treat parasites, but also shows anti-cancer effects against several types of can-
cer, exhibits anti-cancer effects in paclitaxel and doxorubicin-resistant cancer cells. However, fenbendazole’s poor 
in water solubility (0.3 µg/mL), limits its clinical applications. Even great efforts were made toward increasing its water 
solubility, the results were not significant to reach anti-cancer drug delivery requirement (5–10 mg/mL). Through 
single factor and orthogonal strategy, many complex conditions were designed and used to prepare the complexes, 
the inclusion complex with methyl-β-cyclodextrin with 29.2 % of inclusion rate and 89.5% of inclusion yield can 
increase drug’s water solubility to 20.21 mg/mL, which is the best result so far. Its structure was confirmed by differen-
tial scanning calorimetry, scanning electron microscopic image, 1D and 2D NMR spectra in  D2O. In its in vitro pharma-
cokinetic study, fenbendazole was 75% released in 15 min., in its in vivo pharmacokinetic study, the bio-availabilities 
of fenbendazole, its major metabolic anthelmintic agent oxfendazole and its minor metabolic anthelmintic agent 
oxfendazole were increased to 138%, 149% and 169% respectively, which would allow for fewer drug doses to achieve 
the same therapeutic effect and suggest that the complex can be used as a potential anticancer agent.

Keywords Fenbendazole, Methyl-β-cyclodextrin, Inclusion complex, Water solubility, In vitro and in vivo 
pharmacokinetic study

Introduction
Fenbendazole (1) as an orally effective benzimidazole 
anthelmintic agent with broad antiparasitic activity, high 
efficiency, and low toxicity was widely used in agricul-
ture and animal husbandry to prevent and treat para-
sites [1]. More important, as a microtubule destabilizing 
agent, fenbendazole acts on worms primarily by binding 

to tubulin and disrupting tubulin-microtubule balance, 
stabilizes the transcriptional activator HIF-1α, causes 
cell cycle arrest and mitotic cell death, shows anti-cancer 
effects against several cancer types [2–4] and exhibits 
anti-cancer effects in paclitaxel and doxorubicin-resist-
ant cancer cells [5, 6]. However, fenbendazole is insolu-
ble in water (0.3 µg/mL) [7], belongs to the IV class of 
drugs with low permeability and solubility according to 
the biopharmaceutical classification of FDA [8]. An anti-
cancer drug delivered by IP or IV route requires usually 
5–10 mg/mL aqueous solubility, since low concentration 
of fenbendazole would require large volume to reach the 
required therapeutic dose. Low water solubility and low 
bioavailability limit fenbendazole’s clinical application 
and enhancing its water solubility can effectively improve 
its medical applications.
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Cyclodextrins were used to form the inclusion com-
plexes with fenbendazole to change its physicochemi-
cal properties and improve its wettability, dissolution 
and stability. Through aqueous solution method, fen-
bendazole was complexed with 2-hydroxypropyl-
β-cyclodextrin or β-cyclodextrin, and the aqueous 
solubility of fenbendazole was found as 40 µg/mL in solu-
tion of β-cyclodextrin (4% w/v) or 100 µg/mL in solution 
of 2-hydroxypropyl-β-cyclodextrin (10% w/v) respec-
tively [9], by using similar conditions, the complex with 
β-cyclodextrin was prepared and could increase the 
water solubility of fenbendazole to 45.56 µg/mL, while 
complexation with 2-hydroxypropyl-β-cyclodextrin 
could increase the water solubility of fenbendazole to 
159.36 µg/mL [10].

Besides cyclodextrin complexations, many other strat-
egies were used to increase fenbendazole’s water solu-
bility. Mesylate and tosylate salts of fenbendazole were 
prepared for increasing fenbendazole’s water solubility 
[11], supramolecular complex of fenbendazole with poly-
vinylpyrrolidone polymer could increase fenbendazole’s 
solubility by 2.8 times [12], self-dispersible nanocrystals 
of fenbendazole prepared from fenbendazole and Polox-
amer 188 in 1:1 proportion was used for fenbendazole’s 
in vivo PK study [13]. Fenbendazole loaded with Mobil 
composition of matter number 41 showed enhanced 
delivery capability to PC-3 cells [14], the micelles con-
taining fenbendazole and rapamycin (1:2 ratio) prepared 
via freeze-drying showed slower release in vitro [15], 
fenbendazole-encapsulated poly-(D,L-lactide-co-gly-
colide) acid nanoparticles prepared by an oil-in-water 
emulsion method [16] could increase water solubility, 
enhance absorption, and exert significant anti-cancer 
effects in EOC cells and xenograft models including 
PDX [17], fenbendazole dispersed in PEO/PCL blend-
based matrices prepared by hot-melt extrusion revealed 
that PCL retarded the drug release proportionally to the 
content of such polymer incorporated [18]. Compatibil-
ity between fenbendazole and three polymeric excipients 
was evaluated [19], and tablets of plasticized solid disper-
sions of poly-(ethylene oxide)/polycaprolactone and fen-
bendazole improved the drug solubility and release [20]. 
These research works did not make significant solubility 
improvement and could not reach the requirements for a 
cancer therapeutic dose (5–10 mg/mL), therefore, more 
effects need to be put to find new formulation with sig-
nificant water solubility increasing [21–24].

Through the complexation with cyclodextrins under 
many different conditions, the obtained inclusion com-
plex could increase the water solubility of fenbendazole 
as high as 20.21 mg/mL. In this communication, we like 
to report these results in detail, and it’s in vitro, in vivo 
pharmacokinetic studies.

Results and discussion
When extra fenbendazole was added to the aque-
ous solutions of β-cyclodextrin, 2-hydroxypropyl-β-
cyclodextrin, methyl-β-cyclodextrin, γ-cyclodextrin or 
2-hydroxypropyl-γ-cyclodextrin with concentrations of 5 
mmol/L, 10 mmol/L, 15 mmol/L, 20 mmol/L, 25 mmol/L 
or 30 mmol/L respectively, the mixtures were shake at 
room temperature for 48 hours, filtered and analyzed by 
HPLC with UV detector at 296 nm wavelength, and the 
solubility for each mixture was obtained (Fig.  1) based 
on HPLC standard curve and regression equation, from 
which methyl-β-cyclodextrin was selected to evaluate 
the complexation conditions with fenbendazole further. 
Ratio of the fenbendazole and methyl-β-cyclodextrin, 
concentration of methyl-β-cyclodextrin, complexation 
temperature, stirring speed, reaction time and compl-
exation method were considered to affect the results. 
Through single factor and orthogonal strategy, many 
reaction conditions were designed and used to prepare 
the complex. When the mixture of fenbendazole and 
methyl-β-cyclodextrin (1:1 ratio) in water was stirred at 
50 °C for 3 hours with 500 r/min., the inclusion complex 
with 29.2 % of inclusion rate and 89.5% of inclusion yield 
was obtained with the highest water solubility of fen-
bendazole so far as 20.21 mg/mL, which is 60000 times 
better than that of fenbendazole alone. This complex was 
used to confirm the formation of the inclusion complex, 
and in vitro and in vivo PK study.

The differential scanning calorimetry (DSC) was 
used to confirm the formation of the inclusion complex 
(Fig. 2). The endothermic event in the curve of methyl-β-
cyclodextrin in range 50–125℃ was due to the water loss 
from its cavity, in the curve of fenbendazole, the endo-
thermic events at 227℃ and 237℃ were seen due to the 
melting effects of two tautomeric forms, in the curve 
of the physical mixture, the endothermic event in the 
range 50–125℃ was due to the dehydration of methyl-
β-cyclodextrin, the absence of the endothermic events 
at 227℃ and 237℃ and the presence of an endothermic 
event at 200℃ indicated the interactions between fen-
bendazole and methyl-β-cyclodextrin in the physical 
mixture. In the curve of the inclusion complex, the same 
thermal profile as methyl-β-cyclodextrin was presented 
probably due to the extra methyl-β-cyclodextrin in the 
complex, the peaks of fenbendazole at 227℃ and 237℃ 
were disappeared due to the formation of the inclusion 
complex.

Scanning electron microphotograph was used to 
confirm the formation of the inclusion complex of 
fenbendazole and methyl-β-cyclodextrin. As shown 
in Fig.  3, fenbendazole is the fine flaky crystals (A), 
methyl-β-cyclodextrin is a ball-like crystal (B), in the 
morphology of the physical mixture, the fenbendazole 
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and methyl-β-cyclodextrin crystals were observed 
respectively as the simple superposition of fenbenda-
zole and methyl-β-cyclodextrin (C), while the particle 

size and morphology of the inclusion complex (D) were 
significantly different from the crystals of fenbendazole 

Fig. 1 The solubility of fenbendazole in aqueous solutions of β-cyclodextrin, γ-cyclodextrin, 2-hydroxypropyl-β-cyclodextrin, 2-hydroxypropyl-γ-cyc
lodextrin and methyl-β-cyclodextrin with different concentrations

Fig. 2 Differential scanning calorimetry of methyl-β-cyclodextrin, fenbendazole, their physical mixture and inclusion mixture
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and methyl-β-cyclodextrin, indicated the new phase 
was formed.

The changes in the morphology of the solid particles 
observed in DSC and SEM confirmed the complex for-
mation. Nuclear magnetic resonance as the most effec-
tive method was used to study the space conformation 
of inclusion complex. The proton NMR spectra of 
methyl-β-cyclodextrin and its complex with fenbenda-
zole in  D2O, the Roesy spectrum of the inclusion com-
plex in  D2O were recorded (Fig. 4).

Proton NMR spectrum of methyl-β-cyclodextrin in 
 D2O

Proton NMR spectrum of the inclusion complex of 
fenbendazole with methyl-β-cyclodextrin in  D2O

Roesy spectrum of the inclusion complex of fen-
bendazole with methyl-β-cyclodextrin in  D2O

Peaks in the proton NMR spectrum of the inclusion 
complex from fenbendazole in  D2O were assigned as: 
7.70 (1H, s), 7.55 (1H, d), 7.25 (3H, m), 7.23 (2H, d), 7.00 
(2H, d), 3.80 (3H, s); the Roesy spectrum of the complex 
in  D2O showed the interaction between the protons at 
7.70 ppm, 7.55 ppm and 7.23 ppm from the phenyl group, 
at 7.25 ppm and 7.00 ppm from the benzimidazole motif 
in fenbendazole, and the protons from 3.25 ppm to 3.85 
ppm in methyl-β-cyclodextrin, which confirm the forma-
tion of the inclusion complex. The ratio of the protons 
in fenbendazole and the protons at C-1 in methyl-β-
cyclodextrin suggested the inclusion complex contained 
one molecular of methyl-β-cyclodextrin and one molecu-
lar of fenbendazole (Fig. 5).

The dissolution rates of fenbendazole, the physical 
mixture of fenbendazole and methyl-β-cyclodextrin, and 
their complex were measured and shown in Fig. 6. Each 

Fig. 3 Scanning electron microscopic images of methyl-β-cyclodextrin, fenbendazole, their physical mixture and inclusion mixture
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Fig. 4 The proton NMR spectra of methyl-β-cyclodextrin and the inclusion complex in  D2O, the Roesy spectrum of the inclusion complex in  D2O
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experiment was repeated three times, and the average 
value of three experimental results was used to get the 
dissolution rate curves. The fenbendazole in complex can 
be 75% released in 15 min., which is 15 times better than 
that of fenbendazole alone or its physical mixture with 
methyl-β-cyclodextrin.

The in vivo pharmacokinetic study of fenbendazole 
and its inclusion complex in dogs was conducted. The 
dogs (12 dogs) were orally administrated with fenbenda-
zole or its inclusion complex at a dose of 5 mg/kg, and 
blood samples were collected for up to 48 hours after 
administration.

Fenbendazole is metabolized in the liver to oxfenda-
zole, which is anthelmintic agent and partially reduced 

back to fenbendazole in the liver and rumen. Fenbenda-
zole sulfone is a minor metabolite of fenbendazole in 
plasma as a benzimidazole anthelmintic agent.

The HPLC conditions for analyzing the blank dog 
plasma, fenbendazole, oxfendazole and fenbendazole 
sulfone in which dog plasma does not interfere with the 
detection of fenbendazole, oxfendazole and fenbendazole 
sulfone was established. In the range of 0.025 μg/mL to 5 
μg/mL, the peak areas in HPLC and the concentrations 
of fenbendazole, oxfendazole and fenbendazole sulfone 
in plasma solutions have a linear relationship, the stand-
ard curves are obtained, and regression equations of 
fenbendazole, oxfendazole and fenbendazole sulfone in 
plasma are summarized in Table 1.

Fig. 5 The structures of fenbendazole and its inclusion complex

Fig. 6 The dissolution rates of fenbendazole, the physical mixture of fenbendazole and methyl-β-cyclodextrin, and their inclusion complex
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The HPLC samples including plasma samples were 
performed in the same HPLC instrument with the 
same C-18 column during a short period of time to 
avoid systematic errors, before and after the HPLC 
analysis, the standard solutions of fenbendazole, 
oxfendazole, and fenbendazole sulfone were checked 
by HPLC to confirm the stability of HPLC analysis 
conditions, and we did not use the internal standards 
for calibration.

The concentrations of fenbendazole, oxfendazole, 
and fenbendazole sulfone in plasma were determined 
by use of high-pressure liquid chromatography based 
on the standard cures and regression equations. The 
concentration-time curves in plasma were summarized 
in Fig.  7, the plasma pharmacokinetics profiles (mean 
± SD) were determined by use of noncompartmental 
model and Phoenix WinNonlin 8 software and shown 
in Table 2.

Overall, enlarged AUC 0~48 of fenbendazole, oxfen-
dazole and fenbendazole sulfone, enlarged Cmax of 
fenbendazole and oxfendazole, prolonged T1/2 of 
oxfendazole and fenbendazole sulfone will allow less 
drug dose for the same therapeutic effect by using the 
inclusion complex, more important, as fenbendazole 
is showing anti-tumor activity, it is expected to pro-
mote further investigations toward repurposing of this 
potent compound as cancer drug.

Conclusion
Through single factor and orthogonal strategy, the 
complexation conditions for preparing the inclusion 
complex of fenbendazole with methyl-β-cyclodextrin 
were found. The prepared inclusion complex with 29.2 
% of inclusion rate and 89.5% of inclusion yield could 
increase the water solubility of fenbendazole from 0.3 
µg/mL to 20.21 mg/mL. It’s in vitro and in vivo pharma-
cokinetic study results indicated less drug is needed to 
reach the same therapeutic effect by using this complex. 
More important, as an anti–cancer agent, this complex 
meets the cancer drug’s water solubility requirements 
(5–10 mg/mL), can be used as potential anti-cancer 
drug.

Experimental part
Materials and instruments
Fenbendazole with 99.9% purity, β-cyclodextrin and 
2-hydroxypropyl-β-cyclodextrin (average Mw: 1460) 
were purchased Fenbendazole (content 98%) was pur-
chased from Shanghai Aladdin Biochemical Tech-
nology Co., Ltd. (Shanghai, China), γ-cyclodextrin, 
2-hydroxypropyl-γ-cyclodextrin (DS: 4–6), and methyl-
β-cyclodextrin (DS: 11–13) were purchased from 
Shanghai Macklin Biochemical Co., Ltd. (Shanghai, 
China).

Dogs were obtained from Guangdong Medical Lab-
oratory Animal Center, the blank dog plasma was 
received from Guangzhou Rui-Te Co. Ltd. (Guangzhou, 
Guangdong, China) and the low-fat dog foods were 
obtained from Shanghai Jibai Chong Industrial Co., 
Ltd. (Shanghai, China).

Determination of the maximum UV wavelength 
of fenbendazole
The solution of fenbendazole in ethanol (0.1 mg/mL) 
and solutions of β-cyclodextrin, HP-β-cyclodextrin, 
methyl-β-cyclodextrin, γ-cyclodextrin or HP-γ-
cyclodextrin in water with concentrations of 0.1 mg/
mL were scanned by an ultraviolet-visible spectro-
photometer (J51903001 from Shanghai Jinghua Tech-
nology Instrument Co., Ltd., Shanghai, China) in the 
wavelength range of 200 nm-400 nm by using the dis-
tilled water as a blank, It was found that fenbendazole 
had the maximum absorption at 296 nm, while cyclo-
dextrins had no absorption, 296 nm was chosen as 
the determining wavelength of fenbendazole in HPLC 
analysis.

HPLC analysis conditions
Fenbendazole was analyzed by Agilent 1260 infinity 
high performance liquid chromatography instrument 
((LC-15C high performance liquid chromatograph from 
Shimadzu Enterprise Manage-ment China Co., Ltd., 
Shenzhen, China) on C18-Ecosil chromatographic col-
umn 250 mm × 4.6 mm (5 μm, Guangzhou Lubex Sci-
entific Instrument Co., Ltd., Guangzhou, P. R. China) 
by using acetonitrile-water (70%:30%) as mobile phase 
at 25°C with UV detector at 296 nm, the flow rate was 1 
mL/min., and the injection volume was 10 μL.

The preparation of HPLC samples
The sample was dissolved in certain solvent including 
water or plasma, or other solvent system, Shaked for 
few minutes and filtered through the 0.22 μm mem-
brane for HPLC analysis.

Table 1 Regression equations for fenbendazole, oxfendazole 
and fenbendazole sulfone

Y: peak areas in HPLC, X: concentration, LLOD (S/N≥3): 0.05 µg/mL, LLOQ: 0.15 
µg/mL

Compounds Regression equations

Fenbendazole Y = 12.673 X + 80.417  (R2 = 0.9954)

Oxfendazole Y = 2768.6 X + 25.592  (R2 = 0.996)

Fenbendazole sulfone Y = 19.454 X + 92.153  (R2 = 0.9941)
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Establishment of HPLC standard curve of fenbendazole
The solutions of fenbendazole in ethanol with concen-
trations of 0.01, 0.02, 0.04, 0.06, 0.08 and 0.1 mg/mL 
were analyzed by HPLC with UV detector at 296 nm, 
based the peak areas and the concentrations, the stand-
ard curve is established, and regression equation were 
obtained as follow:

Phase solubility study of fenbendazole
Excess fenbendazole was added to the solutions 
of β-cyclodextrin, methyl-β-cyclodextrin, HP-β-
cyclodextrin, γ-cyclodextrin and HP-γ-cyclodextrin 
with concentrations of 5, 10, 15, 20, 25, and 30 mmol/
mL respectively, stirred at room temperature for 48 
hours, filtrated and analyzed by HPLC, based on the 

Fig. 7 Curves of concentration-time of fenbendazole, oxfendazole, and fenbendazole sulfone in plasma from dogs dosed with fenbendazole or its 
methyl-β-cyclodextrin complex
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content of fenbendazole in solutions, the phase solu-
bility results were obtained. Each reaction was repeat 
three times.

Preparation of the inclusion complex of fenbendazole 
with methyl‑β‑cyclodextrin
Fenbendazole was dissolved in pure formic acid and 
added to the solution of methyl-β-cyclodextrin in water 
with stirring with certain ratio of drug and cyclodextrin, 
stirring speed, reaction temperature and reaction time. 
The solution was kept in a refrigerator at 4 °C for several 
hours, the solvents were removed by rotary evaporation, 
the residue was dissolved in water, filtered, and freeze-
dried under reduced pressure to obtain the inclusion 
compound as powder.

Preparation of the physical mixture of fenbendazole 
and methyl‑β‑cyclodextrin
The appropriate amounts of fenbendazole and methyl-
β-cyclodextrin (1:1 ratio) were grind and mixed 
to get the physical mixture of fenbendazole and 
methyl-β-cyclodextrin.

Content determination of fenbendazole in complex
Excess fenbendazole/methyl-β-cyclodextrin inclusion 
complex was dissolved in ultrapure water (10 mL), after 
ultrasonicate and shake for 2 hours at 37°C, the satu-
rated aqueous solution was centrifuged, filtered, and 
analyzed by HPLC, based on the fenbendazole HPLC 
standard curve and regress equation, the content of 
fenbendazole in inclusion complex can be obtained.

Determination of inclusion rate and inclusion yield
The inclusion rate and yield of inclusion compound 
were used to evaluate the inclusion effects of compl-
exations. The inclusion rate and yield of fenbendazole 
inclusion compound could be calculated by the follow-
ing formulas:

Inclusion yield (%) = (fenbendazole complex)/
[(fenbendazole)+(methyl-β-CD)]x 100%

Inclusion ratio (%) = [(fenbendazole in complex) / 
(fenbendazole)] x 100%

Differential scanning calorimetry study
Fenbendazole inclusion complex, fenbendazole and 
methyl-β-cyclodextrin, and their physical mixture 
around 5 to 10 mg were used for Differential scan-
ning calorimetry (the differential scanning calorimeter 
DSC3 from Mettler Toledo, Columbus, OH, USA) anal-
ysis under a  N2 atmosphere with an air flow rate of 20 
mL/min., an empty aluminum crucible was used as the 
reference cell and another empty aluminum crucible 
was used as the sample cell. The scanning conditions 
were set to a scanning speed was set up as 10 °C/min.

Scanning electron microscopic image study
Scanning electron microscope (Merlin from German 
Zeiss Company, Oberkochen, Germany) was used to 
observe the fenbendazole, methyl-β-cyclodextrin, their 
inclusion complex, and physical mixture with the volt-
age of 5kV, samples were mounted on copper plates 
with conductive tape and gold blasted.

NMR study of fenbendazole inclusion complex
The proton NMR spectra of fenbendazole complex in 
 D2O, methyl-β-cyclodextrin in  D2O Bruker 400 spec-
trometer (Bruker, Karlsruhe, Germany), the Roesy 
spectrum of fenbendazole complex in  D2O in Bruker 
600 spectrometer (Bruker, Karlsruhe, Germany) were 
recorded.

Dissolution rate determination
The in vitro dissolution rate was measured on the disso-
lution tester RC-6 (from Tianjin Xintianguang Analyti-
cal Instrument Tech-nology Co., Ltd., Tianjin, China) 

Table 2 Pharmacokinetic parameters of fenbendazole, 
oxfendazole, and fenbendazole sulfone (mean ± SD) in 
fenbendazole group and complex group

Through complexation with methyl-β-cyclodextrin, the Cmax and Tmax of 
fenbendazole were increased from 4.41±1.27 µg at 8.17 h to 7.68±4.75 µg, AUC 
0~48 was increased from 60.68±19.91 h*µg/mL to 83.65±51.63 h*µg/mL, and 
the relative bioavailability is 138%; the Cmax and Tmax of the major metabolic 
anthelmintic agent oxfendazole was increased from 1.38±0.69 µg at 19.67±6.16 
h to 4.13±1.97 µg at 3.58±2.46 h, AUC 0~48 was increased from 13.72±6.62 h*µg/
mL to 20.54±8.82 h*µg/mL, the relative bioavailability is 149%, the half-life time 
T1/2 was prolonged from 10.25±5.46 h to 15.25±11.88 h; the Cmax and Tmax of 
the minor metabolic anthelmintic agent fenbendazole sulfone was decreased 
from 4.11±3.03 µg at 2.45±2.02 h to 3.65±2.55 µg at 4.92±2.83 h, however, the 
AUC 0~48 was increased from 11.93±8.68 h*µg/mL to 20.24±13.97 h*µg/mL, 
the relative bioavailability is 169%, and half-life time T1/2 was prolonged from 
2.43±2.05 h to 10.07±7.21 h

Fenbendazole

Parameters Units FBZ OFZ FBZSO2

Tmax 2.45±2.02 h 8.17±9.11 19.67±6.16

Cmax μg 4.41±1.27 1.38±0.69 4.11±3.03

T1/2 2.43±2.05 h 33.19±8.47 10.25±5.46

AUC 0~48 11.93±8.68 h*μg/mL 60.68±19.91 13.72±6.62

MRT0~48 4.26±1.73 h 19.51±10.43 15.75±4.59

Fenbendazole Complex
Parameters Units FBZ OFZ FBZSO2

Tmax 4.92±2.83 h 4.50±1.96 3.58±2.46

Cmax μg 7.68±4.75 4.13±1.97 3.65±2.55

T1/2 10.07±7.21 h 13.64±1.51 15.25±11.88

AUC 0~48 20.24±13.97 h*μg/mL 83.65±51.63 20.54±8.82

MRT0~48 16.68±10.05 h 15.71±4.61 25.19±17.27
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according to the method specified in Appendix 160 of 
the first part of the 2015 edition of the Chinese Vet-
erinary Pharmacopoeia. Fenbendazole (100 mg), the 
inclusion complex of fenbendazole and methyl-β-
cyclodextrin (containing 100 mg of drug), the physical 
mixture of fenbendazole and methyl-β-cyclodextrin 
(containing 100 mg of the drug) in a reaction ves-
sel was added 900 mL of ultrapure water respectively, 
ultrasonic degassed for 15 min., stirred with the speed 
of 100±3 r/min. at 37±0.3°C. At 2, 5, 10, 15, 20, 30, 45 
and 60 minutes, sample (3 mL) was collected and fil-
tered through a 0.22 μm micropore syringe filter, at 
the same time, 3 mL of isothermal ultra-dissolution 
medium (water) was added to the reaction vessel. Sam-
ples were analyzed by HPLC, based on the peak area 
data in HPLC, fenbendazole HPLC standard curve ang 
regression equation, the cumulative dissolution rate 
was obtained. Each test was repeated three times.

Establishment of the stand curves of fenbendazole, 
oxfendazole, and fenbendazole sulfone in plasma
The solutions of fenbendazole, oxfendazole, and fen-
bendazole sulfone in acetonitrile (0.5 mL) with concen-
trations of 10 μg/mL, 5 μg/mL, 1 μg/mL, 0.2 μg/mL, 0.1 
μg/mL and 0.05 μg/mL were added to blank dog plasma 
(0.5 mL) in a plastic centrifuge tube respectively. After 
vortexing and vibration, the mixtures were extracted with 
dichloromethane and ethyl acetate, blown with nitrogen, 
dissolved in methanol (1 mL), and analyzed by HPLC at 
296 nm on a Shim-packVP-ODS C18 chromatographic 
column (250L×4.6mm), to give the standard curves and 
regression equations of fenbendazole, oxfendazole, and 
fenbendazole sulfone in plasma as follow:

In vivo Pharmacokinetic studies
Twelve healthy adult dogs around 5±0.1kg with half male 
and half female were randomly divided into two groups 
named as the fenbendazole group and inclusion group 
(six for each group), weighed, numbered, fed for one 
week in a new warm, clean, and ventilated environment, 
fasted for one day before drug administration, orally dose 
the fenbendazole or its inclusion complex with water 
at a dose of 5 mg/kg, and the blood sample (2 mL) was 
collected through forearm vein at 0.00, 0.25, 0.5, 0.75, 
1, 2, 4, 6, 10, 12, 24 and 48 hours after administration, 
transferred Immediately to a heparinized test tube, cen-
trifuged at 3500 rpm for 10 min., stored in a -20°C in a 
refrigerator. During the sampling period, the dogs were 
fed with low-fat dog food and normal drink water.

The plasma sample was then thawed to room tem-
perature, extracted with  CH2Cl2 (1 mL), shaken for 4 
min., and centrifuged at 13000 r/min. for 10 min. two 
times. The combined dichloromethane solution in a 10 

mL sterilized centrifugal tube was evaporated by blow-
ing the nitrogen gas at room temperature, added 0.5 mL 
of methanol, shaken for 4 min., centrifuged for 10 min. 
at 13000 r/min speed, filtered through 0.22μm filter, and 
analyzed by HPLC.

Statistical analysis
Each experiment was repeated three times. The test 
results are expressed in the form of "mean ± standard 
deviation (MEAN ± SD)". Graphpad Prism 9 software 
was used to draw graphs and perform statistical analysis 
on the data. P≤0.05 means the difference is considered 
statistically significant.
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