
 

     
     

 

The rats were quarantined in a metabolic cage for the first 24 hours, at which 
time we collected blood plasma and urine samples from each group; after the 
24 hours, we housed the rats in separate gender and experimental groups, and 
continued drug treatment for 15 days. On day 15 animals were sacrificed and 
samples (plasma, fecal, and colon) were collected for various biochemical, 
immunological, and PK/PD endpoint analysis.
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The biopharmaceutical classification system (BCS) has been used as a prognostic tool to 
determine the bioavailability of an oral drug based on its solubility and permeability 
properties. Zileuton, a 5-lipoxygenase inhibitor used to treat chronic asthma, is classified as 
BCS class II drug due to its poor solubility and high permeability. To address solubility issues 
and improve bioavailability of a BCS class II drug, Zileuton was used as a model drug to 
develop a nanocrystal-drug formulation. In this study we evaluated the sex dependent 
changes in the pharmacokinetic properties of Zileuton in 10 weeks old male and female 
Sprague Dawley rats following oral administration of active pharmaceutical ingredient (API; 
30 mg/kg bw), nanocrystal-drug formulation (NDZ; 30 mg contains 7.5 mg of API) and physical 
mixture (PM; 30 mg contains 7.5 mg of API) using gelatin capsules. A reproducible HPLC 
technique was developed to determine the concentration of Zileuton in the ileum (15 days 
post treatment), plasma (1, 2, 4, 6, and 24h post treatment), and urine (24h post treatment) 
samples. The results of this study showed that female rats had lower Zileuton concentrations 
in the ileum after oral administration of the API and nanodrug formulation than male rats. 
Following treatment with API, NDZ, and PM, plasma Zileuton concentrations were found to 
be higher in female rats than in male rats. The lower plasma Zileuton concentration in the 
male rats can be correlated to the higher expression of phase-1 and phase-II metabolic 
enzymes in the intestinal tissue. The Tmax of Zileuton in the male rats was found to be 2h 
after NDZ and PM treatment, compared to 1h after API treatment. In the female rats, the 
Tmax of Zileuton was 1h following administration of NDZ and PM, and 2h following 
administration of API. Following administration of NDZ and PM, male rats had a higher 
concentration of Zileuton in their urine at 24h than female rats. Overall, pharmacokinetic 
variations of Zileuton were observed between male and female rats following oral 
administration of API, NDZ, and PM. This study justifies further investigation of the NDZ in the 
translational model of asthma.

Abstract

 

Pharmacokinetics, the study of how drugs are absorbed, distributed, metabolized and eliminated 
through the body, plays a crucial role in determining their safety and efficacy. However, drug delivery to 
target tissues and organs is limited by several physical and biochemical barriers in the body as well as 
the properties of the drug molecules. Therefore, drug formulations such as nanocrystals have been 
developed to improve the solubility, bioavailability and drug delivery. 

Introduction

Results and Discussion

Disclaimer: The information in this poster represents the opinions of the presenter and does not necessarily represent NCTR’s or FDA’s position or policy.

Discussions with Dr. Banu Zolnik from CDER for the selection of zileuton as the 
study's model drug. University of Connecticut scientists Dr. Rajan Jog and Dr. Diane 
Burgess developed nano-crystal formulations. SEM analysis was carried out by Dr. 
Angel Paredes from the nanocore facility at NCTR-US FDA.
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• This research will support FDA to facilitate evaluation of in vivo models for 
safety assessment including PK of the nanocrystal-drug formulation. 

• The outcomes of this study will help define guidelines for the safety and 
risk assessment associated with nanocrystal formulated drugs.
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Zileuton, a 5-lipoxygenase inhibitor used to treat chronic asthma, is classified as 
BCS class II drug due to its poor solubility and high permeability. To address 
solubility issues and improve bioavailability of a BCS class II drug, Zileuton was 
used as a model drug to develop a nanocrystal-drug (ND) formulation. In this 
study we aim to compare the pharmacokinetics of zileuton’s active 
pharmaceutical ingredient (Micron-sized), nano-crystal drug formulation and 
physical mixture in male and female Sprague Dawley rats. This study will provide 
insights into the impact of these formulations on drug absorption, distribution, 
metabolism and elimination, and the influence of gender on zileuton’s 
pharmacokinetic parameters thereby providing information related to potential 
effectiveness as treatments for asthma and other related conditions.

Materials and Methods

To evaluate the pharmacokinetics of the test agents, Sprague Dawley rats (10 
weeks old male and female) were dosed with gelatin capsules containing the test 
agents, as shown in the schematic diagram, via oral gavage.

     

      
 

           

      

    
 

 
       

    
 

 
   

 

 
 

  
 

 
   

 

 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 
  

 

 
   

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Conclusion

Table 1: Pharmacokinetic parameters for zileuton following oral administration 
of API, NDZ, and PM.

Figure 1: Physical and Biochemical barriers in the body affecting drug bioavailability.

Figure 2: Schematic representation of the pharmacokinetic study design.

Figure 3: Experimental scheme representing treatment period, sample 
collection and analysis.

Figure 4: Scanning Electron Microscopic images of a) Micron sized Zileuton API, 
b) Physical mixture of zileuton c &d) Nano-crystal zileuton formulation.

Figure 5: Particle size distribution analysis (using DLS) of ND formulation.

Figure 6: A comparison of zileuton levels in the ileum of male and female rats.

Figure 7: Mean plasma concentrations (ng/ml) vs time for zileuton following 
oral administration of API, NDZ, and PM at a dose of 30 mg/kg b.w. (n=3)

Figure 8: Zileuton levels in the urine of male and female rats 24 hours post oral  
dose of API, NDZ, and PM (30 mg/kg b.w. )

 

Synopsis
We compared the oral pharmacokinetics of zileuton’s nanocrystal-drug (NDZ) formulation 
with the micron-sized active pharmaceutical ingredient (API). Additionally, gender-dependent 
changes following administration of API, ND, and physical mixture was assessed in 10-week-
old rats using gelatin capsules. This study demonstrated the differences between male and 
female rat’s pharmacokinetic responses to zileuton’s NDZ & API.

 

The NDZ showed uniform surface morphology compared to the API. 
Female rats had higher plasma levels of zileuton than in male rats 
following oral administration of API, NDZ, and PM. However, male rats 
showed higher levels of zileuton in the ileum and urine following 
treatment with NDZ.  These results suggest that gender differences 
should be considered in the drug pharmacokinetics during preclinical 
studies to optimize formulations and dosing strategies.


