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DETERMINATION OF U-85575 IN RAT SERUM 
BY SOLID-PHASE EXTRACTION AND 

HIGH-PERFORMANCE LIQUID 
CHROMATOGRAPHY 

M. G. WILLIAMS AND W. Z. ZHONG* 
Drug Metabolism Research 

Upjohn Laboratories 
Kalamazo, Michigan 49001 

ABSTRACT 

Solid phase extraction and liquid chromatographic methods are 
described for the isolation and quantitation of U-85575 from rat serum. The 
assay utilizes a simple extraction of U-85575 h m  serum with phenyl solid 
phase columns. The extracts were chromatographed on a CN reverse-phase 
column using a mobile phase of acetonitrile-water (32:68, v/v) containing 
0.2% triethylamine (pH 6.5 f 0.05). The method has a limit of quantitation 
of 50 ng/ml of U-85575 in serum and is linear in the range of 0.05 to 
20 pg/ml. The precision and accuracy of this method was proved to be <lo% 
at  the three concentrations evaluated. The method was demonstrated to be 
suitable to determine U-85575 concentratioxu in rat serum samples collected 
from a preliminary 15-day toxicity study. 

*To whom correspondence should be addressed. 
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INTRODUCTION 

WILLIAMS AND ZHONG 

U-85575, 12-chlor~5-(5-cyclopropyl 1,2,4-oxadiazol-3-y1)-2,3- 
dihydrodiimidazo 1,5-a:1',2'-c quinazoline (Figure 1) is under evaluation as 

a hypnotic compound. U-85575 has shown clear hypnotic-like effects and 

good oral potency in mouse, rat, and monkey with limited side effects. To 
support the preclinical pharmacokinetic and toxicokinetic studies, i t  is 

important to have a sensitive and accurate analytical method to determine 

the concentrations of U-85575 in serum. Because of the unique structure of 
U-85575, previously developed methods for other quinoxalin analogs (1-4) 
were not suitable in both chromatographic and extraction characteristics. 
In this paper, a high performance liquid chromatographic (HPLC) method 

with ultraviolet (UV) detection using a solid-phase extraction (SPE) 
procedure for determination of U-85575 in rat serum is described. The 

applicability of this method to a preliminary toxicology study is also 

reported. 

MATERIALS 

U-85575 and internal standard (IS), U-82217 (Figure 1) were provided 
by The Upjohn Company (Kalamazoo, MI). HPLC grade acetonitrile was 

obtained from Burdick and Jackson (Muskegon, MI). Acetic acid, 

ammonium hydroxide, and potassium phosphate (dibasic) were of analytical 

reagent grade and purchased from Mallinckrodt Inc. (Paris, KY). Purified 

water was produced by a Mini-Q reagent water system (Millipore 
Corporation, Bedford, MA). 

METHODS 

Instrumental Parameters 

The chromatographic separation was performed on a cyan0 reverse- 
phase column (250 x 4.6 mm ID, 5 p particle size (Supelm Inc., Bellefonte, 
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U-85575 IN RAT SERUM 745 

U-85575 U-82217 (IS) 

Figure 1: Chemical structures of compounds U-85575 and U-82217 (IS). 

PA) protected by a guard column (Rainen CN Guard Column, 1.5 X 2 mm 

ID). The mobile phase of acetonitrile-water (32:68) containing 0.2% 

triethylamine (TEA) with a pH of 6.5 f 0.05 adjusted by acetic acid was 

delivered by a Waters M-6000A pump (Milford, MA). The UV absorbance of 

column emuent was monitored at 325 nm with 0.005 a.u.f.s. sensitivity 
using a Kratos Spectroflow 783 variable wavelength ultraviolet (UV) 
detector (Ramsey, NJ). Injections were made by a Perkin-Elmer ISS-100 

Autosampler (Norwalk, CT). The chromatographic system was operated a t  

ambient (21-23°C) temperature with an eluent flow rate of 1.0 mumin. 

Quantitation was accomplished by peak height ratio of drug to internal 

standard (IS) using a Harris Computer System. The standard curve, along 

with a statistical evaluation of standards linear fit, were computed by the 

linear regression program. The unknown concentration was determined by 
inverse prediction against the standard curve. 

Preparation of Standards 

A 200 pglml stock solution of U-85575 was prepared by dissolving 
10 mg accurately weighed compound in acetonitrile and diluting to volume 
with acetonitrile in a 50 ml volumetric flask. The IS stock solution 
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746 WILLIAMS AND ZHONG 

(200 pg/ml) was prepared by dissolving 20 mg of U-82217 in 50 ml of 
acetonitrile and diluting to volume with water in a 100 ml volumetric flask. 

The stock solutions were diluted with acetonitrile to 20,2, and 0.2 pg/ml 
working solutions. Stock and working solutions were stored at 4°C. Serum 

standards were prepared by aliquoting appropriate volumes of stock and 

working solutions to 1 ml with control serum (drug h e )  to produce a 
concentration series ranging from 5 ng/ml to 20 &ml. Reference standards 
were prepared by aliquoting the same volumes of U-85575 and IS into 
autosampler vials and bringing the total volume to 1 ml with acetonitrile- 

water (30:70, v/v) to create a concentration series similar to that of the 
fortified serum. 

SamDle PreDaration 

Unknown serum samples were prepared by mixing 1 ml of serum 
sample with 50 pl IS working solution (20 Mml) into a disposable culture 
tube. Twelve phenyl SPE columns (100 mg/l.O ml, Analytichem 

International Inc., Harbor City, CA) were placed on the Vacuum Extraction 
Manifold (Supelco, Inc. Bellefonte, PA) and prewashed with one column 

volume of acetonitrile followed by one column volume of 0.1 M W O ,  
solution. The prepared serum samples or fortified serum standards were 

then immediately transferred onto the SPE column from the culture tubes 

with an approximate vacuum of 86 Wa. After the SPE columns were 
vacuum-aspirated (approximately 27 kPa) for 5 min, 300 pl of acetonitrile- 

water (30:70,v/v) followed by 2 ml of 0.1 M GHPO, solution were applied to 

rinse each column (86 Wa). The columns were dried with vacuum 
aspiration (approximately 27 kPa) for 10 min. Compounds of interest were 

eluted from the column with 300 pl of acetonitrile containing 0.1% TEA by 

gravity, followed by elution with 350 pl water by applying pressure to the 
top of the column using nitrogen gas (about 20 kPa). Each eluate was 

collected in a 2 ml autosampler vial and mixed with 350 pl of purified 
water, and 100 p1 of the mixture was injected onto the HPLC system for 
analysis. 
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U-85575 IN RAT SERUM 747 

Method Validation 

To determine the linear range of the method, freshly prepared 

standard curves for U-85575 ranging from 5 ndml to 20 pg/ml were 
analyzed on four different days (5). The limit of quantitation (LOQ) was 
estimated from the lowest concentration standard which had acceptable 
precision and accuracy (<15%). The precision and accuracy of the method 
were evaluated at three concentrations (0.1,l and 10 pdml). The intra- 
assay precision was determined by analyzing five fortified serum samples at 
each concentration on the same day, and the inter-assay precision was 

obtained by analyzing one fortified serum sample at  each concentration on 
six different days (6). The absolute extraction recovery was studied by 
spiking U-85575 to control serum in three concentrations and extracting in 
triplicate based on the procedure previously described. The results were 

compared with unextracted external reference standards (in acetonitrile- 
water, 30:70, vhr) containing the corresponding concentrations. In all cases, 
the means, standard deviations (S.D.), and coefficients of variation (C.V.) 
were calculated. A pvalue of <0.05 was considered as significant in 

statistical analysis. 

RESULTS AND DISCUSSION 

HPLC Characterietics 

Initial evaluation of HPLC characteristics of U-85575 was carried out 

by using the conditions developed for U-82217 (4). However, U-85575 was 
eluted as a bmad peak with obvious tailing. By using a cyan0 reverse-phase 
column (250 x 4.6 mm ID, 5 pm particle size, Supelco Inc., Bellefonte, PA) 
with a mobile phase containing TEA, the peak shape of U-85575 improved 
dramatically. The optimal mobile phase for separation of U-85575 and IS 
was established by varying the concentrations of acetonitrile and TEA and 
was found to be acetonitrile-water (32:68) containing 0.2% TEA (pH of 
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Figure 2: Chromatograms after extraction of (a) a rat serum blank, (b) a 
serum blank fortified with 0.5 pglrnl each of U-85575 and IS, and (c) a 
serum sample collected 1 hour after a rat receiving 30 mgkg oral dose of 
U-85575 on day 8. 

6.5 f 0.05 adjusted by acetic acid). Under these conditions, the retention 
times for U-85575 and IS were 8.2 and 14.9 min, respectively. Figure 2 
shows the separation of U-85575 in rat serum using U-82217 as internal 
standard. 

Validation Results 

The low limit of quantitation (LOQ) was tested a t  concentrations of 5, 

10 and 50 ng/ml. The LOQ for U-85575 was found to be 50 ndml with 

acceptable precision and accuracy (<15%, n=6). U-85575 was not detectable 
at concentrations of 5 ng/ml, however, it could be detected following 

extraction at a concentration of 10 ng/ml, based on a signal-to-noise ratio of 
2. 
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U-85575 IN RAT SERUM 749 

Fortified serum standard curves showed good linear relationship 

between peak height ratios and concentrations from 50 nglml to 20 lg/ml for 

U-85575 with correlation coefficients greater than 0.998 as shown in 

Table 1. The intercept was found to be not significant (p>0.05) for each of 

the standard curves by the null hypothesis test. Thus, a forced through-the- 
origin model can be used for linear regression analysis. The slopes 

generated from the four calibration curves were not significantly (p>0.05) 

different. 

Excellent intra-assay (n=15) and inter-assay (n=18) precision ranging 
from 2.3 to 5.8% and 6.7 to 9.4%, respectively, was obtained at the three 

concentrations studied (Table 2). The accuracy ranged from -7.3 to 8.1%. 

The mean absolute extraction recoveries (mean f SD, n=3) a t  the 

three concentrations (0.1, 0.5, and 10 pg/ml) for U-85575 and at  1 Fglml for 
IS are listed in Table 3. The mean extraction recovery ranged from 91 to 
97% for U-85575 and was 93% for IS. Less than 70% extraction recovery 

was obtained for U-85575 in serum by using the SPE procedure previously 
developed for the IS (U-82217) (4). When using a phenyl SPE column 

instead of C,, column and eluting the compounds of interest with 300 p.l 
elution solvent of acetonitrile containing 0.1% TEA by gravity, the recovery 

of U-86575 increased to >go%. The recovery remained similar for IS. 

Comparing the extracts of control (drug free) rat serum, control rat 

serum fortified with U-85575 and IS, and a post-dose serum sample 

TABLE 1. 

Linear Regression of Fortified Serum Standard Curves 

Intercept Correlation 
Day Slope (x ld)  Coefficient 

1 0.2457 -0.0116 0.9997 

2 0.2593 -0.0231 0.9987 

3 0.2312 -0.7694 1 .oooo 
4 0.2398 -0.0216 0.9997 
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750 WILLLAMS AND ZHONG 

TABLE! 2 

Intra- and Inter-Assay Precision and Accuracy 

&ml Mean f SD Measured Precision Accuracy 
added (Mml) (%I (%I 

0.1 0.108 f 0.003 3.2 8.1 

1 0.940 f 0.054 5.8 -5.9 

(n=5) 10 9.995 f 0.227 2.3 -0.05 

Intra- 
Assay 

0.1 0.101 f 0.010 9.7 0.9 

1 0.927 f 0.068 7.4 -7.3 

(n=6) 10 9.721 f 0.650 6.7 -2.8 

Inter- 
Assay 

TABLE 3 

Absolute Extraction Recovery of U-85575 and IS 
~ 

Concentration Mean f SD (%I 
(Mml)  U-85575 b=3)  U-82217 (IS) b=9)  

0.1 91.5 f 8.5 

0.5 92.5 f 5.8 

1 93.4 f 12.7 

10 96.9 f 6.1 

collected from 14-day toxicity study with U-85575 in rats following the 
extraction procedures, no additional peaks that could interfere with the 
determination of U-85575 or IS were present (Figure 2). Several control rat 
=rum pools were tested and showed similar results, indicating the 

specificity of this method. 
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U-85575 IN RAT SERUM 75 1 

TABLE 4 

U-85575 Serum Concentrations for a 15-day Toxicity Study 

Treatment 
(m&) 

Mean f SD (n=5) (ndml) 

Day 1 Day 8 Day 15 

0 <LOD* <LOD CLOD 

3 68.0 f 15.6 42.2 f 17.2 93.1 f 44.1 

10 236.4 f 49.4 219.4 f 52.9 303.8 f 54.4 

30 458.4 f 123.6 634.2 f 176.7 1288.5 f 416.8 

':LOD=limit of detection (10 ng/ml) 

The analytical method described above has been applied for the 
determination of U-85575 concentrations in the serum for a preliminary 

15-day toxicity study. Twenty rats in four dose groups (vehicle, 3, 10, and 

30 mgAcg/day) received daily single oral administration of the vehicle or 

U-85575 solution. Five rats were sacrificed for blood samples 1 hr after 

dosing on days 1,8, and 15. Serum was obtained by centrifbgation and 
stored at -20°C until analysis. 

Table 4 lists the mean serum concentrations for this study. Serum 
samples collected h m  rats in the vehicle control group contained no 
detectable U-85575. At dose levels of 3 and 10 mgkg, there are no 

signi6cant differences in the serum concentration among days 1,8, and 15 

(p>O.O5). However, at 30 mgkg dose, U-85575 serum concentration 

significantly increased h m  day 1 to day 15, suggesting potential 
bioaccumulation of U-85575 in systemic circulation after 15 days daily 
dosing with a doae level of 30 m&. 

CONCLUSION 

An HPLC method for determination of U-85575 in rat serum has been 
developed. U-85575 in serum can be rapidly and reproducibly extracted by 
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752 WILLIAMS AND ZHONG 

using phenyl solid phase extraction columns with a minimum volume of 
organic solvent. Twelve serum samples can be extracted within 30 min. 
This method has proved to be suitable for use in toxicokinetic studies and 
appears to have excellent potential for other bioavailability and 

pharmacokinetic studies during preclinical development of this drug. 
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