
Journal of Chromatography, 583 (1992) 274-279 
Biomedical Applications 
Elsevier Science Publishers B.V., Amsterdam 

CHROMBIO. 6582 

Short Communication 

High-performance liquid chromatographic determination 
of BRB-I-28, a novel antiarrhythmic agent, in dog plasma 
and urine 

C. L. Chen,  B. A. Lesseley,  C. R. Clarke, J. D .  Roder and S. Sangiah 
Department of Physiological Sciences, Oklahoma State University, Stillwater, OK 74078 (USA) 

K. D.  Berlin and G. L. Garrison 
Department of Chemistry, Oklahoma State University, Stillwater, OK 74078 (USA) 

B. J. Scherlag, R. Lazzara and E. Patterson 
Department of Medicine, OHSC, and the V.A. Medical Center, 921 N.E. 13th Street, Oklahoma City, OK 73104 (USA) 

(First received July 22nd, 1992; revised manuscript received September 18th, 1992) 

ABSTRACT 

A sensitive reversed-phase high-performance liquid chromatographic (HPLC) technique with ultraviolet detection has been devel- 
oped to determine the concentration of BRB-I-28 (I), a novel antiarrhythmic agent, in dog plasma and urine. The mobile phase was 
acetonitrile-methanol -37.5 mM phosphate buffer, pH 6.8-triethylamine (50:50:75:0.1, v/v). The compound was extracted from dog 
plasma and urine with chloroform after alkalinization with sodium hydroxide. The extraction recovery was 83% from plasma and 84% 
from urine. Good linearity (r > 0.996) was observed throughout the ranges 0.1 12.0/~g/ml (plasma) and 0.1-8.0 #g/ml (urine). Intra- 
and inter-assay variabilities were less than 4%. The lower limit of quantitation was 0.08/~g/ml in either plasma or urine. HPLC analysis 
of plasma and urine samples from a dog treated with I has demonstrated that the method was accurate and reproducible. 

INTRODUCTION 

BRB-I-28 (7-benzyl-7-aza-3-thiabicyclo[3.3.1]- 
nonane • HC104, I) has been shown to possess 
effective antiarrhythmic properties [1,2] and ex- 
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hibit electrophysiological properties typical of  
class Ib antiarrhythmic drugs [3]. The basis of  
some electrophysiological effects of antiarrhyth- 
mic properties of I could possibily be due to its 
inhibitory effects on myocardial Na +,K+-ATP - 
ase and Mg z+-ATPase activities [4]. 

The pharmacokinetic and tissue distribution 
profiles of  I in rats have been characterized using 
a radioisotope technique [5]. However, this meth- 
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od cannot be used to accurately determine the 
amount of I in biological fluids, because it mea- 
sures the total amount of  both parent compound 
and its metabolites. There are no other analytical 
methods currently available for this analysis. 
This paper describes a rapid, selective and sensi- 
tive high-performance liquid chromatographic 
(HPLC) technique for the determination of this 
compound in biological fluids, including plasma 
and urine. Using this method, pharmacokinetic 
profiles and metabolites of I in dogs are being 
characterized. 

EXPERIMENTAL 

Chemicals 
All the reagents used in this study were HPLC 

grade, and deionized, distilled water obtained 
from a Milli-Q water purification system (Milli- 
pore, Marlborough, MA, USA) was used 
throughout. Acetonitrile, methanol, chloroform 
and potassium phosphate monobasic were ob- 
tained from Fisher (Fair Lawn, N J, USA) and 
Ionate triethylamine was from Pierce (Rockford, 
IL, USA). I and SAZ-VI1-23, 3-(4-chloro- 
benzoyl) -7- isopropyl-3 ,7-diazabicyclo[3 .3 .1]  
nonane • HC104 (II, the internal standard) were 
synthesized via a type of Mannich reaction start- 
ing from 4-thianone [1]. 

HPLC analysis 
The HPLC system consisted of a Waters 501 

HPLC pump, a Waters U6K universal liquid 
chromatography injector with a 2-ml injection 
loop, a Model 484 tunable absorbance detector 
controlled by a Baseline 810 chromatography 
workstation with a NEC PowerMate SX plus 
computer and a NEC Pinwriter P5200 (Milli- 
pore, Milford, MA, USA). A 250 mm x 4.6 mm 
I.D. Ultramex 5 C6 (5 #m) column and a 30 mm 
× 4.6 mm I.D. Ultramex 5 C6 guard column (5 

#m) were purchased from Phenomenex (Tor- 
rance, CA, USA). The mobile phase was aceto- 
nitrile-methanol-37.5 m M  phosphate buffer, pH 
6.8-triethylamine (50:50:75:0.1, v/v). The mobile 
phase was filtered through a 0.5-#m Millipore fil- 
ter and degassed before use. The column was 

eluted under isocratic conditions utilizing a flow- 
rate of 1.2 ml/min at ambient temperature. The 
detection wavelength for I was 261 nm. 

Extraction of I from dog plasma and urine 
For the determination of I, compound II was 

used as the internal standard. To 250 #1 of dog 
plasma, 25 #1 of  10 #g/ml internal standard were 
added. After alkalinization with 100 #1 of 5 M 
sodium hydroxide, 5 ml of  chloroform were add- 
ed, and the mixture was mixed for 3 min. Follow- 
ing centrifugation (1000 g, 10 min), the organic 
phase was transferred into a clean test tube. The 
supernatant was re-extracted with 1 ml of  chloro- 
form. The combined chloroform extracts were 
evaporated to dryness under a stream of nitro- 
gen. The residue was reconstituted in 50 #1 of 
methanol, and 35 #1 of this solution were injected 
for HPLC analysis. Extraction of  I from urine 
was similar to that from plasma, except 0.5 ml of  
dog urine was used and diluted with 4 ml of water 
before extraction. 

Extraction recovery 
The samples (n = 5) were prepared to give fi- 

nal concentrations of  1 and 4 #g/ml in plasma 
and urine, respectively. Using the extraction pro- 
cedure, the samples were extracted in the absence 
of  the internal standard. The organic layer was 
evaporated, and the residues were reconstituted 
in methanol. The ratio of  the peak area of I ex- 
tracted to that of  unextracted equivalent concen- 
trations of drug under identical chromatographic 
conditions was calculated as extraction recovery. 

Calibration curves 
Various concentrations of I were freshly pre- 

pared in methanol prior to each assay. A cali- 
bration curve was generated to confirm the linear 
relationship between the peak-area ratio and the 
concentration of  the drug in the samples. Appro- 
priate amounts of  standards of I were added to 
give concentrations from 0.1 to 12.0 #g/ml in 
plasma and from 0.1 to 8.0 #g/ml in urine. The 
compounds were stable in methanol at 4°C for at 
least one month. Plasma and urine samples with 
known concentrations of  I were extracted as pre- 
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viously described, and standard curves were gen- 
erated by plotting peak-area ratios (drug/internal 
standard) agianst drug concentrations tested. 
Each standard curve was replicated five times. 
Linear regression analysis of  the standard curve 
was performed using computer program 
PHARM/PCS [6]. 

Intra- and inter-assay accuracy and precision 
To determine the intra-assay accuracy and pre- 

cision, I and its internal standard were added to 
plasma and urine (n = 6), and the concentrations 
were calculated using a standard curve. The per- 
centage of the mean concentration determined 
over the mean concentration added was taken as 
the accuracy of the method. Inter-assay accuracy 
and precision were determined similarly over six 
consecutive days. Precision was estimated by de- 
termining the inter-assay coefficient of variation 
(c.v.) 

RESULTS AND DISCUSSION 

Chromatographic separation 
Several combinations of  acetonitrile, metha- 

nol, buffer (with different pH) and triethylamine 
were evaluated as possible mobile phases. It was 
determined that the combination described in 
this method was found to be the most suitable for 
separating I. Varying proportions of  triethyl- 
amine in the mobile phase changed both the re- 
tention time and the sharpness of the peak of 
compound I. The pH of the mobile phase was a 
very important factor influencing the elution of I. 
Decreasing the mobile phase pH shortened the 
retention time of  I; however, there was a concom- 
itant decrease in sensitivity. Neither acetonitrile 
nor methanol alone was suitable as the strong 
solvent. 

The chromatographic behavior of  I in the new 
Ultremax C6 column was unique. Several pur- 
chased columns with supposedly the same mate- 
rials gave erratic results. A new column did not 
provide acceptable separation of I. We consis- 
tently obtained a symmetric peak with a pro- 
longed leading shoulder peak and low sensitivity 
with each of  three new columns. The retention 

time of I increased after preconditioning the col- 
umn with 10 1 of mobile phase. The sensitivity 
reached a maximum and a symmetrically sharp 
peak appeared with a retention time of more than 
12 min. Only this column was used to assay I in 
the biological fluids. Therefore, precaution 
should be taken in interpreting the results when a 
new column is used to separate I. The reason for 
the variation in column performance is un- 
known. 

Extraction 
The use of  trichloroacetic acid (TCA) to pre- 

cipitate proteins decreased the absolute recovery. 
This may be caused by decomposition of I. The 
use of  chloroform to precipitate proteins and to 
extract compound I directly from plasma offered 
distinct advantage in that fewer pollutant peaks 
were found. Anticoagulators, such as EDTA and 
heparin, did not affect the extraction recovery. It 
was necessary to dilute the urine before extrac- 
tion, because this procedure could reduce accu- 
mulation of  pollutants on the column. Extraction 
recoveries were 83% from plasma and 84% from 
urine. 

Standard curves 
Five consecutive standard curves for pure I 

analyzed on separate days demonstrated a linear 
relationship between concentration and peak 
area. The standard curves obtained from extrac- 
tion of  dog plasma and urine containing known 
amounts of I were linear (r > 0.996) over the 
concentration ranges tested. The C.V. was be- 
tween 1 and 17%. The regression equations were: 
y = -0 .0218 + 10.37x for plasma and y = 
0.0100 + 5.855x for urine, where y is drug recov- 
ered in #g/ml, and x is peak-area ratio (drug/in- 
ternal standard). The lower limit of quantitation 
of I was 0.08/~g/ml for either plasma or urine. 

Precision and accuracy 
The results obtained indicate that the intra- 

and inter-assay C.V. in plasma and urine were 
less than 4%. Accuracy of this method was 96- 
101%. 



C. L. Chen et al. / J. Chromatogr. 583 (1992) 274-279 277 

2 .OO - 

1 .  O0 ' 

,n 

-6 
> O.  O 0  

- 1  . O 0  

-2. O0 

a 

M I N  

.00 - 

t . 0 0  

0 
.-> 0, O0 

- - 1  .00 - 

- 2 .  O 0  • 

b 

| 
5. I jO 

MIN 

2 

Fig. I. HPLC profile of  (a) control plasma and (b) plasma sample 5 rain after an intravenous dose of 10 mg/kg I. See Experimental for 
chromatographic conditions. Peaks: 1 = If, internal standard; 2 = I. The estimated concentration of I was 3.6 #g/ml. 

Applications to dog samples 
Compound I, dissolved in ethanol (50%), was 

administered intravenously to an adult, male and 
healthy mongrel dog at a dose of  10 mg/kg. 
Blood samples (ca. 5 ml) were collected by vein- 
puncture. The samples were heparinized and cen- 
trifuged. The plasma fractions were stored at 
- 2 0 ° C  until analyzed, Urine was collected by 
catheter and stored at - 20°C until analyzed. The 
plasma and urine samples were stable, even at 

4°C, for one month. The internal standard (I1) 
was added to the dog plasma and urine samples, 
and samples were extracted as previously de- 
scribed, Representative HPLC profiles of  the 
plasma and urine samples of a dog given I (10 
mg/kg) intravenously are shown in Figs. 1 and 2. 

The plasma concentration-time profiles of I in 
one dog given an intravenous dose of  10 mg/kg 
are shown in Fig. 3. 

The results show that the HPLC method de- 
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Fig. 2. HPLC profile of (a) control urine and (b) a urine sample ! h after an intravenous dose of 10 mg/kg I. See Experimental for 

chromatographic conditions. Peaks: 1 = II, internal standard; 2 = I. Arrows show possible metabolites. The estimated concentration 

of 1 was 11.5 #g/ml. 
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Fig. 3. Plasma concentration profile of I after an intravenous 

dose of 10 mg/kg in one dog. 

scribed is suitable for pharmacokinetic studies of 
this novel antiarrhythmic agent. Studies of the 
pharmacokinetic and metabolic profiles of I in 
dogs are in progress. 

ACKNOWLEDGEMENTS 

This study was supported by an OCAST (Ok- 
lahoma Council of the Advancement for Science 
and Technology)/Presbyterian Applied Research 
grant, the College of Art and Sciences, the Col- 
lege of Veterinary Medicine, Oklahoma State 
University and the OSU Foundation. 



C. L. Chen et al. / J. Chromatogr. 583 (1992) 274-279 279 

REFERENCES 

1 B. R. Bailey, K. D. Berlin, E. M. Holt, B. J. Scherlag, R. 
Lazzara, J. Brachmann, D. Van der Helm, D. R. Powell, N. 
S. Pantaleo and P. C. Ruenitz, J. Med. Chem., 27 (1984) 758. 

2 B. J. Scherlag, E. Patterson, R. Lazzara, B. R. Baily, M. D. 
Thompson and K. D. Berlin, J. Electrophysiol., 2 (1988) 461. 

3 E. Patterson, B. J. Scherlag, K. D. Berlin and R. Lazzara, J. 
Pharmacol. Exp. Ther.. 259 (1991) 558. 

4 C. L. Chen, S. Sangiah, K. D. Berlin, G. L. Garrison, W. 
Dunn, Y. Nan, B. J. Scherlag, R. Lazzara and E. Patterson, 
FASEB J., 6 (1992) Abstracts, Part II, No. 5363. 

5 F. K. Alavi, C. R. Clarke, S. Sangiah, K. D. Berlin, S. A. 
Zisman, C. L. Chen, G. L. Garrison, B. J. Scherlag and R. 
Lazzara, Drug Invest., 3 (1991) 317. 

6 R. J. Tallarida and M. B. Murray, in R. J. Tallarida and M. 
B. Marray (Editors), Manual of  Pharmacologic. Calculations 
with Computer Programs, Springer Verlag, New York, 1986, 
p. 10. 


