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Abstract Highly specific and sensitive GLC methods were devel- 
oped for the determination of (6,7-dichloro-2-methyl-l-oxo-2-phe- 
nyl-5-indany1oxy)acetic acid, a novel saluretic-uricosuric agent, in 
biological fluids. The procedures involve the addition of an inter- 
nal standard, (6,7-dichloro-2-cyclopentyl-2-methyl-l-oxo-5-in- 
dany1oxy)acetic acid, to the biological specimens followed by ex- 
traction of the acids into benzene a t  pH 1. The indanones are back- 
extracted into sodium hydroxide and reextracted into methylene 
chloride under acidic conditions. The acids are subsequently con- 
verted to the methyl esters for GLC analysis by reaction with diazo- 
methane. The sensitivity of the method is such that 1.0 gg of mate- 
riallml of plasma can be analyzed using a flame-ionization detector. 
When the derivatized samples are analyzed using a 63Ni-electron- 
capture detector, the sensitivity is such that 2.5 ng of compound can 
be detected. These levels are suitable for the analysis of samples ob- 
tained following a therapeutic dose. A recovery of 98.8 f 11.9% was 
obtained using the election-capture method for plasma (n = 322). 
Recoveries using flame ionization were 99.1 f 4.4% (plasma, n = 207) 
and 99.8 f 4.9% (urine, n = 163). Quantitation of the major ring- 
hydroxylated metabolite (in chimpanzee and human) was accom- 
plished following silylation of the methyl esters. 
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(6,7-Dichloro - 2-methyl-l-oxo-2-phenyl-5-indanyl- 
oxy)acetic acid (I) is a new nonsulfonamide saluretic 
agent with polyvalent action, i .e.,  with uricosuric and 
antihypertensive activities as additional attributes. The 
synthesis of this material and other similar analogs was 
described recently (1-3). The compound has pro- 
nounced saluretic activity in rats, dogs, and chim- 
panzees (4,5). In the latter species, pronounced saluretic 
and uricosuric effects were found over a wide range of 
oral doses (5). The compound has significant antihy- 
pertensive effects in the renal hypertensive monkey and 
in the spontaneously hypertensive rat, the duration of 
this effect exceeding 24 hr in the latter species (4). 
Preliminary studies on the physiological disposition of 
this compound were described previously (6 ,7) .  

I 

This report describes highly specific and sensitive 
GLC methods for the determination of I using an in- 
ternal standard, (6,7-dichloro-2-cyclopentyl-2- 
methyl- 1 -oxo-5-indanyloxy)acetic acid (111, derivati- 
zation with diazomethane, and a flame-ionization or 
63Ni-electron-capture detector. Biological specimens 
from dogs, monkeys, chimpanzees, and humans were 
utilized to demonstrate the applicability of the assay 
procedures following pharmacological doses of I. Studies 
on the physiological disposition of the drug (6-8) indi- 
cated that the major metabolite in chimpanzees and 
humans is [6,7-dichloro-2-(4-hydroxyphenyl)-2- 
methyl-l-oxo-5-indanyloxy]acetic acid (111). During 
these studies, quantitative determinations were made 
on this metabolite following derivatization with diazo- 
methane and N,O- bis(trimethylsily1)acetamide. 

EXPERIMENTAL 

Reagents and Chemicala-The reagents and chemicals used were: 
~6,7-dichloro-2-methyl-l-oxo-2-phenyl-5-indanyloxy)acetic acid (I), 
the internal standard (6,7-dichloro-2-cyclopentyl-2-methyl-l-oxo- 
5-indany1oxy)acetic acid (II), pesticide grade benzene, methylene 
chloride, freshly prepared 0.5 M diazomethane, and N,O-bis(tri- 
methylsilyl)acetamidel in pyridine (2: 1). 

Instrumentation-GLC-Analyses during the past 2 years were 
carried out on three different gas chromatographs. A gas chromato- 
graph2 equipped with a flame-ionization detector and a 122-cm X 
4-mm (i.d.) glass column packed with 3% OV-2103 was employed. 
Helium was used as the carrier gas a t  a flow rate of 48 ml/min. A gas 
chromatograph4 equipped with a e3Ni-electron-capture detector and 
a 122-cm X 4-mm (i.d,) glass column containing 3% OV-210 was used 
in the isothermal (264O) electron-capture analysis of I and 111. Ni- 
trogen was used as the carrier gas a t  a flow rate of 80 ml/min. A gas 
chromatograph6 equipped with a flame-ionization detector and a 
R"Ni-electron-capture detector was also utilized. The injection port 
and detector temperatures were 10-30° higher than the column 
temperatures. 

CLC-Mass Spectrometry-All mass spectra were obtained on a 
mass spectrometere using a GLC inlet. A 122-cm X 3-mm (i.d.) glass 
column packed with 3% OV-210 was used. The gas chromatograph 
was operated isothermally a t  260' with a helium flow rate of 30 ml/ 
min. The maas spectrometer ionizing and accelerating potentials were 
70 ev and 3.5 kv, respectively. The source, separator, and injection 
port temperatures were 270, 266, and 260°, respectively. 

Measurement of I in Biological Sampler-The concentration 
of I was determined in biological specimens as follows. To 1.0 ml of 
plasma (or an appropriate aliquot of urine) in a 50-ml glass-stoppered 
centrifuge tube were added 10.0 wg of I1 in 1 ml of pH 7 phosphate 
buffer, 1 ml of 2 N HC1, and 26 ml of reagent grade benzene. The tube 
was shaken for 10 min and centrifuged, and at  least 20 ml of the or- 
ganic phase was transferred to a similar tube containing 2 ml of 0.1 
N NaOH. After the tube was shaken for 5 min, it was centrifuged and 
the organic phase was removed by aspiration. 

111 

I Aldrich Chemical Co. 
Hewlett-Packard model 5750. .' Applied Science Laboratories; 100-120-meah Gas Chrom Q. 
Packard model 7400. 
Hewlett-Packard model 5830A. 
LKR-9000S. 
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Figure 1-Gas chromatograms of: (a) control chimpanzee plasma, 
(b) chimpanzee plasma obtained 40 min after dosing, and (c) I (10 
p g )  and I1 (10 pg) added to control chimpanzee plasma. All samples 
were carried through the flame-ionization detection method. Five 
microliters was injected out of a 100-pl final uolume. 

The pH of the aqueous phase was adjusted to 1 by the addition of 
0.2 ml of 2 N HCI, and the free acids were extracted into 5 ml of 
methylene chloride (vortex, 1 rnin). After centrifugation, the meth- 
ylene chloride phase was transferred to a 13-ml centrifuge tube and 
reacted with 100 pl of ethereal diazomethane. The contents of the tube 
were evaporated to dryness under nitrogen in a warm water bath 
(-50°), the residue was then dissolved in 50 p1 of ethyl acetate, and 
appropriate aliquots (2-5 pl) were injected into the gas chromato- 
graph. At a column temperature of 250°, I and I1 exhibited retention 
times of 2.8 and 2.0 rnin as the methyl esters, respectively. Over 6 
months, the retention times of the compounds decreased slightly due 
to slight losses of the liquid phase at the high temperatures. 

Standard plasma and urine curves were constructed by plotting the 
peak height ratios (I/II) uersus weight ratios (I/II). A linear rela- 
tionship was obtained in the lL6O-pg range. The peak height ratio of 
an unknown sample was then used to determine the amount of I 

Table I-Recovery of I from Plasma and Urine Using 
Flame-Ionization Detection Method 

Amount Recovered0 
~~ 

I Plasma Urine 
Added, 

f ig  n Mean+ SD n Mean c SD 

60.0 A 12 60.2 f 0.75 8 59.1 c 2.32 

50.0 A 19 50.1 i. 1.13 15 50.2 * 0.84 
B 100.3 i 1.3 98.5 f 3.8 

B 100.1 f 2.2 100.5 f 1.7 
40.0 A 24 40.6 c 1.07 16 40.5 f 0.89 

30.0 A 25 30.0 f 0.70 18 30.2f  1.00 

20.0 A 27 19.9 c 0.77 18 20.0 t 0.39 

10.0 A 29 9.8 f 0.38 27 1 0 . 0 ~  0.42 

B 101.5 f 2.7 101.5 * 2.2 

B 100.0 f 2.3 100.6 f 3.3 

B 99.9 f 3.8 99.9 f 1.9 

B 98.3 ~t 3.8 100.2 f 4.2 ~ 

5.0 A 31 4.9 f 0.22 26 5.0 f 0.25 

2.5 A 26 2.4 f 0.13 21 2.5 f 0.14 

1.0 A 14 1.0* 0.09 14 1.0 f 0.10 

B 98.1 i 4.4 100.3 c 4.9 

B 97.6 5 5.3 98.5 f 5.6 

B 96.6* 9.1 96.6 f 11.0 
1-60 B 207 99.1 c 4.4 163 99.8 f 4.9 

aValues in A rows represent micrograms recovered; values in B 
rows represent percent recovery. 
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Figure %-Gas chromatograms of: (a) control chimpanzee urine, (b) 
chimpanzee urine obtained 30 rnin postadministration, and (c) I (20 
pg) and II (10 pg) added to control urine. Samples were carried 
through the flame-ionization detection method. Fiue microliters was 
injected out of 50-100 p l  of final volume. 

present. The standard samples were run concurrently with the un- 
known samples as previously described. 

The electron-capture method of analysis was employed when in- 
creased sensitivity was required. The procedure was similar to that 
described for flame-ionization detection. The minor changes were: 
( a )  25 ng of internal standard was added rather than 10 pg of 11, and 
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Figure 3-Gas chromatograms of: (a) I ,  III, and II added to control 
urine in  a 2:2:1 ratio and carried through the electron-capture 
method;and (b) chimpanzee urine (1-2 hr).  Fiue microliters out of 
100 ~1 was injected and analyzed with the fi3Ni-detector. 
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Figure 4-Human plasma levels of I ,  LIZ, and total radioactivity 
(calculated as Z equiualents). Key: 0,  radioactivity; X, I ;  and A, 
I I I .  

samples using flame-ionization detection: (a) control chimpanzee 
plasma, ( b )  chimpanzee plasma obtained 40 min after dosing, and ( c )  
I and I1 added to control chimpanzee plasma. Figure 2 presents gas 
chromatograms (flame-ionization detection) of ( a )  control chim- 
panzee urine, ( b )  chimpanzee urine obtained 30 min postadminis- 
tration, and ( c )  I and I1 added to control urine. 

All samples were carried through the described procedure. As in- 
dicated in Figs. la and 2a, no interfering peaks were obtained from 
the control plasma or urine specimens. The methyl ester of I exhibited 
a retention time of 2.8 min, and the corresponding internal standard 
had a retention time of 2.0 min. A linear relationship was observed 
when peak height (or peak area) was plotted versus amount of I in- 
jected. A typical standard ratio curve was obtained after various 
amounts of I (1.0-50.0 fig) and I1 (10 fig) were carried through the 
entire procedure. 

A summary of the results obtained following analysis of various 
amounts of I in control plasma or urine from rat, dog, chimpanzee, 
monkey, or human studies is presented in Table I. All analyses were 
performed using the flame-ionization detector over 1 year. In the 
140-fig range, the mean recovery of I from control plasma was 99.1 
f 4.4% ( n  = 207); the recovery from urine was 99.8 f 4.9% ( n  = 163). 
As is evident, the GLC method for I in biological fluids is sensitive and 
exhibits a high degree of accuracy and precision. Typical levels of I 
in monkey plasma following oral or intravenous administration of I 
at  a dose of 2.5 mg/kg are seen in Table 11. 

The electron-capture method of detection was required for samples 
that were too low for detection with the flame-ionization detector 
(Table 11). Table 111 summarizes the results obtained following elec- 
tron-capture analysis of various amounts of I (2.5-100 ng) added to 
plasma. The mean recovery ( n  = 322) of I from control plasma (dog, 
monkey, human, and rat) in the 2.5-100-ng range was 98.8 f 11.9%. 
The electron-capture GLC method is extremely sensitive and exhibits 
a high degree of accuracy and precision over the entire range. Typical 
values obtained in monkeys and humans are seen in Tables I1 and IV, 
respectively. 

The analysis of I11 by the electron-capture procedure gave a re- 
covery of 98.3 f 6.5% ( n  = 62) in the 5-5000-ng range. A typical gas 
chromatogram is shown in Fig. 3. Recovery of I and I11 from the same 

Table V-Comparison of the Mass Spectra of Isolated I and 
I11 with the Spectra of Authentic I and IIIa 

Relative Abundance,  % 

- - 3 7 8  100 100 
363 68 7 0  

11 11 301 
466  
4 5 1  
393 

- - 
- - 
100 100 

2 2  23  
7 1 2  

- - 
- - 
- - 

“ I  was analyzed as the methyl ester; 111 was analyzed ,+ the 
methyl ester-silyl ether. In both cases, the molecular ion was the 
base peak. bSpectra were obtained from the material present in bio- 
logical specimens at retention times corresponding to  authentic I 
and 111. CSpectra were obtained from authentic I and 111 carried 
through the procedure. 

tube a t  a 2:l ratio is seen in Fig. 3a. Figure 36 shows the response 
obtained followihg analysis of chimpanzee urine (1-2 hr). 

Human plasma levels of I and I11 are presented in Fig. 4. As indi- 
cated, the plasma half-life of total radioactivity (calculated as nano- 
gram equivalents of I per milliliter) was about 7 hr. The initial phase 
of the I elimination curve indicated an apparent t 1 / Z n  of 5.5 hr; the I11 
value gave an apparent plasma half-life of 8.4 hr. Peak levels of drug 
and radioactivity occurred about 1 hr after oral administration of 
drug. Essentially, all plasma radioactivity was accounted for as I and 
111. 

Confirmation of the specificity of analysis was obtained when 
representative unknown biological specimens were analyzed by 
combined GLC-mass spectrometry, using the technique described 
previously. The spectra obtained from analysis of the GLC peaks 
corresponding to I and 111 (from an unknown biological sample) were 
identical to those obtained when authentic I and 111 were carried 
through the entire procedure. Details of the fragmentation pattern 
for these compounds were reported previously (8). A comparison of 
the relative abundance of the major ions (110%) for I and 111 with 
authentic I and I11 is presented in Table V. 
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