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GAS CHROMATOGRAPHIC AND MASS SPECTROMETRIC ANALYSIS
OF BILE ACIDS AS TRIFLUOROACETYL-HEXAFLUOROISOPROPYL
AND HEPTAFLUOROBUTYRYL DERIVATIVES

RUDOLFEDENHARDER*andJANASLEMR

Institute of Hygiene, University of Mainz, Hochhaus am Augustusplatz, D-6500 Mainz
(G.F.R.)

(First received April 3rd, 1980; revised manuscript received August 4th, 1980)

SUMMARY

The gas chromatographic retention times on QF-1 of 38 bile acids in the form of their
trifluoroacetyl-hexafluoroisopropyl (TFA-HFIP), trifluoroacetyl-methyl, and heptafluoro
butyryl derivatives are given. In general hexafluoroisopropyl ester trifluoroacetates proved
superior with regard to simplicity of preparation, absence of artifacts, and resolution on
QF-l. The main disadvantages of heptafluorobutyrates were the production of artifacts
with some ketonic bile acids and the impossibility of separating any of the dihydroxy
bile acids with substituents in the 3,6- and 3,7-positions. Mass spectra of TFA-HFIP deriv
atives were recorded with both direct and gas chromatographic inlet systems. The spectra
of these derivatives are easily comparable with those of methyl ester trifluoroacetates
and they enable the identification of positional isomers.

INTRODUCTION

For gas chromatographic (GC) analysis bile acids are usually converted
into methyl esters, methyl ester trimethylsilyl (TMS) or trifluoroacetyl (TFA)
derivatives [1-6]. Among other derivatives only methyl ester acetates have
gained any importance, because of their superior stability [7, 8]. Recently,
however, the GC analysis of bile acids as hexafluoroisopropyl (HFIP) ester
trifluoroacetyl derivatives [9] and most recently as heptafluorobutyrates
(HFB) [10] has been proposed, mainly on the grounds of superior derivatiza
tion techniques and increased sensitivity by electron-capture detection. We
checked the suitability of these new procedures for routine assays, and also
the resolution on QF-1, which is the most promising liquid phase [5] for
separation of these compounds. Furthermore we used TFA-HFIP derivatives
of bile acids for combined gas chromatography-mass spectrometry (GC
MS) and compared their fragmentation patterns with those of methyl ester
trifluoroacetates [11].

0378-4347/81/0000-0000/$02.50 © 1981 Elsevier Scientific Publishing Company
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EXPERIMENTAL

Materials
5{3-Cholanoic acid, lithocholic acid (3a-hydroxy-5{3-cholanoic acid), hyode

oxycholic acid (3a,6a-dihydroxy-5{3-cholanoic acid), and 3a,7a-dihydroxy
12-keto-5{3-cholanoic acid were obtained from Roth (Karlsruhe, G.F.R.),
and deoxycholic acid (3a,12a-dihydroxy-5{3-cholanoic acid), cholic acid
(3a,7a,12a-trihydroxy-5{3-cholanoic acid), dehydrocholic acid (3,7,12-triketo
5{3-cholanoic acid), and cholesterol from Merck (Darmstadt, G.F.R.). Ursode
oxycholic acid (3a,7{3-dihydroxy-5{3-cholanoic acid) was purchased from
Shuchardt (Munich, G.F.R.), while chenodeoxycholic acid (3a,7a-dihydroxy
5{3-cholanoic acid), 7a,12a-, and 3-keto-7a,12a-dihydroxy-5{3-cholanoic acids
were supplied by Calbiochem (Giessen, G.F.R.). Hyocholic acid (3a,6a,7a
trihydroxy-5{3-cholanoic acid) was from Serva (Heidelberg, G.F.R.), 3{3-hy
droxy-5a-, 3{3-hydroxy-3-keto-, 3a,6{3-dihydroxy-, 3a-hydroxy-6-keto-, 3a
hydroxy-7-keto-, 3a-hydroxy-12-keto-, 3,6-diketo-, 3,7-diketo-, 3,12-diketo-,
7,12-diketo-, 3a,12a-dihydroxy-7-keto-5{3-cholanoic acids and 3{3-hydroxy
~ s-cholenoic acid, and 3a-hydroxy-12-keto-~9( 1l)-5{3-cholenoic acid were
obtained from Steraloids (Pawling, NY, U.S.A.) and 3a-hydroxy-6-keto
5a- and 3,6-diketo-5a-~holanoic acids from Makor (Jerusalem, Israel). 3a
Hydroxy-7,12-diketo-5{3-cholanoic acid and apocholic acid (3a,12a-dihydroxy
~ 8( 14)-5{3-cholenoic acid) were available in the laboratory from previous studies.
3{3,7a-Dihydroxy- and 3,7-diketo-12a-hydroxy-5{3-cholanoyl methyl esters
were generous gifts from Dr. J. Sjovall (Stockholm, Sweden), 3{3,12a-dihy
droxy-, 3-keto-7{3-hydroxy-, and 3-keto-12a-hydroxy-5{3-cholanoyl methyl
esters were from Dr. P. Szczepanik (Argonne, IL, U.S.A.), and 3-keto-7a
hydroxy-5{3- and 3a,7a,12a-trihydroxy-5a-cholanoyl methyl esters from
Dr. W.H. Elliott (St. Louis, MO, U.S.A.). Trifluoroacetic anhydride and hexa
fluoroisopropanol were supplied from Merck-Shuchardt (Munich, G.F.R.),
QF-1 phase was from Serva.

Gas chromatography and gas chromatography-mass spectrometry
A Varian Model 1700 gas chromatograph equipped with dual flame-ionisa

tion detectors and silanized glass columns (1.8 m x3 mm LD.) packed with
3% QF-1 on Chromosorb W AW DMCS (100-200 mesh) were used for all
determinations. The operating conditions were: injection temperature 2400 C,
column temperature 2300 C, detector temperature 3000 C, nitrogen flow-rate
30 ml/min. For GC-MS analysis an instrument combination, consisting of a
Varian Model 1700 gas chromatograph with a two-stage helium separator by
Biemann-Watson, a Varian MAT mass spectrometer, Model CH 7A, and a
Varian Spectro System 100 data system were used. Helium was substituted
for nitrogen. The operating conditions were: separator temperature 2200 C,
accelerating voltage 3 kV, electron energy 70 eV, trap current 60 J1A, and
the ion-source temperature 1800 C. Mass spectra of bile acid TFA-HFIP deriv
atives were obtained mostly with both direct and gas chromatographic inlet
systems.
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Derivatization procedures
Bile acid TFA-HFIP derivatives were prepared by dissolving each bile acid

in 300 MI of a mixture of 200 MI of trifluoroacetic anhydride and 100 MI of
hexafluoroisopropanol [9]. The mixture was incubated at 37° C for 30 min,
evaporated under reduced pressure at room temperature and the dry residue
dissolved in about 200 MI of acetonitrile. Aliquots of this solution were sub
jected to GC or GC-MS. Substances available as methyl esters only were
first saponified with methanolic KOH, acidified with HCI, and extracted
with diethyl ether (five times). Bile acid TFA.methyl derivatives were prepared
in two steps. First methyl esters were prepared by the reaction of the
acid, dissolved in diethyl ether-methanol (9:1), with diazomethane in an
ethereal solution added in excess. Trifluoroacetates were obtained by dis
solving the methyl ester in trifluoroacetic anhydride and subsequent treat
ment at 37° C for 30 min. Excess reagent was evaporated under reduced pres
sure and the residue dissolved in acetonitrile. Bile acid HFB derivatives were
prepared according to the method of Musial and Williams [10].

RESULTS

Gas chromatography
Table I summarizes the relative retention times (RRT) of 38 bile acids,

tested as trifluoroacetates of hexafluoroisopropyl or methyl esters and as
heptafluorobutyrates. The retention behaviour was characterized by RRT,
to allow direct comparison of the values obtained with previous data. All
but four bile acids were 5t3-cholanoic acids. Separation of the 50: and 513 epi
mers was impossible for the 3,6-diketo-cholanoic acid because of poor resolu
tion. The epimeric 30:-hydroxy-6-keto-cholanoic acids, however, could be
separated as TFA-HFIP or HFB derivatives. 30:-Hydroxy-6-keto-50:-cholanoic
acid was another rare exception from the general rule [5] that selective phases
such as QF-1 retain the 50:-cholanoates longer than the corresponding 513
cholanoates. It should be stressed that all dihydroxy bile acids with substi
tuents in the 3,6- and 3,7-positions, isomers and epimers alike, were indis
tinguishable when analyzed as heptafluorobutyrates. However, separation
of bile acids with epimeric hydroxyl functions as HFB derivatives was not
impossible, as can be seen from 30:,120:- and 3t3,120:-dihydroxy-5t3-cholanoic
acids.

The long retention times of ketonic acids are characteristic for the QF-1
phase. Most of them may be separated as esters or heptafluorobutyric anhy
drides. It is of particular value that all ketonic bile acids tested were resolved
as TFA-HFIP derivatives. As HFB or TFA-methyl derivatives, however, the
two monoketo oxidation products of deoxycholic acid could not be separated,
whereas the oxidation products of cholic acid with one keto group at carbon
3 or 12 were inseparable as methyl ester trifluoroacetates.

A few hydroxy bile acids [30:-hydroxy- and 3t3-hydroxy-, 30:,60:- and 30:,
7t3-dihydroxy-cholanoic acids, and 313,120:-dihydroxy-cholanoic acid and
30:,120:-dihydroxy-~8(14L5t3-cholenoicacid (apocholic acid)] were not re
solved by any of the three methods, but most other bile acids were resolved
well. Hyocholic acid could not be analyzed as the TFA or HFB derivative
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TABLE I

RELATIVE RETENTION TIMES OF BILE ACID HEXAFLUOROISOPROPYL AND
METHYL ESTER TRIFLUOROACETATES AND OF HEPTAFLUOROBUTYRATES
ON 3% QF-1 AT 230°C

All relative retention times are referred to the corresponding deoxycholate' derivatives.
Mean absolute elution times were: TFA-HFIP derivative 642 sec; TFA-methyl derivative
1007 sec; HFB derivative 811 sec. The deoxycholate derivative was injected simultaneously
with each of the esters. All data tabulated are mean values from 5~6 estimations. Mean
standard deviation was 0.003 up to RRT = 1.00, 0.015 up to RRT = 2.5, 0.025 up to
RRT = 5.0 and 0.04 for higher RRT values.

Component* Relative retention time

TFA-HFIP TFA-methyl HFB

Cholesterol 0.49 0.32 0.47

Cholanoic 0.20 0.25 0.19

30< 0.60 0.69** 0.54
3{3 0.59 0.68** 0.56
3{3-c. s 0.66 0.73 0.66
3£3,C. s-22,23-bisnor 0.35 0.36 ***
5a,3f3 0.74 0.81 0.73

3a,6a 1.48 1.37** 1.22
3a,6{3 1.38 1.24 1.21
3{3,7a 1.05 1.02** 1.25
3a,7a 1.29 1.22** 1.21
3a,7{3 1.49 1.40 1.20
3{3,12a 0.86 0.88 0.76
3a,12a 1.00 1.00 1.00
7a,120< 0.62 0.63** 0.60
3a,12a,c. '(14) 0.86 0.85 0.85

3-keto 1.37 1.49 1.19

30<,6-keto 2.69 2.69 2.33§
3a,7-keto 2.30 2.24**' 1.93§
3a,12-keto 1.93 2.03** 1.68
3-keto,7a 2.62 2.37**·§ 2.10
3-keto,7{3 2.74 2.84 2.32
3-keto,12a 2.07 2.00** 1.66
3a,12-keto,c. '(11) 2.12 2.55§ 1.82
5a-3a,6-keto 2.46 2.63 2.01 §

3,6-diketo 5.89 5.96 4.99
3,7-diketo 4.01 4.34 3.40
3,12-diketo 3.63 4.29 3.10
7,12-diketo 1.72 2.18 1.46
50<-3,6-diketo 5.91 6.06 5.08

3a,60<,7a 2.00§ (2.69) 1.84§ § 2.31 § §
3a,7a,12a 2.22 1.90** 2.58
5a-3a,7a,12<> 2.44 2.02** 2.80



TABLE I (continued)

Component* Relative retention time

TFA-HFIP TFA-methyl HFB

30<,70< ,12-keto 3.77 3.56** 3.31
30<,120<,7-keto 3.28 2.93** 3.02§
3-keto,70<,120< 4.30 3.59** 3.71 §

30<,7,12-diketo 5.50 6.35 4.70
3,7-diketo,120< 5.16 5.28 3.96§

3,7, 12-triketo 8.24 9.70 6.89

5

*The cholanoic acids are identified by the location (3, 6, 7 or 12) and configuration (0<
or (3) of the hydroxyl groups as well as the location of the keto groups and double bonds
(a). They are all 5(3-acids if another ring junction of the AlB rings is not indicated by 50< .
•• Data from ref. 6.
••• No peak visible, probably because of unsuccessful derivatization procedure.
§The compounds give two peaks.
§ §The compounds often give two peaks.

because of thermal decomposition, which is critical for most 3,6,7-trihydroxy
acids on account of the vicinal 6- and 7-hydroxyl groups [6]. Thermal de
composition was observed occasionally with HFB derivatives of other hydroxy
bile acids too. With the ketonic acids indicated in Table I, however, we always
saw a second peak. This artifact accounted for up to about 30% of the original
compound, but we do not know if it is a product of derivatization or of de
composition in the gas chromatograph. With TFA-HFIP derivatives we have
not observed any artifacts so far.

Mass spectrometry
All mass spectra of bile acid TFA-HFIP derivatives were interpreted with

the help of known fragmentation patterns of TFA or trimethylsilyl (TMS)
derivatives of bile acid methyl esters [11]. Arithmetic considerations showed
that the known fragmentation pathways can be distinctly seen with HFIP
esters as well. It should be stressed that neither detailed mechanistic studies

e
21 \ 22

23

CFJ
, I

24C+O-CH
II: I
o i C'3

c

10

Fig. 1. Schematic illustration of diagnostically significant fragmentations of the carbon
skeleton of hexafluoroisopropyl cholanoates according to Sjovall et al. [11].
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with labeled acids nor high-resolution mass determination of particular ions
were made. For an easier comparison of both published and measured data
we used the same signs for fragment ions as Sjovall et al. [11]. Fig. 1 and
Table II show, in a simplified way, these fragmentation patterns. Hexafluoro
isopropyl cholanoates differ only by 136 mass units at ions containing the
ester group.

TABLE II

SCHEMATIC REPRESENTATION OF THE TENTATIVE ORIGIN OF IONS FORMED
IN THE FRAGMENTATION OF SUBSTITUTED METHYL AND HEXAFLUOROISO
PROPYL CHOLANOATES

Fragmentation Methyl cholanoates* Hexafluoroisopropyl
cholanoates

Lost Mass Lost Mass
fragment fragment

a H 2 O 18 H2 O 18
a, CF3COOH 114 CF3COOH 114
a4 CF3 COO 113
b CH3 15 CH3 15
c CH3 0 31 (CF3 )2CHO 167
e 22-24 87 22-24 223
f 20-24 115 20-24 251
g 16-17; 20-24 142 16-17; 20-24 278
i AB-11 166** AB-11 166**
h 15-17; 20-24 157 15-17; 20-24 293
h 2 15-17;20-24 155 15-17; 20-24 291
h 3 ABC 220*** ABC 220***

* According to ref. 1l.
**With no substituents in rings A, B.
***With no substituents in rings A, B, C.

Dihydroxy bile acids. The trifluoroacetates of hexafluoroisopropyl cholano
ates generally cleaved in the same way as the methyl cholanoates (Table III).
Trifluoroacetic acid (fragments at> 2at) and the side-chain (e, f) were gradually
lost, and ring D was cleaved (g, h), but these ions differed, as expected, in
their relative intensities. The most striking change was an enhanced intensity
of the at ion, formed by the loss of one trifluoroacetic acid molecule.

In both 3,7-substituted HFIP cholanoates this ion became the base peak,
whereas its intensity was significantly lower in the methyl ester (Table III,
[11]). The subsequent loss of the side-chain with carbons of the ring D (atg)
resulted in the second prominent fragment. In the spectrum of the 3a,12a
substituted dihydroxy bile acid the base peak atf did not change, but the
intensity of the fragment at increased considerably, compared with the methyl
ester (Table III, [11] ).

The loss of the trifluoroacetyl group seemed to proceed in two ways, as
CF3COOH (ad and CF3COO (a4)' The latter mode of elimination gave rise
to the base peaks of the TFA-HFIP derivatives of chenodeoxycholic, ursode
oxycholic, and deoxycholic acids as reported by Imai et al. [9]. In our spectra
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TABLE III

MASS SPECTRA OF THE TRIFLUOROACETATES OF METHYL AND HEXAFLUORO-
ISOPROPYL DIHYDROXY-513-CHOLANOATES

Ion Methyl esters* HFIP esters*

m/e Intensity (%) m/e Intensity (%)

3<>,7<> 3<>,12<> 3<>,7<> 3<>,713 3<>,12<>
(CDC) (DC) (CDC) (UDC) (DC)

M+ 598 734 5.5
a, 484 27.9 7.3 620 100.0 100.0 64.6
a,b 469 8.3 605 9.9 9.4 5.7
a,a. 371 28.3 13.6 507 19.3 19.4 14.2
2a, 370 80.1 36.3 506 12.4 16.9 6.4
2a,b 355 42.3 6.0 491 4.2 5.2
a,e 453 2.8 453 11.0 5.6 7.8
a.e 398 398 7.9 5.5 4.4
a,e 397 397 4.9 4.5 4.8
a,f. 369 54.7 100.0 369 21.9 22.7 100.0
I 208 10.6 3.7 344 17.1 14.7 7.2
a,g 342 7.4 20.4. 342 43.8 26.3 14.1
a.h 328 7.7 2.6 328 36.9 67.4 14.4
a,h 327 12.9 327 18.5 17.3 6.7
h 3 154 38.1 290 19.3 17.0 41.0
2a,f 255 53.7 42.9 255 13.5 18.3 7.3
a,a.g 229 13.2 3.8 229 10.7 9.1 5.4
2a,g 228 12.5 3.7 228 12.8 10.8

·CDC = chenodeoxycholic acid; UDC = ursodeoxycholic acid; DC deoxycholic acid.

of the hexafluoroisopropyl esters of these acids the fragments 2ah ale, and
alh were accompanied by intense ions, one mass unit heavier. These peaks
were significantly higher than the corresponding isotopic contributions of
13C atoms and they may arise by the loss of the trifluoroacetyl group without
a ring hydrogen.

Spectra of positional isomers differed distinctly. A major reaction in bile
acids having a 12-hydroxyl group was the loss of one molecule of trifluoro
acetic acid and the side-chain, whereas 3,6- and 3,7-dihydroxy bile acids
preferentially lost two trifluoroacetic acid molecules [11]. The replacement
of the methyl ester group by the hexafluoroisopropyl ester group did not
change this rule. The base peak of deoxycholic acid (alf) was about fifteen
times more intense than the 2al ion. With chenodeoxycholic and. ursodeoxy
cholic acid the ratio of the fragments alf:2al was smaller than 2.

Trihydroxy bile acids. Table IV gives spectra typical of cholanoic acids
with three hydroxyl groups. The elimination of trifluoroacetyl groups (ah
2ah 3al), of the side-chain (alf, 2alf, 3alf), and the cleavage of the ring D
(2alg) were seen. The molecular ion was absent. The spectrum, obtained
with the GC inlet, shows, as expected, a shift of dominant ions to lower mass
units on account of thermal excitation. The ion 2alf became the base peak,
whereas in the direct inlet spectrum this ion was less intense than its precursor
2al' The intensity ratio of 2alf and 3al ions was in both spectra in agreement
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TABLE IV

MASS SPECTRUM OF THE TRIFLUOROACETATE OF HEXAFLUOROISOPROPYL
30',70',120'-TRIHYDROXY-513-CHOLANOATE (CHOLIC ACID)

m/e Ion Intensity (%)

Direct inlet GC inlet

846 M+
732 a, 6.4
619 a,a4 31.6 17.4
618 2a, 88.4 24.4
603 2a,b 5.6 4.9
505 2a,a4 12.1 9.4
504 3a, 8.0 7.2
489 3a,b 4.9 6.3
481 a,f 14.6 5.2
367 2a,f 53.6 100.0
340 2a,g 4.8 5.0
290 h 3 100.0 45.7
253 3a,f 11.6 35.5

with the finding by Sjovall et al. [11]. In the presence of a trifluoroacetoxy
group the former ion was more intense than the latter. The base peak h 3

in the direct inlet spectrum was observed neither by Sjovall et al. [11] nor
by us in other spectra recorded with the GC-MS combination. An iIDpurity
enhancing its intensity to 100% cannot be excluded. As in the case of dihy
droxy bile acids, the elimination of the trifluoroacetoxy group could also occur
without a ring hydrogen (ions al~' 2a1a4).

Ketonic bile acids. The usual fragmentation pattern of the 3a-hydroxy
7-keto-cholanoic acid could be easily recognized (Table V). The molecular
ion at m/e 636 was pronounced in both direct and GC inlet records. Major
fragmentation pathways were loss of water (a), of a trifluoroacetyl group
(ah a4), and their combination (aa1), of the hexafluoroisopropyl ester group
(ac) and the side-chain (f, af, aa1f). The fission of rings C (i) and D (aa1h)
was also pronounced.

Sjovall et al. [11] emphasized the directing effect of a 7-keto group
for fragmentation reactions. In the spectrum of the silyl ether of 3a-hydroxy
7-keto-5{3-methyl-cholanoate a diagnostically important peak at m/e 292 was
noted (fission of the 5,6 and 9,10 carbon bonds). The corresponding peak of
HFIP ester at m/e 428 was a dominant signal. The cleavage of the 8,14 and
12,13 bonds of the methyl ester trifluoroacetate of 3a-hydroxy-7-keto-cho
lanoate gave rise to the peak at m/e 303. This ion was seen also in the spectrum
of the HFIP ester. Last, ketonic bile acids with 7-keto groups lost water more
readily than other ketocholanoates. The intensity of the "a" ion in the HFIP
ester was also in accordance with this finding.

The simultaneous presence of two hydroxyl groups in 3a,12a-dihydroxy
7-keto-5{3-cholanoic acid changed the directing effect of the 7-keto group
(Table VI). The spectrum was characterized by the usual fragments due to
loss of trifluoroacetyl groups, water, and side-chain. Loss of water occurred,
however, less readily than in 3a-hydroxy-7-keto-5{3-cholanoic acid and the
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ion at m/e 303 was missing. The intense fragment at m/e 426 might have been
formed by fission of the 9,10 and 5,6 carbon bonds and additional loss of
the 12-trifluoroacetyl group (analogous to the typical peak at m/e 428 in
Table V).

TABLE V

MASS SPECTRUM OF THE TRIFLUOROACETATE OF HEXAFLUOROISOPROPYL
3a-HYDROXY-7-KETO-5/3-CHOLANOATE

m/e Ion Intensity (%)

Direct inlet GC inlet

636 M+ 100.0 19.4
618 a 40.6 4.9
603 ab 4.9 13.9
523 a4 11.9 13.9
522 a, 4.6 35.9
504 aa, 6.4 15.8
489 aa,b 17.2 15.6
451 ac 32.4 13.1
428 87.9 43.2
385 f 16.4 23.1
367 af 34.4 18.3
303 27.1 12.2
290 i 18.6 8.4
253 aa,f 13.3 22.7
211 aa,h 17.6 17.7

TABLE VI

MASS SPECTRA OF THE TRIFLUOROACETATES OF HEXAFLUOROISOPROPYL
3a,12a(3a,7a-DIHYDROXY-7(12)-KETO-CHOLANOATES

m/e Ion Intensity (%)

3a,12a-7-keto
(direct inlet)

3a,12a-7-keto
(GC inlet)

3a,7a-12-keto
(GC inlet)

748 M+
730 a
635 a4

634 a,
616 aa,
521 2a4

520 2a,
487 2a,ab
457 h 2

426
343 a,h2

383 a,f
365 aa,f
269 2a,f
251 2a,af
229 2a,h2

18.3
6.3

56.4
98.9
46.6
17.3

7.1
6.8

71.3
56.3

100.0
24.1
13.7
14.8

9.3

21.0
41.3
16.1
14.3
19.3

7.2

41.4
28.6
92.4
17.0
64.1
33.8

8.4

20.5

5.6
11.3

5.5

26.2

38.9

6.5

100.0
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The spectrum of 3a,7a-dihydroxy-12-keto-5(3-cholanoic acid (Table VI)
was recorded with the GC inlet only and originated from a biological sample.
The number and the kind of substituents could be easily recognized (molec
ular ions and fragments al> 2ad. The position of the keto group was clearly
indicated, analogous to the TMS derivative [11], by the intense fragment h z
and the base peak 2a1hz•

DISCUSSION

Gas chromatography
Derivatives of bile acids suitable for GC analysis should be easily and quan

titatively prepared without by-products, and should be stable during storage
and chromatographic analysis. TFA-HFIP derivatives meet these criteria very
well. Preparation is fast and simple and no by-products arise during derivatiza
tion. This is true even in complex mixtures of extraneous compounds. During
GC, all compounds tested, except hyocholic acid, gave a single peak. TFA
HFIP derivatives were found to be stable for at least five days (ref. 9 and our
own experience) when stored in the refrigerator, provided moisture was ex
cluded.

Methyl esters are mostly prepared with diazomethane, which is, however,
unstable and therefore not a suitable reagent for routine assays. Moreover,
diazomethane may convert hydroxyl groups of the steroid nucleus to methoxy
groups [12, 13]. Besides TFA derivatives methyl esters are also converted
into TMS derivatives for GC analysis, but side reactions have been observed
with silylating agents too [14, 15]. TFA-methyl derivatives are stable for
at least two days, when they are stored in the refrigerator and moisture is
excluded. They may, however, undergo thermal decomposition in the chroma
tograph. TFA derivatives of 3,6,7-trihydroxy bile acids are reported to be
particularly sensitive compounds [6]. This should be true for TFA-HFIP
derivatives too, although our experimental experience is limited to hyocholic
acid (3a,6a,7a-trihydroxy-5(3-cholanoic acid). These types of derivatives,
therefore, are probably not suited for the analysis of bile acids in mice, rats,
and pigs.

Preparation of HFB derivatives is more laborious and time-consuming.
By-products of the derivatization procedure were not observed with hydroxy
bile acids, but thermal decomposition during GC was occasionally seen. With
ketonic bile acids we often saw two peaks during GC, but we do not know if
these artifacts originate from derivatization or from thermal decomposition.
This represents a serious disadvantage in the use of HFB derivatives, which
otherwise enable the analysis of conjugated bile acids without prior deconjuga
tion [10]. Musial and Williams [10] report HFB derivatives to be stable for
one year.

In spite of their higher molecular weights, bile acid hexafluoroisopropyl
esters and heptafluorobutyrates (except the cholic acid HFB derivative) are
eluted earlier than the corresponding methyl esters. This is probably due to
interference of the fluoro groups in the compound with the fluoro groups of
QF-l. Besides the nature of the carboxyl derivative, the retention behaviour
depends on the number, nature and position of substituents. From the RRTs
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of hydroxy bile acids it is concluded that introduction of an hydroxyl group
brings about an effect opposite to the fluorinated ester or anhydride groups.
The RRTs of monohydroxy bile acid TFA-HFIP and HFB derivatives are all
less than those of TFA-methyl derivatives. With dihydroxy bile acids there is
little variation, whereas the TFA-HFIP and HFB derivatives of trihydroxy
acids show longer RRTs than the corresponding methyl ester trifluoroacetates.
Similar effects can be seen with hydroxyketo acids. So TFA-HFIP derivatives
of most bile acids are more effectively resolved than the TFA-methyl deriv
atives considering the number of overlapping peaks. The resolution of hepta
fluorobutyrates on QF-l is in general less efficient, but sufficient for the
separation of many bile acids.

On the fluorosilicone QF-l, selective for carbonyl groups [5], keto bile
acids are effectively separated and resolution is again best for TFA-HFIP
derivatives. In this respect QF-l is superior to non-polar phases such as OV-l,
SE-30, and to the less polar OV-17. Separation on OV-210, another fluoro
silicone, is similar to that on QF-l [16]. Data for OV-225, a cyanopropyl
phenylsilicone, are available for methyl ester acetates only [7]. The results
are generally comparable with our results, but the separation of ketonic bile
acids is less efficient.

Capillary GC [17-19] and high-performance liquid chromatography (HPLC)
of bile acids [20-22] can not yet substitute for the well-established packed
column GC methodology for routine assays. Capillary GC is hampered main
ly by insufficient resolution on many commercial stationary phases, limited
life of columns and adsorptive effects of bile acid derivatives [18], whereas
HPLC of bile acids is still in an early developmental stage.

Mass spectrometry
Substitution of the methyl ester group by the more polar hexafluoroiso

propyl ester group did not result in any disadvantages for mass spectrometric
identification. General fragmentation pathways, indicating number and kind of
sUbstituents, were retained. Neither did the presence of an HFIP group in
fluence fragmentation rules characterizing positional isomers. In dihydroxy
bile acids the intensity ratio of a lf:2a l fragments indicates the presence of
the 12-hydroxyl group; similarly the ratio of 2a1f:3a l fragments in trihy
droxy bile acids shows the presence of the 12-hydroxyl group. The directing
effect of the 7-keto group is also distinct (typical ions mle 303,428, and 618
in 3a-hydroxy-7-keto-cholanoic acid and probably the ion mle 426 in 3a,
12a-dihydroxy-7-keto-cholanoic acid). The fission of ring D, typical of 12-keto
acids, is also seen (ions h 2 , 2alh 2 in 3a,7a-dihydroxy-12-keto-cholanoic acid).

HFIP esters show a more intense al fragment in hydroxy bile acids than
the corresponding methyl esters. In ketohydroxy bile acids this tendency
was not observed. For both types of substituents a more intense cleavage of
the CF3COO group instead of the CF3COOH group is typical.

HFIP esters are suitable for combined GC-MS analysis with packed col
umns. In spite of their higher polarity they were not retained in the GC-MS
interface and only a minor tailing of their GC peaks was observed. Due to
their higher molecular weights more fragments in the higher mass range are
found. A continuous ion registration in this mass range shows some drawbacks,
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for example, a decline of sensitivity due to the decreased resolution, but the
enhanced specificity of these ions is more convenient for selective ion mon
itoring.
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SUMMARY

A new fully automated high-performance liquid chromatograph is described which
detects drugs from directly injected plasma (urine, saliva) without sample pretreatment.
The apparatus consists of a programmable automatic sampling unit, which is connected
via two alternating working pre-columns to an analytical column ("alternating pre-column
sample enrichment"). The new device is able to operate with directly injected body fluids
like an auto-analyzer and is especially useful for pharmacokinetic and clinical studies, where
drug concentrations have to be determined from plasma, urine or saliva.

INTRODUCTION

In pharmacokinetics, which deal with the description and interpretation
of time-dependent levels of drugs in the body, non-radioactive analytical
methods are gaining in prominence because of their selectivity in the specific
detection of drugs or metabolites and their sensitivity in the nanogram range
[1-5]. In this field, high-performance liquid chromatography (HPLC) is one
of the most important techniques for the separation and the determination
of drugs and their metabolites in body fluids [5, 6] .

The use of an automatic sampler and the application of auto-analyzer
reactor systems in connection with HPLC was a great step forward in the
partial automatization of liquid chromatography [7-16]. But a still unsolved
problem, especially for pharmacokinetic investigations, was the question how
to avoid the classical sample pretreatment steps for biological samples prior
to HPLC analysis.

*Dedicated to Prof. Dr. Leopold Horner on the occasion of his 70th birthday.

0378-4347/81/0000-0000/$02.50 © 1981 Elsevier Scientific Publishing Company
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The application of a pre-column in its property as a protecting unit to
extend the lifetime of the analytical column is a very common technique in
liquid chromatography [2, 14]. Moreover, the employment of small columns
with hydrophobic packing materials yields good results in the preconcentra
tion of xenobiotics [4, 7, 17, 18] .

Concerning the development of HPLC methods for biological samples
(e.g. plasma, serum,saliva, urine), one of the most time-consuming steps,
involving considerable sources of error, is sample pretreatment and enrich
ment prior to injection into the chromatograph. An approach towards the
on-column sample-enrichment technique using a gradient elution system
and microbore columns has been described [19].

So far it has not been possible to determine drugs by repeated injection
of native body fluids into a liquid chromatograph. Thus, we adapted the idea
of the pre-column as a protecting device for the analytical column and, at
the same time, the possibility to adsorb and preconcentrate drugs on small
reversed-phase columns, for the development of a new technique.

The following report describes a novel automatic high-performance liquid
chromatograph, with alternating pre-column sample enrichment, for direct
plasma (urine, saliva) injection without classical sample pretreatment steps.
Our automated system uses the "on-column" enrichment technique on small
pre-columns and the pre-column backflushing technique in addition with
pre-column re-equilibration.

EXPERIMENTAL

Sample pretreatment
Steps in "classical" sample pretreatment of biological fluids for subsequent

HPLC runs are shown in Fig. 1. Nearly all steps are susceptible to errors and
BLOOD

I
URINE PLASMA ./SALIVA

"" I ./BUFFER
I

INT/EXT STANDARD
I

ORGANIC SOLVENT
I

EXTRACTION
I

PHASE SEPARATION
I

FILTRATION I EVAPORATION
I

DISSOLUTION
I

HPLC

Fig. 1. "Classical" steps in the pretreatment of body fluids prior to high-performance liquid
chromatography.
Fig. 2. Handling of body fluids prior to automated HPLC with alternating pre-column
sample enrichment.
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waste time and laboratory capacity. The application of the recently developed
automatic HPLC device, with alternating pre-columns, reduces these steps
significantly (Fig. 2).

Fully automatic HPLC
The apparatus, illustrated schematically in Figs. 3 and 4, consists of an

injection system (autosampler) and two pneumatically driven valves, which
alternatingly connect two pre-columns with the injection system and pump A.
The columns can also be connected in the "backflush mode" with the ana
lytical column and pump B. The programmable autosampler, affiliated to a
time relay, controls the whole analytical procedure.

Columns
The pre-columns (typical dimensions 25 mm X 4.6 mm J.D.) are made by

dividing commercially available Knauer columns (Dr. Knauer, West Berlin,
G.F.R.) into smaller columns 25 mm long. They are dry packed. In the exam
ples described in this paper we used C18-Corasil (Waters Assoc., Konigsteinj
Ts, G.F.R.) with a particle size of 37-50 J1m (see legends to Figs. 6 and 9).

PUMP A

/'
WASTE

VALVE 1 (AUTOMATIC
Injection SAMPLERI

(WASTE)
Detector 1

PRE·COlUMN
1

PRE-COLUMN
2

ANALYTICAL
COLUMN

Detector 2

Fig. 3. Alternating pre-column switching technique for sample enrichment, demonstrated
with three 6-way valves.
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PLonERDETECTOR

ANALYTICAL
COLUMN

WASTE

VALVE 2 >+--------1::

(VALVE 1)

j------------:u -----U-h----I TIME RELAY 1-------h_---u u-- uU---------------huu-i
:' :
\ f-------------------" ·-----------i ! r------,

AUTOMATIC
SAMPlER

Fig. 4. Flow-chart of the automated HPLC system with alternating pre-column sample
enrichment. (- - -), electronic connections.

The analytical columns (typical dimensions 120 mm X 4.6 mm LD.) are
filled by the usual slurry technique with LiChrosorb RP-18 (5 pm) from
Merck (Darmstadt, G.F.R.) for analysis of R-A 233 (Dr. K. Thomae GmbH,
Biberach/Riss, G.F.R.) (Fig. 6), and with ODS-Hypersil (5 pm) from Shandon
Southern Products (Cheshire, Great Britain) in the analysis of AR-L 115
BS (Dr. K. Thomae GmbH).

Detailed description of technique
Samples of body fluids (maximum 48 samples) are pipetted into the sample

holder of the automatic sampling device (e.g. WISP, Waters). Volumes of be
tween 10 and 2000 pI of plasma, urine or saliva, preferentially between 10
and 150 pI can be automatically injected. It should be checked that the sam
ples contain no solid particles which might block the injection needle. Pre
column 1 (PC1) onto which the first sample is injected, has been conditioned
with the purge phase (water or buffer solution) delivered by pump A (Fig.
3). After the injection to PC1 (typical dimensions 25 mm X 4.6 mm LD.)
the pre-column is washed for a further 5 min with water (buffer).

The adsorption material for the pre-columns is reversed-phase or ion-ex
change material with a particle size of about 20-50 pm. Here the substances
to be detected are selectively adsorbed on CIs-Corasil (37-50 pm) and thus
enriched. At the same time all accompanying water-soluble co-products are
eliminated with the purge phase (pump A). A second pre-column (PC2) has
been added to save time. While PC1 is reconditioned, PC2 is eluted in the
backflush mode onto the analytical column and vice versa (= alternating
pre-column sample enrichment). Simultaneously to the application-injection
step, the autosampler (WISP) activates an electronic controller (time relay)
which controls the purge-phase period, after which it switches the pneumatic
valves and starts the printer/plotter integrator. This switching process causes
two subsequent steps: pre-column 1 (PC1) where the injected drug has been
absorbed is switched to the solvent stream of pump B. Pump B delivers the
eluent cocktail, necessary for separation and chromatography, in the back
flush mode from PC1 to the analytical column (typical dimensions 120 mm X

4.6 mm LD.), filled, for example, with reversed-phase material (particle size
5-10 pm). Parallel to this process, PC2 is switched to the eluent stream of
pump A (purge phase) which removes the rest of the organic solvent from
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the pre-column. The whole working cycle thus consists of an equilibration
phase, an adsorption phase and a purge phase on the pre-columns and a chro
matographic phase on the analytical column. The automatic sample device
(WISP) has been computed for one working cycle and the printer jplotter is
stopped by an internal equilibration delay device. During the print-out of
the results (Hewlett-Packard, Model 3370) the second pre-column (PC2) is
switched to the purge stream of pump A for re-equilibration (equilibration
phase). After the next injection step, the electronic timer restarts. It then
switches again to the pneumatically working valves and activates the printer j
plotter, and so on (Fig. 5).

SAMPLE LOADING

PRE-COLUMN 1,

'''''"""-J'l' L- -----l

PURGE PHASE BACKFLUSH ELUTION
~ TO THE ANALYTICAL ~

COLUMN

CHROMATOGRAPHY

~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~ ~~~~~~~~~~~~~ ~~~ ~. ~~. ~. ~ ~~~. ~~ ~~~~.~ ~ ~~~~~.~

PRE-COLUMN 2,

CHROMATOGRAPHY EnUILIBRATION SAMPLE LOADING PURGE PHASE I BACKFLUSH ELUTION
~ ~ ~ ~ I TO THE ANALYTICAL

COLUMN
-

Fig. 5. Parallel working steps of pre-column 1 and pre-column 2, in the automated high~

performance liquid chromatograph with alterning pre-column switching.

RESULTS

Chromatography
Drugs which can be separated and detected by reversed-phase or ion-ex

change chromatography should also be detectable using automated HPLC
with direct injection of body fluids. So far the new method has been used
for the determination of AR-L 115 (a new cardiotonic agent) from urine,
saliva and plasma, and for RapentonR (R-A 233 BS), an anti-platelet drug,
and dipyridamole (PersantineR ), from both plasma and urine.

Typical chromatograms for automatic HPLC (direct sample injection)
with alternating pre-column sample enrichment from an overnight run are
shown in Figs. 6-8. It can be seen that the example demonstrated in Fig. 6
shows an HPLC determination with an extremely high precision [coefficient
of variation (C.V.) = 1.4%].

As the printer is immediately started by the time relay (Fig. 4) with the
backflush elution from the pre-column to the analytical column, we get only
the main cut-out of the chromatogram with the relevant peaks and the cal
culated areas. Because of the peculiarity of the novel pre-column switching
technique, the peaks from the first, third, fifth, etc., runs derive from pre-
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peak II (Ve/Vo = 4.8) of IRI [7, 8] and peak I (Ve/Vo = 3.0) of CPR. Also a
peak (Ve/Vo = 2.4) which had both IRI and CPR activities and whose eluting
position (Ve/Vo = 2.4) corresponded to that of porcine [ 1251] proinsulin, was
detected (Fig. 4, open arrow). The immunoreactivity of this peak was studied
by the dilution method using the C-peptide and insulin assay systems (Fig. 5).
The immunoreactivity of this peak substance, corresponding to that of por
cine [ 1251] proinsulin, showed almost the same reactivity as that of human pro
insulin [9] (Fig. 5, upper panel), and the same peak showed the same immuno
reactivity as that of synthesizes human C-peptide [4, 11] (Fig. 5., lower panel).
In their reported study [9, 11] , natural human proinsulin was obtained from
Drs. Steiner and Rubenstein. In the report of Block et al. [4] , who carried out
their work in the same place as Drs. Steiner and Rubenstein, the immunogenicity
of human proinsulin is also almost the same as that of human C-peptide in their
assay system. These results are compatible with our results (Fig. 5). Therefore
the peak substance should be human proinsulin itself.

From the above-mentioned results, the following conclusions can be made:
(1) There are two groups of C-peptide immunoreactivity in human peripheral
circulation: one elutes rapidly (Ve/Vo = 3.0) and is the associated form of
C-peptide, the other is a slower peak (Ve/Vo = 4.2). And the association of
C-peptide is not by means of a covalent bond. (2) The involvement of the in
sulin secretion system could precede that of the C-peptide secretion in the
course of diabetes under the load of glucose stimulation. (3) Proinsulin should
be eluted at the position (Ve/Vo = 2.4) which precedes peak I of CPR on the
column. Therefore the gel chromatographic study for proinsulin and C-peptide
needs to be re-evaluated carefully, although this method has been established as
one of the standard methods.
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of investigators reported differences in absolute oxalate excretion rate between
males and females, the present study clearly demonstrates that urinary oxalate
excretion rates, normalized for body surface, are identical in males and females.
This finding is in agreement with previous studies of Gibbs and Watts [12] and
Hodgkinson and Williams [13]. In contrast, urinary oxalate excretion rates,
normalized for body surface area, were higher in children than in adults. This
result is also in agreement with previous observations [14]. The reason for
higher urinary oxalate in children is unknown, but it may be due to more effec
tive intestinal calcium absorption in children, which is known to lead to a
higher fractional intestinal absorption of oxalate [15]. Urinary oxalate, when
studied under conditions of no dietary restriction, showed little day-to-day
variability. However, more detailed studies with the isotachophoretic technique
are required to define the dependence of urinary oxalate on dietary oxalate.

Progress in oxalate research has been hampered to a large extent by the lack
of a simple, rapid and accurate method of measuring oxalate in body fluids.
Isotachophoretic measurement of oxalate provides a valuable investigational
tool for studies of urinary oxalate in metabolic disease, e.g. oxalosis and
nephrolithiasis, as demonstrated by the present study. Urinary oxalate was
found to be elevated in recurrent renal-stone formers by some [14] but not all
[15] investigators and higher urinary oxalate excretion rates were also noted in
the present study.

The present study provides clear evidence that isotachophoretic separation
of unprocessed urine permits satisfactory measurements of urinary oxalate
when the technical details described above are used. It is hoped that isotacho
phoresis will facilitate further research in this area.
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SUMMARY

A method is described for the simple and simultaneous determination of tulobuterol and
its metabolites in human urine by gas chromatography-mass spectrometry. Quantification
was achieved by single-ion monitoring. at m/e 86 derived from trimethylsilyl-tulobuterol and
its metabolites using a column packed with a mixed phase, 2% OV-1-2% QF-1 (1 : 1, w/w).
The detection limits were estimated to be 2 ng/ml in urine for tulobuterol and 5 ng/ml for
metabolites, respectively.

------------- ---------------- -----------

INTRODUCTION

Tulobuterol (Fig. 1) is one of the sympathomimetic amines synthesized by
Koshinaka et al. [1], which has intensive bronchodilatory activity.

Fig. 1. Structure of tulobuterol.

0378-4347/81/0000-0000/$02.50 © 1981 Elsevier Scientific Publishing Company
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Determination of these sympathomimetic amines in biological fluids has
mostly been undertaken using radio-labelled compounds [2-4] , because of the
relatively low concentration of these drugs in the body. Recently, quantitative
analysis of salbutamol and terbutaline in plasma using gas chromatography
(GC)-mass fragmentography has been reported by Martin and co-workers [5,
6] and Leferink et al. [7].

In the present work, we have described the simple and simultaneous deter
mination of tulobuterol and its possible metabolites, predicted from metab
olism in the rat [8], in human urine after the therapeutic dosage of tulobuterol.

EXPERIMENTAL

Materials
All reference samples of tulobuterol·HCI (I), its metabolites [4-hydroxy- (II),

3-hydroxy- (III), 4-hydroxy-5-methoxy- (IV), 5-hydroxytulobuterol (V)], and
4-methoxytulobuterol (internal standard, IS) were prepared in this laboratory
according to the published method [1]. N,O-Bis(trimethylsilyl)acetamide
(BSA) was obtained from Nakarai Chemical (Kyoto, Japan) and glusulase from
Endo Labs. (Garden City, NY, U.S.A.). Other reagents and solvents were of
analytical grade and were used without further purification.

Gas chromatography
A Hitachi Model 063 gas chromatograph with a flame ionization detector was

used. The glass columns were packed with 1.5% SE-30 (Chromosorb G AW
DMCS, 60-80 mesh), 5% SE-52 (Chromosorb W AW DMCS, 60-80 mesh), 2%
OV-l (Chromosorb W AW DMCS, 100-120 mesh), 1.5% OV-17 (Chromosorb
G AW DMCS, 60-80 mesh), 2% OV-225 (Gas-Chrom Q, 80-100 mesh), 2%
F-50 (Chromosorb W AW DMCS, 80-100 mesh), 2% XF-1l50 (Chromosorb W
AW DMCS; 80-100 mesh), 2% Dexil 300GC (Chromosorb W AW DMCS, 80
100 mesh), 2% QF-l (Gas-Chrom Q, 80-100 mesh), mixed phase of 2% OV-l
(Chromosorb W AW DMCS, 100-120 mesh) and 2% QF-l (Gas-Chrom Q,
80-100 mesh) (1 : 1, w/w).

The flow-rates for the carrier gas (nitrogen), hydrogen, and air were 40, 30,
and 580 ml/min, respectively. The temperature for both the injector and de
tector was 190°C.

Gas chromatography-mass spectrometry
Gas chromatography-mass spectrometry (GC-MS) was carried out on a sys

tem of JMS D-300 consisting of a JGC-20KD gas chromatograph and JMA
2000 data system (JEOL, Tokyo, Japan).

GC separation was carried out by using a glass column (3 m X 2 mm LD.)
packed with mixed phase, 2% OV-I-2% QF-l (1 : 1, w/w). Helium was used as
the carrier gas (flow-rate 33 ml/min) and ammonia at a pressure of ca. 1.0 Torr
was used as the chemical ionization (CI) reagent gas. The temperature of the
column-oven was 165°C for the trimethylsilylation and 190°C for the O-TMS,
N-TFA derivatization. In addition, the temperatures of the injection port,
separator, and ion source were 200°C, 290°C and 150°C, respectively. The
ionization energy was 70 eV for the electron impact (EI) mode and 210 eV
for the CI mode, and the trap currentwas 300 JiA for both modes.
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Drug administration and sample collection
Three healthy male volunteers received an oral dose of 1 mg tulobuterol'HCI

(as a tablet) and the urine samples were collected separately for 0-4, 4-8,
8-12, 12-24 and 24-32 h after dosing and stored at -20°C until analysed.

Extraction and derivatization
Conjugated metabolites. To 4 ml of urine in a 15-ml glass-stoppered tube

which contained 2.5 pg of 4-methoxytulobuterol as internal standard, was
added 0.75 ml of 1 M acetate buffer and the pH was adjusted to 5.1-5.3. After
the addition of 0.25 ml of enzymatic solution (glusulase), the sample was in
cubated overnight at 37°C. After cooling, 2 g of NaCI and 1 ml of NH4 CI-NH4 

OH buffer (1.0 M, pH 10.0) were added and the pH was adjusted with 1 N
NaOH to 9.5. The sample was shaken with ethyl acetate--acetone (3:1, v/v) for
10 min and centrifuged for 5 min at 2500 g; 3 ml of the organic layer was
transferred to another tube and evaporated to dryness in a water-bath (40
50°C) under reduced pressure. The residue was dissolved in 250 ~.tl of ethyl
acetate, and 250 pI of BSA was then added. The contents of the tube were
allowed to react at room temperature for at least 1 h. This final solution was in
jected into GC-MS system.

Unconjugated metabolites. Extraction and derivatization of unconjugated
metabolites were carried out in the same way, omitting the glusulase incuba
tion.

RESULTS AND DISCUSSION

In order to evaluate the GC properties and separation of compounds I-V, an
aliquot of reference compounds was derivatized and analysed using various col
umns (Table I). As a result, symmetrical peaks and good separation could be
obtained for the TMS derivatives of I-V when a glass column packed with
mixed phase, 2% OV-1-2% QF-1, was used (Fig. 2.).

Fig. 3 shows the CI and EI spectra of the TMS derivatives (I-V). The quasi
molecular ion (M +lj and the fragment ion (M-OTMSr were present in the Cl
spectra, while in the EI spectra of these compounds a base peak appeared at

TABLE I

RETENTION TIMES OF TMS DERIVATIVES

II; 4-Hydroxytulobuterol; III; 3-hydroxytulobuterol; v; 5-hydroxytulobuterol.

Column system

Packing support Mesh length (m) X Temperature
mm I.D. tC)

Retention time
(min)
II III V

1.5% SE-30 Chromosorb G A W DMCS
5% SE-52 Chromosorb W AW DMCS
2% aV-1 Chromosorb W AW DMCS
1.5% OV-17 Chromosorb G AW DMCS
2% aV-225 Gas-ehrom Q
2% F-50 Chromosorb W AW DMCS
2% XF-1150 Chromosorb W AW DMCS
2% Dexil 300GC Chromosorb W A W DMCS
2% QF-1 Gas-Chrom Q
2% aV-1 - 2% QF-1 (l :1. w/w)

60--S0
60--S0

100--120
60--S0
So--100
So--100
SO-100
S0--100
SO-100

2 X 3 165
2 X 3 190
2 X 3 170
2 X 3 165
3 X 3 170
3 X 3 ISO

0.5X3 150
1 X 3 160
2 X 3 130
3 X 3 140

12.0
15.S
lS.l
12.3

6.7
16.S

4.9
7.6

14.3
22.0

12.0
15.S
17.3
12.3

6.7
15.S

4.9
7.4

12.S
20.1

10.7
14.3
15.7
11.3

6.0
14.3

4.3
6.3

12.3
lS.7
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Fig. 2. Total ion current chromatogram of tulobuterol (I), 4-hydroxy- (II), 3-hydroxy- (III),
4-hydroxy-5-methoxy- (IV), 5-hydroxytulobuterol (V) and 4-methoxytulobuterol (internal
standard, IS) as their TMS derivatives.

m/e 86 which had resulted from fragmentation by {3-cleavage. We chose the
single-ion monitoring method at m/e 86 for the quantitative analysis of com
pounds I-V, because we could not achieve reproducible ionization in the CI
measurement.

4-Methoxytulobuterol was evaluated for use as the internal standard, because
the TMS derivative of this compound gave mass spectra very similar to that of
the corresponding compounds I-V and the GC retention time was different
from those of I-V.

We also examined other derivatizing methods such as acylation by trifluoro
acetic anhydride (TFA) or pentafluoropropionic anhydride [9] and a two-step
derivatization by bis(trimethylsilyl)trifluoroacetamide and TFA [10], but
these methods were unstable andjor time-consuming compared to TMS
derivatization by BSA.

Calibration graphs of compounds I-V in human urine are shown in Fig. 4.
The plots of concentration vs. peak area ratio relative to internal standard
added to the sample were found to be linear over the range 5-300 ngjml urine.

The analytical recoveries and standard deviations for compounds I-V were
reasonable, as summarized in Table II. This also indicates that the method is
very precise and accurate. Futhermore there was no influence due to non
specific interference at m/e 86, which is a relatively low mass, from endogenous
material of urine extracts.

Fig. 5 illustrates single-ion monitoring from urine after an oral dose of a tulo
buterol tablet (1 mg). The major peaks of I, II, V, and two unidentified metab
olites were detected in urine before enzymatic hydrolysis, although a trace
peak of III less than 5 ngjml appeared in the chromatogram. On the other
hand, from the urine sample after treatment with glusulase, metabolites III and
IV were apparently detected in addition to I, II and V.
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in plasma and urine specimens have been reported [6, 8, 11]. We have im
proved upon the published methods in two ways. Our extraction procedure
(Fig. 1), which utilizes I-butanol instead of methylene chloride [6, 11] to ex
tract cotinine from blood or plasma, results in less emulsion formation and
cleaner separation of layers. Furthermore, we have synthesized an internal stan
dard, N-(2-methoxyethyl)-norcotinine (Fig. 4), which is a structural analog
with solvent partitioning properties (Table I) and pKa value similar to cotinine.
Lidocaine, the internal standard utilized in published methods, is considerably
more lipophilic and more basic than cotinine and, therefore, is a poor choice
for an internal standard. Our internal standard may be added prior to the nico
tine extraction procedure (unlike the published methods in which lidocaine
must be added after extraction of nicotine) which corrects for losses of coti
nine during nicotine extraction.

CONCLUSION

In summary, new methods have been developed for the determination of
nicotine and cotinine concentrations in blood using gas chromatography with
alkali flame ionization (nitrogen-phosphorus) detection. Simple solvent extrac
tion procedures permit the use of the assays for large numbers of samples re
quired for pharmacokinetic studies. Structural analogs were synthesized for use
as internal standards and have resulted in assays that appear to be more reliable
than those previously reported.
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SUMMARY

The determination of a new anti-inflammatory substance, 4,5-bis-(4-methoxyphenyl)
2-(2-hydroxyethylsulfinyl)-imidazole, in plasma and urine by high-performance liquid
chromatography is described. mtraviolet and electrochemical detection modes are com
pared and special co~sideration is given to the mechanism of the electrochemical reac
tion. The site of oxidation in the molecule seems to be an aliphatic hydroxyl group yield
ing a carboxyl function in a four-electron transfer reaction. Plasma levels and urinary ex
cretion after an oral dose of 250 mg to two male volunteers have been measured.

INTRODUCTION

High-performance liquid chromatography (HPLC) with electrochemical
detection (ECD) continues to gain in popularity for the sensitive and selective
determination of trace components in complex biological samples. The sen
sitivity of this method of detection in the oxidative mode has been demon
strated by Kissinger et al. [1], who designed and built a system with a carbon
paste electrode, capable of measuring picograms of catecholamines. Other
groups have constructed cells by using glassy carbon electrodes thus making
this mode of detection suitable for non-aqueous eluents [2-4]. The selectiv
ity of ECD is achieved by detecting only those compounds which are electro
chemically active at the operating potential chosen. This is of particular interest
in the analysis of biological samples. Many of the substances usually interfer
ing which are co-extracted in the work-up of plasma or urine samples are elec
trochemically inactive and will therefore not interfere in ECD. Thus the suit-

0378-4347/81/0000-0000/$02.50 © 1981 Elsevier Scientific Publishing Company
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Fig. 1. HPLC chromatograms (electrochemical detector) of (A) 50 ng each of (I), its poten
tial metabolite (II) and the internal standard (III), and of blank plasma samples spiked with
(B) 500 ng of the internal standard and (C) 100ng of (I) and 500 ng of the internal standard.

Fig. 2 HPLC chromatograms (electrochemical detector) of blank urine samples spiked with
(A) 500 ng of internal standard, and (B) 50 ng of (I) and 500 ng of internal standard.

TABLE II

MATHEMATICAL EQUATIONS OF THE CALIBRATION CURVES FOR THE DETER
MINATION OF UNKNOWN (I) CONCENTRATIONS

The curves were obtained by spiking 1 ml of plasma or urine with 0.5 /lg of internal standard
and various amounts of (I).

Specimen Detection Calbration curve* Correlation coefficient

Plasma
EC y = 0.32 + 5.77x** 0.9993
UV Not determined

Urine
EC y=0.16+ 6.48x*** 0.9993
UV y = 0.05 + 2.69x*** 0.9992

*y = (peak height of (I))/(peak height of internal standard); x = concentration of (I).
**n = 11.
***'n = 10.

The overall accuracy of the assay expressed as standard deviation of five
consecutive determinations of 0.5 J.1g of (I) is shown in Table III. As can
be seen from this table, UV detection is more suitable for urine samples than
ECD because of better reproducibility.

The detection limit after extraction of 1 ml of plasma or urine is below





































































109

All the samples were centrifuged at 9000 g for 15 min. Supernatants from
the samples were transferred to 12 X 75 mm conical polystyrene tubes (Sar
stedt 477) containing 10 mg acid washed alumina and 1 ml of 0.5 M Tris-HCl,
pH 8.6. The tubes were capped and shaken for 15-30 min at top speed on a
New Brunswick Scientific Shaker. After allowing the alumina to settle the
supernatants were aspirated. The alumina was washed three times with 1 ml
5 mM Tris-HCl, pH 8.6. Elution of the catecholamines was with 100 !..L1 of
0.2 M acetic acid. The 100-pl aliquots of 0.2 M acetic acid containing the
eluted catecholamines were filtered with a Flath-Lundin filter syringe pur
chased from Hamilton (Reno, NV, U.S.A.). Millipore HAWP 0.45-pm filters
were used. A 20-pl aliquot of the filtered samples was injected. Catecholamine
levels were calculated as described by Felice et al. [1].

RESULTS AND DISCUSSION

Fig. 1A shows an isocratic separation of pure standards of NE and DA as
well as a number of their major metabolites using the methanol-phosphate
mobile phase described in detail in the Methods section. From this chromato
gram it is clear that NE is markedly separated from the solvent front. Further-

w ~z z
CJ
Q.

A 8r
~

w

CJ « u
Q. 0 « «r

~0 0

]snA w lnA
z

«
<D
0

«
«

-o*-'----,st-'---;;Ib~-"":,~'--- --!c-o----,s~'------:-10".'------7!IS=--
MINUTES

Fig. 1. Chromatograms of standards (A) and of catecholamines from adult rat whole brain
with DBA added as an internal standard (B). Details for the chromatographic conditions and
the sample preparations are in the Methods section. For (A) abbreviations and amounts
injected in nanograms: AA = ascorbic acid, 15; DHPG = dihydroxyphenylglycol, 8; NE =
norepinephrine, 15; E = epinephrine, 30; MHPG = hydroxymethoxyphenylglycol, 25; DBA =
dihydroxybenzylamine, 10; NM = normetanephrine, 400; DA = dop~mine, 15; and DOPAC
= dihydroxyphenylacetic acid, 25.
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more, NE is not only resolved from ascorbic acid but also from dihydroxy
phenylglycol (DHPG), a major NE metabolite, which is not the case with
another widely used LC column [1]. Under these conditions DA elutes from
the column within 10 min. That is a remarkably rapid elution with baseline
separations for NE, DBA and DA.

The mobile phase we used with the Altex Ultrasphere C I8 Ion Pair column
contained a relatively large percentage of methanol and a relatively low concen
tration of ion-pairing agent. Therefore, there are a number of things one can do
to the mobile phase to further separate these and other catecholamines and
their metabolites. Decreasing the methanol concentration and/or increasing the
ion-pair concentration will increase retention times. With use, LC columns gen
erally lose some of their resolving power(s); therefore the ability to dramatical
ly increase the polarity of the solvent should lengthen the expected useful life
time of the column. On the other hand, even when we used the more polar
mobile phases containing no methanol, as described by Felice et al. [1] and
Asmus and Freed [5], NE did not completely separate from the solvent front
on a Waters J1Bondapak C I8 column. The addition of more ion-pairing agent
markedly increased the retention time of DA but had little or no effect on the
retention time for NE. EDTA is an essential component of the mobile phase,
since it dramatically decreases the spread of the solvent front. Without EDTA;
ascorbic acid, DHPG and NE are not resolved from the solvent front. A possible
explanation for this effect is that the samples are in acid which may cause
metal ions to be injected from the syringe, the injector, or the pumping system
which are oxidized and consequently observed with the electrochemical detec
tor.

Fig. IB is a chromatogram of an alumina extraction from a male Sprague
Dawley rat whole brain that included DBA as an internal standard. The amount
of NE, 345±10 ng/g wet weight and DA, 818±21 ng/g wet weight in whole brain
that we calculated using this LC-EC method is comparable to that obtained by
other investigators [1, 6-8]. Calculations were performed using DBA as an
internal standard as described in detail by Felice et al. [1]. The amounts of NE
and DA found in the various regions of male Sprague-Dawley rat brains are pre
sented in Table I. These values compare favorably with those reported by other
investigators [1,6, 7].

TABLE I

NOREPINEPHRINE AND DOPAMINE CONTENT OF SEVERAL RAT BRAIN REGIONS

Each region was assayed in duplicate from 3 to 14 animals. Results are expressed as a mean
± S.E.M.

Region

Whole brain
Cerebral cortex
Cerebellum
Caudate nucleus
Hippocampus
Hypothalamus
Thalamus
Midbrain

Norepinephrine
(ng/g of tissue)

345 ± 10
205 ± 10
124 ± 15
277 ± 37
201 ± 21

1446 ± 87
554 ± 41
392 ± 7

Dopamine
(ng/g of tissue)

818 ± 21
51 ± 4
13 ± 1

9253 ± 213
II ± 0.5

298 ± 33
191 ± 31
129 ± 17
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This method gave linear responses both with the detector and with the tissue
sample in the tested range of 1-100 ng NE, DA, and DBA. The extraction
method has not been optimized for maximum recovery. Using 0.2 M acetic acid
to extract catecholamines from alumina gave recoveries of approximately 40%.
Acetic acid was chosen because it probably is least detrimental to the
column packing material and the sample injection valve. In addition, it is vola
tile which means concentrating samples does not increase the acid concentra
tion.

Using this method we could assay five samples per hour. The system stabi
lizes very quickly (15-20 min) if one leaves the power on overnight for the
electrochemical detector and keeps the column equilibrated with the methanol
phosphate mobile phase by pumping at 0.1 ml/min. We found it takes 3-4 h to
obtain a stable baseline if the power is turned off overnight. A similar amount
of time is needed to re-equilibrate the column if one stores the column in 70 to
100% methanol.

With a buffered mobile phase the column must have a continual flow-rate to
avoid salts crystallizing on the column. We have found our baseline to be stable
enough that we anticipate one could successfully analyze catecholamines with a
fully automated system, Le. an autosampler and an integrator.
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elsewhere [7]. However, pure foetal haemoglobin components Fo and F b

used for controls, were obtained by preparative isoelectric focusing of cord
blood hemolysates [8]. Haemoglobin concentrations were adjusted to 4%
(w/v) with distilled water.

The chromatographic support was an anion-exchange paper with diethyl
aminoethyl (DEAE) groups (Whatman DE-81). Paper strips were cut to the
specific size of 200 mm X 45 mm. The equilibration buffer was tris(hydroxy
methyl)aminomethane (Tris), 0.05 M HCI (pH 8.9), KCN 0.01%. Aqueous
solutions of carrier ampholytes used as developers were prepared from commer
cial AmpholinesR (LKB, Bromma, Sweden) or PharmalytesR (Pharmacia,
Uppsala, Sweden); the pH values of the solutions were not adjusted.

Chromatography was performed as follows. Haemoglobin samples were
diluted down to 1/50 with the equilibration buffer; 2 pI of each diluted sample
were deposited on the chromatographic paper in saturating conditions [9] at
point 0, 20 mm from the lower edge of the paper. Ascending development was
made at 4 0 C for 12-14 h in a chromatographic chamber in saturating conditions.

RESULTS AND DISCUSSION

Aqueous solutions of Ampholine in the pH range 6-8 (1.2%, w/v) and
Pharmalyte in the pH range 6.5-9 (3%, w/v) have been compared as
developers. A typical separation obtained between some haemoglobin variants
with the above Ampholine solution is shown in Fig. 1. The corresponding RF
values are given in Table I.

~
•• 0

0 0 0 0
0 0

AC E ~AS A"'O F1F1

Fig.!. Paper chromatogram of some haemoglobin variants. Solvent: Ampholine pH range
6-8 solution (1.2%, w/v). Equilibration buffer: 0.05 M Tris· HCI (pH 8.9), 0.01% KCN.
Spots with broken line: haemoglobin variants. R F values increase in the order: HbF" HbA
(HbF0)' HbS, HbA2, HbC, HbE.

TABLE I

R F VALUES OBTAINED WITH AMPHOLINE SOLUTIONS IN THE pH RANGE 6-8

Ampholine HbA HbA2 HbFo HbS HbC
concentration
(pH 6-8)

1.2% (w/v) 0.13 0.24 0.13 0.19 0.26
4.0% (w/v) 0.45 0.60 0.42 0.54 0.61
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n-Hexane and ethyl acetate were from Mallinckrodt (Wesel, G.F.R.) and
were Nanograde quality, Nos. 4159 and 3427, respectively. Hydrochloric acid
and sodium hydroxide were purchased from Merck (Darmstadt, G.F.R.); they
were p.a. quality, Nos. 319 and 6498, respectively. Thin-layer chromatography
was performed with silica-gel plates (Merck, No. 5715) in the solvents cyclo
hexane--diethylamine-benzene (75:20:15, v/v) and benzene-dioxane
aqueous ammonia (60:35:1, upper phase).

Apparatus
The gas chromatograph used was a Hewlett-Packard 5840 equipped with an

N-P detector Model 18848A and an autosampler No. 7672. The column was a
WCOT, 25 m X 0.3 mm J.D., Duranglass, the stationary phase Carbowax
20M, purchased from Perkin-Elmer COberlingen, G.F.R.) and Bebjack (Kissing,
G.F.R.). Operating conditions were: injector temperature 230°C, detector
temperature 230° C. After injection in the splitless mode, the split was opened
1 min later and the temperature program was started. The column temperature
was programmed from 70°C to 170°C at 10°C/min and then 15 min iso
thermal.

Gas flow-rates were: carrier (helium) 2 ml/min, hydrogen 3 ml/min, air
50 ml/min, auxiliary gas (helium) 35 ml/min. The helium was purified by an
Oxisorb kit (Messer-Griesheim, Frankfurt, G.F.R.) to improve the service life
of the column. The evaporator used was a Vortex-Evaporator (Searle-Buchler,
Fort Lee, NJ, U.S.A.).

Analy tical procedures
Extraction. Blood was sampled via heparinized syringes and centrifuged. The

plasma obtained was stored frozen at -30° C in glass tubes. It was thawed at
room temperature and 2-ml portions were pipetted into 25-ml centrifuge tubes.
Then 200 III of water containing 183.4 ng of the internal standard (as the
citrate == 100 ng of base) were added, followed by 2 ml of 0.2 N NaOH and 10
ml of n-hexane. The samples were mixed for 15 min on a shaking machine.

After centrifuging, the plasma phase was frozen at -20° C. The organic phase
was transferred to another tube and extracted with 1 ml of 0.2 N HCI. The
water phase was frozen, and the organic layer discarded. After thawing the
water phase was made alkaline with 1.5 ml of 0.2 N NaOH and extracted with
n-hexane. The hexane phase was concentrated in silanized tubes in the
evaporator and reconstituted with 50 III of ethyl acetate and transferred to the
autosampler; 2 III were injected into the chromatograph.

Preparation of the calibration curve. The calibration curve was constructed
by preparing a stock solution containing 1.168 Ilg/ml prolintane hydrochloride
in plasma. After incubation (2 h, 37°C) this plasma was diluted with non
spiked plasma to obtain a concentration range of 10-100 ng/mi. By this proce
dure we hoped to attain an equilibration of prolintane to plasma proteins.
These standard samples were analysed by the same procedure as described
above.
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TABLE I

REPRODUCIBILITY OF PROLINTANE DETERMINATION ON THE SAME DAY (A)
AND ON DIFFERENT DAYS (B)

Plasma level Mean peak No. of S.D.
(ng/ml) ratio determinations (%)

A 10 0.268 5 4.5
25 0.719 5 2.1

100 3.07 5 2.7
B 20 0.58 4 8.5

100 3.07 4 8.7

The reproducibility of the method was studied by preparing plasma samples
containing different amounts of prolintane and analysing them on different
days. The results are shown in Table I.

By liquid scintillation counting, the recovery of 14C-labelled prolintane was
found to be 69.7% ± 2.2% (n = 5) at a concentration of 50 ng/ml and 72.6%
± 2.8% (n = 5) at a concentration of 200 ngjml. During this experiment 100 ng
of internal standard were present to reproduce the same conditions as for the
construction of the calibration curve. This relatively low recovery for the whole
procedure is due to the fact that we used .only single extraction steps. But as we
used a very similar internal standard the variation of the recovery does not
influence the precision of the assay. The use of silanized glass is strongly recom
mended to minimize losses caused by adsorption. This is of special importance
as we used hexane without an alcohol. The use of hexane gives the lowest blank
(cf. selectivity) and has an appropriate extraction efficacy for prolintane (Table
II).

TABLE II

PARTITION RATIOS FOR PROLINTANE BETWEEN BUFFERS AND DIFFERENT
SOLVENTS

Partition ratio (Corg/Caq )

NaOH 0.1 N
Phosphate buffer (pH 6.9)
HCI 0.1 N

Hexane

>100
3.5
0.02

Ethyl acetate

26
3.0
0.06

Toluene

>100
8.0
0.05

The selectivity of the method was tested by two experiments. First, we
applied 10 mg/kg [ 14C]prolintane to six rats (200 g) and killed them 1 min,
3 min, 10 min after application. The plasma was extracted according to our proce
dure and the extracts analysed by TLC in different solvent systems. The hexane
extract contained only the parent compound, quite different to extract obtained
with other extraction solvents (ethyl acetate, chloroform). This means that polar
metabolites are not extracted by our procedure. For legal reasons this
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Detennination of cyclizine and norcyclizine in plasma and urine using gas
liquid chromatography with nitrogen selective detection
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(First received June 20th, 1980; revised manuscript received August 11th, 1980)

Cyclizine is a clinically useful drug of the benzhydrylpiperazine series [1]
and norcyclizine is its demethylated metabolite (Fig. 1). Previous methods for
the estimation of these substances in biological material were complexing with
methyl orange [2] and derivatisation with tritiated acetic anhydride [3]. The
accuracy of these methods is limited at low concentrations owing to non
selective reactions with naturally occurring substances.

CYCLIZINE NORCYCLIZINE

Fig. 1. Molecular structure of cyclizine and its demethylated metabolite, norcyclizine.

The method described below, which employs gas-liquid chromatography
(GLC) with a nitrogen selective alkaline flame ionisation detector (AFID) can
measure cyclizine in plasma and urine with adequate sensitivity for pharmaco
kinetic studies. The method can also measure norcyclizine in urine.

MATERIALS AND METHODS

Chemicals
Cyclizine, norcyclizine and chlorcyclizine were obtained from the Wellcome

Foundation (Dartford, Great Britain) and recrystallised as hydrochlorides

0378-4347/81/0000-{)000/$02.50 © 1981 Elsevier Scientific Publishing Company
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and 10 pg) were added to 1 ml of human plasma and VM26 (50 pg) was added
after extraction. The VP16:VM26 peak area values were compared with those
obtained when injecting corresponding external samples at the same concentra
tions.

Pharmacokinetic calculations
The results were processed using a two-compartment open model after

intravenous infusion described by the equation Cp = Ae-ad + Be-(3t where Cp
is the plasma concentration at time t, A and B are the intercepts on the ordi
nate at zero time and a and {3 represent the slopes of the respective exponential
segments.

The elimination half-life (T'Iz) as calculated by the "peeling" method [14]
(TI/2 = 0.693/(3) using a Hewlett-Packard Model 9810 computer.

RESULTS AND DISCUSSION

Typical HPLC chromatograms of extracts from human plasma before and
after VP16 treatment are shown in Figs. 1 and 2. VM26 was used as internal
standard for the quantitative determination of VP16 because of its structural
similarity. The extraction recovery of VP16 was 79±3% and of VM26 81±2%.

VM26

0.
00181o. D.

i I

10 5 0
MINUTES

0.
00181O.D.

VP16

I I I
10 5 0

MINUTES

Fig. 1. Chromatogram of human plasma extract before VP16 administration. The equivalent
of 100 III of plasma was injected at 0.02 a.u.f.s.

Fig. 2. Chromatogram of human plasma showing VP16 concentration 24 h after intravenous
administration of 100 mg/m2

• The final calculation indicates a concentration of 0.54 Ilg of
VP16 per ml of plasma.
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serum or stock drug solution was loaded onto the Sep-Pak, which was then
washed with 1.0ml HPLC-grade water containing PIC reagent A. AZQ was
then eluted by washing the Sep-Pak with 3.0 ml HPLC-grade methanol con
taining PIC reagent A. The methanol was removed under nitrogen and the
residue was taken up in a minimum volume (100-200 MI) of HPLC-grade water.
The sample was vortexed, and then centrifuged to remove the insoluble
material. The resulting solution was used directly for injection onto the
column.

HPLC procedure
AZQ was eluted from the column using an isocratic mobile phase of water

methanol (65:35, v/v) containing 0.005 M tetrabutylammonium phosphate
(PIC reagent A). A flow-rate of 1.0 ml/min was used. The concentration of
AZQ in the eluate was measured by UV detection at 340 nm. Quantitative
analysis was based on peak areas, and was computed using pre-set integration
programs in the data system of the Spectra Physics HPLC instrument. Prior to
sample analysis, the chromatograph was calibrated daily using AZQ solutions of
known concentration.

RESULTS AND DISCUSSION

Fig. 1 illustrates the chromatogram obtained when AZQ was injected either
as a stock solution (Fig. 1A) or as an extract of human serum (Fig. 1B). Drug
elution occurred at a retention time that was well separated from the solvent
front. A relatively minor increase or decrease in the percent of methanol in the
described mobile phase permitted shortening or lengthening, respectively, of
AZQ retention time as desired. The elution of AZQ using either isocratic or
gradient systems of water and methanol without the PIC reagent A resulted
in peaks which were very broad and poorly defined making accurate quantita
tion of peak area difficult. A standard calibration curve for .AZQ was generated
daily by plotting peak areas (as computed by the data system) against the con
centration of the drug injected onto the column. The relationship was linear
over a ten-fold concentration range, with an excellent correlation coefficient
of 0.998 calculated using the least squares regression line. The correlation
between measured peak height and drug concentration was also linear with
an excellent correlation coefficient.

The minimum detectable level of AZQ was 7.0 ng injected, at a detector
setting of 0.01 a.u.f.s. and a recorder attenuation of zero. The signal-to-noise
ratio was 6 or less under these conditions.

The reproducibility of the described method was checked by sequentially
injecting four samples of a stock AZQ solution (3.05 Mg/ml) and then
measuring retention times and areas of the eluted peaks. The standard error of
the calculated concentration as peak area was less than 5% of the mean value
(2.99 ± 0.14 Mg/ml). The standard error of the mean retention time was less
than 1% of the mean value (10.33 ± 0.06 min).

Several analogs of AZQ which had previously been shown to possess signifi
cant antitumor activity [1-3] were investigated using the described chromato
graphic procedure. The structures and retention times for these compounds
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