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SUMMARY

Quantitation by gas chromatography-mass spectrometry and by gas chromatography­
hydrogen flame ionization detection (GC-HFID) were compared for five classes of halo­
genated aromatic compounds. For the five classes of compounds studied (polychlorinated
dibenzo-p-dioxins, polychlorinated dibenzofurans, polychlorinated diphenyl ethers, poly­
chlorinated naphthalenes and polychlorinated biphenyls), relative peak areas based on both
selected ion monitoring of ions in the molecular ion cluster, and total ion current peak areas
gave good approximations to relative concentrations based on GC-HFID peak areas. Within
each class of compounds, the molecular ion cluster peak areas are a fairly constant fraction
of the total ion current peak areas, regardless of the number of chlorines in the molecule
or the substitution pattern.

INTRODUCTION

Halogenated aromatic compounds occurring as environmental pollutants are
often found as complex mixtures of classes, homologues, and isomers [1].
The quantitative analysis of such samples is complicated by coelution of related
classes in typical fractionation schemes used during sample preparation.
Further, some of these classes of compounds, for example the polychlorinated
biphenyls (PCBs), are presently impossible to separate into individual, non­
overlapping components even by capillary gas chromatography (GC) [2-B].
When several classes are present in the same sample, for example PCBs, poly-

*Present address: Centre de Spectrometrie de Masse de Lyon, Vernaison, France.
**Present address: IBM Corporation, Research Triangle Park, NC 27709, U.S.A.
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chlorinated diphenyl ethers (PCDPEs) and polychlorinated naphthalenes
(PCNs), chromatographic separation into individual components becomes
altogether out of the question. Under such circumstances quantitation by GC
using electron-capture detection (ECD), hydrogen flame ionization detection
(HFID) or mass spectrometry-total ion current (MS-TIC) gives invalid results
due to superposition of components of differing detector responses.

There are 209 possible PCBs, 209 possible PCDPEs, and 75 possible PCNs;
for the PCBs at least, over 130 of the 209 possible isomers have been observed
in commercial preparations [5-7]. Standards are not available for all of the
isomers that may occur in environmental samples, and it would be quite
impractical to generate 493 individual calibration curves (209 for PCBs, 209 for
PCDPEs and 75 for PCNs) even if all possible standards were available. More­
over, classes of compounds in addition to the three mentioned may also be
present (for example the 135 possible polychlorinated dibenzofurans, PCDBFs,
and the 75 possible polychlorinated dibenzo-p-dioxins, PCDBDs).

An approach to this problem based on a preliminary class fractionation (see
Fig. 1) followed by GC-MS with selected ion monitoring (SIM) has been
described previously [1] . Although this approach can deal with the co­
chromatography problem, quantitation using this approach is only feasible if
one can avoid the need for individual calibration curves for every compound
present in the mixture. The present paper is concerned with a comparison of
relative detector responses (HFID, TIC, SIM) to compounds of the classes
found in Fractions 2 and 3 of the fractionation scheme shown in Fig. 1. The
errors associated with the assumption that the relative detector response may
be averaged for a given isomeric group are also considered.

CLEANED EXTRACT

1

[;I'UM:~ [:::::\" [H,["
FRACTION 1 FRACTION 2 FRACTION 3

(CBs) (PCBs, PCTs,
PCNs, PCDPEs)

(PCDBFs,
PCDBDs, peQs)

Fig.!. Fractionation scheme.

EXPERIMENTAL

GC peak areas for fraction 2 mixtures were determined using a Varian 1200
gas chromatograph equipped with a hydrogen flame ionization detector, and
fitted with a 2-m 3% aV-225 packed column. Fraction 3. GC-HFID analyses
were done using capillary columns containing aV-1. Peak areas were measured
with an Autolab System IV computing integrator. The chromatographic condi­
tions have been detailed previously [1].
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The analyses of fraction 2 and fraction 3 mixtures were performed on a VG
Micromass 70j70F mass spectrometer, interfaced to a VG 2250 data system.
The mass spectrometer was scanned from 670 to 20 a.m.u., at 1 sec per decade.
The electron energy was 70 eV; source temperature was held at approximately
180°C. The mass spectrometer was equipped with a Hewlett-Packard HP 5710
gas chromatograph and a jet separator for packed column operation. A 2-m
packed column containing 3% OV-22.5, programmed from 180 to 250°C, at
6°C/min, was used for the molecular ion cluster (MIC) and TIC analyses of
fraction 2 mixtures. A capillary column containing Dexsil 410 (25 m) was used
for the mixture analyses and the MIC and TIC determinations for the PCDBFs.
An SE 30 (7 m) capillary column at 220°C, or programmed from 100 to 240°C
at 10°C/min, or an OV-101 (11 m) capillary column programmed from 150 to
240°C at 10°C/min was used for the PCDBD analyses.

Molecular ion peak areas were determined by measuring the areas of the
[M + 2] + ion chromatograms, Le., the ion containing one 37 Cl isotope, using
the VG data system peak area program. The [M +2] + peak areas were then
multiplied by weighting factors to give the areas in the entire MIC. The
weighting factors were obtained from a table of relative probabilities of occur­
rence of the various isotope peaks [8]. TIC peak areas were determined from
the peak areas of the total ion chromatogram and include all ion intensities in
the entire mass range scanned.

Individual PCBs, PCDPEs, PCDBDs and PCDBFs were obtained from
Analabs (North Haven, DE, U.S.A.) or RFR (Hope, RI, U.S.A.). The mixture
of PCNs used was Halowax 1013 from Analabs. Solvents used were from
Burdick and Jackson Labs. (Muskegon, MI, U.S.A.).

RESULTS AND DISCUSSION

Analysis of fraction 3 mixtures
PCDBDs. The results of the analyses of four dioxin mixtures are shown in

Table 1. If the HFID results are taken as the best approximation of the true
relative concentrations, there is good correlation between the actual relative
concentrations and those based on TIC peak areas and MIC peak areas. These
relationships are shown in the following equations:

TIC % 1.02 (HFID%) - 0.49, r = 0.9801, p < 0.001

M+% 0.89 (HFID%) + 2.49, r = 0.9494, p < 0.001

[M+2t% = 1.00 (HFID%) + 0.06, r = 0.9783, p < 0.001

where p is the probability that the correlation coefficients are not significantly
different from zero. The regression equation is given below:

% TIC carried .by the MIC =0.87 (No. of chlorines) + 44.02, r = 0.3612,
0.1 <p <0.2

The low correlation coefficient indicates a poor correlation, so the % TIC
carried by the MIC is not simply determined by the number of chlorines in the
molecule.
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TABLE I

RELATIVE PEAK AREAS BY HFID, M+, [M+2]+, AND TIC FOR FOUR DIOXIN
MIXTURES

Component

Dioxin mixture A
1-CI,
2,3-CI,
2,6,S-Cls
1,2,3,4-CI.
1,2,3,7,S-CI,

Dioxin mixture B
2-CI,
2,7-GI,
2,3,7 -GIs
2,3',7,S-CI.
1,2,3,7,S-Cls

Dioxin mixture C
2,S-GI,
1,2,4-Gls
1,2,3,7,S-Gls

Dioxin mixture D
1,2,4,7,S-Cls'
l,2,3,6,7,S-G16

1,2,3,7,S,9-G16

1,2,3,4,6,7,S-CI7

Octachloro-GI.

HFID
areas
(±S.D.)

21.2± 1.9
21.0± 1.2
17.1±0.56
23.1±0.2S
17.4±0.lS

9.27 ±0.30
16.40±0.37
14.70±0.10

S.09±0.1l
51.6±0.S7

63.0±0.7S
15.6±0.10
21.4±0.73

27.5±1.6
19.0±0.1l }
2S.1±0.30
11.9±0.33
13.4± 1.2

TIC
aJ;eas
(±S.D.)

14.7±0.61
19.1±1.7
lS.5±2.0
25.6±1.7
22.3±1.5

6.7±1.2
17.4±3.4
13.S±2.6

7.1±1.1
55.1±3.6

59.0±3.3
15.6±0.52
25.4±2.S

24.5±1.4

52.0±2.1

12.0±0.75
1l.5±0.32

MIC areas
based on
M+
areas
(±S.D.)

13.S±0.4S
19.5±0.74
17.3±0.94
26.5±0.54
22.9±0.74

7.1±0.25
14.4±1.0
15.5±0.65

S.0±0.47
54.9±1.6

50.3±2.34
19.1±1.6
30.6±0.96

26.4±0.46

4S.3±1.9

13.2±0.70
12.1±2.4

MIC areas
based on
[M+ 2]+
areas
(±S.D.)

13.7 ±1.11
21.6± 3.12
17.S±2.74
25.7±1.0
21.3±0.94

7.0±0.97
15.5±1.36
13.7 ±1.S

S.1±0.53
55.S± 3.S

57.7 ±1.07
17.0±l.15
25.3±0.71

24.1±0.67

50.7 ±0.7S

12.2±1.3
13.0±0.76

For there to be good correlations for MS-TIC peak areas with true relative
concentrations, even for isomers containing different numbers of chlorines,
the ionization cross sections for isomers containing different numbers of
chlorines must be fairly constant. For molecular ion peak areas to also give
good approximations to relative concentrations, independent of the number of
chlorines in the molecule, then the portion of the TIC carried by the MIC
must also be fairly constant. Alternatively, discrepancies may fortuitously
cancel out.

The hydrogen flame ionization detector response to substituted aromatic
compounds (peak area per Mmole) generally tends to decrease as C-H bonds
are replaced by C-el bonds. Although ways of correcting for this have been
empirically developed for some compound classes [9], this has not been accom­
plished for PCDBDs due to lack of availability of a large number of highly
pure individual standards in weighable quantities. Table I suggests that the
relatively high response to monochloro PCDBDs and the relatively low response
to highly chlorinated PCDBDs of the hydrogen flame ionization detector
fortuitously cancel out when a least-squares regression line comparing HFID
to TIC areas is calculated.
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TABLE II

PERCENT OF THE TOTAL ION CURRENT CARRIED BY THE MOLECULAR ION
CLUSTER FOR DIOXINS

Compound

1-e1\
2-CI\
2,3-Clz
2,7-Clz
2,S-elz
1,2,4-e1.
2,3,7-e1.
2,6,S-eI.
1,2,3,4-CI.
2,3,7,S-eI.
1,2,3,7,S-CI,
1,2,4,7,S-eI,
1,2,3,6,7 ,S-el.}
1,2,3,7,S,9-e1.
1,2,3,4,6,7,S-CI,
l,2,3,4,6,7,S,9-e1.

Mean

Percent TIC
carried by MIC (± S.D.)

47.6±2.46
46.9±6.53
55.0±7.02
3S.S±S.8
36.0± 1.04
45.3±0.12
47.5±9.3
4SA±5.S6
51.8±3.46
49.9±6.9
4SA±4.26
49.9±1.9

46.1 ±3.6

51.4±2.4
53.1±6.5

47A±4.9

TABLE III

RELATIVE PEAK AREAS BY HFID, M+, [M+2]+ AND TIC FOR TWO MIXTURES OF
FURANS

Component

Furan mixture A
2,3-el z
2,4,6-el z
2,3,S-eI.
2,3,6,S-CI.
2,4,6,8-e1.
1,3,4,7,S-eI,
2,3,4,6,7,S-eI.

Furan mixture B
2,3,4,6,7,S-eI.
Octachloro-el.

HFID
areas
(± S.D.)

9.99±0.lS
17.70±0.25
S.5S±0.16

10AO±0.31
15.10±0.S4
23.7 ±OAO
14.5 ±1.1S

54.2±0.62
45.S±0.62

TIC
areas
(±S.D.)

9.5±3.2
16.1±2.9

S.5±2.3
9.5±2.0

14.6±1.S
25.7±3.2
16.1±3.2

5S.7±2.7
41.3±2.7

MIC areas MIC areas
based on based on
M+ [M+2]+
areas areas
(± S.D.) (±S.D.)

S.3±2.0 S.3±1.6
16A±lA 15.7±1.4
9A±2A 9.1 ±1.9

10.2±1.6 9.S±2.1
14.9±0.50 13.S±1.8
24.5 ±1.S 26.3±0.56
16.2±2A 17.0±1.5

56.2±3.6 5S.7 ±2.7
43.S±3.6 41.3±2.7

The portion of the TIC carried by the MIC for various isomers was studied,
and the results are given in Table II. For these PCDBD's, the % TIC carried by
the MIC was 47.4 ± 4.9%.

PCDBFs. A similar study was done on two mixtures of PCBDFs. The results
of the mixture analyses are shown in Table III. Here again there was good cor-
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relation between the HFID peak areas (taken as the best values), and the TIC
and MICpeak areas, as shown in the following regression equations:

TIC% 1.03 (HFID%) - 0.58, r = 0.9894

M+% 1.01 (HFID%) - 0.25, r = 0.9963

[M+2]+ = 1.03 (HFID%) - 0.62, r = 0.9870

The % TIC carried by the MIC was calculated, and was fairly constant over all
of the Juran isomers studied (Table IV). The very poor correlation between the
% TIC carried by the MIC and the number of chlorines in the molecule (r =
0.0369) indicates that these two parameters are independent.

TABLE IV

PERCENT OF THE TOTAL ION CURRENT CARRIED BY THE MOLECULAR ION
CLUSTER FOR FURANS

Compound

2,S-Cl 2

2,4,6-e13

2,3,S-e13

2,4,6,S-eI.
2,3,6·,S-eI.
1,3,4,7,S-Cis
2,3,4,6,7,S-Ci.
1,2,3,4,6,7,S,9-Ci.

Mean

Percent TIC
carried by MIC (±S.D.)

46.1± 4.S2
52.5± 4.75
56.S± 3.03
51.5±. 4.76
54.S ± 3.09
51.7 ± 3.96
49.4± 7.15
52.0±10.4

52.0± 5.33

Analysis of fraction 2 mixtures
PCDPEs. Similar studies were done on a synthetic mixture of seven PCDPEs.

Since no pure, indivi4ual standards were available, identification of the
substitution pattern and relative molar response (RMR) calculations could not
be done. The results of the mixture analysis are shown in Table V. Regression
equations and correlation coefficients are given below:

TIC vs. FID : TIC =1.05 (FID) - 0.49; n =7, r = 0.9995, p < 0.001

TIC vs. [M+2]: TIC = 0.84 [M+2] - 2.15; n =7, r = 0.9899, p < 0.0'01

FIDvs. [M+2]: [M+2] = 0.58 (FID) + 0.45; n =7, r = 0.9888, p < 0.001

PCNs. The chloronaphthalenes studied were also only available as a mixture
(Halowax 1013) that was not completely resolved by GC (see Fig. 2). In addi­
tion, the same degree of resolution was not obtained by all of the methods of
detection compared. To obtain comparable quantitation results, some poorly
resolved peaks were combined and others, where the degree of chlorination
was uncertain, were omitted (see Table IV). Regression equations and correla­
tion coefficients are given below:

TIC = 1.03 (HFID) + 0.29; n =9, r = 0.991, p < 0.001

[M+2] = 0.97 (HFID) + 0.48; n =7, r = 0.953, p <0.001
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TABLE V

RELATIVE PEAK AREAS BY HFID, [M+2] AND TIC, AND PERCENT TIC CARRIED
BY THE MOLECULAR ION FOR PCDPEs

Peak No. PCDPE mix HFID areas
(± S.D.)

MIC areas
based on
[M+2]
areas
(±S.D.)

TIC
areas
(±S.D.)

Percent TIC
carried by MIC

3
5
6
8
9

10
12

Mean

hexa
hepta
hepta
octa
octa
octa
nona

3.0±0.2
2.1±0.1

31.3±0.5
34.2±0.5

5.0±0,6
6.2±0.2

15.7±0.5

2.1 ±0.5
1.6±0.4

35.0±0.8
41.7 ±l.6

3.9±0.6
4.2±0.6

11.4±0.6

2.2±0.5
1.8 ±0.3

32.4±2.4
35.6±l.4

5.7±1.1
5.7 ±1.1

15.7±1.1

32.5
38.3
27.5
37.6
34.6
23.6
33.7

30.8 ±7.1

Calculations of % TIC carried by the MIC were also done on Halowax 1013.
Since no pure standards were available, the substitution patterns of
components in this mixture could not be determined. Moreover, since this
mixture was much more complex than that of the PCDPEs, and some of the
peaks were not completely resolved (see Fig. 2), even the number of chlorines
in a particular peak could not always be determined. The results of calculating
the % TIC carried by the MIC, assuming that the peak was due to a single
component of the highest number of chlorines detected in the peak, are shown
in Table VI.

IN

B,C

E
o

A F

G

H,I K L

HALOWAX 1013

TIC

Q
p

2 4 6 8 10
MIN

12 14

Fig. 2. GC-MS TIC chromatogram of Halowax 1013, a mixture of PCNs (OV-225,
programmed from 180 to 250°C, at 6°Cjmin).
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TABLE VI

RELATIVE PEAK AREAS BY HFID, [M+2] AND TIC, AND PERCENT OF THE TOTAL
ION CURRENT CARRIED BY THE MOLECULAR ION CLUSTER FOR PCNs

No. of Peak HFID MIC areas MIC areas Percent TIC
Cl areas based on based on carried by MIC

[M+2] TIC
area area

4 A 4.7 3.7 2.5 49.1
3 B 15.4; 8.3
4 C 41.7
4 D 33.6
4 E 12.5 12.6 7.4 56.5
4 F 50.5
5 G 8.8
5 H, I 23.0 15.9 16.5 30.0
5 J, K 31.0 32.7 38.6 47.7
5 L 21.6 25.3 27.7 49.2
6 M,N,O 5.9 7.2 6.2 51.8
6 P 1.2 2.5 1.1 41.2
7 Q 52.2

Mean 48.0±6.8
(without peaks B and G)

TABLE VII

RELATIVE PEAK AREAS BY HFID, [M+ 2] AND TIC FOR PCBs

HFID areas HFID areas MIC areas TIC areas
(±S.D.) (RMR·corrected) based on

(± S.D.) [M+2] areas

PCB mix 1
2,5,2' ,5' 18.05±0.23 16.64±0.21 12.2 14.7
2,4,6,2' ,4' ,6' 18.75±0.21 22.22±0.25 20.5 21.8
2,3,4,5 16.95±0.15 16.10±0.14 16.4 16.6
2,4,5,2',5' 19.12±0.43 18.40±O.41 17.6 19.1
2,3,6,2',3' ,6' 12.88±0.14 12.84±0.14 16.2 15.6
3,4,3',4' 14.28±0.074 13.80±0.072 15.8 13.6

PCB mix 2
2,3,4,5 27.5±0.5 27.1±0.5 23.0 23.3
2,3,4,5,6 34.4±0.5 37.4±0.5 29.9 31.3
2,3,5,6,2' ,3' ,5' ,6' 17.2±0.1 18.7±0.2 25.0 22.7
2,3,4,5,2' ,3' ,4' ,5' 19.9±0.2 16.7 ±0.2 22.4 22.7

PCB mix 3
3,4,3',4' 30.4±0.5 29.9±0.5 34.3 30.3
2,3,4,2' ,5' 26.8±0.5 23.9±0.4 21.7 23.6
2,3,4,2' ,3' ,4' 22.9±OA 23.2±0.4 22.6 22.8
2,3,5,2' ,3' ,5' 20.4±0.3 22.9±0.4 21.3 23.2
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As can be seen from Table VI, most of the values for the % TIC carried by
the MIC fall in the range 40-57%. If one assumes that this value should be a
constant for PCNs, as was found to be the case for PCDBDs, PCDBFs, and
PCDPEs, and that values in this range represent true values for this constant,
then peaks which give lower values may be interpreted as resulting from
coeluting components with fewer chlorines. The effect of lower molecular
weight coeluting components would be to increase the TIC peak area, but
would leave the MIC area unchanged, thus leading to a lower ratio. One
example of where this may have occurred is peak G, where the observed % TIC
carried by the MIC is 8.8%.

In this way, if the % TIC carried by the MIC has been shown to be a constant
for a certain class of compounds, the ratio can be used as a check on peak
purity in a mixture, at least as to whether or not the peak is likely to contain
only components with the same number of chlorines.

PCBs. Three mixtures of PCBs were analyzed, and the results of quantitation
based on HFID peak areas, HFID ppeak areas corrected for RMR according to
the empirical rules described previously [9], MIC peak areas based on [M+2]+
peak areas, and TIC peak areas were compared (Table VII). The RMD-corrected
HFID values were taken as the best approximation to the actual relative
concentrations [9]. The regression equations and correlation coefficients
obtained are given below:

TIC vs. RMR-corrected HFID values: TIC = 0.71 (RMR-corrected HFID) +
+ 6.38, n = 14, r = 0.9052, p < 0.001

[M +2] vs. RMR-corrected HFID values: [M +2] = 0.75 (RMR-corrected HFID)
+ 5.54, n = 14, r = 0.8047, p < 0.001

HFID vs. RMR-corrected HFID values: HFID = 0.69 (RMR-corrected HFID) +
+ 6.51, n = 14, r = 0.7874, p < 0.001

where p is the probability that the correlation coefficient is not significantly
different from zero.

The RMR-corrected HFID values, RMR-corrected [M + 2J + values, and the
% TIC carried by the MIC's are given in Table VIII for the sbdeen PCB isomers
studied. There was no correlation observed between the number of chlorines in
the molecule and the % TIC in the MIC, and the average value for the % TIC in
the MIC was 37.9 ± 5.5.

CONCLUSIONS

For the five classes of compounds studied (PCDBDs, PCDBFs, PCDPEs,
PCNs, and PCBs), relative peak areas based on both 81M of ions in the MIC,
and TIC peak areas gave good approximations to relative concentrations based
on GC-HFID peak areas. Within each class of compounds, the MIC peak areas
are a fairly constant fraction of the TIC peak areas, regardless of the number of
chlorines in the molecule or the substitution pattern.

What this must mean is that not only are the ionization cross sections fairly
constant for a given compound class, but that the energy distributions must
also be such that the fraction of molecular ions which are formed but which
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TABLE VIII

RELATIVE PCB MOLAR RESPONSES FOR-HFID AND [M+2] PEAK AREAS, AND THE
PERCENT TIC CARRIED BY THE MOLECULAR ION CLUSTER

RMR = 0.132 (No. of chlorines) + 0.202, r = 0.9956

PCBs RMR corrected RMR-corrected Percent TIC
HFID values [M + 2] values carried by MIC

Tri 2,3,5 1.17 42.7.
2,4,4' + 2,5,4' 49.7
Mean 46.2 ±5.0

Tetra 2,3,4,5 0.958 0.694 38.1
2,4,2' ,4' + 2,5,2' ,5' 36.4
2,5,2' ,5' 1.036 0.596 30.9
3,4,3',4' 1.006 0.902 42.5
Mean 1.021 ± 0.02 0.749 ± 0.22 36.9 ± 4.8

Penta 2,3,4,5,6 0.867 0.802 38.2"
2,3,4,2' ,5' 0.994 0.757 30.6
2,4,5,2' ,5' 1.000 (Reference) 1.000 (Reference) 34.4
Mean 0.953 ± 0.08 0.853 ± 0.13 34.4 ± 3.8

Hexa 2,3,4,2' ,3' ,4' 1.036 0.731 33,0
2,3,5,2' ,3' ,5' 0.928 0.731 30.6
2,4,6,2' ,4' ,6' 0.819 1.125 39.6
2,3,6,2' ,3' ,6' 0.976 1.418 38.5
Mean 0.940 ± 0.09 1.001 ± 0.33 35.4 ± 4.3

Hepta from Aroclor 1254

Octa 2,3,4,5,2' ,3' ,4' ,5' 1'.1-20 1.398 39.7
2,3,5,6,2' ,3' ,.5' ,6' 0.867 1.122 44.0
Mean 0.994 ± 0.18 1.260 ± 0.20 41.8 ± 3.0

Average of all PCBs studied 0.967 ± 0.08 0.957 ± 0.27 37.9 ±5.5

have insufficient energy for fragmentation must also be fairly constant for a
given class [10,11]. This fraction was fairly constant within each class, but
varied from class to class (the % TIC carried by the MIC was 37.9 ± 5.5% for
PCBs, 30.8 ± 7.1% for PCDPEs, 48.0 ± 6.8% for PCNs, 47.4 ± 4.9% forPCDBDs,
and 52.0 ± 5.3% for PCDBFs). These results indicate that it should be possible
to quantitate one member of a given compound class based on the calibration
curve from 81M of a different isomer in the same class, even an isomer
containing a different number of chlorines, and that the relative error
introduced by doing this would be approximately 10-23%.

It should be noted that these % TIC carried by the MIC determinations were
done on a magnetic sector instrument. The mass discrimination of a quadrupole
mass spectrometer might lead to decreasing MIC values with increasing mass, or
in this case, with increasing number of chlorines.

If the % TIC carried by the MIC were subject to a mass discrimination effect,
this would in turn affect the use of MIC areas to approximate TIC peak areas.
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Correction factors would probably be needed in order to use either TIC or MIC
areas to determine relative concentrations, since these areas would be
dependent on the mass distribution of the fragments. On a quadrupole mass
spectrometer, even isomers with the same number of chlorines might not give
constant MIC/TIC values if the mass distribution of the fragments differed
significantly.

In the cases of the PCNs and PCDPEs, for which individual standards were
unavailable, the possibility exists that the individual relative detector responses
vary significantly for the hydrogen flame ionization detector but, fortuitously,
in a similar manner to the TIC and 81M detectors. If this were the case there
could be high correlation coefficients in spite of wide variations in responsivity.
This possibility cannot be tested until a number of individual, isomeric PCDPEs
and PCNs of appropriate chlorine numbers are available.
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SUMMARY

In the present study, differentiation of the closely related bacteria Actinobacillus actino­
mycetemcomitans and Haemophilus aphrophilus has been made possible through gas chro­
matography of hexane extracts from their whole cellS. While the investigated strains of
H. aphrophilus were homogeneous, A. actinomycetemcomitans could be divided into three
clusters of strains according to their gas chromatographic fingerprints. Myristic, palmitic
and palmitoleic acid were major fatty acids in both A. actinomycetemcomitans and H.
aphrophilus. In strain cluster III of A. actinomycetemcomitans, 13-methyltetradecanoic
acid occurred as a fourth major fatty acid. Essentially no minor components were detected
in cluster I of A. actinomycetemcomitans and in H. aphrophilus. In cluster II, the presence
of minor components was moderate, in cluster III, marked.

INTRODUCTION

Actinobacillus actinomycetemcomitans and Haemophilus aphrophilus
are morphologically very similar Gram-negative facultative rods, indigenous
to dental plaque [1]. Such plaque has been the source of infection in cases
where these organisms have caused endocarditis [2]. A. actinomycetem­
comitans has recently attracted much attention due to its suspected role
as a major pathogen in periodontosis [3]. H. aphrophilus has not been im­
plicated to the same extent, haemophili being considered by most authors

0378-4347/83/$03.00 © 1983 Elsevier Science Publishers RV.
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to have a low pathogenic potential in the periodontal pocket [4]. Taxonomic
differentiation between these species is difficult and is based only on a few
physiological characters [5]. In Bergey's Manual of Determinative Bacteri­
ology [6], A. actinomycetemcomitans is designated as a species incertae
sedis, uncertainty especially existing in the relationship to H. aphrophilus.
A close phenotypic similarity has been found between A. actinomycetem­
comitans and H. aphrophilus [7, 8], and inclusion of A. actinomycetem­
comitans in the genus Haemophilus has been suggested [7] .

Gas chromatography of cellular fatty acids is generally considered a use­
ful tool in the differentiation between facultative bacteria (reviews: refs.
9 and 10). Usually, bound fatty acids, which are released by acid or alkaline
hydrolysis and then derivatized before gas chromatographic analysis, are.
used for this purpose. Unfortunately, both hydrolysis and derivatization
may cause artifacts. We have developed a direct method of gas chromato­
graphic analysis of free, non-derivatized, whole-cell fatty acids from bacteria
which circumvents these problems [11]. The present paper deals with the
application of this method in the taxonomic differentiation of A. actino­
mycetemcomitans and H. aphrophilus.

MATERIAL AND METHODS

Bacteria
The strains of A. actinomycetemcomitans and H. aphrophilus investigated,

and the sources from which they were obtained, are shown in Table 1. Strain
ATCC 29522 was first obtained from Forsyth Dental Center, and later, for
comparison, through the American Type Culture Collection, strains ATCC
33389, 33384 and 19415 through the American Type Culture Collection,
and the remaining strains through Forsyth Dental Center. The organisms,
which were maintained on blood agar plates kept in an atmosphere of 80%
nitrogen, 10% carbon dioxide and 10% hydrogen, were transferred weekly.
Mass cultivation occurred in Brain Heart Infusion® (Difco, Detroit, MN,
U.S.A.), broth in air plus 10% carbon dioxide for five days at 37°C. All mass
cultivations were made in duplicate, on different days.

Fatty-acid extraction
Lyophilized material from each of the two series of bacterial cultures was

extracted twice with fresh n-hexane (E. Merck, Darmstadt, F.R.G.) in an
all-glass Soxhlet apparatus furnished with a refluxing Liebig water condenser,
each time for 3-4 h [11]. The two extracts from one culture were pooled,
dried and stored at -20°C in an oxygen-free atmosphere.

Gas chromatography
A Sigma 3 gas chromatograph (Perkin-Elmer, Norwalk, CT, U.S.A.) fur­

nished with an electronic integrator (Sigma 10) was used. The Chrompack
(Middelburg, Tne Netherlands) CP-Sil 5 (polydimethylsiJoxane) capillary
column used was 20 m X 0.22 LD. with film thickness 0.14 /.lm and height
equivalent to a theoretical plate (HETP) 0.25 mm. Helium served as carrier
gas at a flow-rate of -2 mljmin. The pressure at the inlet of the column was
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TABLE I

LIST OF BACTERIA INVESTIGATED

Organism

Actinobacillus
actinomycetemcomitans

Haemophilus
aphrophilus

Sttain

33384 (9710)
29524
29523
29522§
29522§§

2112
2097
2043

511
N27

Y4

33389(5906)
19415 (5886)

655
654

Source

ATCC* (NCTC**)
ATCC
ATCC
ATCC
ATCC
FDC***
FDC
FDC
FDC
FDC
FDC

ATCC (NCTC)
ATCC (NCTC)
FDC
FDC

Site of origin

Lung abscess
Chest aspirate
Blood
Mandibular abscess
Mandibular abscess
Periodontitis
Periodontitis
Periodontitis
Periodontitis
Periodontosis
Periodontosis

Endocarditis
Endocarditis
Periodontitis
Periodontitis

* American Type Culture Collection, Rockville, MD, U.S.A.
**National Collection of Type Cultures, London, U.K.
***Forsyth Dental Center, Boston, MA, U.S.A.
§Obtained through Forsyth Dental Center.
§§Obtained through American Type Culture Collection.

151.5 kPa. From the duplicate bacterial cultures, twenty runs were made
on the gas chromatograph, ten from each pooled extract. The gas chroma­
trographic profiles of the duplicate cultures differed by 1-2%. The bacterial
fatty acids were identified tentatively by comparing their retention times
with those of authentic standards, i.e. C14 : 0 acid (myristic acid, Sigma, St.
Louis, MO, U.S.A.), C1S : O acid (pentadecanoic acid, Sigma), iso-C 1s : o acid
(13-methyltetradecanoic acid, Larodan Fine Chemicals, Malmo, Sweden),
anteiso-C 1s : o acid (12-methyltetradecanoic acid, Larodan), C16 : 0 acid (palmitic
acid, Sigma), C16 : 1 acid (palmitoleic acid, Sigma). The identity of the bacterial
fatty acids was confirmed by gas chromatography-mass spectrometry (GC­
MS), cochromatography of authentic standards, proton nuclear magnetic
resonance (NMR) spectrometry, and infrared spectroscopy.

Gas chromatography-mass spectrometry
The instrument used for combined GC-MS consisted of a Carlo Erba 4200

gas chromatograph, a Micromass 7072F (Vg Micromass, Cheshire, U.K.) mass
spectrometer, and a Vg data system 2200. The gas chromatograph was
equipped with a glass capillary OV-l methylsilicone column (20 m X 0.3 cm
LD.). Helium served as carrier gas. The column temperature was programmed
from 100°C to 250°C at 10°C/min. Electron impact (EI) ionization spectra
were recorded under the following conditions: ionizing energy 70 eV, ionizing
current 200 p.A, ion-source temperature 240°C, and accelerating voltage 4
kV. Chemical ionization (CI) mass spectra were recorded with isobutane
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as a reactant gas and with an ionizing energy of 50 eV. The other experimental
conditions were as for EI ionization. High-resolution mass spectra were ob­
tained at 70 eV from an MS902 double-focus spectrometer connected to
an AEI computer (Scientific Apparatus. Manchester, U.K.).

Proton nuclear magnetic resonance spectrometry
For proton NMR analysis, a Varian EM360A spectrometer (Varian, Palo

Alto, CA, U.S.A.) was used at 60 MHz with Si(CH3)4 (Fluka, Buchs, Switzer­
land) as internal standard.

Infrared spectroscopy
Infrared spectra were obtained with a Jasco IRA-l diffraction grating in­

frared spectrophotometer. Samples, prepared by mixing dried extract onto
infrared grade KBr (Merck), were pressed into 10-mm diameter pellets.

RESULTS

Yield of hexane-extractable material
The amount of hexane-extractable material from all the bacterial strains

investigated is shown in Table II. The yield was highest in strains of H. aphro­
phi/us. Oral strains of A. actinomycetemcomitans and of H. aphrophilus
usually yielded more hexane-extractable material than did non-oral strains.

TABLE II

HEXANE-EXTRACTABLE MATERIAL

Values are expressed as percentage (w/w) of dried cells.

Actinobacillus actinomycetemcomitans Haemophilus aphrophilus

ATCC 33384
ATCC 29524
ATCC 29523
ATCC 29522*
ATCC 29522**
FDC 2112
FDC 2097
FDC 2043
FDC 511
FDC N27
FDC Y4

1.3
1.0
1.7
2.5
2.1
4.0
3.6
2.4
4.0
4.0
1.0

ATCC 33389
ATCC 19415
FDC 655
FDC 654

2.0
2.0

10.0
6.0

*Obtained through Forsyth Dental Center.
**Obtained through American Type Culture Collection.

Gas chromatography
The gas chromatograms of the hexane extracts from the examined bacteria

revealed major components only, or major components together with minor
ones. Based on the distribution of all the components, the A. actinomycetem­
comitans strains could be divided into three clusters. In the main cluster,
Le. cluster I, which consisted of strains ATCC 33384, 29524, and FDC 2112,



17

2043, 511, and N27, the major components were CI4 : 0 , C16 : 0 and CI6 : I acids.
Minor components were present in negligible amounts, i.e. they constituted
less than 0.1% (Fig. 1), which was confirmed when a ten-fold higher con­
centration of test substance was injected into the gas chromatograph (at­
tenuator 2).

Cluster II of A. actinomycetemcomitans comprised strains ATCC 29523
and FDC 2097. The major components of these strains were the same as
those detected in cluster I. In addition, a series of minor substances were
present in moderate amounts (Fig. 2).

Cluster III of A. actinomycetemcomitans included strains ATCC 29522,
obtained first through Forsyth Dental Center, and later directly through
the American Type Culture Collection, and strain FDC Y4. The fatty-acid
profiles of the two ATCC 29522 strains did not differ qualitatively. Char­
acteristic of strain cluster III was the presence of a fourth major fatty acid:
iso-Cls : o acid. A series of minor components were also detected (Fig. 3).
The iso-Cls : o acid could be separated from anteiso-Cls : o acid. At 130°C,
the difference in retention time between these two isomeric acids was 0.16
min, at 133°C it was 0.13 min, and at 134°C, 0.12 min. The CI4 : 0 , CIS : O ,

iso-C ls : o , and anteiso-C ls : o acids were well separated at 133°C (Fig. 4). The
difference in retention time between C14 : 0 acid and CIS : O acid was 1.92 min,
between C14 : 0 acid and anteiso-C ls : o acid 1.25 min, and between C14 : 0 and

2

3

4

012345678910111213141516
MINUTES

-3

o 1 2 3 4 5 6 7 B 9 10 11 12 13 14 15 16
MINUTES

1
2

o 1 2 3 4 5 6 7 8 9 10 11 12 13 11. 15 16
MINUTES

Fig. 1. Gas chromatogram of A. actinomycetemcomitans, strain FOC 511, characteristic
of cluster I. Program: hold 1 min at 110°C, then 110 to 340°C at 15°C/min. Injector tem­
perature 210°C. Flame ionizat;on detector temperature 210°C. Splitless injection. Paper
speed 5 mm/min. Sample injected in hexane 0.1 Ill. Attenuator 8. 1 = C 14 : 0' 2 = C'6: 1 ,

3=C'6:0'

Fig. 2. Gas chromatogram of A. actinomycetemcomitans, strain FOC 2097, characteristic
of cluster II. Settings as in Fig. 1. 1 = C t4: 0' 2 = C t6 :, , 3 = C'6: 0 .

Fig. 3. Gas chromatogram of A. actinomycetemcomitans, strain FOC Y4, characteristic
of cluster III. Settings as in Fig. 1. 1 = C'4: 0' 2 = iso-C,s: 0' 3 = C t6 " , 4 = C t6 : 0 .
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Fig. 4. Gas chromatogram of a mixture of saturated and unsaturated, branched and un­
branched synthetic fatty acids. 1 = C14 : 0 , 2 = iso-C ls : o, 3 = anteiso-Cls : o ' 4 = C IS : O • Iso­
thermal, 133°C. Otherwise settings as in Fig. 1.

Fig. 5. A. actinomycetemcomitans, strain FDC Y4, chromatographed alone (A) and co­
chromatographed with iso-C ls : o acid (B) and anteiso-C,s : o acid (C). 1 = C14 : 0 , 2 = iso­
C IS : O , 3 = anteiso-C,s:o. Isothermal, 133°C. Otherwise settings as in Fig. 1.

iso-C1s :0 acid 1.14 min. In Fig. 5, the hexane extract from strain FDC Y4
has been chromatographed alone or cochromatographed with iso-C1s :o or
anteiso-C1S : 0 acid.

The fatty acid profiles of the strains of H. aphnophilus investigated were
similar to those of the strains in cluster I of A. actinomycetemcomitans (Fig.
6).

The quantitative distribution of the major fatty acids in each bacterial
strain is shown in Table III. It was similar in the strains of cluster I and cluster
II of A. actinomycetemcomitans. The quantitative distribution of these strains
differed from that in the strains of cluster III of A. actinomycetemcomitans
and in H. aphrophilus. There was further a marked difference in the fatty­
acid content of cluster III of A. actinomycetemcomitans and H. aphrophilus.
In cluster I and cluster II of A. actinomycetemcomitans, the C16: 1 acid was
more abundant than the C16 : 0 acid. The C14 : 0 acid was lowest. In cluster
III of A. actinomycetemcomitans, the C16: 0 acid was higher than the C16: 1 and
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2
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MINUTES

Fig. 6. Gas chromatogram of H. aphrophilus, strain FDC 654. 1 C'4:0' 2 = C'6: " 3 =
C'6:0' Setting as in Fig. 1.

C14: 0 acids. Whereas iso-C1S : O acid was a major fatty acid in all strains of cluster
III, it constituted less than 0.1% in the other strains. In H. aphrophilus, the
C16: 1 acid was higher than the C16: 0 acid, and C14: 0 was lowest.

Gas chromatography-mass spectrometry
The four major components of the hexane extracts were examined further

by GC-MS (EI and CI mass spectra). In the spectra from C14 : 0, C16 : 1, C16 : 0 ,

and iso-C1s :o acids, the fragment with m/e 60 is characteristic of fatty acids
and a result of the McLafferty rearrangement [12]. The abundance of this
fragment in the spectrum of C14 : 0 acid was 62.8%, of C16 : 1 acid 20.3%,
of C16 : 0 acid 62.1%, and of iso-C1s :o acid 50.2%. With EI, the molecular
ions were approximately 12% of the base peak in all the acids.

Proton nuclear magnetic resonance spectrometry
Non-saturated and saturated carboxylic acids were present in a mixture.

The major peaks represented protons in a CH3 group (8 0.9) and CH2 group
(8 1.25). Olefin protons occurred at 8 5.3. The signal from the acid proton
(8 8.5) was weak with a frequency of 550 Hz.

Infrared spectroscopy
A broad band between 3300 and 2500 cm-1 suggested O-H deformation
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TABLE III

FREE FATTY ACIDS

Data are expressed as a percentage (w/w) of the total in the strain and are means of a total
of twenty runs on two extracts obtained from cultures grown at different days.

Cluster Actinobacillus C,4: 0

actinomycetemcomitans

I

II

III

ATCC 33384 13.8 55.3 30.9
ATCC 29524 17.8 57.8 24'.3
FDC 2112 10.3 45.1 44.6
FDC 2043 16.4 58.6 24.9
FDC 511 8.4 51.5 40.1
FDC N27 9.8 46.4 43.8

ATCC 29523 9.3 45.4 45.2
FDC 2097 14.0 55.5 30.5

ATCC 29522* 20.8 9.0 26.8 43.4
ATCC 29522** 23.7 7.9 30.4 38.0
FDC Y4 21.9 16.8 17.8 43.6

Haemophilus aphrophilus

ATCC 33389
ATCC 19415
FDC655
FDC 654

20.8
21.6
19.8
24.2

41.2
46.1
52.4
44.4

38.1
29.9
27.8
30.8

*Obtained.through Forsyth Dental Center.
**Obtained through American Type Culture Collection.

in the carboxylic acid. In the areas 2950 to 2920 cm-1
, and at 2850 cm-1

,

three bands were seen suggesting C-H deformation. Intense bands in the
1715 cm-1 area represented stretching frequencies in dimerized C=O car­
boxylic acid groups. Moderate bands at 1280 cm-1 indicated deformation
in the carboxylic acid C-O dimer. The absorption at 725 to 730 cm-1 was
characteristic of CH2 groups in long-chain (C ~ 16) fatty acids.

DISCUSSION

Fatty acids of whole bacterial cells can be extracted either as bound fatty
acids or as free acids [13]. In the present study, free fatty acids were chosen
since previous investigations had revealed no difference in the content of
bound fatty acids in A. actinomycetemcomitans and H. aphrophilus [14-16].
With our methods, A. actinomycetemcomitans proved to be rather heter­
ogeneous and could usually be separated from the more homogeneous H.
aphrophilus. These findings supported the idea of maintaining A. actinomy­
cetemcomitans and H. aphrophilus in separate species, but suggested at the
same time that A. actinomycetemcomitans might benefit from being divided
into subspecies. This particularly applied to the cluster III strains. The heter-
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ogeneity of A. actinomycetemcomitans demonstrated in the present study
on cellular fatty acids parallelled its serological variety. Rabbit immune sera
against A. actinomycetemcomitans contained two serotypes: (a) which was
represented by ATCC 29523, and (b) represented by ATCC 29524, 29522,
and FDC Y4 [17].

By means of GC, GC-MS, proton NMR, infrared spectroscopy, and by
comparison of our results with existing literature data on fatty acids [18-20],
we found the major fatty acids of H. aphrophilus to be myristic (CI4 :0 ), pal­
mitic (CI6 :0 ), and palmitoleic (CI6:d acid. This was in complete agreement
with the observations made by Braunthal et al. [14]. In A. actinomycetem­
comitans the same acids were found, but we also detected 13-methyltetra­
decanoic acid (iSO-CIS :0) as a fourth major acid in strain cluster III. Calhoon
et al. [15] and Jantzen et al. [16], studying bound whole-cell fatty acids
of A. actinomycetemcomitans and H. aphrophilus, detected 3-hydroxymyristic
acid as a fourth major acid, but this acid was not a major distinguishing char­
acter in these bacteria. It is well known that in bacteria free fatty acids may
differ markedly from bound fatty acids [9]. It is also recognized that a num­
ber of factors, e.g. growth medium and atmosphere, which differed in our
study from that used by the above cited authors may have a profound in­
fluence not only on the quantitative, but also on the qualitative distribu­
tion of fatty acids in bacteria. Care must therefore be taken when comparing
the gas chromatographic profiles of cellular fatty acids from bacteria cul­
tured under different conditions. The extraction technique may also have
a strong impact on the yield of fatty acids recovered from bacteria. Contrary
to free fatty acids extracted with hexane, hydroxy-acids are covalently bound
in the bacterial cell and may not be released but rather require hydrolysis
with base or acid. Hydroxy-fatty acids could not be detected in the lipids
extractable from bacterial cells with solvents such as ethanol and methanol­
chloroform [21].

In cluster III of A. actinomycetemcomitans, iSO-CIS: 0 was a major fatty
acid, while it was present only in trace amounts in the other bacterial strains
investigated. It was high in strain ATCC 29522 whether it was obtained from
Forsyth Dental Center or directly through the American Type Culture Col­
lection. Recently, iso-C1s :0 acid was found as a major fatty acid in another
CO2 -loving group of bacteria in dental plaque, viz. Capnocytophaga, where
it constituted between 61 and 78% of the total [22]. Other gliding bacteria
(the Cytophaga-Flexibacter group, the myxobacteria) also contain a sig­
nificant amount of 13-methyltetradecanoic acid [23]. This acid is also a major
fatty acid in oral and non-oral species of Bacteroides [24]. It is not possi­
ble at the moment to decide why the cluster III strains of A. actinomycetem­
comitans were so high in iso-CIS: 0 acid. Synthesis of branched-chain fatty
acids in bacteria is believed to occur via a-keto acids, derived from endogenous
precursors or from exogenous amino acid substrates, through acyl-CoA esters
[25]. Mutant strains may produce less iso-branched acid than their origin.
In Bacillussubtilis a mutant strain requiring L-Ieucine, which serves as the
precursor for iso-acids, produced iso-CIs: 0 and iso-CI7: 0 fatty acids in much
smaller proportions than did the parent strain [25].
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At the moment, there is no universally accepted method for extracting
lipids from whole bacterial cells, and the number of techniques currently
used are legion [13]. The present study demonstrated that hexane extrac­
tion from lyophilized bacteria in a Soxhlet apparatus is a useful method for
removing long-chain saturated and non-saturated, straight-chain as well
as branched-chain whole-cell fatty acids from bacteria for taxonomic pur­
poses. By standard addition of acid, this method recovered free fatty acids
with an efficiency of 90% [11]. It was not necessary to increase the volatil­
ity of the recovered fatty acids through derivatization before gas chromato­
graphic analysis. In fact, our direct method of gas chromatography made
it possible not only to differentiate between the examined bacteria according
to the major components present in their hexane extracts, but also according
to the minor substances recovered. This meant that each bacteria could be
grouped according to the total chemical fingerprint it left on the gas chro­
matogram. The simplicity, reproducibility and sensitivity of the present pro­
cedures suggested that they could be useful in future chemotaxonomic work
on microorganisms, either as separate techniques or in combination with
more well-established methods.
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SUMMARY

We have developed a highly sensitive method for the simultaneous determination of
individual bile acids in serum using high-performance liquid chromatography (HPLC)
combined with immobilized 3a<-hydroxysteroid dehydrogenase. Both the HPLC column and
the immobilized-enzyme column are suitable for use with alkaline solutions necessary in
working with this enzyme system. With this method we were able to determine
simultaneously fifteen different serum bile acids.

INTRODUCTION

Bile acids are synthesized from cholesterol and conjugated with glycine or
taurine in the liver cells. Conjugated bile acids are excreted into the small
intestine where about 30% of them are deconjugated and converted into
secondary bile acids by intestinal bacteria. Most bile acids are reabsorbed from
the terminal ileum by a process of active transport and are returned to the liVer
via the portal vein. This constitutes the enterohepatic circulation. In vivo, most
bile acids are present as conjugates of glycine or taurine with only traces of bile
acid present in the unconjugated form. In determining serum bile acids, it

0378-4347/83/$03.00 © 1983 Elsevier Science Publishers B.V.
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would be most advantageous not only to be able to determine total concen­
tration but also the concentrations of each individual bile acid since these
patterns may yield clinical information in liver disease. Mashige et al. [1]
in 1976 reported a simple fluorometric method for determining total serum
bile acid concentration and the method became popular among clinicians [2].
In 1978, we reported a method for measuring individual 3a-hydroxy bile acids
in serum using high-performance liquid chromatography (HPLC) combined
with enzymatic and fluorometric analyses [3]. Because our method was a flow
system using enzyme solution, it was expensive. In 1979 Okuyama et al. [4]
combined the HPLC method with an immobilized-enzyme system, but it was
upon our principle. Although this solves an economic problem, it was difficult
to establish optimum conditions for the enzymatic reactions.

In the present paper, we report our experience with a method utilizing a
new HPLC column and a new immobilized-enzyme column both of which are
suitable for use at the alkaline pH which is optimum for 3a-hydroxysteroid
dehydrogenase enzyme activity. In our system the coenzyme NAD fed as the
reagent is reduced to NADH by the immobilized 3a-hydroxysteroid
dehydrogenase (3a-HSD) in the presence of bile acids as substrate eluting from
the HPLC column, and the fluorescence intensity of the NADH thus produced
is measured.

EXPERIMENTAL

Materials used for the HPLC column
Tetraethyleneglycol diacrylate (Sin Nakamura Chem. Co., Wakayama, Japan)

and tetramethylolmethane triacrylate (Sin Nakamura Chem. Co.) were
prepared as monomers. Toluene and benzoyl peroxide were used for the
polymerization.

Materials used for immobilized-enzyme column
Beaded cellulose (Cellulofine GC-200 m, Seikagaku Kogyo, Tokyo, Japan)

was adopted as solid support because of its chemical stability at alkaline pH
and superior mechanical properties. The enzyme was 3a-HSD extracted from
Pseudomonas putida and purified (Kyowa Hakko, Tokyo, Japan) [5,6].

Eluent
Triammonium phosphate was dissolved in distilled water to make 0.5%

and 1.5% (w/v) triammonium phosphate solution. The 0.5% solution was
adjusted to pH 9.1 and the 1.5% solution to pH 9.7 with ammonium hydroxide
solution. Each solution was mixed with acetonitrile. Three kinds of eluent were
made. The volume ratio (vIv) of eluent I. was 13: 87 (acetonitrile-O. 5% tri­
ammonium phosphate solution), eluent II was 15: 85 (acetonitrile-1.5%
solution) and eluent III was 24: 76 (acetonitrile-0.5% solution).

Reagents
I3-NAD+, 200 mg!l (Sigma, St. Louis, MO, U.S.A.), 25 mgll EDTA, 2.3 gil

sodium pyrophosphate, 2.72 gil sucrose and 500 /li/l mercaptoethanol were
dissolved in 0.1 molll hydrazine hydrate (pH 9.5).
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Standard materials
Sodium salts of cholic acid (CA), chenodeoxycholic acid (CDCA), deoxy­

cholic acid (DCA) and lithocholic acid (LCA) were purchased from
Calbiochem-Behring (San Diego, CA, U.S.A.). Sodium salts of glycocholic acid
(GCA), glycochenodeoxycholic acid (GCDCA), glycodeoxycholic acid
(GDCA), glycolithocholic acid (GLCA), taurocholic acid (TCA), taurocheno­
deoxycholic acid (TCDCA), taurodeoxycholic acid (TDCA) arid taurolitho­
cholic acid (TLCA) were purchased from P.-L. Biochemicals (Milwaukee, WI,
U.S.A.). Sodium salts of ursodeoxycholic acid (UDCA), glycoursodeoxycholic
acid (GUDCA) and tauroursodeoxycholic acid (TUDCA) were a gift from
Tokyo Tanabe Pharmaceutical (Tokyo, Japan). As an internal standard (1.S.),
we used N'-(3a, 7a,12a-trihydroxy-5(j-cholanoyl) glutamate (GLU-CA, Lot No.
9271), a gift from Sekisui Kagaku (Osaka, Japan).

Instruments
A schematic diagram of the method is shown in Fig. 1. HPLC was carried out

on an ALC 204 type Waters' system (Waters Assoc., Waltham, MA, U.S.A.).
The detector used was a Fluorichrom fluorescence detector (Shimazu
Seisakusho, Kyoto, Japan) with an excitation wavelength of 350 nm and an
emission wavelength of 460 nm.

0-----1Pump 81-----,

Immobilized
Enzyme Column

Fluorophotometer

Recorder

Waste
Fig. 1. Flow diagram of the system. Eluent flows from pump A at 1 ml/min, and reagent
from pump B at 1 ml/min.

Preparation of W-260 column
Co-polymer beads were synthesized by a standard suspension polymerization

method. The aqueous portion of the polymerization mixture was prepared in
a reaction flask (5 1) by adding 60 g of polyvinylalcohol as dispersing agent to
2.51 of distilled water. The monomer phase consisted of 250 g oftetraethylene­
glycol diacrylate, 50 g of tetramethylolmethane triacrylate, 300 g of toluene
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(dill.!ent), and 3.5 g of benzoyl peroxide. When the aqueous phase reached
50°C, the monomer--diluent-initiator solution was added with stirring.
Temperature was maintained at 80°C for 10 h. When the polymerization was
complete, the resin beads were filtered and washed with boiling water to
remove the dispersing agent. After sieving, about 25 g of the fraction of
diameter 10-15 pm were extracted with methanol in order to remove residual
diluent and uhreacted monomers. The porous beads thus obtained were packed
into a stainless-steel column (25 cm X 79 mm LD.). A slurry containing 10 g of
gel in about 100 ml of water was added to a column packing vessel. A total of
120 ml of water was pumped before completing the column packing.

Preparation of immobilized-enzyme column
The activation of beaded cellulose by the addition of CNBr was followed

by the coupling reaction with 3a-HSD. The reactions were performed according
to the procedure described by March et al. [7]. The enzyme-bound beads were
packed into a stainless-steel column (10 X 0.4 cm I.D.) and it was referred to as
the immobilized-enzyme column. In this immobilizing method, the yield of
immobilized enzyme was over 60%, and the enzyme activity of the gel was
stable for two weeks at 15°C in phosphate buffer, pH 11, containing 20%
acetonitrile and 0.2% mercaptoethanol.

Preparation of serum material
Serum was collected from a peripheral vein after overnight fasting and

frozen (-20°C) until analyzed for bile acids. A 0.5-ml volume of serum was
diluted with 4.5 ml of 0.9% NaCI containing 0.1 M of NaOH. This solution
was applied to a' column of Amberlite XAD-7 resin (0.2 g, Lot No. 3933,
Rohm and Haas, Philadelphia, PA, U.S.A.). After the serum solution was
applied, the column was washed with 5 ml of methanol at the rate of five drops
a minute. Then the eluent was evaporated to dryness and the residue was re­
dissolved in 0.5 ml of methanol containing 2500 ng/ml N'-(3a,7a,12a­
trihydroxy-5{3-cholanoyl) glutamate for analyzing.

Measurement procedure
Aliquots (100 pI) of the samples were applied to the W-260 column from the

injector with a microsyringe (Hamilton, Reno, NV, U.S.A.). Eluent was passed
through at a rate of 1 ml/min. In order to shorten the retention time, the
mobile phase was changed from eluent I to eluent II at 30 min after injection
and from eluent II to eluent III at 68 min. Reagent was passed through at a
constant rate of 1 ml/min. Eluent and reagent together flow into the
immobilized-enzyme column, where 3a-hydroxysteroids are converted to
3-ketosteroids and NAD is converted into NADH. This reaction is carried out at
27°C in a water bath. NADH produced by this reaction is measured by the
fluorophotometer connected to the immobilized-enzyme column. The chart
speed is 2.5 mm/min. Fig. 2 shows a standard chromatogram.

Standard curves
Four concentrations of a mixture of each of the standard bile acids were

made: 10, 5, 2.5 and 1.25 pmol/I. These samples were dissolved in distilled
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1.5.
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Fig. 2. Standard chromatogram of individual bile acids (125 ng each). I.S. = N'-(3C1:,7C1:,12C1:­
trihydroxy-5iJ-cholanoyl) glutamate, 1 = cholic acid, 2 =glycocholic acid, 3 = taurocholic acid,
4 = ursodeoxycholic acid, 5 = glycoursodeoxycholic acid, 6 = tauroursodeoxycholic acid,
7 = chenodeoxycholic acid, 8 = deoxycholic acid, 9 = glycochenodeoxycholic acid, 10 =
glycodeoxycholic acid, 11 = taurochenodeoxycholic acid, 12 = taurodeoxycholic acid, 13 =
lithocholic acid, 14 = glycolithocholic acid, 15 = taurolithocholic acid.

water and treated with Amberlite XAD-7. The standard curves were established
by plotting the peak height against the amount of each bile acid.

Recovery experiments
Recovery experiments were performed by adding a mixture of standard

samples to the sera of healthy subJects. This mixture contained 5 I.lmolJl of
each bile acid. The sera with added standards were then treated with Amberlite
XAD-7.

Reproducibility
As an intra-assay reproducibility, the same samples were determined six

times within a day, and for inter-assay reproducibility the same samples were
determined during another six days. The coefficients of variation (C.V., %)
were calculated from the mean values and S.D. values.

RESULTS

Fig. 2 shows a chromatogram of a mixture of free, glycine- and taurine­
conjugates of each of five bile acids. The separation of these bile acids was
satisfactorily obtained in the order CA, GCA, TCA, UDCA, GUDCA, TUDCA,
CDCA, DCA, GCDCA, GDCA, TCDCA, TDCA, LCA, GLCA and TLCA. The
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resolution value of TCDCA and TDCA, in which separation was most difficult,
was 0.7. Fig. 3 shows the standard curve of each bile acid. Linear correlations
were obtained between the peak height and the amount of each bile acid.

Table I indicates the recovery ratios and reproducibility. Satisfactory
recovery ratios were obtained ranging between 88.7% and 103.8%. The intra­
assay C.V. value of each bile acid ranged from 0.3 to 4.5% in six replicate
determinations and from 0.6 to 7.8% in six replicate determinations for inter­
assay C.V. The sensitivity limits of each bile acid by this method ranged from
0.01 to 0.04 J,Lmol/l.
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Fig. 3. Standard curves of individual bile acids.

A normal-serum analysis by this method is presented in Fig. 4. Also an
example of serum analysis in a patient with gallstones is presented in Fig. 5.
A typical bile acid pattern of extrahepatic cholestasis was obtained. Normal
values analyzed in this system are compared in Table II with values obtained
from other methods including our previous HPLC method using 3o:-HSD
reagent solution [3,8-10].
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Fig. 4. A bile acid pattern of normal serum. Peak numbers as in Fig. 2.

TABLE I

REPRODUCIBILITY AND RECOVERY

Reproducibility of each bile acid assayBile acids

Cholic acid
Glycocholic acid
Taurocholic acid
Ursodeoxycholic acid
Glycoursodeoxycholic acid
Tauroursodeoxycholic acid
Chenodeoxycholic acid
Glycochenodeoxycholic acid
Taurochenodeoxycholic acid
Deoxycholic acid
Glycodeoxycholic acid
Taurodeoxycholic acid
Lithocholic acid
Glycolithocholic acid
Taurolithocholic acid

DISCUSSION

Intra-assay C.V. (%)
(n = 6)

0.6
2.1
1.7
2.7
2.9
0.2
2.3
2.7
4.5
2.3
4.2
0.3
2.7
2.3
2.1

Inter-assay C.V. (%)
(n = 6)

2.9
2.5
5.0
0.6
3.8
5.5
4.6
3.4
3.8
1.3
4.5
7.0
6.8
2.5
7.8

Recovery rate
(%)

89.2
96.9
92.4
95.9
90.9
90.4
88.7
96.2
94.7
92.5
89.0

103.8
98.9

102.9
94.7

The data indicate that our HPLC method and immobilized-enzyme column
operate well under the severely alkaline conditions which are optimum for
3cx-hydroxysteroid dehydrogenase activity. Columns could be used more than
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SUMMARY

A method has been developed for the rapid isolation of '" 1 -antitrypsin and other thiol
proteins from plasma by an automated chromatography system. The thiol-proteins are
initially bound to matrix-linked activated thiol-compounds by an SH-SS interchange reac­
tion. The mixed disulphides are then reduced in two steps and subfractionated by passage
through Blue-8epharose and AH-8epharose columns. The rate of the interchange reactions
varies with the microenvironment of the reacting thiols. '" 1 -Antitrypsin is recovered with
95% purity in 60% yield within two days from 1 1of plasma.

INTRODUCTION

Current methods for the isolation of a I-antitrypsin from plasma are usually
designed to recover below 100 mg in each cycle and most procedures include
ion-exchange chromatography [1-4]. Fractions containing the bulk (80-90%)
of a I-antitrypsin are selected after each chromatographic step from the elution
diagrams. Since this entails partial exclusion of the most basic and acid fractions
at each chromatography step, th~ final product will contain a I-antitrypsin with
a microheterogeneity that differs from that of native plasma [5]. We describe
here a method principally based on thiol-disulphide interchange reactions [6]
for semiautomatic isolation of a I-antitrypsin with retained microheterogeneity
in high yield and in weekly gram quantities. The fractionation procedure is
monitored by a programmable controller.

0378-4347/83/$03.00 © 1983 Elsevier Science Publishers B.V.
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20 mM 2-mercaptoethanol. DTNB solution of k;-chain reactivation: 0.5 mg
DTNB per ml buffer 1. Buffer 1 with additional 1.3 M sodium chloride was
used as a regeneration solution for ridding Blue-Sepharose and AH-Sepharose
of proteins.

EXPERIMENTAL

Fig. 1 indicate direction of flow. The Sepharose columns are
Red. 2 Red. 1 Buffer 2 Sample Buffer 1

+ + + + + +
C 1

DTNB

+

~

P3

~ n!
X-TNB AH- Blue

Sepharose Sepharose

C2

B2 B 1 o 1

v v
Passage B3 Waste 02 03 04

v v v v
Eluate II I III IV

The flow system for the fractionation of thiol-proteins
The principle design is shown in Fig. 1 and Table 1. Plasma rid of VLD- and

LD-lipoproteins is reduced, dialyzed, and pumped through a ,,-chain Sepharose
column with DTNB-activated thiol groups. a 1-Antitrypsin and some other
plasma proteins are retained in the column by SH-SS exchange reactions. The
retained (SS-linked) proteins are later eluted by a two-step reduction. Albumin
is removed by passing the primary eluate through a Blue-Sepharose column.
The eluate is pumped on through an AH-Sepharose column which retains pre­
albumin and other minor contaminants, while a1-antitrypsin and a mixed
Ig-fraction pass through to be recovered as eluate 1. These proteins are
separated by ammonium sulphate fractionation. Other thiol-proteins are
recovered in eluates II, III and IV.

All solution inlets are furnished with filters. Transmission tubes (0.075 mm),
glass T connectors and nylon nipples of Technicon design are used through­
out as links.

Arrows in

Fig. 1. Scheme of flow system for retention elution and subfractionation of thiol-proteins.
A, B, C and D indicate valves and P pumps. The activation time and order of pumps and
valves are given in Table I. For details see text.
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soweit natig mit dest. Wasser auf 18 ml aufgefUllt und mit 2 ml konz. HCI
20 min am Ruckfluss gekocht. Anschliessend wird mit 3 ml konz. NH3 alkali­
siert und diese Lasung auf eine Extraktionssaule Extrelut gegeben.

Beide Saulen werden mit 40 ml Dichlormethan-Isopropanol (85:15) eluiert
und die organischen Phasen eingedampft [18]. Die Ruckstande werden dann
getrennt analysiert.

GC-MS Blut bzw. Serum. Zu 1-3 ml Blut oder Serum werden 2 ml ges.
Ammoniumsulfatlasung gegeben. Diese Mischung wird in einem Kunststoff­
zentrifugenrahrchen mit 2 ml Hexan geschuttelt. Nach Zentrifugation wird die
Hexanphase abpipettiert, mit Na2S04 getrocknet und eingedampft.

Silylierung
Zur GC-MS-Untersuchung werden die eingedampften Ruckstande in Eppen­

dorf-Reaktionsgefassen silyliert mit 50 III Silylierungsmittel [15% N-Methyl-N­
trimethylsilyl-trifluoracetamid (MSTFA, Macherey-Nagel) in Pyridin, dem noch
einige Tropfen Chlorsilan zugesetzt sind]. Die Lasung wird im geschlossenen
Gefass 10 min bei 60°C gehalten. Aus dieser Lasung werden 3 III eingespritzt.

ERGEBNISSE UND DISKUSSION

Emit-Verfahren
Bei Verdacht einer Einnahme von Haschisch werden die Urinproben

zunachst mit dem Emit-st-System gepriift. Negative Proben werden ausge­
schieden, positive Proben werden mit GC-MS abgesichert. Mit dem Emit-st­
System kannen nur Einzelproben untersucht werden und eine Automatisierung
ist nicht maglich. Der Zeitaufwand pro Probe betragt 3-5 min. Der Vorteil des
Systems liegt darin, dass die Reagenzien gefriergetrocknet und deshalb bis zu
einem Jahr haltbar sind.

Ais Erfassungsgrenze fUr den Emit-st-Test sind 200 ng THC-COOH pro ml
Urin angegeben. Welche Menge THC eingenommen werden muss, urn diesen
Spiegel zu erreichen, ist uns nicht bekannt. Nach unseren Erfahrungen reicht
die Erfassungsgrenze aus bei missbrauchlicher Einnahme und bei solchen
Fallen, wo nach Einnahme von Haschisch Ausfallserscheinungen festgestellt
werden, z.E. Verkehrsdelikten. Zur Erfassung geringerer Konzentrationen
musste der Extraktionsriickstand untersucht werden.

Das Verfahren ist eingestellt auf THC-COOH, es werden jedoch tiber Kreuz­
reaktionen auch andere Metaboliten und die Hauptinhaltsstoffe von Haschisch
erfasst.

Nach Angaben von Syva-Merck betragt die Empfindlichkeit fur CBN und fUr
die hydroxilierten Metaboliten von THC etwa die Halfte, fur THC und CBD
etwa ein Viertel gegenuber THC-COOH.

GC-MS
In der angegebenen Literatur wird der Nachweis von CBN, CBD und THC

direkt oder nach Trimethylsilylierung, der Nachweis von THC-COOH nach
Silylierung, nach Methylierung und anschliessender Trimethylsilylierung oder
nach Umsetzung mit Heptafluorbuttersaureanhydrid (HFBA) durchgefUhrt.
Wir haben uns fUr die Trimethylsilylierung entschieden, weil damit alle vier
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Urn abgesicherte Befunde zu erhalten, die auch fiir forensische Zwecke
Verwendung finden konnen, ist es notwendig, auf mehrere Massen einer Ver­
bindung zu priifen. Neben der Retentionszeit und der spezifischen Masse kann
dann flir die Identifizierung zusiitzlich noch das Verhiiltnis der Massen zuein­
ander verwendet werden.

In Tabelle I sind die Kovats-Indices der silylierten Substanzen angegeben,
da die zur Bestimmung der Retentionszeit notigen Reinsubstanzen nicht immer
zur Verfiigung stehen.

TABELLE I

KOVATS-INDICES DER SILYLIERTEN VERBINDUNGEN 1M TEMPERATUR­
PROGRAMM

Verbindung

CBD
THC.
CBN
THC-COOH

Kovats-Index

2272
2361
2445
2762

Bei der Untersuchung der Urinproben auf THC-COOH konnten wir bisher
ca. 90% der positiven Emit-st-Befunde bestiitlgen. Wir flihren die Untersuchung
durch sowohl von direkt extrahiertem Urin als auch von Urin nach Hydrolyse.
Nach unseren Erfahrungen findet man manchmal die Hauptmenge von THC­
COOH im direkten Extrakt, manchmal im Extrakt nach Hydrolyse, vermutlich
abhiingig von zeitlichen Abstand zwischen Einnahme und Probeentnahme. Da
bei der direkten Extraktion wesentlich weniger Storpeaks auftreten als nach
Hydrolyse, machen wir beide Untersuchungen parallel. Ausserdem kann in
diesen Extrakten dann noch auf weitere Suchtmittel gepriift werden, z.E. auf
Cocain oder Tilidin im direkten Extrakt und auf Morphin im hydrolysierten
Extrakt [20]. Aus diesen Grunden extrahieren wir auch nicht im Sauren. Die
Ausbeute von THC-COOH bei der alkalischen Extraktion ist ohne weiteres aus­
reichend und so auch in der Literatur beschrieben [2]. Stellvertretend fiir die
verschiedenen Substanzen wurde die Wiederfindungsrate fiir THC-COOH im
Urin bestimmt, da es sich dabei auch urn das Hauptausscheidungsprodukt
handelt. Sowohl im direkten Extrakt als auch nach Hydrolyse betrug die
Wiederfindung 70-75%, so dass durch die Hydrolyse keine Verluste auftraten.
Die Erfassungsgrenze betrug fiir aIle Substanzen 5-10 ng/ml.

Bei den flir Urin positiven Emit-Befunden, die wir mit GC-MS absichern
konnten, fanden wir zusiitzlich in ca. 50% aller FaIle CBN, zu einem geringeren
Prozentsatz CBD und vereinzelt THC.

1m Blut oder Serum untersuchen wir quantitativ auf THC. Die Bestimmung
erfolgt durch externe Standardisierung iiber Zusatzversuche. Die Erfassungs­
grenze betriigt ca. 5 ng/ml, die Wiederfindungsrate ca. 40%. Es ist somit
moglich, die Einnahme von Haschisch im Blut trotz der schnell abfallenden
Spiegel mehrere Stunden lang nachzuweisen [4,5,12]. Die Ergebnisse einiger
Fiille sind in Tabelle II aufgefiihrt. Bei Fall A und B handelt es sich urn einen
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was developed to accurately and reproducibly determine the concentration of
chloroquine and desethylchloroquine in a small sample of blood collected
on filter paper from a finger puncture, such as could be collected under field
conditions and transported to the analytical laboratory. HPLC analysis with
fluorescence detection was employed, because of its sensitivity. Investigations
were performed to demonstrate the storage stability of chloroquine and
desethylchloroquine in blood-spot samples and the comparability of analytical
results between finger-stick and venipuncture samples.

EXPERIMENTAL*

Standards
Chloroquine (Cq) diphosphate was purchased from Sigma (St. Louis, MO,

U.S.A.). Before its use as a standard, this material was dried under vacuum over
phosphorus pentoxide and the melting point determined using a Fisher-Johns
apparatus, calibrated with Fisher TherMetric standards. The melting-point
range was 192.1-193.3°C. Desethylchloroquine (DECq) base was 'supplied by
Sterling-Winthrop Research Institute (Rennselaer, NY, U.S.A.). The internal­
standard compound, 7-chloto-4-(1'-methyl-4'-isopropylaminobutylamino)­
quinoline was provided by Walter Reed Army Institute of Research
(Washington, DC, U.S.A.). This compound is the isopropyl analogue of
desethylchloroquine and is designated IPA for brevity. Quinine base was
formed from commercially available quinine hydrochloride from Merck, Sharp
and Dohme (Rahway, NJ, U.S.A.) by extraction from aqueous base using
diethyl ether-hexane (1: 1). The quinine was crystallized from this solvent pair
after partial evaporation followed by cooling to room temperature.
Amodiaquine was provided by Parke, Davis and Company (Detroit, MI, U.S.A.)
and pyrimethamine was from Burroughs Wellcome (Research Triangle Park,
NC, U.S.A.).

Reagents and materials
Spectroscopic quality hexane, methyl-tert.-butyl ether (MTBE), and

methanol (Burdick and Jackson Labs., Muskegon, MI, U.S.A.) were glass­
distilled. The diethylamine (Aldrich, Milwaukee, WI, U.S.A.) was distilled
before use. Human blood used for standards was freshly collected using acid­
citrate-dextrose solution (ACD) as an anticoagulant. All other chemicals used
were of reagent grade or better. The filter paper used was rectangular (25 mm
X 75 mm) cut from sheets of paper (catalogue number 1023-.038, James River
Rochester, Rochester, MI, U.S.A.). The 100-JlI pipets were Corning catalog
number 70995-100 from Corning Glass Works (Corning, NY, U.S.A.).

Equipment
The HPLC apparatus consisted of two Waters Model M-6000 A solvent delivery

systems and a Waters Model 660 solvent programmer, coupled to a Waters

*Use of trade names and commercial sources is for identification only and does not
constitute endorsement by the Public Health Service or by the U.S. Department of Health
and Human Services.
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administration of chloroquine. Additionally, filter-paper-collected, finger-stick
blood samples were taken at the same time as certain venipuncture samples.
Studies to evaluate the storage-stability of chloroquine in filter-paper-collected
blood spots and the comparability of venipuncture and finger-stick samples
utilized certain of the samples from this volunteer.

Storage study and venipuncture/finger-stick comparability study
Two 5-ml quantities of blood from the volunteer who was undergoing

chloroquine chemoprophylaxis were used in this study - one taken 24 h,
the other 10 days after the 25th and final weekly chloroquine dose. The
samples were analyzed initially by a procedure in which a 500-,u1 quantity of
each whole-blood sample was placed in a 15-ml centrifuge tube and diluted
with 2 ml of demineralized water. The 3.0 ml of MTBE-hexane (1: 1) and
0.5 ml of 5 M sodium hydroxide were added, and the analysis was completed
as outlined above for the filter-paper, blood-spot method. Standards were
processed in the same manner. (Quantities of Cq, DECq, and IPA standards
were five-fold those used with blood spots.)

For the blood-spot storage time study, multiple 100-/-Ll pipet applications
of the two whole-blood samples were spotted on each of two sheets of filter
paper. These were analyzed in duplicate immediately after spotting and at 1,
4, 8, and 12 weeks thereafter; samples were stored at room temperature.

The paired venipuncture and finger-stick samples were analyzed as outlined
above and the values compared.

HPLC separation of a mixture of antimalarials
The HPLC system described above was applied to the separation of a

mixture of antimalarials containing amodiaquine, pyrimethamine, chloroquine,
and quinine in the following respective concentrations in ng/,ul: 156, 150,
82, and 398. A 4-,u1 quantity of the mixture in mobile phase was injected. The
mobile phase was hexane-MTBE-methanol--diethylamine (46: 46: 7.5: 0.5).
Detection was by UV absorbance at 254 nm at a sensitivity of 0.2 a.u.f.s.

RESULTS AND DISCUSSION

The structures of chloroquine, desethylchloroquine, and the internal­
standard compound are shown in Fig. 1. The internal standard is the isopropyl
analogue of desethylchloroquine, designated IPA.

Characterization of the method
The filter paper used in this study and recommended for field collections

has been used for many years for collecting of blood s.amples for serological
testing [4]. The paper is available in sheets and is generally cut into rectangles
of the same dimension as microscope slides (75 X 25 mm). It is sufficiently
thick and absorbent that a 100-,u1 quantity of blood spreads to form a circle of
only about 12 mm. Filter papers should be handled by their edges only, and
field personnel should take precautions to avoid contamination of the papers
with traces of chloroquine from the fingers of persons who may have handled
tablets - i.e., patients or the person taking blood samples.
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Compound Abbreviation R1 R2

Chloroquine Cq CH2 CH a CH2 CH a
Desethylchloroquine DECq CH2CH a H

Internal standard IPA CH(CHa)2 H

Fig. 1. Structures of chloroquine, desethylchloroquine, and the internal-standard compound.

The 100-tIl pipets were found to deliver 95 til of whole blood under the
conditions of sampling, Le., delivery of blood with no subsequent rinsing of
the pipet. All blood-spot values were calculated accordingly.

The extraction solvent of MTBE-hexane (1: 1) provided a good compromise
in polarity, effectively extracting the analytes and internal standard while
minimizing the coextraction of potential interfering materials from blood.
The use of diethyl ether-hexane mixtures was first explored, but under certain
conditions resulted in the transformation of a portion of the chloroquine into
a compound giving a peak eluting after chloroquine. The extent of trans­
formation could be minimized by using freshly distilled diethyl ether (lower
peroxide levels) and expediting the processing of samples. Since the retention
time (tR) of the transformation product was found to be near that of desethyl­
chloroquine and quite variable depending on methanol concentration and
column activity, methyl-tert.-butyl ether, with low propensity for peroxide
formation, was substituted for diethyl ether. Even though the use of MTBE
has eliminated the appearance in the chromatogram of the peak due to the
chloroquine transformation product, we now routinely inject a solution
containing the product to assure that there is no possibility of its significant
formation during sample analysis with subsequent coelution with desethyl­
chloroquine.

A methanol concentration of 25% in the solvent yields a tR for the trans­
formation product which falls between that of the internal standard and
desethylchloroquine. A methanol concentration of 15% results in a tR for the
transformation product which is substantially longer than that for desethyl­
chloroquine. The oxidation product has been identified as the aliphatic amine
oxide of cWoroquine by independent synthesis, chromatography, and proton
nuclear magnetic resonance (NM R) spectrometry [5].

The extraction of the spots using 0.2 M hydrochloric acid was found to pre­
dispose the samples to the formation of an intractable emulsion when vigorous
shaking was used for partitioning from aqueous base into the organic phase.
A slow rotation of the samples at 30 inversions per min for a period of 15 min
resulted in efficient partitioning and the formation of only a light emulsion
which was readily spun down by centrifugation.

Fig. 2 depicts a chromatogram resulting from the analysis of filter-paper



86

II

A

III

II

B

III

II

c

Iii iii iii iii iii iii
10 8 6 4 2· 0 10 8 6 4 2 0 10 8 6 4 2 0

TIME (minutes)

Fig. 2. Chromatograms resulting from the application of the method to: (A) a 100-,Ll blood­
spot blank containing added internal standard alone; (B) a 100-lll blood-spot standard
containing 24.6 ng of chloroquine and 12.5 ng of desethylchloroquine; (C)a 100-lll blood­
spot sample taken 24 h subsequent to tablet ingestion in the 25th week of a 300-mg/week
chemoprophylaxis regimen. Peaks: I = chloroquine, II = internal standard, III = desethyl­
chloroquine.

blood spots. The composition of the mobile phase used was hexane-MTBK­
methanol-diethylaniine (37.25: 37.25: 25.0: 0.5).

Statistical evaluation of the results of blood-spot filter-paper analysis for
both chloroquine and its major metabolite showed that precision was excellent
for both analytes (Tables I and II). That for the desethylchloroquine appeared
to be somewhat better than for chloroquine, undoubtedly reflecting the
former's closer structural similarity to the internal standard. The detection
limits is5 ng/ml for both analytes.

TABLE I

STANDARD-CURVE DATA FOR CHLOROQUINE

Cq added
(x, ng)

0.00
9.85

24.63

49.25
73.88

Cq-internal standard
peak-area ratio

0.0000
0.1295
0.2986**
0.3036
0.3150
0.3018
0.6534
0.9169

Cq calculated*
(x', ng)

-0.36
9.94

23.38
23.78
24.69
23.64
51.60
72.55

*Calculated from the least-squares straight line, Y = mx + b (m = 0.01258, b = 0.004516);
r 2 =0.9978;n=5.
**R.S.D. (interstandard, n = 4) = 2.35%, R.S.D. (intrastandard, 3 injections) = 1.51%.



87

TABLE II

STANDARD-eURVE DATA FOR DESETHYLCHLOROQUINE

DECq added
(x, ng)

0.00
3.12
6.23

12.47

24.93

DECq-internal standard
peak-area ratio

0.0000
0.0467
0.1043
0.2379**
0.2339
0.2323
0.2329
0.4609

DECq calculated*
(x', ng)

0.34
2.83
5.89

13.01
12.80
12.71
12.74
24.89

*Calculated from the least-squares straight line, y = mx + b (m = 0.01878, b =-0.006367);
r2 = 0.9989;n = 5.
**R.S.D. (interstandard, n = 4) = 1.07%, R.S.D. (intrastandard, 3 injections) = 0.36%.

To study stability of chloroquine and desethylchloroquine in filter-paper
blood spots stored at room temperature, concentrations of both compounds
were determined in stored blood samples that had been taken at 24 h and
10 days after administration of the final tablet in a chemoprophylactic
regimen. The concentrations of chloroquine and desethylchloroquine at the
end of the twelve weeks' period, the longest period tested, appear to be no
different from those at the beginning of the storage study (Table III).

TABLE III

STORAGE STABILITY OF CHLOROQUINE AND DESETHYLCHLOROQUINE IN
FILTER-PAPER-eOLLECTED 100-lll BLOOD SAMPLES FROM A VOLUNTEER UNDER­
GOING CHEMOPROPHYLAXIS

Sample designation Time (weeks)

24 h* Pre-trial analysis**
o
1
4
8

12

10 days* Pre-trial analysis**
o
1
4
8

12

Levels during storage (duplicate spots)

Cq (ng/ml) DECq (ng/ml)

259 267 161 154
277 263 170 173
266 224 139 135
292 286 165 179
267 277 157 149
265 249 170 178

65 67 43 45
59 74 44 38
71 63 47 47
57 63 42 47
69 66 42 45
67 65 53 49

*The volunteer had been on chemoprophylaxis for 25 weeks. Sample designations refer to
the time between administration of the final tablet and sampling.
**Determined from 500-lll whole-blood samples processed without absorption on filter
paper.
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TABLE IV

COMPARISON OF FILTER-PAPER-COLLECTED, FINGER-STICK BLOOD-SPOT
VALUES FOR CHLOROQUINE AND DESETHYLCHLOROQUINE WITH THOSE FROM
CORRESPONDING VENIPUNCTURE DETERMINATIONS

Sample designation Cq (ng/ml) DECq (ng/ml)

Venipuncture Finger-stick Venipuncture FingeNtick

W-20, 7 days 123 127 58 64
W-21, 4h 509 546 182 178
W-21, 24 h 311 282 121 124
W-22, 24 h 249 226 111 104

Venipuncture/finger-stick comparability study
There was close agreement between the analytical results from blood samples

collected by venipuncture and corresponding finger-stick blood samples col­
lected on filter papers (Table IV).

General approach to the separation and quantification of antimalarials
We used normal-phase chromatography in our approach to chloroquine

analysis, as had Alvan et al. [3] previously, because of the selectivity afforded.
Our mobile-phase system allows facile adjustment of solvent polarity at lower
values of solvent strength than that of Alvan et al. [3] ,permitting application
to the separation of less polar antimalarials such as pyrimethamine and amo­
diaquine. The reservoir for one pump contains hexane-MTBE-diethylamine
(49.75:49.75:0.5) while that for the second pump contains methanol­
diethylamine (99.50: 0.5). The solvents are blended by a solvent programmer,
and all analyses are run isocratically. Fig. 3 illustrates the utility of the
chromatographic system, depicting a chromatogram run on a mixture of anti-

A P Cq

Q

iii iii iii iii
o 2 4 6 8 10 12 14 16 18 20 22

TIME (minutes)

Fig. 3. Chromatogram resulting from the injection of a mixture containing 156 JJg/ml of
amodiaquine (A), 150 JJg/ml of pyrimethamine (P), 82 JJg/ml of chloroquine (Cq), and
398 JJg/ml of quinine (Q). The mobile phase was hexane-MTBE~methanol-diethylamine

(46: 46 :7.5: 0.5), and UV detection was employed at 254 nm and a sensitivity of 0.2 a.u.f.s.
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malarials at an intermediate methanol concentration with UV detection at
254 nm. Selection of methanol concentration and UV wavelength allows
tailoring of the system to each sample for which the analysis of a specific
mixture of antimalarials is to be run. The amodiaquine peak tails somewhat,
probably reflecting incomplete attenuation of phenolic acidity by the intra­
molecular hydrogen bonding. Pyrimethamine is not completely separated from
amodiaquine at this methanol concentration. Sulfadoxine, formulated with
pyrimethamine in the antimalarial combination Fansidar®, elutes from the
silica column at a methanol concentration of 33%.

Applications of the chloroquine filter-paper, blood-spot method
The method described above makes possible simple and convenient

collection and transport of whole-blood samples from the field. Problems
associated with collecting venipuncture samples and special handling require­
ments of such samples in transit are avoided. These advantages make possible
the· gathering of data from remote regions of malaria endemicity, allowing, in
concert with in vitro anti-malarial susceptibility testing, efficient mapping
of the prevalence and spread of chloroquine-resistant Plasmodium falciparum
malaria.
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SUMMARY

A simple and sensitive high-performance liquid chromatographic assay was developed
for the quantitative determination of major erythromycin components and their potential
metabolites or degradation products in plasma and urine. An ether extract of alkalized
plasma sample was chromatographed on a reversed-phase column and the components in the
column effluent were monitored by an electrochemical detector. The recovery of the drug
from extraction was virtually 100%. The detection limits for erythromycin A in plasma were
5-10 ng/ml and 30 ng/ml using 1 and 0.2 ml of sample, respectively. For urine samples,
a simple one.-step deproteinization with two volumes of acetonitrile was satisfactory for
analysis. The method has been evaluated in plasma and urine from dogs receiving oral or
intravenous erythromycin A. The standard curves for potential metabolites or degradation
products were not constructed due to the lack of sufficient samples.

INTRODUCTION

Although erythromycin has been widely used for the treatment of various
infectious diseases in the last 2-3 decades [1], detailed absorption and
disposition kinetics of this antibiotic in the body are only limitedly known to
date. This appears to be primarily attributed to the lack of a simple and
sensitive method to quantitate the drug and its potential metabolites or
degradation products, such as anhydroerythromycin, erythralosamine, and
erythromycin enol ether [2].

The novel high-performance liquid chromatographic (HPLC) method of Tsuji
[3] based on fluorimetric detection was highly sensitive and capable of
separating major erythromycin components from potential metabolites or
degradation products. This method apparently has not received wide use,

0378-4347/83/$03.00 © 1983 Elsevier Science Publishers B.V.
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probably due to the complexity of the procedure and instrumentation
involved. For instance, the method required both a pre-column and an
analytical column maintained at 70°C, a special system for post-column
derivatization, and an on-line extraction before quantitation. About 1 to 3 ml
of serum was needed and the sample preparation involved two 5-ml ether
extractions followed by evaporation. In addition, its application to urine
analysis has not been demonstrated.

The purpose of this paper is to describe a simple and sensitive HPLC method
with electrochemical detection* which may be useful in the quantification of
major erythromycin components and their potential metabolites or degradation
products in both plasma and urine.

EXPERIMENTAL

Materials
U.S.P. erythromycin, des-N-methylerythromycin, erythralosamine and

4" -acetylerythromycin were kindly supplied by Abbott Labs. (North Chicago,
IL, U.S.A.). Erythromycins A, B, C and anhydroerythromycin C were
generously donated by Upjohn (Kalamazoo, MI, U.S.A.). Erythromycin ethyl­
succinate and erythromycin estolate were purchased from Sigma (St. Louis,
MO, U.S.A.). Anhydroerythromycin A and erythromycin A enol ether were
synthesized from erythromycin A according to the method of Kurath et al.
[4]. Sodium acetate, acetonitrile and methanol were of HPLC grade and- were
obtained from Fisher Scientific (Fair Lawn, NJ, U.S.A.). Anhydrous sodiuqI
carbonate and glacial acetic acid, also from Fisher Scientific, were of ACS
reagent grade. Ethyl ether purchased from Eastman Kodak (Rochester, NY,
U.S.A.) was used for extraction.

Stock solutions (1 and 5 mg/ml) of erythromycin A were prepared in
acetonitrile. Erythromycin B was similarly dissolved in acetonitrile to make
concentrations of 0.01-5 mg/m!. These stock solutions appeared to be stable
for at least three months when kept in the freezer.

HPLC instrumentation
The chromatographic system was composed of a solvent delivery pump

(ConstaMetric III, Laboratory Data Control, Riviera Beach, FL, U.S.A.),
a syringe loading sample injector (Model 7125, Rheodyne, Cotati, CA, U.S.A.),
and a /lBondapak CIS reversed-phase column (30 cm X 3.9 mm I.D., particle
size 10 /lm, Waters Assoc., Milford, MA, U.S.A.). The chromatography was
carried out at ambient temperature. The column effluent was monitored by
using a dual-electrode electrochemical detector (Model 5100A CoulochemTM ,

Environmental Sciences Assoc., Bedford, MA, U.S.A.) in the oxidative screen
mode. The applied cell potential of the screen electrode was set at +0.7 V and
the sample electrode at +0.9 V. The output from the detector was connected
to a 10-mV potentiometric 25-cm recorder (Linear Instruments, Irvine. CA,

*It appears that the detectability of pure erythromycin by electrochemical detection was
first noted by Environmental Sciences Assoc., Inc. and Dr. S.Y. Chu from Abbott Labs.,
North Chicago.
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U.S.A.). The mobile phase was pumped at a flow-rate of 1 mljmin (2000 p.s.i.
or 140 bar), and the recorder chart speed was 10 cmjh [5].

Mobile phase preparation
The HPLC mobile phase used in the present study was acetonitrile­

methanol--0.2 M sodium acetate (40: 5: 55), in which the pH of acetate buffer
was pre-adjusted to 6.7 with 0.2 M acetic acid. Depending on the performance
of a given column, however, the optimal composition of the mobile phase
may have to be slightly modified. A proper pH of the acetate buffer was
essential to the peak resolution. Furthermore, it was found that satisfactory
chromatography may be achieved without the incorporation of methanol in
the mobile phase for some columns from the same manufacturer. In order to
minimize the background noise and to improve the sensitivity of the detection,
it is important to prefilter all the mobile phase components with a 0.22-pm
low-extractable membrane. The distilled water used in the mobile phase was
purified through the Milli-Q system that contained an Organex-QTM cartridge
(Millipore, Bedford, MA, U.S.A.).

Sample preparation
Aliquots of plasma (0.-2 ml) were pipetted into 13 X 100 mm disposable glass

culture tubes. The screw cap was lined with a piece of aluminum foil to prevent
possible leaching of chemicals and also adsorption of the drug onto the cap.
After the addition of internal standard (10 pI of an erythromycin B solution
of 0.01-0.1 mgjml; other internal standards could also be used as will be dis­
cussed later), saturated sodium carbonate (20 pI) and ethyl ether (1 ml), each
tube was vortexed for 20 sec. Following centrifugation at 800 g for 5 min,
0.75 ml of the diethyl ether layer was transferred to another disposable tube.
The diethyl ether layer was then allowed to evaporate at room temperature
in a vortex evaporator (Buchler Instruments, Fort Lee, NJ, U.S.A.) at reduced
pressure for 10-15 min. Just prior to the HPLC analysis, the residue was
reconstituted with 50 pI of mobile phase and vortexed for 10 sec to facilitate
rapid dissolution of the sample. After brief centrifugation, a 20-pl aliquot was
injected onto the column.

For urine samples, a O.l-ml aliquot was transferred to the culture tube. After
supplementing with the internal standard (10 pI of an erythromycin B solution
of 0.2 mgjml), the deproteinization was carried out by adding 0.2 ml of
acetonitrile, a unique deproteinizing agent first extensively used in this
laboratory [6-8 and others]. Following vortex mixing for 10 sec and
centrifugation at 800 g for 2 min, about 20 pI of the supernatant was injected
into the HPLC.

Standard curves were prepared by spiking blank human plasma with
concentrated erythromycin A solution to yield 0.25,0.5,1.0,2.5, and 5 pgjml.
Blank human urine was also supplemented with erythromycin A in concentra­
tions of 2.5, 5, 10, 25, and 50 pgjml. Due to the lack of sufficient samples,
standard curves for erythromycin metabolites or degradation products were not
constructed in the present study.
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Reproducibility studies
Six replicate analyses of plasma samples at concentrations of 0.5 and 2.5

J,lg/ml for erythromycin A were performed as described above.

Drug interference studies
Potential interferences of drugs with the assay were studied by injecting

aliquots of their stock solutions into the HPLC. The drugs tested included
acetaminophen, adriamycin, butaperazine, chlorpheniramine, diazepam,
disopyramide, estradiol, furosemide, gentamicin, griseofulvin, lidocaine,
naphazoline, oleandomycin, primaquine, pronethalol, propranolol,
quinidine' HCI, quinine, rifampicin, theophylline, thiopental, thyroxine.
tolbutamide, trifluoroperazine, and trimeprazine.

RESULTS AND DISCUSSION

The electrochemical detector used in the present study is different from
those commonly employed in the past in that it has series dual electrodes,
which can be set in screen-mode of operation. In this mode, the first electrode
was at a potential somewhat lower than the second electrode. The coulometric
efficiency of the detector thus decreased background currents and eliminated
undesirable components at the first electrode while quantitating erythromycin
at the second electrode. In the assay development, the optimal cell potential
was first explored using the pure compound dissolved in mobile phase. The
resultant hydrodynamic voltammogram -for the oxidation of erythromycin A
is shown in Fig. 1. Based on this curve,_ +0.7 and +0.9 V were then chosen for
the first and second electrode, respectively.

The high selectivity of the present HPLC method is illustrated by the
chromatograms shown in Fig. 2. The peak shapes for most of the individual
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Fig. 1. Hydrodynamic voltammogram for the oxidation of erythromycin A. The lower
curve denotes the corresponding background current. The on-column amount injected was
0.2 ).Lg.
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Fig. 2. HPLC chromatograms of various erythromycins, their potential metabolites and
degradation products. (A) Peaks: 1 = erythromycin C; 2 = erythromycin A; 3 = anhydro­
erythromycin A or C; 4 = erythromycin B. (B) Peaks: 1 = des-N-methylerythromycin; 2 =
erythromycin A; 3 = erythralosamine; 4 = 4"-acetylerythromycin A; 5 = erythromycin A
enol ether. The arrows mark the point of injection.

components of the mixture appear to be symmetrical. In spite of the use of
filter element installed before the detector cells, there is no significant peak
broadening effect. The retention times for erythromycins A, B, and C were
9.6, 14.2, and 6.9 min, respectively. The retention times of various
erythromycins, their potential metabolites and degradation products are listed
in Table I. It was found that the powder form of U.S.P. erythromycin from

TABLE I

RETENTION TIMES OF VARlOUS ERYTHROMYCINS AND POTENTIAL
METABOLITES OR DEGRADATION PRODUCTS

Compound

Erythromycin C
Des-N-methylerythromycin
Erythromycin A
Erythralosamine
Anhydroerythromycin A
Anhydroerythromycin C
4" -Acetylerythromycin A
Erythromycin B
Erythromycin ethylsuccinate
Erythromycin A enol ether
Erythromycin estolate

Retention time (min)

6.90
7.74
9.60

11.10
12.36
12.60
14.04
14.22
19.50
22.08
22.86
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Abbott Labs. or Sigma was essentially free of erythromycin B. Therefore,
erythromycin B was chosen as internal standard for this preliminary study.
Alternatively, depending on the experimental condition and the availability
of the compounds, other erythromycin derivatives such as erythromycin
ethylsuccinate or estolate could be used as internal standard.

Typical chromatograms from blank human plasma, and plasma spiked with
known concentrations of erythromycins A and B are shown in Fig. 3. No
interferences with peaks of the drug and internal standard were found in the
plasma samples. As shown in Table II, the standard curve for erythromycin A
in plasma is linear over the concentration range studied (0.25-5 J,lg/ml), which
is reflected by the constancy of response factors. Recovery of erythromycin
from the extraction was virtually 100%. Excellent reproducibility was obtained
for the present HPLC method; the coefficients of variation were 1.5% at 0.5
J,lg/ml, and 2.3% at 2.5 J,lg/ml. The intra-day precision was usually between 1.5
and 3.6%, while five replicate analyses in three days gave inter-day precision of
3.9%. As shown in Table II, assay of erythromycin without the use of internal
standard may also be satisfactory since the coefficient of variation was only
about 5%. To measure peak heights more accurately, it has been recommended
that a micrometer [9] and a slower chart speed be used [5].

A

1 2

T T T

.Fig. 3. Chromatograms of extracts from (A) human plasma blank; (B) human plasma spiked
with 0.5 }Lg/ml of erythromycin A and 0.01 mg/ml of internal standard; (C) dog plasma
blank; (D) dog plasma collected at 2 h after an oral dose of 500 mg erythromycin A.
Concentrations of erythromycin A and internal standard were 1.1 }Lg/ml and 0.1 mg/ml,
respectively. Peaks: 1 = erythromycin A; 2 = internal standard; 3 = unknown product; 4 =
anhydroerythromycin A. The arrows mark the point of injection. The detector gain settings
were 10 X 10 for A and B, and 50 X 1 for C and D.
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TABLE II

RESPONSE FACTORS FOR ERYTHROMYCIN A IN HUMAN PLASMA

Spiked-plasma Peak height* (cm) Response Response
concentration factor 1*** factor II§
(J.Lg/ml) Erythromycin A Internal standard**

0.25 1.30 2.76 5.20 18.84
0.50 2.44 2.60 4.88 18.77
1.0 5.04 2.70 5.04 18.67
2.5 12.96 27.92 5.18 18.57
5.0 28.12 29.71 5.62 18.93

Mean ±S.D. 5.18 ±0.28 18.76±0.14
Coefficient of variation (%) 5.3 0.75

*Peak heights were measured based on 20-J.LI injection and normalized gain setting of 10 X 10.
**The internal standard spiked was 0.01 and 0.1 mg/ml for low (0.25-1.0 J.Lgfml) and high
(2.5-5.0 J.Lg/ml) concentrations of erythromycin A.
***Response factor I = peak height of erythromycin A divided by its concentration.
§ Response factor II = peak height ratio of erythromycin A and internal standard based on
unit concentration of each compound.

Because of the coulometric detector design, the background current levels
would limit the maximum gain that can be obtained. As a result, the detection
limit for a drug was highly dependent on the background noise encountered.
Practically speaking, based on a signal-to-noise ratio of 3, the lower limit of
quantitation for erythromycin A using 0.2 ml plasma was approximately
30 ng/ml with a detector gain setting of 10 X 10. However, higher sensitivity
could be achieved when 1 ml of plasma was used for extraction. The procedure
was carried out as follows. After alkalization with 0.1 ml of saturated sodium
carbonate, 2 ml of ethyl ether were added to the plasma sample. Following
vortex mixing and centrifugation, the ether layer (about 1.5 ml) was
evaporated to dryness. The residue was then reconstituted with 50,111 of mobile
phase and centrifuged. An aliquot of 20 ,111 was injected into the HPLC. In this
manner, the· detection limit of erythromycin A could be 5-10 ng/ml with a
gain setting of 10 X 10. The sensitivity of the present assay appears to be
adequate for drug concentrations encountered clinically. There was no
significant increase in the absolute peak height of erythromycin A when the
diethyl ether-plasma volume ratio was increased to 4, suggesting a complete
recovery of the drug with the volume ratio of 2.

Fig. 3 also shows a chromatogram from the plasma collected 2 h after oral
administration of 500 mg erythromycin A to a 12-kg male mongrel dog. It
appeared that peaks from two additional compounds were present in all of the
samples analyzed. The peak eluting after erythromycin A had a retention time
identical to that of anhydroerythromycin A. The other peak, eluting earlier,
had a retention time different from those of potential metabolites or degrada­
tion compounds tested; its identity is presently under investigation. The plasma
concentration-time profile of erythromycin A together with the peak heights
of the two metabolites or breakdown products from the dog are depicted in
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Fig. 4. The erythromycin levels were found to be 2.1 and 0.3 ,ug/ml at 1 and
6 h, respectively. It is of interest to note that peaks corresponding to anhydro-·
erythromycin A and the unknown compound were both present after intra­
venous administration of erythromycin lactobionate to another dog. Detailed
absorption and disposition kinetics of erythromycin in anim als and humans are
currently being pursued using the assay developed here.
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Fig. 4. Plasma concentration profile of erythromycin A (left) and peak heights of two
metabolites or degradation products as a function of time (right; 0-0, anhydroerythromycin
A and 6-6, unknown compound) in a dog following an oral dose of 500 mg of erythromycin
A.

The pH of the mobile phase was found to have a profound effect on both
the retention volume and the resolution of the peaks. In general, the lower the
pH, the shorter the retention time, and thus the higher the response. However,
when the pH of acetate buffer in the mobile phase was lower than 6.0 a
shoulder peak next to erythromycin A would appear; and in addition, the
unknown product could not be resolved from the drug. To maximize the per­
formance of the column, therefore, a pH of 6.7 of the buffer was adopted in
this study.

One of the advantages of this assay is that a much smaller plasma volume
(0.2 ml) can be employed for quantitation as compared with that used
(1-3 ml) in the previous report [3]. The extraction procedure is also simpler
and easier. Essentially complete recovery was obtained with 1 ml of diethyl
ether for 0.2 ml of plasma samples. Several solvents were tested for extraction
efficiency, including benzene, toluene, chloroform, ethyl acetate, hexane and
diethyl ether. Among these, chloroform and diethyl ether offered the greatest
recovery and the least interference. Diethyl ether was selected because of the
easy handling of diethyl ether layer which was on the top of the aqueous
solution. It has to be pointed out that alkalization of plasma samples by
sodium carbonate was critical to the high extraction efficiency. The extraction
procedure used in this study appeared somewhat similar to that employed
earlier [3].

The results of interference studies showed that none of the drugs tested
interfered with the analysis of erythromycin.
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Since the drug concentrations in urine samples are usually much higher than
found in plasma, a simple one-step deproteinization method was sufficient for
electrochemical detection. Fig. 5 shows chromatograms from blank human
urine, urine spiked with known concentrations of erythromycins A and B,
together with that from dog's urine collected after receiving erythromycin A.
A similar peak pattern was observed in the dog's urine and plasma. The
response factor data for erythromycin A in urine are shown in Table III.
Linearity was found within the concentration range 2.5-50 jJ.g/ml. The
coefficient of variation of response factors was found to be 5.0% in the absence
of internal standard, indicating the adequacy of performing the assay without
an internal standard.

A B

T i T

Fig. 5. Chromatograms from (A) human urine blank; (B) human urine spiked with 10 /lg/ml
of erythromycin A and 0.2 mg/ml of internal standard; (C) dog urine blank; (D) dog urine
collected up to 6 h after an oral dose of 500 mg erythromycin A. Concentrations of
erythromycin A and internal standard were 0.33 and 5 mg/ml, respectively. Peaks:
1, erythromycin A; 2, internal standard; 3, unknown product; 4, anhydroerythromycin A.
The arrows mark the point of injection. The detector gain settings were 50 X 1 for A and B,
and 5 X 1 for C and D.

With a daily or frequent use of electrochemical detector, it is often advised
that the HPLC system be maintained in operation condition to reduce the
background currents and to enhance detector stability. Long-term exposure of
bonded silica columns to a high-pH mobile phase, however, may significantly
shorten the column life. In order to preserve optimum column performance,
the column was removed from the system when not in use (e.g. overnight),
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TABLE III

RESPONSE FACTORS FOR ERYTHROMYCIN A IN HUMAN URINE

Spiked-urine
concentration
(lLg/ml)

2.5
5.0

10.0
25.0
50.0

Peak height* (em)

Erythromycin A

0.45
0.91
1.91
4.92

10.10

Internal standard**

2.37
2.41
2.46
2.48
2.58

Response
factor I

0.180
0.182
0.191
0.197
0.202

Response
factor II

15.13
15.04
15.53
15:87
15.66

Mean ±S.D.
Coefficient of variation (%)

0.190± 0.009 15.45 ±0.35
5.0 2.28

*Peak heights were measured based on 20-1L1 injection and the gain setting was 50 xL
**The concentration of internal standard spiked was 0.2 mg/ml.

while the chromatograph was maintained with the mobile phase recirculating
at a rate of 0.2 mljmin, and also with the electrode activated. The column
was then flushed with 20 void volumes (about 30 ml) of water and methanol
prior to storage. Just before the start of the assay, the column was first flushed
with 30 ml of water and then equilibrated with mobile phase at a flow-rate of
1 mljmin for 0.5 h. The system could be quickly restored to operating condi­
tions by reconnection of the pre-equilibrated column to the chromatograph.
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SUMMARY

A high-performance liquid chromatographic method has been developed for the
quantitation of [ 14 C ]clofibric acid glucuronide and [ 14 C ]clofibric acid using conventional
scintillation counting. The assay has a linear relationship between the added and observed
ratios of clofibric acid glucuronide :clofibric acid in the range of 0.001-0.6 for plasma
and 0.5-100 for urine, and is able to quantitate previously unmeasurable concentrations
of clofibric acid glucuronide in plasma.

INTRODUCTION

We have previously reported a high-performance liquid chromatographic
(HPLC) method for clofibric acid glucuronide (CFAG) which does not require
hydrolysis to clofibric acid (CFA) [1]. This method, which uses the ultraviolet
(UV) absorbance of CFAG as the means of detection, is insufficiently sensitive
to measure plasma concentrations of CFAG in man [2]. In order to overcome
this difficulty the previously described chromatographic method has been
modified to allow detection of [14 C] CFAG and [14 C] CFA with scintillation
counting which results in greatly increased sensitivity. The method has been
applied to an animal model of CFA disposition.

EXPERIMENTAL

Biosynthesis and purification of [ 14C]clofibric acid glucuronide
The methods used for the preparation and purification of [14 C] CFAG

([l4C]clofibric acid glucuronide) are a modification of those previously

0378-4347/83/$03.00 © 1983 Elsevier Science Publishers B.V.
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described for the preparation of unlabelled CFAG [-1]. Each of two male
hooded Wistar rats received 925 kBq of [1-14 C]p-chlorophenoxy-2-methyl­
propionic acid ([l4C]CFA) of specific activity 1290 MBq/mmol in 2.5 ml of
0.9% sodium chloride solution by intraperitoneal injection. Each rat received
a further 5 ml of water by mouth immediately after the dose was given and was
placed in a metabolic cage which allowed for the separate collection of urine
and faeces. The urine container of each cage contained 15 ml of 0.5 M glycine
buffer, pH 2.5, which was kept cold by contact with ice. Urine was collected
for 16 h after the dose. The pooled urine was extracted twice with an equal
volume of ice cold ethyl acetate and the combined ethyl acetate extracts were
reduced to dryness at room temperature and reduced pressure in· an evacuated
centrifuge (Speed Vac Concentrator, Servant Instruments, NJ, U.S.A.). The
residue was reconstituted in 3.5 ml of ice cold mobile phase (0.01 M citrate
buffer, pH 2.5-acetonitrile, 65: 35). Chromatographic purification of [l4C]­
CFAG was carried out with 0.02-ml aliquots of the mobile phase containing
[14 C] CFAG using the chromatographic system and conditions previously
described [1] but with the above mobile phase.

Pooled fractions (2.5-3.0 min) containing the [l4C]CFAG were assayed
for [l4C]CFA and [l4C]CFAG to determine their radiochemical purity and
used as such for the preparation of calibration curves. Samples of [14 C]CFAG
to be used in animal studies or for characterization by hydrolysis with
~-glucuronidase were reduced to dryness over approximately 6 h by freeze­
drying (Edwards High Vacuum Model EF3, Sussex, U.K.). [l4C]CFAG
prepared by freeze-drying and that in mobile phase was stored at -20°C until
used.

The freeze-dried material was dissolved in ice cold 0.9% sodium chloride
solution ("'5 -107 dpm/ml) and two 0.05-ml aliquots were diluted with 0.45 ml
of 0.1 M acetate buffer, pH .5.0, and incubated at 37°C for 2 h with approx­
imately 500 Fishman units of ~-glucuronidase(type H, Sigma, St. Louis, MO,
U.S.A.). The pH of the solution was adjusted to 2.5 with 0.5 M buffer, pH 2.5,
and assayed for [14C]CFA and [14C]CFAG.

Stability studies
Solutions of [14 C]CFAG were stored in separate glass tubes at -20°C which

were then thawed and assayed for [14 C]CFAG and [l4C]CFA content over a
period of six weeks. [14 C]CFAG solution (0.2 ml containing 4.104 dpm) was
added to 2 ml of fresh rabbit plasma and incubated at 37°C. Plasma samples
(0.2 ml) were taken at 1, 2..5, 5, 7.5, 10, 15, 20, 30, 45 and 60 min, after the
addition and assayed for [l4C]CFAG in order to determine the stability of the
glucuronide in fresh rabbit plasma.

Sample preparation
A schematic representation of the procedure is shown in Fig. 1. Each sample

is split and an aliquot is counted in order to determine the total 14C-Iabelled
content in each sample which consists of [14 C] CFA and [14 C] CFAG. A second
aliquot is extracted to determine the proportion in each sample of [14 C] CFA
and [14 C] CFAG. The absolute radioactivity of CFA and CFAG is calculated as
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(1)

CFAG
CFAG (dpm/ml) = T X

CFAG + CFA
(2)

where T is the total radioactivity in dpm/ml and CFA and CFAG are the dis­
integration rates of the chromatographic fractions corresponding to CFA and
CFAG, respectively. Plasma or urine samples (0.2-0.5 ml) were placed in
4.5-ml capacity glass tubes containing 0.5 ml of ice cold 0.5 M glycine buffer,
pH 2.5, and 1 ml cold ethyl acetate. All subsequent manipulations, with the
exception of the ethyl acetate evaporation, were carried out either with the
tubes in ice or at 4°C. The tubes were mixed by slow tumbling for 10 min and
the ethyl acetate, separated by centrifugation at 1500 g for 3 min was trans­
ferred to a fresh tube and the process was repeated twice with fresh I-ml
portions of ethyl acetate. The combined ethyl acetate extracts were reduced to
dryness over a period of approximately 20 min using the evacuated centrifuge,
and the tube was rinsed with 0.1 ml of ice-cold mobile phase and kept on ice

SAMPLE CONTANING

- 14C-eFA + 14 C-CFAG

SPLIT SAMPLE

Scintillation Counting

Triple Extraction with Ethyl Acetate

"Evaporation

Scintillation Counting

of Peaks

TOTAL
14C

(T)

RELATIVE RADIOACTIVITY

OF 14C-CFA & 14C-CFAG

ABSOLUTE RADIOACTIVITY

14 C-CFA & 14C-CFAG

Fig. 1. A schematic representation of the sample preparation, chromatography and
quantitation methods used in the essay.
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until chromatographed. The entire content of each tube was injected into the
high-performance liquid chromatograph (Waters, Model 6000A) via a Waters
Model U6K injector (Waters Assoc., MA, U.S.A.). A 10-J-lm particle size
reversed-phase column (Waters J-lBondapak C1S ) was used with a mobile phase
of 0.01 M citrate buffer, pH 2.5----acetonitrile (65: 35). Eluent fractions corre­
sponding to e4C]CFAG and [ 14 C]CFA were collected into 25-ml capacity
glass scintillation vials via a short length of stainless-steel tubing fitted to the
column.

Scintillent, 15 ml (PCS, Amersham, IL, U.S.A.) was added to each tube
and the count rates were determined in a scintillation counter (Model 6892,
Searle Analytic, IL, U.S.A.). The count rates were converted to disintegration
rates using the external standard method for quench correction. The'disintegra­
tion rate of a 0.05-{).1-ml aliquot of biological fluid was also determined in a
manner described above to obtain the total 14C-Iabelled content of the sample.

Calibration
Calibration. curves in plasma were prepared by adding known quantities of

e4C]CFAG (450-1000 dpm) and e4C]CFA to plasma to produce ratios of
[l4C]CFAG:[ 14 C]CFA in the range ofO.001-{).6. A similar procedure was
used in urine but the range of ratios of [l4C]CFAG:[l4C]CFA was from
0.5-100. These samples were taken through the analysis and the observed
ratios compared with those added to plasma or urine. Control samples which
did not contain added 14 C were taken through the analytical procedure in order
to determine background count rates which were subtracted from those of
[ 14 C]CFA and e4C]CFAG containing samples.

RESULTS AND DISCUSSION

Biosynthesis of r14CjCFAG
e4C]CFAG was prepared on two separate occasions. The percent of

e4C]CFA dose recovered in urine over 16 h was 92% and 71% on the first and
second occasion, respectively. Direct injection of O.Ol-ml aliquots under the
chromatographic conditions described, revealed two fractions containing
14C at 2.5-3 min and 6.5-7.5 min, the first corresponding to the retention
time of authentic unlabelled CFAG under these conditions [1] and the second
corresponding to the retention time of authentic [14 C] CFA.

In the first preparation, 77% of the urinary radioactivity was in the
e4C] CFAG fraction and 23% in the e4C] CFA fraction, the corresponding
values for the second preparation being 92% and 8%, respectively. When urine
was directly injected, I-min fractions collected for 30 min after the injection
did not show any radioactive peaks greater than 1% of the total 14 C, other than
those due to e4C]CFA and [14C]CFAG. After ethyl acetate extraction there
was a mean of 5.2% of the urinary 14C-activity remaining in the urine, which
probably reflects the difficulty of complete removal of the ethyl acetate from
a large volume of urine rather than the non-extraction of 14C from the urine.
The fractions from 2.5-3 min resulting from the injection of the ethyl acetate
extract were collected and pooled. Subsequent chromatography of these
pooled fractions showed that the first preparation had greater than 99% of the
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14 C in the CFAG fraction, the remainder being CFA. The second preparation
had 97.4% of the 14 C in the CFAG fraction. Aliquots of the fractions corre­
sponding to P4C]CFAG were reduced to dryness using the same conditions
for each batch. Reanalysis of the first batch reconstituted in 0.9% sodium
chloride solution showed that greater than 99% of the 14C was associated with
the CFAG fraction but in the second batch 85% of the 14C was in the CFAG
fraction, the remainder being in the CFA fraction. This reduction in
radiochemical purity during solvent evaporation occurred in spite of apparently
identical conditions being used on each occasion.

Analysis of the first batch indicated that all but 5% of the 14 C in the CFAG
fraction before hydrolysis was associated with the CFA fraction after
hydrolysis with {3-glucuronidase and no other peaks were detected. Under the
same conditions but in the absence of i3"glucuronidase approximately 16% of
14C in the CFAG fraction was associated with CFA representing non-enzymatic
hydrolysis. In the second batch, 12.5% of the 14C remained in the CFAG
fractions after i3-glucuronidase treatment. The activity associated with the
[14 C] CFAG fraction but which was non-hydrolysable by i3-glucuronidase may
be due to rearrangement to non i3-glucuronidase hydrolysable forms of the
glucuronide in vivo or in vitro as previously reported for CFAG [2,3]. Taken
together these data indicate that 14C in the 2.5-3-min fraction is P4C]CFAG,
in that its retention time corresponds to authentic CFAG [1] and it is
hydrolysed to a single product, CFA, by i3-glucuronidase at a rate which
exceeds non-enzymatic hydrolysis under the same conditions.

Stability studies
The ratio of P4C]CFAG to CFA of the CFAG samples in 0.5 M glycine

buffer, pH 2.5, at -20°C did not alter over a period of six weeks. Freeze-dried
material stored at -20°C in anhydrous conditions also did not alter in the ratio
of CFAG to CFA over this period.

In order to use the method in biological samples it was necessary to obtain
an estimate of the hydrolysis rate of CFAG in biological fluids. Fig. 2 shows
the loss of CFAG in fresh rabbit plasma at 37°C, the half-life for this process
being 23 min. For this reason, in subsequent experiments with rabbits, blood
samples were withdrawn and plasma was frozen in pH 2.5 buffer within 90 sec.

Analy tical method
The approach outlined in Fig. 1 is valid only when all of the 14C-labelled

content in the biological fluid is due to CFA or CFAG. In preliminary experi­
ments with plasma from rabbits administered P4C]CFA, greater than 99% of
the activity was removed by triple extraction with ethyl acetate and
examination of this extract showed that this activity was associated only with
CFA and CFAG. Similarly, when urine from rabbits administered [ 14 C]CFA
was directly injected into the chromatographic system and I-min fractions were
collected for 30 min, radioactivity was.found only in the 2.5-3 min and 6.5-7
min fractions, corresponding to CFAG and CFA respectively. It is unlikely that
CFA would be converted to a lipophilic metabolite eluted substantially after
CFA on a reversed-phase column. These findings are consistant with those of
Caldwell et al. [4] who reported that rabbits administered P4C]CFA excrete
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Fig. 2. The hydrolysis rate of CFAG (percent remaining, log. scale) in fresh rabbit plasma at
37°C. The half~life of this process is 23 min.

urinary 14C, 9% as P4C]CFA and 91% as CFAG. The approach outlined in
Fig. 1 would not be valid in species such as dog or cat in which a substantial
fraction of the dose is excreted as a taurine conjugate, unless the peak corre­
sponding to this compound was separated and counted.

The sample preparation and chromatography present many opportunities
for selective loss of CFA or CFAG and thus in order to validate the method it is
necessary to demonstrate a correlation between the ratios of CFAG :CFA
added to biological fluids and those estimated by the assay. Because of the
extremely small ratios of CFAG to CFA anticipated in plasma (see Fig. 3) and
the large ratios expected in urine, it was also important to ensure that there was
efficient chromatographic separation of the two peaks with minimal carry over
of radioactivity between them. The retention times of approximately 2.7 and
7 min for CFAG and CFA respectively meet these conditions, the column
eluent between the 2.5-3 min fraction and the 6.5~7 min fraction falling to
background values.

Because of the very wide range of values the regression equation for the
relationship between the ratios of P4CICFAG to [ 14 C]CFA added to plasma
and those estimated by the assay has been performed on the logarithms of the
ratios in order to increase the weight of the lower values. If no weighting were
used this would result in the low ratios making an insignificant contribution
to the best fit regression equation. The regression equation in plasma is
y = 0.002 + 1.003x where y is the logarithm of the observed ratio and x is the
logarithm of the added ratio, r2 = 0.9966, n = 35 which indicates that the added
and observed ratios in plasma are highly correlated with a slope of 1. The corre­
sponding equation for urine is y = -0.023 + 1.014x, r2 = 0.991, n = 26. These
relationships indicate that in plasma over a range of CFAG : CFA ratios of the
0.001-0.6 and in urine over··the range of 0.5-100 the method is able to
accurately quantitate the concentrations of P4C]CFAG and P4C]CFA in
biological fluids.
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Fig. 3. The plasma concentration-time profiles of CFA (_0) and CFAG (A-A) in a rabbit
administered 1.85 MBq of [14 C]CFA.

The application of the method is illustrated in Fig. 3 which shows the
plasma concentration-time profiles for CFAG and CFA resulting from the
administration of 1.85 MBq of [14 C] CFA to a rabbit. The mean ratio in plasma
of CFAG to CFA in this animal is 0.005.

The present method enables the quantitation of CFAG without prior
hydrolysis to CFA and thus offers advantages over methods employing
enzymatic or chemical hydrolysis in that it is more selective and sensitive [I].
The use of [14 C] CFA in conjunction with scintillation counting has increased
the sensitivity of the method 100-fold relative to the previously described
method using UV absorbance detection [I] and the only practical limitation to
further increases in sensitivity is the specific activity of [14 C] CFA and its cost.
The present method has allowed the quantitation of circulating plasma concen­
trations of F4 C]CFAG resulting from [14 C]CFA administration in an animal
model which was not possible with the previous method based on UV
absorbance detection. The application of the method to human studies would
necessitate an evaluation of the ethical problems arising from the
administration of radioisotopes to man.
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SUMMARY

Two high-performance liquid chromatographic methods for quantitation of fenflumizole
in biological fluids are described. Fenflumizole is a new agent with demonstrable anti­
inflammatory properties in laboratory rodents. The major difference between the two
methods lies in the utilization of fluorescence detection of the column eluate in assay II
as compared to the less selective ultraviolet-visible detection used in assay I. Assay II appeared
suitable for monitoring metabolites in addition to the parent compound. The quantitation
limit of plasma fenflumizole was below 10 ng/ml for assay I and approximately 100 pg/ml
for assay II. The reproducibility within a plasma concentration range of 50-150 ng/ml was
below 7% (standard deviation) in both assays. Fenflumizole was found to be subject to
photodecomposition. The impact of this on the analytical performance was evaluated and
precautionary measures were assessed. The reliability of the analytical methods is examined
and their applicability in in vivo studies conducted in rat, dog, and man.

INTRODUCTION

Fenflumizole, 2-(2,4-difluorophenyl)-4,5-bis(4-methoxyphenyl)imidazole, is
a potential anti-inflammatory agent of the non-steroidal type, structurally
belonging to the series of substituted triarylimidazoles (Fig. 1) [1,2]. It has
displayed analgesic and antipyretic properties similar to those of other non­
steroidal anti-inflammatory drugs, but with fewer gastrointestinal side-effects
[2].

This paper describes two rapid, accurate, and analytical high-performance
liquid chromatographic (HPLC) procedures for the determination of fenflum­
izole in biological fluids. The validity of the methods is demonstrated by the
determination of fenflumizole plasma levels after single administrations to rats,
a beagle dog, and a human volunteer.

0378-4347/83/$03.00 © 1983 Elsevier Science Publishers B.V.
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Fig. 1. Chemical structure of fenflumizole, a potential anti-inflammatory agent. Position
of radioactive labelling at carbon-2 in the imidazole nucleus is shown by an asterisk.

EXPERIMENTAL

Reagents and materials
Fenflumizole was synthesized and supplied by the Synthesis Department of

Dumex Ltd. [14C]Fenflumizole was purchased from the Huntingdon Research
Centre and was labelled at carbon-2 in the imidazole nucleus (Fig. 1).
Acetonitrile was of HPLC grade, triethylamine of synthetic grade and all other
chemicals were of analytical grade.

Instrumentation and analytical conditions
The liquid chromatograph consisted of a Waters Assoc. Model 6000 A

constant flow pump, a Waters U6K injector, either a Waters Model 440 UV
detector or a Kontron spectrofluorometer SFM·23 LC and a Hewlett-Packard
Model 3380 integrator. The fluorometer was equipped with a slit width of
4 nm and a 150-W xenon lamp with a wavelength range of 200-800 nm.
A Knauer stainless steel chromatographic column, 250 mm X 4 mm 1.0.
(Dr. Herbert Knauer, Taunus, F.R.G.), was packed with 5-~m Spherisorb ODS
(Phase Separations, Queensferry, U.K.) using a slurry technique. A Beckman
liquid scintillation counter LS 150 was used for determining extraction yields.

The mobile phase for the analysis of fenflumizole was a mixture of a 50 mM
aqueous solution of triethylamine and acetonitrile (23: 77). Chromatography
was done at room temperature and the flow-rate was 1 ml/min. Under these
conditions the capacity ratio of fenflumizole was 6.7 and the number of
theoretical plates was calculated to be approximately 6000.

Analytical procedure for assay I
A 5-ml volume of the extraction medium was added to 1 ml of an aqueous

sample (e.g. plasma, urine) and the mixture was rotated for 5 min. The extrac­
tion medium was a 1:1 mixture of n-hexane-dichloromethane. After centrifu­
gation 4 ml of the organic supernatant were transferred to a clean tube and
dried under a stream of nitrogen gas at ambient temperature. The residue was
redissolved in 100 ~l of the mobile phase, and an aliquot of 40 ~l was injected
onto the HPLC column. The absorbance at 280 nm (filter) of the eluate was
monitored with a UV detector (Fig. 2).

Calibration standards within a range of 0-200 ng/ml were obtained by
adding known amounts of fenflumizole to drug-free plasma. Ethanol was used
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as solvent for the stock solution of fenflumizole. It was stored in the dark at
4°C when not in use because light-induced decomposition was an important
factor (see below).

Analytical procedure for assay II
Owing to the expected presence of more polar metabolites in plasma and

urine in relation to the parent compound, the extraction mixture was replaced
by diethyl ether and UV detection was changed to fluorescence detection
(Fig. 3). In all other respects the assays were similar. By recording the spectra,
the excitation and emission maxima were found to be 316 nm and 410 nm.
This was achieved by filling the flow cell with a standard solution of
fenflumizole and scanning in situ.

Quantitation
A calibration curve was obtained by analysing I-ml drug-free samples to

which were added 0-200 ng of fenflumizole. A linear relationship between the
detector response and the fenflumizole concentration was observed. From a
computerized plot of the standard peak areas versus concentrations the actual
concentrations of the samples were found. Regression coefficients and ordinate
intercepts were obtainable by means of linear regression (method of least
squares).

RESULTS AND DISCUSSION

Conditions for chromatography and extraction
Initially, an unbuffered mobile phase (methanol-water, 90 :10) was used.

However, continued use of this solvent failed to give reproducible retentions.
A buffered solvent (acetonitrile-phosphate buffer, pH 3.0, 80: 20) was there­
fore prepared. This helped the retention performance, but was inconvenient
for routine use because it necessitated frequent regeneration of the chromato­
graphic system, independent of the strength of the buffer. A 77: 23 mixture
of acetonitrile and 0.05 M triethylammonium acetate (pH 4.0) was finally
chosen as a standard eluent. Separation with this solvent proved to be excellent
and has subsequently been used in all analyses of biological samples.

The extraction procedure was closely linked to the choice of detection
principle. When using absorbance at 280 nm (see Fig. 2) as detection method,
fenflumizole was chromatographically separated from endogenous biological
constituents after extraction with n-hexane--dichloromethane (1 :1). However,
it was necessary to consider the possibility that metabolites might occur in the
effluents. With this in mind the technique was further improved by the use of a
fluorimetric detector and a less restricting extraction with diethyl ether.

Figs. 2 and 3 show typical elution tracings from the alternative analytical
methods. The UV detector leaves a poorly resolved crowding at the beginning
of the chromatogram which does not fluoresce at the conditions specified.

The extraction recoveries were estimated by employing 14C-Iabelled
fenflumizole. For plasma the fenflumizole recoveries were found to be 84%
in assay I and only 72% in assay II. The extractions from urine were fully
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effective in both assays. These results were confirmed by liquid chromato­
graphy by ratioing the slopes of the standard curves of direct and processed
standards. A time-dependent extraction yield was found for plasma when the
tubes were rotated for less than 5 min.

E 0.015
c
o
co
N

® @ F©

0.005

o

~ 0.010
Z
:::>

w
u
Z
4:

~
If)
lD
4:

048 048
MINUTES

Fig. 2. HPLC UV traces of fenflumizole (F) in (A) blank plasma, (B) a plasma standard of
50 ng/ml, and (C) a plasma sample of approximately 100 ng/ml. Chart speed was 0.5 em/min
and injection volume 40 Ill.
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Fig. 3. HPLC fluorescence traces of fenflumizole (F) in (A) blank plasma, (B) a plasma
standard of 50 ng/ml, and (C) a plasma sample of approximately 40 ng/ml; two metabolites
(M) are visible. Chart speed was 0.5 em/min and injection volume 40 Ill.

Reliability and characteristics of the analytical methods
The analytical variation was evaluated by means of the preCIsIon and

accuracy. The variation of the slope and the ordinate intercept of the standard
curve and its deviation from linearity provided an estimate of the accuracy, and
the precision was determined by including control samples in each analytical
series (Table I). These were prepared by adding plasma to a known amount of
fenflumizole. After mixing, volumes of 1 ml were stored at -20°C until
analysis.
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TABLE I

ESTIMATION OF ANALYTICAL VARIATION

Comparison of two analytical methods for determining fenflumizole concentrations (ng/ml)
in plasma as indicated by ten consecutive analytical series over six weeks. Slope and ordinate
intercepts were calculated according to the equation Y = a + bX (linear· regression).
Analytical variation was estimated with the aid of quality control samples (pool I and pool
II), which were assayed along with normal plasma samples. Figures given are means (± S.D.).

Parameter

Ordinate intercept
Slope
Correlation coefficient
Inter-assay analytical variation

a
b
r
Pool I
Pool II

UV detection
(assay I)

2.74 (± 0.92)
0.315 (± 0.05)
0.997 (± 0.07)

144.7 (± 9.7)

Fluorimetric detection
(assay II)

-3.68 (± 1.26)
9.65 (± 0.79)
0.999 (± 0.04)

47.6 (±3.3)
145.3 (±8.1)

The comparative data in Table I show acceptable parameters for both
methods. The fluorimetric detection method with its inherent high sensitivity
demonstrates a correlation coefficient and a precision (defined as the reciprocal
of the variance, 1/S.D.2

) that are superior to those obtained with the UV
detector. The reproducibility measured as the relative standard deviation is
estimated to be below 7% in all assays.

In the assays described the quantitation limit was found to be below
10 ng/ml for assay I and approximately 100 pg/ml for assay II. The latter was
limited primarily by the onset of a destructive photodecomposition within the
flow cell caused by too intense excitation of the fluorophore.

Two other aspects were considered when judging the magnitude of
laboratory error in the analytical method. First, storage of plasma pool samples
at -20°C was found not to cause measurable changes of the fenflumizole
content over at least eighteen months. Second, repetitive freeze-ihaw cycles
of plasma and urine up to three times left the sample unchanged with regard
to nanogram-range concentrations of fenflumizole.

With regard to the plasma and serum analyses, fluorimetric detection in assay
II did not require haemolysis-free samples, unlike the 280 nm absorbance
measurement in assay 1.

Photodecomposition
As with several other polyarylimidazoles, fenflumizole exhibits instability

when exposed to certain wavelengths of light [1].
From the outset, daylight caused deterioration in stock solutions up to the

mg/ml concentration range, and sunlight rapidly made this worse. As a rule the
specimens were handled in subdued light or protected from light by the use of
brownish-coloured or tinfoiled glass tubes. By applying this rule, the longevity
of stock ethanol solutions of fenflumizole was found to be at least five days.
Experiments on the photolytic properties of fenflumizole are in progress and
will be reported.
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Probe studies of plasma kinetics in the rat, beagle dog and normal man
The validity of the assays was assessed by determining plasma concentrations

of fenflumizole in in vivo probe studies. Male Sprague-Dawley rats and a beagle
dog were given single intravenous doses of 3 and 10 mg/kg body weight
(Fig. 4), and a human male volunteer ingested fenflumizole in single doses of:
0.1,2 and 5 mg/kg body weight (Fig. 5). Although the determination of plasma
fenflumizole was feasible with both assays, assay II appeared superior because
the metabolite peaks were also of interest. A preliminary finding common to
these studies was the rapid occurrence (within 1 h of administration) of two
metabolite peaks both of higher polarity than the parent compound (Fig. 3);
The terminal elimination half-lives (above 24 h) were estimated to be about
13 h for the rats, 37 h for the beagle dog and 55 h for the male human
volunteer.
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Fig. 4. Plasma concentration-time curves of fenflumizole for Sprague-Dawley rats and one
beagle dog after the doses indicated. Each point on the curves for the rats is the mean of
three animals, which were killed at this time.
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Fig. 5. Plasma' concentration-time curves of fenflumizole for a male volunteer after
ingestion of (A) O.lmg/kg, (a) 2 mg/kg, and (0) 5 mg/kg.
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CONCLUSIONS

Two assays have been developed to quantitate fenflumizole and metabolites
in biological fluids. Fenflumizole is a potential non-steroidal anti-inflammatory
agent, recently developed. The assays combine adequate sensitivity with
appropriate precision and accuracy. The sample processing is limited to one
extraction step. Precautions must be taken against light owing to photolability.

The validity of the analytical assays has been demonstrated in probe
pharmacokinetic studies in rat, beagle dog and normal man. In forthcoming
papers these applications will be discussed in detail.
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SUMMARY

Quinidine is determined in serum by direct and extraction spectrofluorometry, by
reflectance fluorescence scanning thin-layer chromatography (TLC), and by high­
performance liquid chromatography (HPLC). Least-squares analyses of patients' sera (n=62)
analyzed first by direct fluorometry (x) and then HPLC (y) gave a slope of 0.52, an y-inter­
cept of -0.40, a standard error of estimate of 0.65, and a correlation coefficient of 0.83.
Comparison of patients' sera (n=59) determined by extraction fluorometry (x) and then
HPLC (y) gave a slope of 0.998, an y-intercept of -0.175, a standard error of estimate of
0.30, and a correlation coefficient of 0.96. Comparison of patients' sera (n=36) by HPLC
(x) and then reflectance fluorescence scanning TLC (y) gave a slope of 0.837, an y-intercept
of 0.152, and a correlation coefficient of 0.94. Methaqualone and oxazepam interfere with
HPLC. Within-run precision is 1.6, 1.0, 5.2 and 3.0% by direct fluorometry, extraction
fluorometry, TLC and HPLC while between-run precision is 5, 3.5,9 and 6.0%, respectively.

INTRODUCTION

Quinidine, a naturally occurring alkaloid, is the dextrorotatory isomer of
quinine. It acts as a myocardial depressant by depressing excitability,
contractibility, and conduction velocity, and is used to treat cardiac
arrhythmias. Quinidine has a narrow therapeutic range [1-7] and knowledge
of the quinidine serum concentration is therefore required for effective
therapy.

0378-4347/83/$03.00 © 1983 Elsevier Science Publishers B.V.
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Analytical methods for quinidine determinations are characterized by a
combination of sample-preparation techniques and of instrumentation required
for detection and quantitation. Some of the first methods were developed to
measure the naturally occurring fluorescence of quinidine and they were very
simple and sensitive. An example is the protein precipitation-fluorescence
method of Brodie and Udenfriend [8]. Because of its simplicity, this method
is non-selective. Quinidine metabolites are not separated or distinguished from
quinidine in the sample and other drugs that fluoresce will interfere with this
fluorometric analysis. The therapeutic range is 4---8 mg/l [1].

In attempts to improve the analytical selectivity of quinidine methods,
various extraction techniques and solvents to preferentially remove the parent
drug from the metabolites have been developed. In most of these methods the
sample is made alkaline and then extracted with an organic solvent. Generally,
these methods employed benzene [2,9,10], ethylene dichloride [9,11],
chloroform [8,la], toluene [14] and an amylalcohol-benzene mixture
[12,15]. In some studies, the organic extract was acidified with trichloroacetic
acid [1,11] whereas in others, the organic extract was re-extracted with acid
and subsequently the acidic solution was measured spectrofluorometrically
[9,10,14,16]; The most commonly used extraction procedure is the double­
extraction method of Cramer and Isaksson [9]. Many interferents and the more
polar metabolites of quinidine are eliminated by this double-extraction
procedure [9,10]. The therapeutic range is 2-5 mg/l when determined by this
method.

Although the selectivity for quinidine analysis is improved by the single- and
double-extraction procedures, there are still some disadvantages. Dihydro­
quinidine and quinidine are not separated and the extraction steps increase the
overall length of time for completion of the analysis. Nevertheless, the acquired
selectivity outweighs the disadvantage of the increased time for analysis.
A double-extraction method is also more applicable to urine samples.

A large group of quinidine methods are based on some type of chromato­
graphic technique. Examples of these types of methods are thin-layer
chromatography (TLC), high-performance liquid chromatography (HPLC),
gas chromatography (GC), and gas chromatography-mass spectrometry'
(GC-MS). For TLC, the sample may either be directly applied (spotted) on the
TLC plate [17,18] or the sample may be extracted and the concentrated
extract be applied to the TLC plate [12,19]. Quantitation is done by scraping
off the separated compounds of interest from the adsorbent. The concentrated
extracts are then measured for quinidine with a fluorometer [3,12,15,20-22].
An alternative to extracting the TLC plate is to directly scan the plate while
monitoring either fluorescence [17,18,23] or ultraviolet absorption [19,24].

TLC methods for quinidine are selective and sensitive, with the precision of
some of the methods being similar to HPLC. Dihydroquinidine and quinidine
metabolites are separated from quinidine by TLC. A majm disadvantage to
TLC in the past was the lack of an appropriate instrument for detection and
quantitation without having to remove the compound from the TLC plate.
Our TLC method for quinidine uses a dual-channel reflectance fluorescence
scanning spectrodensitometer and circumvents the previous difficulties.

The requirement for more sensitive and selective analytical methods for
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quinidine has produced a variety of HPLC methods that use fluorescence
[5,25-30] and ultraviolet [31-41] detection. Some of these methods provide
the separation and quantitation of quinidine, dihydroquinidine, and
metabolites such as 2'-quinidinone, 3-hydroxyquinidine, quinidine-N-oxide
and O-desmethylquinidine [5,25,27,28,30,42,43] . A method based on the direct
injection of the sample without any type of extraction has been reported [32].

A limited number of GC methods for quinidine have been developed [13,15,
23,44,45,46]. They all require a flame ionization detector except one [15]
which used a nitrogen-selective detector. Because of the poor detectability
of quinidine by GC the parent drug is usually derivatized either as the
trimethylsilyl derivative [13,23] or the methyl derivative [44-46]. Quinidine
and dihydroquinidine could not be distinguished by one of the methods [46].

Several attempts have been made to determine quinidine by MS or GC-MS.
One method required isobutane chemical ionization [47]. In this method
quinidine is extracted with benzene from alkalinized plasma and the extract is
evaporated to dryness. The residue is then put into the mass spectrometer by
direct insertion probe. Another technique is methane chemical ionization [19].
Although GC-MS methods are sensitive and specific, the instrumentation is
very expensive and requires experienced personnel for its operation and
maintenance. For the present, these methods can only be used for research
studies. The most recently developed analytical method for quinidine is
enzyme immunoassay [48,49]. A comparison of EMIT* (enzyme multiplied
immunoassay technique) with the fluorescence method of Cramer and Isaksson
[9] and HPLC [27,50] indicates that the EMIT method is not specific for
quinidine [49], but the method is acceptable for clinical use.

Quinidine therapeutic levels will vary depending on which one of the above
analytical methods is used for quantitation. For example, the reported
therapeutic range is 4-8 mg/l when determined by the non-specific
fluorometric methods [1,6,9,10]. As the methods become more selective, the
range narrows from 2.3 to 5 mg/l [2,51]. In a study in which HPLC was used
the levels were 50% of that found in the direct fluorometric methods [34].
Those methods that do not separate quinidine from dihydroquinidine may still
be useful because both compounds have similar pharmacokinetics and activities
[3,52,53]. Regardless of the final method selected for quinidine
determinations, the resulting therapeutic range should be a guide to the
physician and will have to be interpreted in conjunction with clinical signs and
symptoms of the patient.

Quinidine concentrations above 10 mg/l are associated with toxic effects
[1,54-56]. About one-third of the treated patients will have an immediate
adverse intolerance to quinidine and therapy will have to be altered.
Precautions should be taken when patients with congestive heart failure and
impaired renal function are treated with quinidine because of the persistence of
elevated serum levels of quinidine [57] and its metabolites [2]. As concentra­
tions of quinidine in plasma go above 2 mg/l, the QRS complex**widens
progressively. This change is useful for the monitoring of patients. A 25%

*EMIT is the trade name for the enzymatic immunoassay system marketed by SYVA,
Palo Alto, CA, U.S.A.
**QRS complex is the ventricular electrical activity of the heart.
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increase of QRS complex is a cause for concern and with a 50% increase, the
dosage should be immediately reduced. The most common adverse reactions to
quinidine are nausea, vomiting and diarrhea [55,56,58]. Cinchonism, which
includes tinnitus, loss of hearing, slight blurring of vision and gastrointestinal
disturbances, is caused by an overdose of quinidine. If toxicity is severe enough,
confusion, delirium and psychosis may occur.

Pharmacokinetic data of quinidine and its metabolites indicate that a two­
compartment open model best describes the pharmacokine1tics of quinidine
[20,52]. The major route of metabolism appears to be in the liver since renal
excretion of intact drug accounts for only 10-20% of the given dose which is
10-20 mg/kg d [14,20,21,26]. The distribution half-life is about 6-12 min
and the elimination half-life is about 4-8 h [2,20,21,26,59,60]. The
elimination half-life does not appear to vary in patients with congestive heart
failure- [2,26] or poor renal function [2,61]. The apparent volume of
ditribution is about 3 l/kg and the central-compartment volume is 0.9 l/kg
[14,20,26]. The total body clearance is about 4.5 ml/min/kg with great
variation being observed among patients [6,20,26,50,60]. Some of the
metabolites of quinidine that have been identified are 3-hydroxyquinidine
[62], 2'-quinidinone [13,62,63], O-desmethylquinidine [4,13,25,62,64],
and quinidine-N-oxide [6,36]. The major end-products of quinidine
metabolism are 3·hydroxyquinidine and 2'-quinidinone. About 1--2% of
quinidine goes to O-desmethylquinidine and is excreted in the urine [4].
Studies have revealed that some of the metabolites have anti-arrhythmic
activity but definitive human data is questionable [25,27,50].

With the acceptance of newer analytical methodology for quinidine,
investigators are re-evaluating the pharmacokinetic data, the interaction of
quinidine and other drugs such as digoxin [65-69], digitoxin [70,71],
propranolol [72], and phenytoin [73], and the effect of other drugs in the
presence of quinidine [40,74].

In this study four analytical methods for quinidine are compared. Two of
the methods, the fluorometric ones, are currently used in our laboratories. The
HPLC method is a recently developed method by' our laboratory and the
fluorescence scanning-TLC method that uses a spectrodensitometer with dual­
channel reflectance fluorescence capabilities was developed during this
investigation.

MATERIALS AND METHODS

Apparatus
A Model J4-8963 ellipsoidal condensing system spectrofiuorometer and a

Model J10-280 photomultiplier microphotometer equipped with a 1P21
photomultiplier tube (all from American Instrument, Silver Spring, MD,
U.S.A.) were used. A Model SD 3000 scanning spectrodensitometer equipped
with a QPM 30 quartz prism monochromator, an SDA-335 reflection mode
assembly -and a Model SDC 300 density computer (all from Schoeffel
Instrument Division, Kratos, Westwood, NJ, U.S.A.) were used for the
fluorescence TLC measurements.

For high-performance liquid chCUulatography (HPLC) we used a Model
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6000-A solvent-delivery system, Model 600 solvent programmer, Model 440
fixed-wavelength absorbance detector (254 nm), Model 450 variable­
wavelength absorbance detector, Model U6K universal liquid chromatograph
injector (all from Waters Assoc., Milford, MA, U.S.A.) and a Model B5217-1
dual-pel) recorder (Houston Instrument Division, Bausch and Lomb, Austin,
TX, U.S.A.). HPLC separations were done on a prepacked 10-,um particle size
wBondapak CiS (300 X 3.9 mm LD.) reversed-phase column from Waters
Assoc.

TLC separations were done on 20 X 20 cm, Type LK5D, precoated silica
gel plates with a preadsorbent area (Whatman, Clifton, NJ, U.S.A.). Tanks
were equilibrated with the solvent prior to use.

Reagents
All solutions were prepared in glass-distilled de-ionized water from analytical

or spectral grade reagents and solvents (Burdick and Jackson, Muskegon, MI,
U.S.A.) unless otherwise stated.

Metaphosphoric acid, 20% (w/v): dissolve 20 g of metaphosphoric acid in
80 ml of water. Sulfuric acid, 0.05 M: dilute 2.8 ml of concentrated sulfuric
acid to 11 with water. Sulfuric acid in methanol, 0.05 M: dilute 0.28 ml of
concentrated sulfuric acid in 40 ml of water, then dilute to 100 ml with
methanol. Sulfuric acid, 10% (v/v): mix 10 ml of concentrated sulfuric acid
with 90 ml of water. Sodium hydroxide, 0.5 M: dissolve 20 g of sodium
hydroxide pellets in 11 of water. Isoamyl alcohol in n-heptane, 1.5% (v/v):
dissolve 1.5 ml of isoamyl alcohol in 100 ml of n-heptane (HPLC grade). Other
solutions were: diethyl ether (anhydrous), methanol (HPLC grade), ethyl
acetate, ethanol (absolute), 1-butanol, and ammonium hydroxide
(concentrated).

HPLC mobile phase: l-octanesulfonic acid 0.005 M in methanol-water
(60: 40, v/v). Dissolve 2.16 g of l-octanesulfonic acid sodium salt (Eastman
Organic Chemicals, Eastman Kodak, Rochester, NY, U.S.A.) in 800 ml of water
and then filter through a Type HA Millipore filter (Millipore, Bedford, MA,
U.S.A.). Dilute the filtered solution to 21 with methanol previously filtered
through a Type LS filter, also from Millipore. Adjust the pH to 3.5 with 0.05 M
sulfuric acid in methanol.

TLC developing solvent: ethyl acetate-absolute ethanol-1-butanol-concen­
trated ammonium hydroxide (56:28:4:0.5, v/v).

Standards
Quinidine sulfate (Sigma, St. Louis, MO, U.S.A.) and loxapine succinate

(Lederle Laboratory Division, American Cyanamid, Pearl River, NY, U.S.A.)
were used as the salts; however, all concentrations are expressed as the free
base.

Quinidine stock standard, 100 mg/l: dissolve 115 mg of quinidine sulfate in
11 of 0.05 M sulfuric acid. Quinidine working standards, 2, 4, and 8 mg/l:
dilute 2, 4, and 8 ml of quinidine stock standard to 100 ml with water. These
aqueous standards were used to reconstitute unassayed Normal Serum Control
(Ortho Diagnostic Systems, Raritan, NJ, U.S.A.). Loxapine stock standard,
1 g/l: dissolve 34 mg of loxapine in 25 ml of ethanol. Loxapine (internal
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standard), 15 mg/l: dilute 1.5 ml of loxapine stock solution to 100 ml with
water.

Operating conditions
For spectrofluorometric analysis, the excitation and the emISSIOn

wavelengths were 360 and 450 nm, respectively. The ellipsoidal condensing
sy~tem slit width was 3 mm and all other slit widths were 2 mm. Sensitivity
setting was between 90 and 100.

For TLC fluorescence scanning, the excitation and the emission wavelengths
were 364 and 440 nm, respectively. The QPM monochromator slit was 0.5 mm.
The spectrodensitometer was set in the reflectance mode. The TLC plates were
scanned at 10 em/min and the chart speed was set at 10.2 em/min.

For HPLC analysis, the fixed and the variable wavelengths were 254 and 330
nm, respectively. The mobile phase was set at a flow-rate of 1.5 ml/min and the
chart speed was set at 0.25 em/min.

Procedures
Direct precipitation method. Metaphosphoric acid is added to diluted serum

to precipitate the serum proteins and the fluorescence of the supernatant is
read in a spectrofluorometer.

1'0 a 50-ml glass-stoppered centrifuge tube were added 0.5 ml of serum,
19.5 ml of water, and 5.0 ml of 20% metaphosphoric acid. The mixture was
shaken on a mechanical shaker (Eberbach Model 6000) for 15 min, then
centrifuged for 30 min and the fluorescence of the supernatant was measured
with a spectrofluorometer. The fluorescence of the patients' sera, the control
sera, and the quinidine serum standards were corrected by the subtraction
of the fluorescence of a serum blank which was taken through the procedure.

Extraction method. Quinidine is extracted from alkaline serum into an
organic solvent and then back extracted into sulfuric acid. The fluorescence of
the acidic extract is measured spectrofluorometrically. A micro-aliquot of the
extract is submitted to TLC separation and fluorescence is measured with a
TLC fluorescence scanner. A second aliquot of the acidic extract is made basic
and then extracted with an organic solvent which is evaporated. The residue is
redissolved in acidic methanol and analyzed by HPLC.

To a 50-mL glass-stoppered centrifuge tube were added 1.0 ml of serum,
2.0 ml of 0.5 M sodium hydroxide, and 15 ml of 1.5% isoamyl alcohol in
n-heptane. The mixture was shaken on a mechanical shaker for 5 min and then
centrifuged for 5 min. A 10-ml aliquot of the organic layer was transferr,ed to a
15-ml screw-capped centrifuge tube containing 4.0 ml of 0.05 M sulfuric acid
and the mixture was shaken on a mechanical shaker for 5 min. After 5 min of
centrifugation, the organic layer was discarded and the fluorescence of the
acidic aqueous phase was measured with a spectrofluorometer (single­
extraction method). This acidic aqueous phase was also submitted to TLC and
HPLC analyses.

A 3.0-ml aliquot of the acidic aqueous phase was transferred to 1 15-ml
screw-capped centrifuge tube to which 2.0 ml of 0.5 M sodium hydroxide,
0.2 ml of 15 mg/l loxapine internal standard, and 10 ml of ethyl ether were
added. The mixture was shaken on a mechanical shaker (low speed) for 2 min
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and then centrifuged for 2 min. An 8-ml aliquot of the ether layer was trans­
ferred to a 12-ml screw-capped test tube and evaporated to dryness at 40°C.
The residue was redissolved in 50 J,LI of 0.05 M sulfuric acid in methanol and a
25-J,LI aliquot was submitted to HPLC analysis.

A 20-J,LI aliquot of the acidic aqueous phase was spotted on a silica gel TLC
plate and developed to 10 cm in a mixture of ethyl acetate-ethanol­
1-butanol-ammonium hydroxide (56: 28: 4: 0.5, v/v). The plate was then
sprayed lightly with 10% sulfuric acid and heated to 70°C for 5 min. TLC­
fluorescence scans of the plate were made with the spectrodensitometer set in
the fluorescence reflectance mode.

For all three analyses, spectrofluorometry, TLC-fluorescence scanning
and HPLC, .standard curves were obtained by analyzing serum standards
containing known amounts of quinidine and in the case of HPLC, a known
amount of loxapine internal standard. For each set of patients' sera that were
analyzed, a serum blank, serum controls and three quinidine serum standards
(2, 4 and 8 mg/l) were analyzed. The results of the serum standards were used
to draw the standard curve as a check on linearity. However, quinidine
concentrations of the patients' sera were not obtained from the curve, but
rather by using the nearest serum standard which was usually the 2 mg/l
serum standard.

For HPLC analysis the ratios of the peak heights of quinidine to that of
loxapine (the internal standard) were used to calculate quinidine concentra­
tions. For the TLC fluorescence analysis, the peak heights for quinidine in
the patients' sera were compared with those of the serum standards, and in
the spectrofluorometric analysis the relative fluorescence intensities were
compared after correcting for background interferences.

RESULTS

Spectrofluorometric analysis
Direct precipitation method. When the relative fluorescence intensity of

quinidine serum standards, 3-6 mg/l, were plotted against concentration the
resulting line had a slope of 1.33, an y-intercept of 0.02, a standard error of
estimate (Syx) of 0.008 and a correlation coefficient of 1.0. Within-run
precision at the 3 mg/l concentration (n=5) averaged 1.6% while between-run
precision averaged 5% (n=29).

Single-extraction method. Duplicate quinidine serum standards were deter­
mined by the single-organic extraction-fluorescence method using isoamyl
alcohol in n-heptane. When the relative fluorescence intensity of quinidine
serum standards were plotted against concentration (0.4-10 mg/l), the
resulting line had a slope of 3.48, an y-intercept of 0.051, a standard error of
estimate of 0.15, and a correlation coefficient of 0.999 (n=15).

The daily, within-run, and the day-to-day, between-run, variability of the
single-organic extraction-fluorescence method was 1% (n=6) and 3.5% (n=18)
at the 3 mg/l concentration. The absolute percent recovery was 59 ± 1% while
the relative percent recovery using serum standards was 100 ± 1% (n=8).
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Fig. 1. TLC fluorescence scans of a serum blank (I), a serum standard with 2 mg/I of
quinidine (II), a serum control with 2.1 mg/l of quinidine (III) and a patient's serum with
1.5 mg/l of quinidine (IV). Arrow marks origin of TLC plate. Q = quinidine, DQ = dihydro­
quinidine.
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Fig. 2. Liquid chromatograms of a pure 0.1 gIl mixture of quinidine (Q) and loxapine (L)
(I), a serum blank (II), a serum standard with 3 mg/l of quinidine (III), a patient's serum
with 0.6 mg/l of quinidine (IV) and a patient's serum with 2.7 mg/I of quinidine (V). Q =
quinidine, L = loxapine internal standard (0.8 mg/I). Conditions: C-18 reversed-phase
column; mobile phase, methanol-water (60: 40, v/v) with 5 mmol octanesulfonic acid;
flow-rate, 1.5 ml/min; 25 j.ll injected.
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TLC fluorescence scanning
TLC fluorescence scans of a serum blank, a quinidine serum standard, a

serum control, and a patient's serum are shown in Fig. 1. RF values are 0.46
and 0.59 for dihydroquinidine and quinidine, respectively.

When peak heights of quinidine serum standards, subjected to single organic
extraction and then thin-layer chromatography followed by fluorescence
reflectance scanning, were plotted against concentration (0.4-10 mg/l), the
resulting line had a slope of 10.0, an y-intercept of -3.75, a standard error of
estimate of 3.25, and a correlation coefficient of 0.995 (n=14).

The daily, within-run, precision of the TLC-fluorescence method (n=5)
was 5.2% while the day-to-day, between-run, variability (n=7) was 9.2% at the
3 mg/l concentration. The relative percent recovery using serum standards
was 95 ± 14% (n=5).

HPLC analysis
High-performance liquid chromatograms at 254 nm of a pure mixture, a

serum blank, a serum standard and two patients' sera are given in Fig. 2.
Similar results were observed at 330 nm. Retention times are 0.49 and 0.55
for quinidine and dihydroquinidine, relative to loxapine, 13.0 min.

Peak height ratios of quinidine to that of loxapine (the internal standard)
were calculated ·for quinidine serum standards subjected to the double-organic
extraction HPLC method using n-heptane isoamyl alcohol and then ethyl ether.
When peak height ratios determined at 254 nm were plotted against the con­
centration of quinidine serum standards (0.8-10 mg/l), the resulting line
had a slope of 0.98, an y-intercept of 0.38, a standard error of estimate of 0.27,
and a correlation coefficient of 0.996 (n=6). If peak height ratios measured at
330 nm were used, then the resulting line had a slope of 0.81, an y-intercept
of 0.74, a standard error of estimate of 0.38, and a correlation coefficient of
0.987 (n=5).

The daily and day-to-day precision of the double-organic extraction HPLC
method as determined by using a 3 mg/l serum control was 3% (n=6), 6%
(n=17) and 4% (n=5), 5% (n=15) at 254 and 330 nm, respectively. The
relative percent recovery using serum standards was 100 ± 7% (n=6).

Interference studies
Blank serum samples, toxicology serum controls (Hyland Diagnostics, Deer­

field, IL, U.S.A.), and eighteen serum samples from patients who were not
being treated with quinidine were analyzed in the same manner as the serum
standards and sera from quinidine-treated patients. The HPLC analysis of one
patient's serum (quinidine untreated) gave a peak where quinidine was usually
found when detected at 254 nm. The peak was equivalent to 2.3 mg/l of
quinidine. However, when calculations were made from the same peak detected
at 330 nm, the peak was equivalent to 0.9 mg/l of quinidine. The use of two
wavelengths to check for HPLC interference is therefore very important. The
following drugs interfere with quinidine by HPLC: oxazepam, methaqualone,
nordiazepam and p-chlorodisopyramide. The following drugs will not interfere
by HPLC, TLC spectrofluorometry, and EMIT: procainamide, salicylate,
diazepam, sulfanilamide, ethchlorvynol, meprobamate, chlordiazepoxide,
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TABLE I

STATISTICAL ANALYSIS OF THE COMPARISON BETWEEN QUINIDINE METHODS

PPT-Fluores = protein precipitation-fluorometric method; SE-Fluores = single-organic
extraction-fluorometric method; DE-HPLC = double-organic extraction-HPLC method;
SE-TLC Fluores = single-organic extraction-TLC fluorescence scanning method; EMIT =
enzyme multiplied immunoassay technique.

Method (x) VS. n Regression equation Standard error of Correlation
method (y) (y = bx+a) estimate (Syx) coefficient (r)

PPT-Fluores 92 y = 0.58x - 0.31 0.65 0.87
VS. SE-Fluores

PPT-Fluores 62 y = 0.52x - 0.40 0.65 0.83
VS. DE-HPLC (254 nm)

PPT-Fluores 36 y = 0.389x - 0.088 0.595 0.74
VS. SE-TLC Fluores

SE-Fluores 59 y = 0.998x - 0.175 0.30 0.96
VS. DE-HPLC (254 nm)

SE-Fluores 36 y = 0.887x - 0.034 0.396 0.90
VS. SE-TLC Fluores

DE-HPLC 36 y = 0.837x + 0.152 0.294 0.94
VS. SE-TLC Fluores

EMIT 17 y = 0.90x - 0.27 0.49 0.95
VS. DE-HPLC (254 nm)

SE-Fluores 17 y = 1.15x - 0.072 0.28 0.98
VS. EMIT

glutethimide, hydantoin, propoxyphene, amobarbital, phenobarbital, seco­
barbital, pentobarbital, flurazepam, amitriptyline and doxepin. The best
solution to interference problems is to use another technique for analysis at
the end of the sample preparation step as previously described [75].

Comparison of methods
Sera of patients receiving quinidine were analyzed by the four methods and

the levels of quinidine were compared. Least-squares analysis was used to
calculate the slope, y-intercept, standard error of estimate, Syx, and correlation
coefficient for each pair of methods. A summary of the statistical analysis is
given in Table 1. Included in Table I are also the results of patients' analysis
using the enzymatic immunoassay technique (EMIT). Excellent agreement
was observed between the fluorescence extraction method and HPLC, TLC,
and EMIT (correlation coefficients, r, of 0.96, 0.90 and 0.98). Comparison
of patients' sera between HPLC and TLC, and EMIT and HPLC, gave also a
high correlation (r = 0.94 and 0.95).

DISCUSSION

In this study a comparison was made of four different analytical methods for
the determination of quinidine in serum. The methods varied in the preparation
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of the sample for analysis and in the analytical instrumentation for the
detection and quantitation of quinidine. Three of the methods, HPLC, TLC
and extraction fluorescence required two or more liquid-liquid extractions
whereas the fourth method required the serum sample to be deproteinated with
metaphosphoric acid and the resulting supernatant to be analyzed by spectro­
fluorometry. Traditionally, this method is called the direct fluorometric
method of Brodie and Udenfriend [8], but in this report an abbreviated
identification (PPT-Fluores method) is used. Quinidine levels determined by
this method are known as Qp values.

Two of the quinidine methods were identical in sample preparation, but
the instrumentation which was used for quantitation was different. Quinidine
was extracted from alkalinized serum with an organic solvent and then re­
extracted into acid. If the acidic solution was analyzed by spectrofluorometry,
then the procedure is called the single-organic extraction-fluorometric (SE­
Fluores) method and the quinidine concentrations obtained are known as QE
values. In the literature, this method is often called the double-extraetion­
fluorometric method of Cramer and Isaksson [9]. The original method used
benzene as the extraction organic solvent. Because benzene is a substance
posing a potential occupational carcinogenic risk and is currently regulated by
the Occupational Safety and Health Administration (OSHA), the SE-Fluores
method in this study employed isoamyl alcohol in n-heptane as an alternative
to the carcinogen benzene. Isoamyl in n-heptane has not been previously used
as an extraction solvent for quinidine. In order to ascertain its analytical
accuracy as an extraction solvent, we used two chromatographic techniques,
TLC and HPLC after the extraction procedure to measure quinidine concentra­
tions in serum.

If the above acidic solution was subjected to thin-layer chromatography
and the quinidine on the TLC plate was measured by a spectrodensitometer
in the reflectance fluorescence mode, then the procedure is identified as
the single-extraction-TLC fluorescence scanning (SE-TLC Fluores) method.
Quinidine levels obtained by this method are referred to as QTLC values.

The fourth method in this study was an extension of the single-organic
extraction method previously described. An aliquot of the resulting acidic
solution from those procedures was made basic and extracted with diethyl
ether. The extract was concentrated and analyzed by HPLC with ultraviolet
absorbance detection. In this report, this procedure is known as the double­
organic extraction-HPLC (DE-HPLC) method and its quinidine
concentrations are given as QHPLC values. Lastly, we compared our method to
the EMIT system since it is a commonly used technique for quinidine analysis.

Precision was estimated for three of the methods based on the statistical
analysis of the concentration of quinidine in a serum control. The mean,
standard deviation, and coefficient of variation (C.V.) were calculated for each
of three daily (within-run) and day-to-day (between-run) determinations
on five and seventeen identical serum controls, respectively. For the SE­
Fluores method, the daily C.V. was in a range of 0.7-1.7% whereas the day-to­
day C.V. was 2.2%. The DE-HPLC method gave a daily C.V. range of 3.0~.0%
and a day-to-day C.V. of 6.0%. For the SE-TLC Fluor method the daily C.V.
was in a range of 5.2-8.9% and the day-to-day C.V. was 9.2%. These results
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indicated that the SE-Fluores method gives the least variation of all the
analytical methods studied.

Quinidine concentrations in the sera of patients receiving quinidine therapy
were determined simultaneously by the four methods described in this report
and EMIT. The results obtained were evaluated by the least-squares linear
regression method (Table I). The statistical analysis included the calculation
of a slope (b), an y-intercept (a), a standard error of estimate (Syx) and a
correlation coefficient (r). The PPT-Fluores method when compared with the
three extraction methods gave correlation coefficients between 0.74 and 0.87.
Good agreement, reflected by a correlation coefficient of 0.96 and a slope of
0.99, was noted between the SE-Fluores and DE-HPLC methods. A correla­
tion coefficient of 0.94 and standard error of estimate of 0.294 were associated
with the comparison between the DE-HPLC and SE-TLC Fluores methods.
Consistently high correlations were observed between EMIT and our extraction
procedure: 0.95 and 0.98 (Table I).

The above results confirm that our extraction fluorescence procedure with
isoamyl alcohol n-heptane gives comparable results to HPLC, EMIT and TLC.
As expected, a poorer correlation was observed between the extraction proce­
dure and the direct precipitation method since the later measures quinidine
and its metabolites. What is interesting, however, is the fact that a significant
correlation of 0.87 was observed between the non-selective precipitation
method and the extraction procedure, which suggests that in patients with
normal renal function the concentration of quinidine metabolites present
in serum are constant. The high correlation between the extraction
fluorescence method and HPLC, 0.96 or TLC, 0.90, confirms that the
extraction procedure extracts primarily quinidine and dihydroquinidine and
none of the other metabolites. The RF values for the isolated quinidine and
dihydroquinidine by TLC fluorescence scanning were 0.59 and 0.46, respective­
ly. The retention times for quinidine and dihydroquinidine by HPLC were 6.4
and 7.2, respectively. Using n-heptane and isoamyl alcohol as an extraction
solvent therefore eliminates interference from metabolites and serves as a
selective ·solvent for the analysis of quinidine in serum. The use of HPLC and
TLC after the extraction procedure does not add any specificity to the
procedure except for the separation of quinidine from dihydroquinidine.

Although fluorometry, TLC, and HPLC have been used to measure quinidine,
this study has incorporated several improvements. The double-organic
extraction methods will leave behind 3-hydroxyquinidine and other
metabolites, but not dihydroquinidine. The use of isoamyl alcohol in n-heptane
as an extracting solvent is not as biohazardous as benzene. The use of loxapine
as an internal standard and l-octanesulfonic acid in a methanol-water mixture
as a mobile phase in the HPLC analysis, and the use of the TLC ccmditions
with reflectance fluorescence scanning to quantitate quinidine have not been
previously reported.

In the past, quantitative TLC analysis for quinidine has been limited because
of a lack of appropriate instrumentation, the use of involved sample
preparation steps, and difficulties in the standardization of the results. Some
of the early problems were caused by the coating materials and the plates. Poor
reproducibility occurred due to non-uniform plate thickness and the varying
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consistency of the coating materials. After TLC separation, the absorbent had
to be scraped from the plate, the compounds of interest had to be eluted
from the absorbent, and, finally, the eluant was subjected to spectro­
photometry for quantitation. This technique was time-consuming and required
a large sample size. With the advent of scanning densitometers, the ultraviolet
absorbance or density was measured directly from the plate without removal
of the chromatographed compounds from the plate.

In this study, a TLC analysis for quinidine was formulated that surmounted
these obstacles. The chromatographic aspect of the analysis was improved by'
the use of precoated silica gel plates with a preadsorbent area and nineteen
channels premarked on the plate. Development time for 10 cm was 30 min.
The preadsorbent allows the developing solvent to extract and concentrate the
applied sample and thus presents the sample to the silica gel adsorbent layer as
a uniform, concentrated band. Improved quantitation was possible because
the scanning densitometer consists of-photomultipliers in the reference channel
as well as the sample channel that intercept emitted light from the surface of
the TLC plate being scanned. This interception takes place at 45° to the normal
angle of incidence of the exciting radiation. This type of instrument
configuration, TLC reflectance spectrofluorescence scanning, will minimize
any differences on the TLC plate and any variation that occurs with the lamp
power supply or the characteristics of the lamp itself. The above instrumenta­
tion and TLC plates resulted in an inexpensive, sensitive, selective and precise
procedure for the determination of quinidine in serum.

The choice of which method to use for the determination of quinidine in
serum should be determined on the basis of the particular analytical need;
sample size, turn around time, equipment required, costs, personnel require­
ments, and likely interferents. For example, the spectrofluorometric precipita­
tion method is simple, fast and does not require sophisticated instrumentation,
but is non-specific. Even with a single or double organic extraction, quinidine
and dihydroquinidine are not separated. On the other hand, the HPLC analysis
which is more selective, is time-consuming, expensive, requires sophisticated
instrumentation, but does separate quinidine from dihydroquinidine and other
interferents. The double extraction affords a cleaner sample to analyze than the
protein precipitation method. The TLC method has advantages over both
previously described methods. Quantitative TLC is not unreasonably long or
involved; the spectrodensitometer is moderately priced and simple to operate.
Quinidine is separated from the dihydroquinidine and other interferents.
The selection of both excitation and emission wavelengths gives improved
selectivity whereas fluorescence gives an increased sensitivity. In TLC each
sample is separated on new absorbent, but in HPLC the column is used many
times with the expectation that all of the excess endogenous materials can be
removed. The ability to remove the developing solvent before scanning the
TLC plate eliminates the incompatibility that may be found between the
mobile phase and the ultraviolet detector of an HPLC system. TLC analysis
time can be reduced by scanning only the area of interest on the TLC plate.
TLC scanning is not without some disadvantages such as the small range of
linear correlation between sample concentration and detection signal. Also,
10 cm may not be enough distance to separate interfering substances from
the compound of interest.
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Interference studies showed that various basic drugs will not interfere
with the present procedures (TLC, EMIT and spectrofluorometry), except
for oxazepam, methaqualone, nordiazepam and p-chlorodisopyramide which
will interfere with quinidine by HPLC. A scheme to the analysis of quinidine
in serum from patients on quinidine therapy may initially include the deter­
mination of the drug by a protein precipitation fluorometric method. If the
result is above the therapeutic range of 4-8 mg/l, then one may wish to
consider an alternative method such as the single-organic extraction method
followed by spectrofluorometry, although the TLC procedure is warranted.
If the new result is still high, then the double organic extraction and HPLC
analysis may be in order before making a decision to reduce the therapeutic
dose in a patient. In our experience the direct precipitation method and the
organic extraction procedure are simple to perform and give more useful
information on parent drug and metabolite concentration than either
procedure by itself. One would rarely have to go beyond these twc procedures
for monitoring of quinidine therapy.
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Many inborn errors of metabolism are characterized by an increase in the
concentrations of various carboxylic acids in blood and urine. For example,
the metabolic disorders propionic acidemia [1], methylmalonic aciduria (2,3],
maple syrup urine disease [4], isovaleric acidemia [4] and glutaric aciduria
type II [5,6] show increased amounts of volatile carboxylic acids in blood or
urine. Procedures for the profiling and/or quantitation of these carboxylic acids
require their isolation from blood or urine by vacuum distillation [6],
extraction [7,8], silicic acid absorption [9] or ion-exchange chromatography
[10] prior to gas chromatographic (GC) or gas chromatographic---mass
spectrometric (GC-MS) analysis. These procedures are time-consuming and
may result in losses of the more volatile acids. We have developed a rapid proce­
dure for the profiling of volatile carboxylic acids in blood and urine that
involves neither extraction or derivatization of the carboxylic acids prior to GC
analysis.

EXPERIMENTAL

Materials
All reference carboxylic acids were purchased either from Sigma (St. Louis,

MO, U.S.A.) or Aldrich (Milwaukee, WI, U.S.A.) either as the free acid or
as the sodium salt and were used as received. The 10% SP-1200--1% H3 P04

on 80-100 Chromosorb W AW (1.83 m X 2 mm LD.) and the 10%
SP-1000-1% H3 P04 on 100-200 Chromosorb W AW (1.83 m X 2 mm LD.)
glass GC columns were purchased from Supelco (Bellefonte, PA, U.S.A.).
A Varian 3700 gas chromatograph (Palo Alto, CA, U.S.A.) with a flame ioniza­
tion detector was used for the volatile carboxylic acid profiling. The profiles
were recorded on a Varian 9176 recorder.

0378-4347/83/$03.00 © 1983 Elsevier Science Publishers B.V.
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Analytical procedure
GC columns were conditioned at 190°C with a nitrogen flow-rate of

30 mljmin. Periodic injection of a 1% formic acid solution was performed
until a stable baseline resulted (1-2 days).

Urine profiling. To 1.00 ml of urine were added 10 ,111 of a 0.05 mmoljml
trimethylacetic acid (internal standard) [9] solution. The sample was acidified
by the addition of 3-5 drops of 1 M hydrochloric acid. A 2-,111 aliquot was
injected onto the SP=1200 column. Column temperature, 90°C for 4 min then
5°jmin to 200°C; injector temperature, 230°C; detector temperature, 230°C;
nitrogen flow-rate, 30 mljmin.

Urine samples exhibiting an abnormal profile were analyzed on the SP-1000
column. A 1-,111 aliquot of the sample was injected onto the SP-1000 column.
Column temperature, 150°C; injector temperature, 230°C; detector
temperature, 230°C; nitrogen flow-rate, 30 mljmin.

Peak identification was by the peak relative retention time (RRT) on each
column and peak enhancement when the urine sample was spiked with the
authentic reference compound.

Between sample injections, 10 ,111 of a 1% formic acid solution were injected
onto the column to remove ghost peaks.

RESULTS AND DISCUSSION

Blood or urine samples are profiled initially on an SP-1200 column [11]
using a temperature gradient. Volatile carboxylic acids that can be separated
in this manner are shown in Fig. 1A. Table I lists the retention time and the
RRT (relative to the internal standard) of each carboxylic acid. Butanoic acid
appears as a shoulder on the internal standard peak (RRT slightly greater than
1.0) while 2-methylbutanoic and 3-methylbutanoic acids are not separated.

In Fig. 1B is shown the profile of an abnormal urine sample (due to valproic
acid therapy) on the SP-1200 column. At this sensitivity, the profile of a
normal sample would show only the internal standard peak. Abnormal samples
detected by the first method are then analyzed isothermally (150°C) on an
SP-1000 GC column [11] which permits resolution of a greater number of
volatile carboxylic acids than can be separated under the previous conditions.
These separations are shown in Fig. 2. In Table II are listed the retention time
and RRT (relative to the internal standard) of each carboxylic acid on the
81'-1000 column.

Fig.3A shows the urinary volatile carboxylic acid profile from an infant
with methylmalonic aciduria and Fig. 3B shows the plasma volatile carboxylic
acid profile from the same infant. Under the GC conditions of the profiling
procedure, methylmalonic acid quantitatively undergoes a thermal
decarboxylation to propanoic acid [12]. Confirmation that the large propanoic
dcid peak in these profiles was due to methylmalonic acid and not propanoic
acid was provided by a positive (purple) reaction of the urine and plasma
samples with tetrazotized o-dianisidine (Fast Blue B) [13]. Methylmalonic acid
reacts with tetrazotized o-dianisidine while propanoic acid does not react.

Without access to a gas chromatograph-mass spectrometer we are not able
to confirm the identity of each peak in the chromatogram. Thermally labile
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Fig. 1. A, Profile of the standard volatile carboxylic acid mixture on the SP-1200 column
using a temperature program: 90°C for 4 min then 5°C/min to 200°C. Peaks: 1 = propanoic
acid; 2 = isobutyric acid; 3 = internal standard, trimethylacetic acid; 4 = 2-methylbutanoic
and 3-methylbutanoic acids; 5 = crotonic acid; 6 = pentanoic acid; 7 = l3-methylcrotonic
acid; 8 = tiglic acid; 9 = isocaproic acid; 10 = hexanoic acid. The concentration of each acid
was 3 nmol/ml. B, Profile of an abnormal urine sample on the SP-1200 column (temperature
program: 90°C for 4 min then 5°C/min to 200°C). Peaks: 1 = 3-heptanone (from valproic
acid); 2 = internal standard, trimethylacetic acid; 3 = pentanoic acid; 4 = hexanoic acid and
several unidentified peaks.

TABLE I

RETENTION TIMES (tR) AND RRT OF THE VOLATILE CARBOXYLIC ACIDS ON THE
SP-1200 COLUMN (90-200°C TEMPERATURE GRADIENT)

Organic acid

Propanoic
Isobutyric
Internal standard
Butanoic
2-Methylbutanoic
3-Methylbutanoic
Crotonic
Pentanoic
I3-Methylcrotonic
TigHc
Isocaproic
Hexanoic

tR (min)

4.0
5.8
6.6- 7.2
6.6- 7.2
8.6- 9.2
8.6- 9.2
9.0-10.4

10.2-11.0
11.4-12.2
11.8-12.6
12.6-13.2
13.2-14.2

RRT

0.58
0.81
1.00
1.00
1.28-1.30
1.28-1.30
1.36-1.39
1.53-1.55
1.69-1.73
1.75-1.79
1.83-1.91
1.97-2.00
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Fig. 2. A, Profile of the standard volatile carboxylic acid mixture on the SP-1000 column
isothermal at 150°C. Peaks: 1 = propanoic and isobutyric acids; 2 = internal standard,
trimethylacetic acid; 3 = butanoic acid; 4 = 2-methylbutanoic and 3-methylbutanoic acids;
5 = crotonic acid; 6 = pentanoic acid; 7 = il-methylcrotonic acid; 8 = isocaproic acid; 9 =
tiglic acid; 10 = hexanoic acid. The concentration of each acid was 3 nmol/ml. B, Profile of
the standard volatile a-ketocarboxylic acid mixture isothermally (150~Cj on the SP-1000
column. Peaks: 1 = internal standard; 2 = pyruvic acid; 3 =a-ketoisovaleric acid and a-keto­
butyric acid; 4 = a-ketovaleric acid and a-keto-il-methylvaleric acid; 5 = a-ketoisocaproic
acid; 6 = succinic acid; and 7 = lactic acid. The concentration of each acid was 0.4 Itmol/ml.

Fig. 3. A, Profile of a urine sample from an infant who had methylmalonic aciduria
(SP-1200 column). Peaks: 1 = propanoic acid (11.0 Itmol/ml) from the thermal decarboxyla­
tion of methylmalonic acid; 2 = internal standard, trimethylacetic acid. B, Profile of a
plasma sample from an infant who had methylmalonic aciduria (SP-1200 column). Peaks:
1 = propanoic acid (17.4 Itmol/ml) from the thermal decarboxylation of methylmalonic
acid; 2 = internal standard, trimethylacetic acid. Attenuation 16.10-11

carboxylic acids may decompose under these chromatographic conditions,
thus altering peak identification., Each carboxylic acid, however, did afford a
single peak with a reproducible relative retention time when analyzed by GC.
Definitive identification of each peak should be determined by GC-MS.
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TABLE II

RETENTION TIMES (tR) AND RRT OF THE VOLATILE CARBOXYLIC ACIDS ON THE
SP-1000 COLUMN (ISOTHERMAL AT 150°C)

Carboxylic acid

Propanoic
Isobutyric
Internal standard
Butanoic
2-Methylbutanoic
3-Methylbutanoic
Crotonic
Pentanoic
I3-Methylcrotonic
Isocaproic
Tiglic
Hexanoic
Pyruvic
0/ -Ketoisovaleric
0/ -Ketobutyric
0/ - Keto-13 -methylvaleric
0/ -Ketovaleric
0/ - Ketoisocaproic
O/-Ketocaproic
Succinic
Lactic

tR (min)

2.0-2.2
7.0-2.2
2.4
7.5-3.0
3.6-3.8
3.6-3.8
4.6-4.8
5.0-5.4
5.8-6.0
6.4
7.2
7.6
4.6-4.8
8.0
8.0

11.2
11.2
12.4
17.0
20.6
23.4

RRT

0.83-0.92
0.83-0.92
1.00
1.25
1.50-1.58
1.50-1.58
1.92--2.00
2.08-2.25
2.42-2.50
2.67
3.00
3.17
1.92-2.00
3.08
3.08
4.31
4.31
4.77
6.54
7.92
9.00

Ghost peaks [11] can be a problem on both the SP-1200 and the SP-1000
columns. We were able to minimize the appearance of ghost peaks in our
profiles by the injection of 10 J,ll of a 1% formic acid solution onto the column
at the end of each profile.

With these procedures, the average column lifetime is 6 months for the
SP-1200 column and 8-12 months for the SP-1000 column. Over the course
of daily use, the retention time of the volatile acids on the SP-1200 column
steadily decreases over the 6-months lifetime of the column. For example, the
retention time for the internal standard on a new column was 6.6 min, after
3 months of use the internal standard retention time was 5.4 min and after
5 months the retention time was 4.0 min. The resolution of the volatile acids
was not changed over the column lifetime. There is a similar but less rapid
change in the volatile acid retention times over the lifetime of the SP-1000
column.

We have found that this profiling procedure permits the rapid identification
of abnormal volatile fatty acid concentrations in the plasma and urine of ill
newborns suspected of having inborn errors of metabolism. Recently this
method permitted positive identification of methylmalonic aciduria in an
infant only 30 min after the sample was received in the laboratory. Since
early institution of therapy is crucial for a favorable outcome in these circum­
stances, we recommend this method for early identification of the volatile
carboxylic acids in body fluids.
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The three methylamines, methylamine, dimethylamine and trimethylamine,
are produced by bacterial action in the gut and are excreted in the urine and
faeces after some modification. The complete details of this process have yet to
be elucidated. To facilitate the further study of these amines a simple method
for their detection is desirable.

Various methods have been described for the measurement of methylamines
by gas chromatography (GC) and many different column packings have been
tried, e.g. Carbopak B [1], Chromosorb 103 [2] and Pennwalt 223 [3]. Some
have involved derivatisation of the amine and others the use of a precolumn.
All these methods are unsatisfactory in some way for the detection of the
three amines in biological material.

Trimethylamine has also been assayed in the urine of subjects with
trimethylaminuria. Marks et al. [4] used a column of 10% free fatty acid phase
and 5% potassium hydroxide on 80-100 mesh Chromosorb Wand injected
urine directly onto the column. However, there is no mention of the analysis
of methylamine and dimethylamine.

Dunn et al. [5] have described a system for the detection of amines in the
ultrafiltrate of biological fluids using a packing of 10% amine 220 and 10%
potassium hydroxide on 80-100 mesh Chromosorb W. This method does not
separate methylamine and dimethylamine.

Kuwata et al. [6] have shown that a simple column packed with
Chromosorb 102 treated with 5% trimethylchlorosilane and coated with
potassium hydroxide can separate aqueous mixtures of all three amines at low
concentration.

Head space analysis combined with GC can be used to analyse volatile
substances which have become extracted from the general medium. Using a
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head space analysis technique a method was developed for the detection of
methylamine, dimethylamine and trimethylamine in biological material, using
isopropylamine as an internal standard.

EXPERIMENTAL

Standards
Standard solutions of methylamine, dimethylamine, trimethylamine and

isopropylamine were made from their hydrochloride salts (BDH, Poole, U.K.).
Aliquots of a stock solution of 1 mg/ml were neutralized and diluted to the
required concentrations.

Samples
Urine, faeces and rat gut contents have been used as biological samples.

These were collected into 1 M hydrochloric acid to trap the amines as hydro­
chloride salts. The amines were extracted from faeces and gut contents by
mixing them 4--6 times with 5-ml aliquots of 1 M hydrochloric acid for 30 sec
followed by centrifugation at 1600 g for 5 min. The supernatants from
these washings were pooled. Acidified urine was used without further
modification. All samples were stored at -20°C until analysed.

Head space analysis
Aliquots of 1 ml (for dimethylamine and trimethylamine) or 5 ml (for

methylamine) of the sample or standard were placed in 2 cm X 4 cm screw-top
bottles with rubber seals and pierced metal caps. Samples previously acidified
with hydrochloric acid were neutralized with potassium hydroxide (10 M).
Isopropylamine hydrochloride was added as an internal standard; 20 III of 10 N
ammonia and 2 g of potassium carbonate per ml of sample were addel;i. The
containers were heated in a water bath at 50°C for 40 min.

The vapour above the liquid was sampled with a gas-tight syringe and
injected directly onto the column.

Chromatography
A Carlo Erba 4200 Fractovap gas chromatograph fitted with a Carlo Erba

NPD 40 nitrogen detector was used for the chromatography. The column was
packed with Chromosorb 102 coated with 5% trimethylchlorosilane and 5%
potassium hydroxide (Chromatography Supplies, Wirral, U.K.). The working
conditions were: nitrogen carrier gas flow-rate, 50 ml/min; injector
temperature, 160°C; column temperature, 160°C (isothermal), detector
temperature, 200°C; detector hydrogen and air pressures, 0.8 kg/cm2

; sample
size, 0.5 m!.

RESULTS AND DISCUSSION

Fig. la and b shows the chromatogram of the vapour collected from the
head space of a I-ml and a 5-ml incubation of a Il1g/ml standard. The
retention times of each peak (mean ± standard deviation (S.D.) for seven
repeated injections) are: ammonia, 0.64 ± 0.02 min; methylamine, 1.16 ± 0.02
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Fig. 1. Chromatogram of the head space above (a) a 1-ml incubation and (b) a 5-ml
incubation of a standard solution containing methylamine, dimethylamine and trimethyl­
amine each at a concentration of 1 /otgjml and (c) a 1-ml incubation of human urine. Peaks:
1 = ammonia; 2 = methylamine; 3 = dimethylamine; 4 = trimethylamine; 5 = isopropylamine.

min; dimethylamine, 1.73 ± 0.03 min; trimethylamine, 2.23 ± 0.03 min; iso­
propylamine, 3.16 ± 0~02 min.

A straight-line calibration graph is obtained for standards in the
concentration r~nge 0.25-200 jlgjml with correlation coefficients between
0.99 and 1.00. Fig. 2 shows a calibration graph in the range 0.5-30 jlgjml
for dimethylamine. Each point shows the mean ± S.D. for five incubations a.l'ld
injections of that concentration. Similar calibration graphs were obtained for
methylamine and trimethylamine.

A larger sample is required for methylamine since it is more soluble in water
and less readily vaporised.

Recoveries of 100-102% were obtained on adding the pure amines to urine.
The detection limit for methylamine is 0.25 jlgjml (limited by its solubility),

while that for dimethylamine and trimethylamine is considerably lower (ca.
0.01 jlgjml). This is an improvement on the method described by Dunn et al.
[5] and is probably due to the use of a nitrogen detector.

Potassium carbonate and ammonia are necessary to drive the very soluble
amines out of solution. Potassium carbonate is a non-reactive, very soluble
alkaline salt and is thus suited to this purpose. The amount of ammonia added
is critical since higher concentrations interfere with the methylamine peak and
also cause the resolution and response of other peaks to deteriorate.

Direct injection of aqueous solution of standards and samples as used by
Kuwata et al. [6] was also tried. The resulting water peak could not be
separated from the methylamine peak. The water also caused a negative peak
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Fig. 2. A calibration graph for dimethylamine. Each point shows the mean ± S.D. for five
separate incubations and injections.

at high sensitivities which interfered with the dimethylamine peak. Head space
analysis overcame these problems.

Fig. 1c shows a chromatogram of the vapour sampled from the head space
over a 1-ml sample of human urine. Chromatograms of similar quality were
obtained for extracted rat faeces and rat gut contents. The repeated analysis
(seven separate incubations of a single human urine sample) gave a mean ±
S.D. value of 18.3 ± 1.8 Ilg/m1 for dimethylamine, 1.7 ± 0.3 Ilg/ml for
trimethylamine and 1.8± 0.2 Ilg/ml for methylamine.

The amounts of amines found in rat urine, rat faeces and various parts of
the rat gut are shown in Table 1. These rats had been fed Rat Maintenance Diet
No.1 supplied by Special Diet Services (Witham, U.K.) which contains 2.4%
fat, 13.6% protein, 18.6% dietary fibre, 38% starch, 10.4% sugars and an
adequate supply of minerals and vitamins.

A simple method has been developed for the detection of aliphatic amines
in biological materials which is both more sensitive and gives greater resolution
than the ultrafiltration technique of Dunn et al. [5]. Use of head space samples
avoids the possibility of interference from other water soluble, biological sub­
stances in the chromatography.
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TABLE I

AMOUNTS (Ilg) OF METHYLAMINES FOUND IN RAT URINE, RAT FAECES AND
VARIOUS PARTS OF THE RAT GUT

Values are mean ± S.D. for eight rats.

Rat urine 24 h
Rat faeces 24 h
Rat upper small bowel
Rat lower small bowel
Rat caecum
Rat colon
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Much research has been done to improve methods for oestrogen deter­
mination in body fluids [1-3]. The results of this analysis are very impor­
tant in clinical chemistry for the information that can be obtained during
pregnancy. In the last months of pregnancy the oestriol concentration should
rise rapidly, while low levels, or a decrease in its excretion, are indicative
of malfunctions in the regular progress of the pregnancy.

It would consequently be very advantageous to have quantitative results
in a fast and simple way. For routine analysis the urine can be frequently
collected and the oestrogen concentration monitored daily.

Among the various methods used for oestrogen determination, colorimetry
and spectrometry are not very specific, radioimmunoassay is very sensitive
but difficulties are encountered in the use of radioactive compounds -(e.g.
only authorised laboratories can handle these compounds). Gas chromato­
graphy has been successfully used, but normally only after derivative for­
mation, and consequently the sample treatment is more complicated and
time-consuming. High-performance liquid chromatography (HPLC) has been
advantageously introduced for oestrogen analysis in urine by adsorption
or in the reversed-phase mode [4---6] and with selective detection method [7].

In this paper we describe the HPLC determination of oestrogen in urine
using a simplified procedure for sample treatment. Various mobile phases
have been investigated for an optimum HPLC separation and the results ob­
tained for urine samples before and after enzymatic hydrolysis are reported.

EXPERIMENTAL

Apparatus
A Perkin-Elmer Series 2 liquid chromatograph was used with a variable­

wavelength detector, LC 55, and a scanning system to record the spectra

0378·4347/83/$03.00 © 1983 Elsevier Science Publishers B.V.
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of the eluted peaks. Two columns were used (25 X 4.6 mm) packed in our
laboratory with derivatized silica LiChrosorb RP-18 or DIaL, 10 IJ.m (Merck,
Darmstadt, F.R.G.). The first column is normally used for routine analysis,
the second one in only a few cases for confirmation of oestrogen peaks. By
running the same sample in both the columns of different polarity or also
by comparing the ultraviolet spectra of the chromatographic peak with .the
reference compounds, identification of the oestrogen peak and purity are
established. All the solvents used (acetonitrile, methanol, isopropanol, hexane,
and tetrahydrofuran) were for HPLC (Carlo Erba, Milan, Italy). The flow­
rate was 1.5 ml/min. The steroids were detected at 280 nm. Sample solu­
tions and standards were injected (50-100 IJ.l) with a Rheodyne valve using
a 175-lJ.lloop.

Procedure
The oestrogens in urine are partly present in the free form but mainly

as glucuronide and sulphate conjugates. To determine the total concentra­
tion the sample is hydrolyzed; 5 ml of urine are mixed with 100 IJ.l of {3-glu­
curonidase-arylsulphatase (Merck) and 2 ml of 0.1 M acetate buffer at pH
5.5 and incubated for 24 h at 4°C.

To determine the free oestrogens, 20 ml of urine are used as such. In both
cases the sample is centrifuged and passed through a Sep-Pak CIS cartridge
(Waters Assoc.) previously washed with methanol and subsequently with
water. Only after this treatment do new cartridges show reproducible reten­
tion. After urine passage the Sep-Pak is washed with 10 ml of water and the
oestrogens are recovered by elution with 2 ml of methanol. The solvent is

5 ml urine 20 ml urine

t
enzyme hydrolysis

~ centrifuge

•Sep-Pak C,• cartridge

+
wash with water

t
elution with methanol

•evaporation under nitrogen

t
add I ml carbonate buffer pH 10.2•extract with ether

t
evaporation under nitrogen

+
dissolve with 100 JJI of methanol

+
inject into chromatograph

Fig. 1. Flow diagram of the oestrogen extraction from urine, and sample treatment.
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evaporated under nitrogen and the residue is dissolved in 1 ml of 0.1 M
carbonate buffer at pH 10.2 and about 0.1 g of sodium sulphate is added.
The steroids are extracted with ether (3 X 1 ml) and the ether extracts are
washed with 1 ml of water, dried over sodium sulphate and evaporated under
nitrogen. The residue is dissolved in 100 ~l of methanol and injected into
the chromatograph. This extraction procedure is outlined in Fig. 1.

RESULTS AND DISCUSSION

Fig. 2 shows a chromatogram of a standard mixture of oestriol, oestradiol
and oestrone, with the RP CiS column. The first part of the chromatogram
is run in isocl"atic conditions (acetonitrile-water, 23:77) and, after the elu­
tion of oestriol, with a ~adient up to 73% of acetonitrile in water at 3%
per min.

3

2

001

3020o 10

TimetMinl

Fig. 2. Chromatogram of the oestrogen mixture on RP-18 column (10 Ilm, 25 X 4.2 mm).
Flow-rate = 1.5 ml/min. Mobile phase: 23% acetonitrile in water for 15 min and then pro­
grammed to 77% acetonitrile in water at 3% per min. Peaks: 1 = oestriol, 2 = oestradiol,
3 = oestrone.

Because of the large difference in polarity between oestriol and the other
oestrogens it is advisable to use the gradient. Table I shows the values of
capacity ratios and the separation factors with various solvents. The percent­
age of water is regulated in order to have comparable k ' values for the last
peak (oestrone). The best separation of oestrone and oestradiol is achieved
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TABLE I

SEPARATION FACTORS (ex) AND CAPACITY FACTORS (k') OF OESTROGENS WITH
DIFFERENT MOBILE PHASES (RP-18 COLUMN)

Mobile phase k' ex
Oestronej

Oestriol Oestradiol Oestrone oestradiol

Methanol-water 45:55 2.2 13.5 15.5 1.1
Acetonitrile-water 35:65 1.0 9.9 15.8 1.6
Tetrahydrofuran-water 35:65 2.3 10.3 13.5 1.3
Methyl acetate-2-propanol-water 25:13:62 1.7 9.6 13.6 1.4

3

2

0.01

o 10

Time(Min)

20 30

Fig. 3. Chromatogram of the oestrogen mixture on DIOL column (10 Ilm, 25 X 4.2 mm).
Flow-rate = 1 mljmin. Mobile phase: n-hexane-isopropanol (9: 1) for 10 min and then
programmed to 30% of isopropanol in n-hexane at 1% per min. Peaks as in Fig. 2.



148

with acetonitrile-water. With the DIOL column, as shown from the chro­
matogram of Fig. 3, the elution order is completely changed and this fact
can be usefully employed as a confirmatory test.

By using a Sep-Pak CIB cartridge a very fast and simple extraction of free
and conjugated oestrogens is obtained, without the formation of emulsion
which usually occurs with solvent extraction. The sample clean-up is per­
formed by partition of the oestrogens between ether and a buffer solution
at pH 10.2. TJnder these conditions oestrogens can be extracted from ether
while many impurities (acidic and phenolic compounds) remain in the water
phase. Recoveries of 85-90% were obtained from urine spiked with the oes­
trogens and extracted according to the full procedure reported in Fig. 1 for
conjugated steroids.

Figs. 4 and 5 show the chromatograms obtained from a urine sample be­
fore and after enzymatic hydrolysis.

Under the working conditions described, many polar constituents are eluted
before oestriol and do not interfere with the oestrogen determination. Table
II shows the oestrogen concentration of different samples. Sample 1 is the

U1
LL
:;)
<1

0.01

o 10 20 30

Time (Min)
Fig. 4. Chromatogram of an extract of a non-pregnancy urine. Conditions and peaks as
in Fig. 2.



149

(fl
u.
::>
<f

0.01

2

3

20o 10
Timc(Min)

Fig. 5. Chromatogram of an extract from a pregnancy urine after hydrolysis. Conditions
and peaks as in Fig. 2.

TABLE II

HPLC DETERMINATION OF OESTROGEN CONCENTRATION IN URINE

Sample No. Months of Oestriol Oestradiol Oestrone
pregnancy (mgtl) (mgjl) (mgtl)

1 0 0.2 0.2 0.4
2 9 25.0 3.8 0.8
3 9 11.4 0.2 0.2
3 9 11.4 0.3 0.3
4 9 22.0 3.0 0.9
4 9 21.8 3.0 0.7
4 9 21.5 3.5 0.7
4 9 21.6 3.5 0.8
4 9* 0.06 0.05 0.04
5 4 2.5 0.3 0.3
6 8 7.2 1.1 1.3

*Not hydrolyzed.
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urine of a non-pregnant woman and, as expected, low levels of oestrogens
are observed. To show the reproducibility of the method the values obtained
from duplicate analysis of sample 3, and from four analyses of sample 4 are
reported. These analyses were repeated on different portions of the same
urine sample. Sample 4 was also analyzed without hydrolysis and, as observed
by other authors [5], the concentration of oestrogens in the free form is
very small compared with the concentration of the conjugated compounds.
The oestriol concentration rises sharply in the last period of pregnancy and
is a very useful indicator of the patient's situation. Samples 2, 3 and 4 are
from different subjects at the end of pregnancy, and consequently there
are natural differences in the oestriol concentrations, but all of them show
high values of oestriol, while the oestradiol and oestrone concentrations are
at lower levels.

By HPLC many routine determinations of oestrogens can be carried out
for clinical analysis with a simple and efficient extraction procedure and
sample treatment.
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Transformations of steroid hormones, particularly the aromatization of
androgens, are being examined with increasing frequency in central neural
tissues [e.g. ref. 1].

While many extraction procedures are available, two commonly encountered
problems are low recoveries of steroids and the presence of unwanted lipid
which must usually be removed before further analysis. Solvent and phenolic
partitioning have been widely used to extract lipid contaminants and unreacted
substrate in aromatase reactions [2].

The procedure described, in conjunction with a modification of the
magnesium oxide micro-column method of Kawahara et al. [3], gives greater
recoveries of steroids with less contaminating lipid, and permits rapid and
efficient separation of unreacted substrate from products of aromatase assays
with neural tissue, cultured cell suspensions and microsomal fractions of human
placenta.

MATERIALS AND METHODS

Water was glass-distilled. All solvents were redistilled before use. Unlabelled
steroids were obtained from Sigma (St. Louis, MO, U.S.A.). The following
radiolabelled steroids were obtained from Amersham (Australia): [4_14 C]_
androstenedione (58 mCi/mmol), [1,2,6,7-3 H]-testosterone (83 Ci/mmol),
[2,4,6,7-3 H]-oestrone (92 Ci/mmol), [2,4,6,7-3 H]-17{3-oestradiol (92 Ci/mmol)
and [2,4,6,9-3 H]-oestriol (92 Ci/mmol)*. These were checked for homogeneity

*Androstenedione = 4-androsten-3,17-dione; testosterone = 1713-hydroxy-4-androsten-3-one;
oestrone = 3-hydroxy-1,3,5 [10] -oestratrien-17-one; 1713-oestradiol = 1,3,5[ 10] -oestratriene­
3,1713-diol; oestriol = 1,3,5[10]-oestratriene-3,16o:,1713-triol.

0378-4347/83/$03.00 © 1983 Elsevier Science Publishers B.V.
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before use by thin-layer chromatography in the following systems by volume;
benzene-toluene-methanol (9: 1 : 1) and diethyl ether--benzene (2: 1).

Magnesium oxide (light) was obtained from BDH (Poole, U.K.) and was
washed extensively with water to remove fines, then heated overnight at 180°C
before use.

Fresh lamb brains were obtained from Westfield Freezing Works (Auckland,
New Zealand). The hypothalami were excised and homogenised with an Ultra
Turrax instrument at full speed for 15 sec in phosphate buffered saline (PBS):
10 mM sodium phosphate-0.15 M sodium chloride, pH 7.4 (1 : 3, wjv).

Androstenedione and oestrone were chosen as representative 'C19 - and CIS ­

steroids respectively and were used in recovery experiments. Labelled steroids
were added to 25-ml conical flasks and the solvent evaporated under a fine
stream of oxygen-free nitrogen. Just prior to the addition of homogenate, the
steroids were redissolved in 4 drops of absolute ethanol. A 5-ml sample of
homogenate was added, mixed and immediately frozen in a mixture of dry-ice
and ethanol. After thawing, 25 J.lg each of unlabelled androstenedione and
oestrone, in 0.5 ml ethyl acetate was added and the mixture extracted with
4 volumes of 2,2,4-trimethylpentane (isooctane)-ethyl acetate (93 : 7, vjv)
four times. Extracts were dried under reduced pressure, the volume made to
1 ml with ethyl acetate and duplicate samples taken for liquid scintillation
counting. A sample was also taken for total lipid estimation [4].

The micro-column method of Kawahara et al. [3] was modified to allow
separation of androstenedione from products of aromatization, with a single
change of solvent. Disposable plastic insulin syringes (1 ml) were used as
columns and were plugged with a small piece of glass wool. A slurry of
magnesium oxide and isooctane was poured and allowed to settle by gravity
to a height of 3 cm. Approximately 5 ml isooctane was then run through the
column to ensure uniform packing. Samples were dissolved in 50-75 J.lI ethyl­
methylketone to which was added 0.4 ml isooctane and the sample was layered
onto the column. Sample tubes were then rinsed with 0.15 ml isooctane twice
and both washes 'Yere applied to the column. Elution was begun with 10 ml
isooctane-ethyl acetate (9 : 1, vjv) then with 6 ml ethyl acetate-methanol
(8 : 2, vjv); each fraction was collected separately. Fractions were dried under
nitrogen, made up to 1 ml with ethyl acetate and samples were taken in
duplicate for liquid scintillation counting.

For phenolic partitioning, steroids were extracted from neural tissue
homogenates, partitioned against sodium hydroxide and re-extracted with
diethyl ether, essentially as described by Ryan [2].

Scintillation counting was performed using a Packard Tricarb 3200 Liquid
Scintillation Spectrometer, with scintillation fluid containing 0.4%
2,5-diphenyloxazole and 0.005% 1,4-bis(5-phenyloxazolyl-2)benzene in
toluene. Results were analysed according to the equations of Coghlan et al. [5]
for double-label experiments.

RESULTS AND DISCUSSION

On the basis of experiments with androstenedione and oestrone, the
extraction procedure described was compared to three previously published
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TABLE I

COMPARISON OF METHODS FOR EXTRACTION OF [ 14C ]-ANDROSTENEDIONE AND
['H)-OESTRONE FROM NEURAL TISSUE HOMOGENATES

Steroids were extracted from lamb brain homogenates by each of the techniques described,
dried under reduced pressure, made up to 1 ml ethyl acetate and samples taken for liquid
scintillation counting and total lipid estimation.

Extraction method Steroid recovered (%) (± S.D.)* Lipid extracted
[ref. ] (mg) (± S.D.)*

[I'C ]-Androstenedione [ 3 H ]-Oestrone

5 vol. Chloroform, 63.85 (1.8) 64.4 (2.5) 27.2 (1.7)
three times [2]

5 vol. Water saturated 82;5 (4.4) 87.9 (3.7) 37.5 (0.9)
ethyl acetate,
three times [8]

5 vol. Diethyl ether, 75.9 (3.1) 88 (2.4) 34.9 (2.5)
three times [9]

4 vol. Isooctane-ethyl 96.9 (2.2) 96.3 (4.8) 7.9 (0.6)
acetate (93: 7, v/v)
four times

*S.D. =standard deviation (n =3).

methods with respect to recovery of steroids and the amount of contaminating
lipid in the extract. These data are presented in Table I.

Extraction of steroids from homogenates of neural tissue with isooctane­
ethyl acetate gives significantly higher recoveries, with much less lipid, about
25% of that found with the other procedures. In addition, two further
advantages are apparent: (a) the solvent did not readily form emulsions with
the aqueous phase, thereby obviating the need for centrifugation which is fre­
quently necessary where ethyl acetate is used and (b) the immiscibility of the
organic and aqueous phases makes it unnecessary to dry organic extracts over
such compounds as anhydrous sodium sulfate [6]. The method has been
applied by the authors to the extraction of steroids from aromatase assays
using cell suspensions and human placental microsomal preparations. With
[4-14 C]-androstenedione as substrate, the average recovery of label was 92 ± 4%
(n = 29).

When the various extracts were applied to micro-columns of magnesium
oxide only the isooctane--ethyl acetate extracts could be eluted, in contrast to
the other extracts which caused the columns to clog.

Table II compares total recoveries and separation of [14 C] -androstenedione
and eH] -oestrone after extraction from brain homogenates with isooctane­
ethyl acetate, followed by either magnesium oxide micro-column chromato­
graphy or phenolic partitioning. The results indicate that both total recovery
and overlap of steroids in the various fractions are more efficient with
magnesium oxide micro-columns than with phenolic partitioning. It is worth­
while noting that the magnesium oxide micro-column method requires only
2-3 h to complete, using much less solvent and fewer manipulations than
phenolic partitioning.
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TABLE II

SEPARATION OF [ 14C]-ANDROSTENEDIONE AND ['H]-OESTRONE EXTRACTED
FROM BRAIN HOMOGENATES BY MAGNESIUM OXIDE MICRO-eOLUMNS AND
PHENOLIC PARTITIONING

Steroids were extracted and magnesium oxide micro-columns run as described under
Materials and methods. Phenolic partitioning of steroids WIIS performed according to the
method of Ryan [2].

Technique Steroid recovered (%) (±S.D.)*

Magnesium oxide micro-column:
Isooctane-ethyl acetate
Ethyl acetate-methanol

Phenolic partitioning:
Androgen fraction
Phenolic fraction

*S.D: =Standard deviation (n =4).

[ 1 4 C ]-Androstenedione

91.7 (2.2)
4.2 (0.8)

89.8 (1.2)
1.2 (1.0)

['H ]-Oestrone

2.8 (0.5)
86.8 (3.0)

6.4 (4.6)
75.2 (1.5)

As the authors are concerned with enzymic transformations of androstene­
dione by various cell lines (unpublished data), it was of interest to test the
suitability of the magnesium oxide micro-column method for the separation
of unreacted androstenedione from testosterone and oestrogens other than
oestrone. For this purpose, 25 J1g each of androstenedione, testosterone,
oestrone, 17~-oestradiol and oestriol were added to test tubes containing 14C_
labelled androstenedione and tritiated testosterone, oestrone, 17~-oestradiol

and oestriol. Columns were run and fractions analysed for total [14C] and
[3 H] ; these data are presented in Table III.

The results show that this method offers advantages for two main reasons:
(a) it allows rapid and efficient separation of unreacted substrate from
products, which is especially important in systems where conversion is low,
making subsequent characterization of products by chromatography or
recrystallization easier, and (b) it allows retention of products which might

TABLE III

SEPARATION OF [ 14 C]-ANDROSTENEDIONE FROM ['H]-TESTOSTERONE,
['H],OESTRONE, ['H]-17(3-0ESTRADIOL AND ['H]-OESTRIOL ON MAGNESIUM
OXIDE MICRO-eOLUMNS

A 25-J.lg amount each of unlabelled androstenedione, testosterone, oestrone, 17(3-oestradiol
and oestriol was added to test tubes containing [ 14C]-androstenedione (99,500 dpm) and
['H]-testosterone, ['H]-oestrone, ['H]-17(3-oestradiol and ['H]-oestriol (total ['H] =
572,900 dpm). Columns were run and results analysed as described under Materials and
methods and are presented as total [ 14 C] and ['H] recovered.

Column fraction

Isooctane-ethyl acetate
Ethyl acetate-methanol

[
14 C] Recovered (%) (±S.D.)*

96.3 (4.8)
5.6 (0.8)

['H] Recovered (%)(±S.D.)*

2.4 (0.3)
98.3 (4.5)

*S.D. =Standard deviation (n =6).
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otherwise be lost when liquid-liquid partition systems are employed. In
addition, the method as described results in an increase in recovery of steroids
of approximately 20% over the original method of Kawahara et al. [3] and
from 10-20% over the Sephadex LH-20 micro-column method of Gips et al.
[7] .

The authors believe the two procedures described allow more efficient
extraction and separation of C19 - and CIs-steroids from experiments using
neural tissues, where samples have a high lipid content.
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The biochemical and clinical importance of uric acid (VA) in gout and
several other disease states has been discussed [1]. VA in serum is routinely
determined either by a spectrophotometric procedure with phosphotungstate
[2], or by adaptation of the enzymic method with uricase [3]. These tech­
niques have problems as discussed elsewhere [4]. High-performance liquid
chromatography (HPLC) is now an accepted technique as a reference meth­
od for the determination of VA. HPLC methods employing ion-exchange
columns coupled with electrochemical detection (ED) [4] or ultraviolet
detection (VVD) [5] have been proposed. Recently, reversed-phase liquid chro­
matography with VVD has been studied [6, 7). However, there has been
no report on a method for the determination of VA by reversed-phase high­
performance liquid chromatography (RP-HPLC) with ED.

In this note, we describe a simple, rapid and sensitive method for the de­
termination of VA in rat serum by RP-HPLC-ED.

MATERIALS AND METHODS

A JASCO-HPLC, Model Trirotar III with a 25 cm X 4.6 mm J.D. stainless­
steel column packed with Fine Sil CIS (particle size, 10 pm; JASCO, Tokyo,
Japan), coupled to an electrochemical detector (Model ECP-1, Kotaki, Funa­
bashi, Japan) was employed in this study. The flow-rate was 0.5 ml/min.
The column temperature was always kept at 35°C. The mobile phase was
0.2 M phosphate buffer (KHzP04 -H3P04 , pH 2.0). Unless otherwise stated,
10pl of each sample solution were injected into the RP-HPLC-ED system.

VA was purchased from Wako Pure Chemicals, Tokyo, Japan. Any other
chemicals used in this study were the same as used in previous reports [8-10] .

0378-4347/83/$03.00 © 1983 Elsevier Science Publishers B.V.
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All buffers and aqueous solutions were prepared in glass-distilled deionized
water.

An aliquot (0.05 ml) of 0.05 M sodium hydroxide solution was dropped
onto 10 mg of VA, and 9.95 ml of 0.1 M hydrochloric acid were then added
to the dissolved VA solution. The stock solution thus prepared was stored
at 4°C. Appropriate dilution of the stock solution with 0.1 M hydrochloric
acid solution was done just before use.

Whole rat blood was collected after decapitation; the serum was obtained
by centrifugation for 15 min at 4000 g and stored at -80°C until use. A
1.0-ml volume of 2% sulphosalicylic acid (SSA) solution was added to 1.0
ml of rat serum. The mixture was frozen at -80°C and then thawed at room
temperature. The mixture was centrifuged at 3000 g for 20 min. The super­
natant was injected into the chromatographic system employed in this study.
The concentration of VA in rat serum pool was ascertained by the standard
addition technique following the procedure of Pachla et al. [4].

RESULTS AND DISCUSSION

Fig. 1 shows a typical chromatogram of VA in aqueous solution containing
only VA as an electrochemically active component except for (a) peak com­
ponent(s) near the void volume. In this case, the electrochemical detector
was set at +800 mV vs. the silver-silver chloride reference electrode. Fig.
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Fig. 1. The typical reversed-phase high-performance liquid chromatogram of uric acid
in an artificially prepared sample solution under the present chromatographic conditions.
For explanation of the chromatographic conditions, see text.
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Fig. 2. IIydrodynamic voltammogram for uric acid obtained using the present chroma­
tographic system by repeated injection of 1 ng of uric acid at different electrochemical
detector potentials.

Fig. 3. The typical reversed-phase high-performance liquid chromatogram of rat serum
after deproteinization under the present chromatographic conditions. For further expla­
nations, see text.

2 illustrates a hydrodynamic voltammogram obtained for VA in the chro­
matographic system employed in this study. As shown in Fig. 2, the onset
potential of VA oxidation is about +550 mY. Thus, the electrochemical de­
tector was set at +800 m V vs. the silver-silver chloride reference electrode.

Fig. 3 shows a typical chromatogram for rat serum after the simple treat­
men't described in the previous section. In the chromatogram, two uniden­
tified peaks (peaks X and Y) are observed. It has been found that the reten­
tion time for the peak X component is the same as that for norepinephrine,
Peak Y has not yet been identified. When an VA solution and deproteinized
rat serum were co-chromatographed, it was found that only the VA peak
was enhanced corresponding to the peak height of VA added to the rat serum.
The minimum detectable quantity was about 10 pg under the present chro­
matographic conditions [11]. The content of VA in 1 ml of rat serum was
found to be 4.9 ng.

VA standard solutions added to rat serum were analyzed with good preci­
sion at concentrations comparable to those in biological samples. The re­
coveries of VA in different standard solutions added to twenty different
rat serum samples prepared on four different days were found to be 98.5
± 1% under the present experimental conditions.
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Excellent precision of retention time for VA was always obtained in routine
analysis over a six-day period for 50 different rat serum samples, probably
due to the fact that the retention time of VA is not affected by the sample
matrix. However, the calibration graphs were obtained before and after the
VA determination for the separation study in our laboratory. Both calibra­
tion graphs always coincided well with each other. Repeated injections of
VA gave an average precision (R.S.D.) of less than 2%.

As described above, we have developed a simple, rapid and sensitive method
for the determination of VA by RP-HPLC-ED. Because of its simplicity
and applicability to small sample volumes (e.g. 0.1 ml of rat serum), this
method is useful in biochemical and basic medical research. The method
developed in this study has been used in determining VA in 0.1 ml of human
serum, 0.1 ml of human cerebrospinal fluid, and 5 mg of rat brain [12].
As it has been revealed that this method is not subject to interferences en­
countered in other methods, it should be an attractive alternative to the col­
orimetric and enzymatic methods now used.
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Gangliosides are a diversified family of glycolipids characterized by the
presence of sialic acid. Although ubiquitous in vertebrate plasma membranes
[1], their biological function remains elusive. The human central nervous
system is especially rich in gangliosides and their separation by high­
performance thin-layer chromatography (HPTLC) in one dimension reveals the
presence of at least twelve ganglioside bands [2]. The five major ganglioside
species of this tissue were chosen for study in this report (Table I).

The conventional method for determining the relative distribution of
individual ganglioside species in tissues employs thin-layer chromatography to
separate the ganglioside components of a mixture, resorcinol staining of the
sialic acid moiety, and quantitation of the stained ganglioside bands by
scanning densitometry [2-7]. The percentage of an individual ganglioside
is generally calculated from the ratio of the densitometric detector response
due to the ganglioside band relative to the total detector response of all
ganglioside bands separated from the mixture. However, this method is valid
only if all ganglioside species yield equal densitometric values per mole of lipid­
bound sialic acid after chromatographic separation and staining on thin-layer
plates.

We report here that gangliosides GM4' GMl> GDla, GDlb and GTlb after
migration and resorcinol staining on silica gel thin-layer plates produce different
densitometric detector responses per mole of sialic acid. This finding must be
taken into account when assessing the content of individual ganglioside species
in tissues by scanning densitometry of thin-layer plates.

*The opinions or assertions contained herein are the private views of the authors and should
not be construed as official or necessarily reflecting the views of the Uniformed Services
University of the Health Sciences or the Department of Defense.

0378-4347/83/$03.00 © 1983 Elsevier Science Publishers B.V.
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TABLE I

CHEMICAL STRUCTURES OF GANGLIOSIDES UNDER STUDY

Abbreviations: gal = galactose; glu = glucose; galNAc = N-acetylgalactosamine; NANA =
N-acetylneuraminic acid or sialic acid.

Ganglioside*

G M4 Ceramide-gal
NANA

Ceramide-glu-gal-gaINAc-gal
NANA

Ceramide-glu-gal-gaINAc-gal
NANA NA'NA

Ceramide-glu-gal-gaINAc-gal
NANA
NANA

Ceramide-glu-gal-gaINAc-gal
NANA NANA
NANA

*Ganglioside nomenclature is that of Svennerholm [11].

EXPERIMENTAL

Materials
Chloroform and methanol were analytical grade. Silica gel 60, extra pure,

particle size 0.063-0.200 mm, and HPTLC plates (10 X10 cm and 10 X 20
cm) precoated with a 0.2-mm layer of silica gel 60 of 5-,um particle size were
from E. Merck (Darmstadt, F.R.G.). N-acetylneuraminic acid ·lHzO used as
sialic acid standard was purchased from Calbiochem-Behring (La Jolla, CA,
U.S.A.). Resorcinol was from Sigma (St. Louis, MO, U.S.A.).

Ganglioside purification
Gangliosides GM4' GMl' GDla, GDlb and GTlb -were extracted from adult

human central nervous system white matter [8] and purified by the classical
procedure of Suzuki [9]. In GM4 purification Folch partitioning was omitted.
As a final purification step, each ganglioside was chromatographed in a lo3-m
silica gel column using chloroform-methanol-water (60: 35: 8 or 55: 45: 10).

Thin-layer chromatography of gangliosides
HPTLC plates were prewashed by migration in chloroform-methanol (2 : 1)

and activated at 140°C for 10 min. Ten samples were applied to each plate in
3 X 1 mm bands with a 1- or 5-,111 positive-displacement microsyringe
(Hamilton, 7000 series). Bands were placed 10 mm from the bottom of plates
and dried under a constant flow of warm air (30-40°C). Two different
developing solvents were studied: solvent A, chloroform-methanol-water-l%
CaClz (55: 45: 8: 2) and solvent B, chloroform-methanol-water-l% CaClz
(60: 35: 7: 1). Plates were suspended above solvent A for 60 or solvent B for
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30 min to insure a saturated atmosphere in the developing tank. The plates
were then lowered into the solvent. The height to which the solvent front was
allowed to rise above the origin was varied. Following development, plates were
heated at 140°C for 10 min to remove traces of solvent prior to spraying with
resorcinol-HCI reagent [10]. Sprayed plates were covered with clean glass
covers and again heated at 140°C for 10 min to visualize the blue ganglioside
bands.

Scanning densitometry
Ganglioside bands were scanned with a Shimadzu Model CS-910 dual-wave­

length TLC scanning densitometer (Kyoto, Japan) at 580 nm (sample wave­
length) in the transmission mode at 6 mm/min. The slit length was adjusted to
be 10% greater than the longest band after development (GM4) and the slit
width was 0.2 mm. The peak area of each band was measured after subtraction
of the background absorbance at 720 nm (reference wavelength) by means of a
Shimadzu data processor (C-RIB). The linearizer was not used.

Ganglioside purity
Ganglioside purity was evaluated by HPTLC of 1000 pmol ganglioside sialic

acid in two different solvent systems, solvents A and B. Ganglioside bands were
visualized with resorcinol reagent and quantitated by scanning densitometry.
Each ganglioside species showed <1% contamination.

Preparation of ganglioside standards
The sialic acid content of ganglioside solutions was determined by a

modification of the colorimetric assay of Svennerholm [10] in which the
purple color product was solubilized into a single phase with tertiary butanol.
A mixed ganglioside standard containing an equimolar sialic acid content
of each of the five ganglioside species was prepared in chloroform-methanol
(2: 1).

Variability in densitometric quantitation of gangliosides
Intra-assay (intra-plate) variability of 5% was obtained when replicate

ganglioside bands present on a single HPTLC plate were scanned.
Inter-assay (plate-to-plate) variability of 6% was determined by scanning

three HPTLC plates each containing replicate applications of an unknown
ganglioside mixture and mixed ganglioside standards (25, 50, 75 and 100
pmol). Amounts of individual ganglioside components within the unknown
mixture were determined from densitometric standard curves run on the same
plate.

RESULTS AND DISCUSSION

In order to define chromatographic conditions for the effective quantitation
of gangliosides by scanning densitometry, TLC of a standard mixture of
gangliosides containing equal sialic acid amounts of GM4 , GM1' GDla, GDlband
GT1b was studied in two popular solvent systems in the range between 10
and 1000 pmol sialic acid for each ganglioside species. When gangliosides
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Fig. 1. TLC with corresponding densitometric standard curves of the mixed ganglioside
standard in solvent A: chloroform-methanol-water-1% CaClz (55:45:8:2). Gangliosides
were separated on HPTLC plates and stained with resorcinol reagent. Each lane of the
chromatogram contains the indicated pmol sialic acid of each ganglioside species. Each band
was scanned at 580 nm in the transmission mode. The densitometer detector response is
plotted as a function of amount of ganglioside sialic acid present. Detector response is the
peak area due to band absorbance at 580 nm after subtraction of background at 720 nm.
Heights of solvent fronts above origin: A, 95 mm; B, 105 mm; C, 120 mm.
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were separated on HPTLC plates and stained with resorcinol reagent. Each lane contains the
indicated pmol sialic acid for each ganglioside species. Each band was scanned at 580 nm in
the transmission mode. The densitometer detector response is plotted as a function of
amount of ganglioside sialic acid present. Detector response is the peak area due to band
absorbance at 580 nm after subtraction of background at 720 ·nm. Heights of solvent fronts
above origin: A, 80 mm; B, 120 mm; C, 155 mm.
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were chromatographed in solvent A, individual ganglioside species yielded
divergent densitometric standard curves (Fig. 1). Standard curves for all
gangliosides were essentially non-linear until the solvent front was allowed to
reach a height of 105 mm (Fig. 1B). When the front reached 120 mm, all
gangliosides had standard curves with an enhanced range of linearity (Fig. 1C).
GM4 curves were consistently the most linear, while GTlb curves were the least
linear. Dense thin ganglioside bands, such as seen with high amounts of GTlb
and GDlb, caused the linearity of standard curves to falloff. In contrast,
gangliosides of higher RF which formed larger less dense bands, such as GM4
and GMl' had standard curves which were linear throughout a longer range of
sialic acid values.

When the ganglioside standard was chromatographed in a less polar system
(solvent' B), more linear densitometric standard curves were obtained at lower
migration heights (Fig. 2A). When the front reached 120 mm above the origin
(Fig. 2B), all ganglioside species had overlapping curves which were linear to
500 pmol ganglioside sialic acid. Since the latter chromatographic conditions
yielded standard curves with the longest range of linearity, these conditions
were chosen when determining the relative distribution of gangliosides within
an unknown mixture.

In either solvent system, as little as 10 pmol ganglioside sialic acid could be
reproducibly detected, a sensitivity ten-fold greater than that previously
reported by Ando et al. [6].

We sought to determine whether differences noted in the densitometric
standard curves of individual gangliosides resulted from a differing ability of
the gangliosides to form a color product with resorcinol reagent, i.e., had
differing molar extinction values. Pure ganglioside solutions were applied to
HPTLC plates in 3-mm bands and stained with resorcinol reagent without
solvent migration. This resulted in ganglioside bands of nearly identical size and
shape, thus negating any influence these factors might have in densitometric
measurements. No significant difference in the molar extinction values of
gangliosides was detected. This indicated that the individual ganglioside species
adsorbed on silica gel were equally reactive with resorcinol reagent. Thus
differences in the densitometric standard curves of individual ganglioside
species resulted from differences in band size or geometry following migration
in solvent. This necessitates the use of standard curves when quantitating
individual gangliosides within a mixture.

In summary, when determining the relative distribution of ganglioside
species within a mixture by scanning densitometry of thin-layer chromatograms,
it is necessary to reference experimental densitometric values to densitometric
standard curves of gangliosides present in the mixture. Since the solvent system
and distance of solvent front migration can strongly influence band geometry
and subsequently densitometric values, unknown mixtures and ganglioside
standards must be run on the same plate. TLC conditions which both
effectively separate gangliosides and yield linear standard curves are migration
in solvent B to a height of 120 mm above the origin.



166

ACKNOWLEDGEMENTS

We gratefully acknowledge support for this investigation from the National
Multiple Sclerosis Society. We thank Dr. Joseph C. Touchstone and Fumio
Kawashima for critical comments on the manuscript.

REFERENCES

1 F.B. Cochran, R.K. Yu and R.W. Ledeen, J. Neurochem., 39 (1982) 773.
2 R.K. Yu, K. Ueno, G.H. Glaser and W.W. Tourtellotte, J. Neurochem., 39 (1982) 464.
3 S. Harth, H. Dreyfus, P.F. Urban and P. Mandel, Anal. Biochem., 86 (1978) 543.
4 H. Rosner, Anal. Biochem., 10.9 (1980) 437.
5 L.N. Irwin, D.B. Michael and C.C. Irwin, J. Neurochem., 34 (1980) 1527.
6 S. Ando, N.C. Chang and R.K. Yu, Anal. Biochem., 89 (1978) 437.
7 L. Svennerholm and P. Fredman, Biochim. Biophys. Acta, 617 (1980) 9'7.
8 B.R. Mullin, F.X. DeCandis, A.J. Montanaro and J.D. Reid, Brain Res., 222 (1981) 218.
9 K. Suzuki, Life Sci., 3 (1964) 1227.

10 L. Svennerholm, Biochim. Biophys. Acta, 24 (1957) 604.
11 L. Svennerholm, J. Neurochem., 10 (1963) 613.



167

Journal of Chromatography, 278 (1983) 167-172
Biomedical Applications
Elsevier Science Publishers B. V., Amsterdam - Printed in The Netherlands

.CHROMBIO.1839

Note

Further improvement of the fluorometric assay for hydroxyproline

G. BELLON, A. MALGRAS, A. RANDOUX and J.P. BOREL*

Laboratory of Biochemistry, ERA 959, Faculty of Medicine, 51 rue Cognacq Jay, 51095
Reims Cedex (France)

(First received March 28th, 1983; revised manuscript received June 30th, 1983)

The hydroxyprolines (Hyp) constitute a group of amino acids, uncom­
mon in their structure as well as in their metabolism. Their Q' nitrogen atom
is included in a pyrrolidine cycle, a hydroxyl group being attached to either
the carbon 3 of the cycle (3-Hyp) or the carbon 4 (4-Hyp). Both natural
position isomers are of the trans form (E) by reference to the carboxyl group
located on carbon 2. These amino acids have a special biosynthetic pathway
including a preliminary incorporation of proline residues at specific places
in polypeptide chains followed by hydroxylation catalyzed by specific en­
zyme systems. Free proline cannot be hydroxylated, at least in animals.

This biosynthetic pathway is used during the synthesis of proteins belong­
ing to the group of collagens that comprise some twelve different types, all
containing a large amount of 4-Hyp. Two types of collagen contain, in ad­
dition, a noticeable amount of 3-Hyp: type IV and type V. Also, 4-Hyp is
found in several related proteins such as the C1q component of complement,
the enzyme acetylcholinesterase, the lung protein alveolyn and also two pro­
teins found in the connective tissue in the immediate vicinity of collagen:
elastin and a structural glycoprotein [1]. In addition, some invertebrate pro­
teins seem to contain 4-Hyp synthesized through a different mechanism,
whereas many plant species are rich in either 4-Hyp or 3-Hyp.

This distribution explains why 4-Hyp is a marker for all types of collagen
while 3-Hyp should be considered as a marker for type IV (basement mem­
brane) and type V (pericellular) collagens. The evaluation of Hyp is of in­
terest in collagen as well as in plant biochemistry.

In several previous papers we described a new technique for the quanti­
tative evaluation of the various isomers of Hyp and also of proline (Pro) [2-4]
using the condensation reaction of these pyrrolidine amino acids with the
fluorophor 7-chloro-4-nitrobenzo-2-oxa-1 ,3-diazole (NBD-CI) followed by

0378-4347/83/$03.00 © 1983 Elsevier Science Publishers B.V.
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thin-layer chromatography on silica gel and fluorometric recording. We also
published an application of this method for the evaluation of urinary 3-Hyp
[5}.

The purpose of this new paper is to introduce a modification of the tech­
nique that makes it absolutely specific: prior to the formation of the flu­
orophor by reaction with NBD-el, any remaining primary amine is removed
by reaction with o-phthalaldehyde (OPA).

MATERIAL AND METHODS

Reagents
The usual reagents, all of analytical grade, are purchased from Prolabo,

Paris. NBD-el is obtained from Aldrich, hydrochloric acid and triethylamine
from Merck, o-phthalaldehyde from Sigma, Pro, 4-Hyp and 3-methylhistidine
from Calbiochem. 3-Hyp is prepared in the laboratory [6}. The standard
amino acid mixture is bought from Beckman.

Hydrolysis
Collagen, or protein, or peptide mixture (for instance, originating from

urine) is hydrolyzed in 6 M hydrochloric acid at 105°C for 18 h and the hy­
drolyzate evaporated to dryness.

Ion-exchange chromatography
The fluorometric method is inhibited by inorganic ions, so 'that two steps

of ion-exchange chromatography are necessary. They may be conducted
as described in a previous paper [5} or as follows in order to accelerate the
operations.

The residues of hydrolyzates are dissolved in 1 ml of 0.20 M citrate buf­
fer, pH 2.2. A 0.20-ml aliquot is layered at the top of a minicolumn of ion­
exchange resin suitable for fast elution by centrifugation. This column is
made up in the laboratory by drilling a 1-mm diameter hole through the
bottom of a conical plastic eppendorf 1.5-ml microtest tube. The hole is
covered with a small patch of glass wool, and 0.8 g of M 72 (Beckman) resin,
equilibrated with 0.20 M citrate buffer, pH 3.2, is then introduced. The
eppendorf microtube is forced into the top of an 8-ml glass centrifuge. tube
of the same internal diameter and centrifuged at 1000 g in a Heraeus Labofuge
III centrifuge equipped with horizontal tubes. The resin is washed four times
with 1 ml of the same buffer and centrifuged every time using the same con­
ditions. It takes less than 7 min for the pyrrolidine amino acids to get through
the resin and to collect in the bottom space. A set of ten minicolumns may
be operated by the same technician within a few minutes. In the case of urine
analysis, all pigments and the basic amino acids remain on the column which
may be regenerated by 1 ml of 0.2 M sodium hydroxide followed by 3 ml
of 0.20 M citrate buffer, pH 3.2.

Then, the effluents of these minicolumns are chromatographed through
a 4 X 0.8 em column of Dowex W-50-X2 in the H+ cycle. The pyrrolidine
amino acids are bound and, after several washes by distilled water, eluted
by 15 ml of 2 M ammonia solution. This solution is evaporated to dryness
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under a stl"eam of nitrogen. The residue is carefully dissolved in a minimal
volume of 2 M ammonia solution and transferred to an eppendorf conical
test tUbe. A second volume of 2 M ammonia solution is used for washing
the tube and added to the first one. Then the contents of theeppendorf
tube are evaporated to dryness. This method permits the final residue to
be dissolved in only 20 J.Ll of distilled water.

Derivatization with o-phthalaldehyde (OPA)
The OPA reagent is obtained by dissolving 8 mg of OPA in 1 ml of a 30%

(v/v) triethylamine solution. The addition of 0.02% (v/v) mercaptoethanol,
proposed by many authors in the evaluation of primary amines by OPA,
is not necessary. To the 20 III of the above amino acid solution are added
20 III of OPA reagent. The solution is gently shaken and allowed to stand
for 5 min at room temperature.

Derivatization with NBD---"Cl
The preparation of the NBD--el reagent was described in a previous paper

[4]. It contains 6 mg of NBD--el per ml of ethanol (30mMsolution) and
must be stored in the dark. Twenty microliters of this reagent are added
to the miXture of amino acids and OPA and allowed to react at 65°C for
30 min in the dark.

Thin-layer chromatography
A5-lll aliquot of the NBD-amino acids solution is spotted On the silica

gel thin-layer plate. The system was fully described in a previous paper [4],
A new solvent system was adopted for 3-Hyp separation: chloroform-tri­
ethylamine~methanol(80:10:10, v/v). The migration lasts 60 min. The plate
is dried at 65°C for 5 min and the fluorescent spots are scanned in a Farrand
spectrofiuorometer Mark I equipped with a thin-layer plate recording deVice.

The excitation wavelength is set at 355 nm with an additional violet fUter
absorbing light over 500 nm and a slit 10 nm wide. The emitted light is read
at 525 nm with an additional yellow filter absorbing radiation under 450
nrn. The surface areas of recorded peaks are measured and compared with
a set of four standards deposited on the same plate. Thete is a linear rela­
tionship between the surface area of the peak and the amount of Hyp depos­
ited on the plate in the range 1-400 pmol [4] .

The above proportions have been given for the evaluation of 3-Hyp, When
the evaluation of 4-Hyp is required, one has to dilute the residue of hydrol­
ysis in a. 1:10 proportion with distilled water, prior to the condensation with
OPA. This is particularly so for urine.

RESULTS

Fig. 1 shows a picture of the separations obtained by thin-layer chroma­
tography of the fluorescent NBD derivatives and Fig. 2 is a scan obtained
with a sample of urine after OPA and NBD--el reactions. It is evident that
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some interfering amino acids remain in the vicinity of 3-Hyp or 4-Hyp when
OPA is omitted but that the derivatization with OPA eliminates any inter­
fering material.

Fig. 1. Thin-layer chromatography of several amino acids after NBD-Cl derivatization.
Lanes 1-7: samples directly reacted with NBD-ci according to the method of ref. 4.
Lanes 8-10: samples reacted with o-phthalaldehyde (OPA) prior to NBD-cl (technique
described in this paper). All the samples were deposited in 200-pmol amounts. Lane 1:
control trans-4-Hyp. Lane 2: control trans-3-Hyp. Lane 3: control Pro. Lane 4: mixture
of 4-Hyp, 3-Hyp and Pro. Lane 5: control cis-4-Hyp (kindly provided by Dr. R. Berg, Pis­
cataway, NJ). Lane 6: a mixture of amino acids (Beckman). Lane 7: the same mixture
supplemented with 200 pmol each of trans-4-Hyp, trans-3-Hyp and Pro. Lane 8: the same
as lane 4 but previously reacted with OPA. Lane 9: the same as lane 6 but previously reacted
with OPA. Lane 10: the same as lane 7 but previously reacted with OPA. Lane 11: reagents.

In order to assess the usefulness of the OPA reaction, we compared the
concentrations of 3-Hyp obtained for sixteen samples of urine by three dif­
ferent methods: the ion-exchange technique that we described several years
ago [7], the NBD-el technique without OPA, and the new improvement.
With the fluorometric method performed in the absence of OPA, we found
results higher by nearly 30% than with the ion-exchange technique. The re­
sults of the OPA + NBD-el technique correlated with the colum chroma­
tographic technique (r = 0.98, n = 16). We found that times of contact of
OPA with the amino acid solution ranging from 5 to 30 min did not modify
the results.

For the evaluation of efficiency, five samples of urine were supplemented
with a known amount of 3-Hyp and the results gave 96.3 ± 3.3% of the amount
added. The repeatability of the method was studied fourteen times on the
same urine, giving the results 6.0 ± 0.4 J,Lmol/1 for 3-Hyp and 82.0 ± 5.7 J,Lmol/1
for 4-Hyp.
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Fig. 2. Scan of thin-layer chromatogram of NBD derivatives of 4-Hyp, 3-Hyp and Pro from
a hydrolyzate of urine (100 ILl). Silica gel plate. Solvent: chloroform-methanol-triethyl­
amine (80:10:10, v/v). Development: 1 h at 20°C. Scanning: spectrofluorometer Farrand
Mark I, sensitivity 0.3, speed 150 mm/min. The surface area of the 3-Hyp peak can easily
be measured. Surface areas of 4-Hyp and Pro cannot be measured without prior dilution
of the sample.

DISCUSSION

The NBD technique for the evaluation of the hydroxyproline isomers
is far more sensitive than any of the previously described ion-exchange tech­
niques. It permits the accurate measurement of picomole amounts of these
pyrrolidine amino acids. For full efficiency, the reaction must operate in
the absence of mineral ions. The fluorescence of primary amino acids is ten
to a hundred times lower. Nevertheless, these amino acids may interfere when
they occur in very large amounts in the initial medium or when this medium
has to be strongly concentrated for improving the sensitivity. In this paper,
we described a fast method for completely desalting the solutions or urines
and we largely improve the specificity by the use of the OPA reagent. In
these conditions, we may apply the technique to larger volumes of initial
solution and then increase the sensitivity.

The data obtained for urinary 3-Hyp confirm the reference values that
we had previously established by another technique [7]. The values that
we obtain for urinary 4-Hyp are lower than those given by the classical reac­
tion with p-dimethylaminobenzaldehyde [8, 9]. We suspect that some non­
specifically reacting substances such as pyrrole radicals exist in the urine
and increase artefactually the results given by this colorimetric technique.
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Propafenone, 2'-(3-propylamino-2-hydroxy-propoxy)-3-phenyl-propiophe­
none, is a new antiarrhythmic drug which has proved effective in recurrent
supraventricular and ventricular tachycardias, tachyarrhythmias and ectopic
beats [1,2].

The pharmacokinetic behaviour of the drug in man after intravenous and
oral administration has been reported [3]. Propafenone undergoes extensive
biotransformation [4] but the metabolism has not been elucidated.

Different methods for the determination of propafenone in plasma have
been published [5-7]. It has also been suggested [6] that an unidentified
peak eluting near propafenone in plasma extracts could be due to a metabolite.
The purpose of the present study is to investigate the nature of this metabolite.

EXPERIMENTAL

Propafenoneo HCI was obtained from Knoll (LudlftJigshafen, F.R.G.). n-Hep­
tane, methylene chloride and absolute ethanol, HPLC grade, were purchased
from Merck (Darmstadt, F.R.G.). Trifluoroacetic anhydride (TFAA) was
obtained from Pierce (Rockford, IL, U.S.A.). All other solvents and chemicals
were analytical grade.

High-performance liquid chromatography (HPLC)
A Perkin-Elmer Series 3B liquid chromatograph equipped with a Merck

0378-4347/83/$03.00 © 1983 Elsevier Science Publishers B.V.
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LiChrosorb® Si 60 5-Jlm column (25 X 0.46 cm) was used. The mobile phase
was dichloromethane-heptane--ethanol-water-ammonium hydroxide (180:
120:200:20:0.2) at a flow-rate of 2.5 ml/min. The effluent was monitored with
a Perkin-Elmer LC-75 spectrophotometer at 254 nm.

Gas-liquid chromatography (GLC)
A Perkin-Elmer Sigma 4 gas chromatograph equipped with a 63Ni electron­

capture detector was employed. A 180 X 0.2 cm glass column packed with
OV-101 3% on Gas-Chrom Q (100-120 mesh) was used. The instrumentation
and the conditions were the same as reported previously for gas chromatogra­
phic analysis [7] .

Gas chromatography-mass spectrometry (GC-MS)
GC-MS analysis was carried out on a Hewlett-Packard HP5792/5970A.

A cross-linked fused-silica capillary column (12.5 m X 0.2 mm) coated with
OV-1 as stationary phase was used. The carrier gas was helium at a flow-rate
of 1.2 ml/min. The oven temperature was programmed from 70°C to 270°C
at a rate of 12°C/min. Electron-impact spectra were recorded using 70-eV elec­
tron energy and a source temperature of 220°C.

Extraction procedure and derivatization
Plasma and urine samples from the same patient were extracted with ben­

zene after alkalinization as described by Brode et al. [5]. Then 100 ml of
urine were extracted using the same procedure to obtain a sufficient quantity
of the metabolite for the GLC--electron-capture detection (ECD) and GC-MS
analyses. The combined extracts were dried under a stream of nitrogen. The
residue was reconstituted with methanol and injected into the liquid chroma­
tograph.

The fractions corresponding to the metabolite were collected in a glass­
stoppered tube and dried under a stream of nitrogen at 37°C. The residue was
derivatized with TFAA in anhydrous toluene at 37°C for 1 h. Excess anhydride
was removed by evaporation. The residue was reconstituted with cyclohexane
and divided into two parts: the first was injected into the GLG-ECD system,
the second into the GC-MS system.

RESULTS AND DISCUSSION

It has been reported that less than 1% of unchanged propafenone is excreted
in urine after its oral administration [4]. These findings suggest that the drug
undergoes extensive metabolization and it has not been excluded that one or
more metabolites contribute to the antiarrhythmic action of propafenone.

It is well known that the {3-blocking agent propranolol, which has common
structural features with propafenone, is metabolized to 4-hydroxy-propranolol
and that this compound is pharmacologically active. It is therefore important
to investigate the structures of the metabolites of propafenone.

Several authors [5, 6] have pointed out that one or two peaks, probably
due to biotransformation, can occur in plasma extracts from patients who
have taken propafenone orally. Our previous experience using HPLC [5] for
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the determination of propafenone confirmed the existence of one peak eluting
close to propafenone and with the same retention time in plasma and urine
samples extracted by the same analytical procedure (Fig. 1). It is therefore
reasonable that it is the same unidentified compound in both plasma and
urine.
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Fig.!. Representative HPLC chromatograms of plasma (1 ml, A) and urine (2 ml, B) sam­
ples after chronic administration of propafenone.

Since the plasma concentration of the unknown compound is unsuitable
for identification purposes, the corresponding fraction of urine was collected
and analyzed. To obtain some preliminary information on the metabolite, the
fraction was dried under a stream of nitrogen, derivatized with TFAA as
described above and one portion injected into the GC-ECD system. The
chromatogram in Fig. 2 shows two peaks eluting after propafenone: the first
at 8.69 min, the second, much smaller than the first, at 10.03 min. These
results indicate that the metabolite contains groups reacting with TFAA with
a molecular weight probably higher than that of the propafenone derivative.

The second portion was injected into the GC-MS system under the condi­
tions described above. Fig. 3 shows the total ion monitoring and the m/e 308
selective ion monitoring plots of the injected fraction.

Fig. 4 shows the mass spectrum of propafenone-TFA used as a reference
for comparison with the spectrum of the unknown metabolite. Propafenone
has an alkylaminohydroxypropoxy side-chain in common with most of the
i3-adrenoceptor antagonists; therefore its spectrum shows many fragment
ions characteristic of the spectra of TFA i3-blockers. These fragment ions are
at m/e 308, 266, and 43 with high relative abundance, and at m/e 194, 168,
152, and 126 with low relative abundance. The attribution of these fragment
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ions and their relative fragmentation mechanism is described in the litera­
ture [8]. The propafenone-TFA molecular ion at m/e 533 with low relative
abundance is consistent with formation of a di-(trifluoroacetyl) derivative.

The fragment ion at m/e 225 could be reasonably ascribed to the remaining
part of the molecule after the loss of the alkylaminohydroxypropoxy side­
chain. Its intensity should be relatively weak because, after fragmentation,
the charged ion is m/e 308. The fact that the relative abundance of m/e 225
compared with that of m/e 308 is 6.8% supports our hypothesis.
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Fig. 4. Mass spectrum of propafenone--TFA and its structural formula.
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The fragment ions at m/e 77, 91 and 105 can be explained on the basis
of the literature on alkylbenzenic compounds [9]. In analogy with the frag­
mentation behaviour of alkylbenzenic ethers and phenylalkylketones [9], the
fragment ions at m/e 120 and 121 were ascribed to the structures shown below.
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The mass spectra of the three peaks shown in Fig. 3 were recorded. The
mass spectrum of the first peak was found to be identical to that of propa­
fenone-TFA. This could be explained by a propafenone contamination during
the collection of the HPLC fraction.

The mass spectrum of second peak is shown in Fig. 5. The molecular ion of
this compound is at m/e 645, i.e. 112 mass units higher than propafenone­
TFA. The same difference was found between the ions at m/e 232 and 233 of
this compound and ions at m/e 121 and 120 of propafenone-TFA, and could
reasonably be ascribed to a -DCOCF3 group. This hypothesis is consistent
with the fact that hydroxylation of the aromatic ring is a metabolic pathway
common to these compounds [10]. The presence also of the fragment ions at
m/e 77, 91 and 105 in the spectrum of the metabolite indicates that the
hydroxylation occurs at the two-fold substituted aromatic ring. Moreover, the
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possibility of metabolic degradation of the alkylaminohydroxypropoxy side­
chain can be excluded because all the characteristic fragment ions are present
in the spectrum of the metabolite.
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Fig. 5. Mass spectrum of the second peak corresponding to the metabolite.

The mass spectrum of the third peak was very difficult to interpret on the
basis of the common metabolic pathways; the structure of this substance thus
remains an open problem.

These findings indicate that propafenone undergoes metabolic biotrans­
formation and that the main metabolite is a hydroxylated derivative.
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Codeine is a widely prescribed narcotic analgesic and antitussive drug. The
determination of codeine in human plasma samples following ingestion of
therapeutic doses of codeine requires assays which are both highly sensitive
and selective. Various analytical methods [1-10] have been developed for this
purpose. They include radioimmunoassay (RIA) (1), gas chromatography­
mass spectrometry (GC-MS) (2) and gas chromatography (GC) [3-10].
Among these methods, GC is the techn.ique commonly available in most
laboratories. Previously reported GC methods employed either flame ionization
detection (FID) [3-7] or electron-capture detection (ECD) [8-10]. These
methods require derivatization for improvement of GC properties and/or
sensitivity. They are usually time-consuming and difficult to establish.

This paper describes a GC method employing nitrogen-selective detection.
No derivatization step is necessary with the present method. The procedure is
rapid and sensitive and has been used successfully in analyzing plasma samples
from clinical studies.

EXPERIMENTAL

Material
Nanograde-quality methanol and chloroform were purchased from Mal­

linckrodt (St. Louis, MO. U.S.A.) and glass-distilled grade n-butanol from
Burdick and Jackson (Muskegon, MI, U.S.A.). All solvents were used without
further purification. Glass bottles (15 ml) from Wheaton Company (Millville,
NJ, U.S.A.) with polyethylene screw-caps from Poly-Seal Corp. (Baltimore,
MD, U.S.A.) were used for the plasma extraction and 12-ml glass-stoppered
centrifuge tubes (Arthur H. Thomas, Philadelphia, PA, U.S.A.) were used for
the final solvent evaporation. Volumetric glass pipettes were utilized for all
solvent transfers. All glassware was soaked in chromic acid for at least 1 h,

0378-4347/83/$03.00 © 1983 Elsevier Science Publishers B. V.
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rinsed thoroughly with distilled water and heat treated for 3 h at 270° C. Poly­
ethylene screw-caps were soaked in n-heptane for at least 1 h and dried at
60°C prior to use. Codeine phosphate and oxycodone hydrochloride (McNeil
Pharmaceutical, Spring House, PA, U.S.A.) were used as received from the
stock room. Codeine phosphate was of U.S. Pharmacopoeial quality and oxy­
codone hydrochloride met all U.S. New Drug Application requirements.

Stock solutions
Stock solutions of codeine phosphate were prepared in methanol in con­

centrations of either 10 or 1 t-tg/ml. A stock solution of oxycodone hydro­
chloride, the internal standard, was first prepared in methanol (10 t-tg/ml),
which was further diluted to 3 ng/ml with 10% butanol in chloroform. All
concentrations were expressed in terms of the free base. Clinical control plasma
obtained from Interstate Blood Bank (Philadelphia, PA, U.S.A.) was used in
the preparation of the codeine plasma standards. Plasma standards (volume
10.0 ml) ranging .from 5.to 200 ng/ml were prepared by the addition of various
amounts of codeine stock solutions (volume 0.05-0.20 ml).

Apparatus
A Hewlett-Packard Model 5710A (Avondale, PA, U.S.A.) gas chromatograph

equipped with dual nitrogen-phosphorus-selective detectors was used. The
column was a 0.91 m (3 ft.) X 2 mm LD. silanized glass column packed with 1%
OV-17 on Chromosorb W HP (100-120 mesh) from Supelco (Bellefonte, PA,
U.S.A.). The column was conditioned at 270°C overnight with a helium flow of
30 ml/min.

Chromatographic conditions were: column oven temperature, 235°C;
injection port temperature, 260°C; detector temperature, 300°C. The helium
carrier gas flow-rate was 30 ml/min, hydrogen flow-rate was 3 ml/min and air
flow-rate was 100 ml/min. The voltage of the detector was set at 18 V. Under
these conditions, the retention times for codeine and oxycodone were 2.3 and
3.8 min, respectively.

Assay procedure
A 2-ml volume of plasma containing codeine as standard or unknown, 10.0

ml of internal-standard solution (30 ng of oxycodone in 10% butanol in chloro­
form) and 1.0 ml of 1 N sodium hydroxide were added to a 15-ml bottle, and
the mixture was shaken on an Eberbach table-top shaker, Eberbach (Ann
Arbor, MI, U.S.A.) at 120 oscillations/min for 20 min. After centrifugation at
681 g, the supernatant aqueous phase was aspirated and discarded. An 8-ml
volume (± 0.5 ml) of the organic layer was transferred to a 15-ml bottle con­
taining 5.5 ml of 0.1 N sulphuric acid. The mixture was then shaken for 20 min
and centrifuged for 10 min. A 5-ml volume (± 0.5 ml) of the aqueous layer was
transferred to a 15-ml bottle containing 8.0 ml of 10% butanol in chloroform
and 1.0 ml of 1 N sodium hydroxide. The mixture was shaken for 15 mil'l and
centrifuged for 10 min. The aqueous phase was removed and discarded. A
7-ml volume (± 0.5 ml) of the remaining organic phase was pipetted into a
12-ml centrifuge tube, and the solvent' was evaporated to dryness under a
stream of nitrogen at 40°C. A 1-ml volume of chloroform was added to each
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tube to wash down the sides of the tube by vortex action. The chloroform was
then evaporated to dryness. The residue was reconstituted in 20 pI of methanol,
and 5 pI of the solution were injected into the gas chromatograph.

Clinical study samples
The mean plasma concentration data were taken from the results of a

bioavailability study comparing the bioavailability of three drug products
all containing codeine and acetaminophen. (The products were found to be
bioequivalent.) In this study 24 healthy male adult volunteers were fasted for
at least 12 h before and 1 h after administration. Two tablets (each containing
325 mg of acetaminophen and 30 mg of codeine phosphate) and 200 ml of
distilled water were administered to each subject.

Blood samples of 15 ml were collected in heparinized vacuum tubes by
venipuncture at 0 (pre-dose), 10, 20, 40, 60 and 90 min and 2, 3, 4, 6 and 8
h after administration. The plasma was separated by centrifugation immedi­
ately after collection and was stored frozen at -10°C in polypropylene snap­
cap tubes until analysis.

RESULTS AND DISCUSSION

Codeine is fairly water-soluble and thus a polar extraction solvent such as 10%
butanol in chloroform was required. Other solvents, such as ether, ethyl acetate
and chloroform, were found to give unsatisfactory extraction efficiencies
«50%) in a three-step extraction procedure. The present procedure has an
extraction efficiency of 84 ± 4% (8 determinations) at 50 ngjml and 81 ± 3%
(10 determinations) at 150 ngjmlof codeine in plasma

Typical chromatograms from plasma samples with and without codeine are
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Fig. 1. Typical gas chromatograms from (A) 2 ml of blank plasma containing 30 ng of
internal standard (blank without internal standard showed no peak at around 3.8 min and
(B) 2 ml of plasma containing 300 ng of codeine and 30 ng of internal standard.
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shown in Fig. 1. From these chromatograms, it is clear that there are no peaks
in blank plasma samples which interfere with codeine.

The measurable metabolites of codeine in human plasma are morphine,
norcodeine and their conjugates [4, 11]. Morphine and the conjugates of
morphine and norcodeine are not extracted using this procedure; therefore,
they cannot interfere with the assay. Norcodeine is extracted by the procedure,
but the concentration of norcodeine in plasma is very low «10 ng/ml at 1 h)
[4] and its retention time is longer than that of codeine. Under the present GC
conditions, norcodeine, codeine and oxycodone have retention times of 2.9,
2.3 and 3.8 min, respectively. Drugs that are co-administered with codeine,
such as acetaminophen and aspirin, do not interfere in the assay since neither
compound is extracted using the present procedure.

The standard curve is linear between 20 and 200 ng/ml. The peak height
ratios of replicate samples (expressed as codeine/oxycodone) obtained from the
addition of known amounts of codeine to control blank plasma, followed by
processing according to the described procedure, are summarized in Table I.
A least-squares regression analysis of the data gives a straight-line standard
curve with a correlation coefficient of 0.98, a slope of 0.022 and an intercept
of -0.06 ± 0.06, which, within experimental error, shows that the line passed
through the origin. The assay is reproducible (inter-run) as can be seen in Table
I. The coefficients of variation (C.V.) range from 7 to 12% for all selected con­
centrations.

The concentrations of codeine in plasma following ingestion of a therapeutic
dose (60 mg) of codeine are in the range of 5 to 200 ng/ml [11]. At these
concentrations, previously reported GC methods using FID or ECD require
derivatization for improvement of chromatographic properties and/or sensitiv-"
ity [3-10]. The nitrogen-phosphorus-selective detector used in the nitrogen
mode, however, shows good sensitivity in detecting codeine. The detection
limit for codeine was 3 ng injected, and the detector response was linear be­
tween 3 and 150 ng. The lowest concentration of codeine in a 2-ml plasma
sample that could be detected was 5 ng/ml. However, the lowest level of co­
deine in plasma (2 ml sample) that could be quantitated both accurately and

TABLE I

MEANS, STANDARD DEVIATIONS AND COEFFICIENTS OF VARIATION OF PEAK
HEIGHT RATIOS AT VARIOUS CODEINE CONCENTRATIONS GENERATED OVER
A PERIOD OF TWO WEEKS

Codeine No. of Peak height ratios
plasma concn. determinations
(ng/ml) Mean S.D. C.V.

20 10 0.33 0.02 0.07
50 18 1.00 0.11 0.12
75 17 1.66 0.18 0.10

:25 15 2.69 0.28 0.10
150 19 3.28 0.37 0.11
200 18 4.43 0.39 0.08
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Fig. 2. Plasma-concentration profile of codeine in a human subject following oral admin­
istration of 60 mg of codeine phosphate and 650 mg of acetaminophen as two tablets.

TABLE II

MEAN PLASMA CODEINE CONCENTRATIONS FROM A CLINICAL STUDY
DETERMINED BY THE PRESENT GC METHOD

Time after drug administration Mean codeine concn. (ngjml) from the study (24 subjects)

Mean ± S.E.M.

10 min 2.0 1.6
20 min 46.0 8.4
40 min 147.0 12.6
1h 136.0 10.4
1.5h 111.0 7.6
2h 85.0 4.1
3h 65.0 3.3
4h 55.0 3.7
6h 29.0 2.4
8h 7.0 2.9

precisely (C.V. <15%) was 20 ng/ml. We find that this is adequate sensitivity
for clinical samples.

To date, this procedure has been employed successfully in analyzing over
1000 clinical samples for codeine. No interference peaks due to metabolites
have ever been observed with the clinical samples. A typical plasma-concentra­
tion profile of codeine in man is shown in Fig. 2.

Mean plasma codeine concentrations (± S.E.M.) from a portion of the
clinical study as obtained by the present method are shown in Table II. The
mean plasma concentration vs. time profile is almost identical to that reported
by Findlay et al. [11] for a similar clinical study using the RIA method [1].

The present procedure is rapid since no derivatization step is required. Up
to 60 samples can be analyzed routinely in a 8-h working day. Also, the proce­
dure is sensitive enough to have utility in handling clinical plasma samples
and a variety of other types of samples, such as urine and animal plasma sam­
ples.
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Various methods for the assay of oxprenolol in biological fluids are available.
A direct evaluation in plasma by thin-layer chromatography and fluorimetric
determination has been described [1]. A high-performance liquid chromato­
graphic assay for quantitation in blood, plasma, urine and breast milk has
also been reported [2]. Several gas chromatographic (GC) methods have been
employed [3---6]. We recently published a GC assay for another ,a-blocking
agent, metoprolol, in plasma, using oxprenolol as internal standard [7]. This
method was applied for the determination of oxprenolol in plasma. It differs
from the previous GC methods [3---6] in the use of: silanized glassware for
the acylation reaction, to avoid adsorption; potassium hydroxide-tripotas­
sium phosphate as buffer instead of sodium hydroxide, to improve the re­
producibility of the extraction; heptafluorobutyric anhydride instead of tri­
fluoroacetic anhydride, to improve the stability of the derivatives.

EXPERIMENTAL

Chemicals and reagents
Oxprenolol and the internal standard, propranolol, were supplied by Ciba­

Geigy (Basle, Switzerland). Alkaline buffer (pH> 13) was prepared by dis­
solving 30 g of tripotassium phosphate trihydrate (ref. 5102, E. Merck, Darm­
stadt, F.R.G.) and 16.8 g of potassium hydroxide (Merck 5033) in distilled
water and making the volume up to 100 ml. All reagents and solvents were
of analytical grade: diethyl ether (Pestipur quality, S.D.S., Valdonne, France),
methylene chloride (Merck 6050) hydrochloric acid (Merck 318), hexane
(Pestipur quality, S.D.S.). Pyridine (ref. 82702, Fluka, Buchs, Switzerland)
was distilled at 115-116°C over potassium hydroxide pellets and stored over
the same reagent. Heptafluorobutyric anhydride was purchased from Ventron
(ref. PCR, 1300-3, Ventron, Karlsruhe, F.R.G.); potassium dihydrogen phos­
phate (Merck 4873) was used as a saturated solution.

0378-4347/83/$03 .00 © 1983 Elsevier Science Publishers B.V.
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Instrumentation
The GC determinations were carried out with a gas chromatograph equipped

with an electron-capture detector (Hewlett-Packard, Model 5713 A). The glass
column used was 2 m X 3 mm LD. and packed with 3% SE-30on 80-100 mesh
Gas-Chrom Q. The column temperature was 187°C. The carrier gas (argon­
methane, 90:10) flow-rate was 60 mljmin. The column was conditioned as
described previously [8]. The glassware was cleaned in a washing machine,
and the tubes used for the acylation reaction were then silanized by immersion
in a solution containing 1 ml of hexamethyldisilazane, 1 ml of trimethyl­
chIorosilane, 1 ml of pyridine and 100 ml of toluene for 15 min. They were
subsequently rinsed with methanol and dried at 100°C.

Calibration
One hundred microlitres of suitable oxprenolol hydrochloride aqueous solu­

tions and 100 III (1692 pmol) of propranolol hydrochloride aqueous solution
were added to 1 ml of plasma to obtain calibration samples in the range of con­
centrations 33.2-3317 nmol oxprenolol per litre of plasma (10-1000 ngjml).
The peak areas were obtained from a Perkin-Elmer Data System (Sigma 10)
connected to the chromatograph. The calibration curves were constructed
from the In-In plot (a linear plot could also be made) of the peak area ratios
against the plasma concentrations. Their equations were calculated by the
least-squares method. A fresh calibration curve has to be prepared every month
and checked once a week by injecting the derivative extracts kept at +4°C.

Extraction procedure
One millilitre of plasma spiked with 100 III of the internal standard solution

(1692 pmol of propranolol hydrochloride), 1 ml of alkaline buffer, and 4 ml of
methylene chloride-diethyl ether (1:4) were shaken for 15 min at 300 rpm,
then centrifuged for 2 min. The organic phase was shaken with 2 ml of 0.1 M
hydrochloric acid for 10 min at 300 rpm and centrifuged. The organic phase
was discarded and 1 ml of the alkaline buffer and 4 ml of methylene chloride­
diethyl ether (1:4) were added and the mixture shaken for 10 min at 300 rpm.
After centrifugation, the organic phase was transferred to a silanized tube
and evaporated to dryness under a nitrogen stream. Two microlitres of pyri­
dine, 1 ml of hexane and 10 III of heptafluorobutyric anhydride were succes­
sively added. This order of addition - catalyst, solvent, acylation reagent ­
appeared to result in a more reproducible analytical yield. The mixture was
shaken for about 15 sec. After 1 h at room temperature, 1 ml of potassium
dihydrogen phosphate saturated solution was added, and the mixture was
shaken for 15 min at 300 rpm. Three microlitres of the organic phase were
injected into the gas chromatograph.

RESULTS

Plasma interferences
Fig. 1 shows the chromatograms corresponding to an extract of 1 ml of

blank plasma and to an extract of the same plasma containing 332 nmoljl
oxprenolol (100 ngjml) and 1692 nmoljl propranolol (500 ngjml). The metab-
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Fig. 1. Chromatograms of: (A) human plasma blank (1 ml plasma); (B) extract of 332 nmol/l
oxprenolol and 1692 nmol/l propranolol in plasma.

olism of oxprenolol in man has not yet been fully elucidated, in so far as the
presence of metabolites in plasma has not been established [9-15]. Neverthe­
less, the urinary metabolites found in man and rat [9-15] cannot interfere
with the oxprenolol assay as they will not be extracted or derivatized by the
described procedure.

Reproducibility and recovery
The results are summarized in Table 1. A good reproducibility (coefficient

of variation, C.V. = 4.7%) was obtained for the concentration 33.2 nmolfl
(10 ng/l), which can be taken as the limit of quantitation. The mean overall
recovery was 101.0% (6.5).

TABLE I

PRECISION AND RECOVERY OF THE DETERMINATION OF OXPRENOLOL IN
SPIKED PLASMA SAMPLES

Amount Mean amount Coefficient of Mean
added found (n=6) variation (C.V.) recovery
(nmol/l) (nmol/l) (%) (%)

33.2 33.3 4.7 101
82.9 79.1 2.7 95

332 362 6.4 109
829 818 4.9 99

1658 1680 5.2 101

Mean overall recovery (C.V.) = 101.0% (6.5)
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TABLE II

STORAGE STABILITY OF OXPRENOLOL IN HUMAN PLASMA OVER TWELVE
MONTHS AT -20°C

Duration of
storage at
-20°C
(months)

Amount of oxprenolol added to plasma (nmol/l)

166 1658

Amount of oxprenolol found (average of two assays) (nmol/l)

o
1
3
5
9

12

164
158
158
158
176
181

1655

1667
1710
1615
1665

Stability of oxprenolol in plasma
Spiked plasma samples were kept at _20°C and analysed regularly. Ox­

prenolol is stable for up to twelve months under these conditions (Table II).
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Methylthioadenosine (MTA) is formed from S-adenosyl-L-methionine by
several pathways, including those leading to biosynthesis of polyamines.
This product is a potent inhibitor of enzymes involved in the synthesis of
spermidine and spermine. The enzyme responsible for the metabolic degra­
dation of MTA, namely MTA phosphorylase, is a potential chemotherapeutic
target enzyme [1], and this enzyme is lacking in some malignant tumors
and cells [2-4] .

The growing interest in MTA (for review, see refs. 1, 5 and 6) has demanded
the development of methods for its measurement in tissues. The concen­
tration of this nucleoside is low in comparison with those of related com­
pounds, and early methods for measurement of MTA suffered from low sen­
sitivity [1]. Recent methods, based on high-performance liquid chromato­
graphy (HPLC), allow the determination of MTA in several tissues. Purifica­
tion of the tissue samples on borate affinity gel [7, 8] or Dowex 50 [9] was
required before HPLC.

The present communication describes a liquid chromatographic method
for the determination of MTA, involving filtration of neutralized tissue ex­
tract through DEAE-Sephadex at pH 7.5. MTA appeared in the effluent while
interfering substances were retained on the column. The effluent was lyophil­
ized and subjected to reversed-phase chromatography on a short 3-,um ODS
(CIS) column eluted at high flow-rate. 2-Chloroadenosine served as a con­
venient internal standard.

EXPERIMENTAL

Materials
MTA, 2-chloroadenosine, adenine, S-adenosyl-L-homocysteine, S-adenosyl-

0378-4347/83/$03.00 © 1983 Elsevier Science Publishers B.V.
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L-methionine and adenosine were obtained from Sigma (St. Louis, MO,
U.S.A.). ODS Hypersil, 3-pm packing material for HPLC, empty stainless­
steel columns (10 X 0.5 cm) and guard columns (2.5 X 0.5 cm) were purchased
from Shandon (Cheshire, U.K.). Packing material for guard columns, Pelliguard
LC 18, 40 pm, was from Supelco (Houston TX, U.S.A.). DEAE-Sephadex
A-50 was obtained from Pharmacia (Uppsala, Sweden).

The 3-pm ODS columns were slurry packed using a Shandon column packer.
The guard column was dry-packed and subjected to mechanical compres­
sion and refilling.

Preparation and purification of tissue extracts
Tissue was homogenized in 0.8 M perchloric acid (1:4, wJv) containing

5 pM 2-chloroadenosine (internal standard). Precipitated protein was removed
by centrifugation, using a Beckman type B microfuge. The supernatant was
immediately neutralized to pH 7.5 by adding 1.44 M KOH-1.2 M KHC03 •

Then 1.5 ml of the solution were applied to DEAE-Sephadex columns (0.6
X 5 cm) equilibrated with 10 roM Tris-HCI, pH 7.5, and eluted with the
same buffer. The first 2 ml were discarded, and the following 5 ml were col­
lected, lyophilized and resuspended in 100 pI of distilled water.

Reversed-phase liquid chromatography
Samples of 5-25 pI were analyzed on a 3-pm ODS Hypersil column (0.5

X 10 cm) equipped with a guard column (0.5 X 2.5 cm). The column was eluted
isocratically with 8 roM phosphate buffer, pH 6.0, containing 6% acetonitrile.
The liquid chromatographic system consisted of a Spectra-Physics SP 8700
solvent delivery system, a Perkin-Elmer ISS 100 autosampler for HPLC, a
Beckman ultraviolet (UV) detector, Model 160, and a Hewlett-Packard HP
3390 A integrator. For the determination of UV spectra of MTA in tissue
extracts, a variable-wavelength detector from Kratos, Model Spectroflow
773, was used.

RESULTS AND DISCUSSION

MTA and2-chloroadenosine were not retained on DEAE-Sephadex col­
umns equilibrated with 10 roM Tris-HCI, pH 7.5. More than 95% of MTA
and 2-chloroadenosine applied to the column was eluted with this buffer.
The recovery of exogenous MTA and 2-chloroadenosine added to the tissue
extract was 20-40%, depending on the elution volume collected from the
DEAE-Sephadex column. Tissue samples were prepurified by filtration through
DEAE-Sephadex columns, followed by lyophilization of the effluent. This
step removed UV-absorbing material, which interfered with the determina­
tion of MTA by HPLC, and greatly reduced the solvent front of the chro­
matogram (Fig. 1). The concentration of MTA was increased about 5-fold
relative to that in the crude tissue extract.

Some methods for determining MTA include purification of the tissue
extract on borate affinity columns prior to HPLC [7-9]. The high cost of
this material and the variable quality of some commercial preparations led
us to use DEAE-Sephadex to purify the tissue extract. These columns could
easily be regenerated by elution with a high salt concentration.
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Fig. 1. Chromatographic analysis of rat liver extract. Rat liver was homogenized in per­
chloric acid containing 2-chloroadenosine, and the neutralized extract was purified on a
DEAE-Sephadex column as described in the text. The purified extract was analysed on
an ODS Hypersil column eluted isocratically with 6% acetonitrile in 8mM phosphate buf­
fer, pH 6.0, at a flow-rate of 3 ml/min. The retention times of 2-chloroadenosine and MTA
were 3.61 and 8.15 min, respectively.

Fig. 2. Ultraviolet absorption spectrum of authentic MTA and the MTA peak in liver ex­
tract. The solid line shows the absorption spectrum of MTA dissolved in phosphate buffer,
pH 6.0. The absorption spectrum of the MTA peak (... ) was obtained by repetitive analysis
of purified rat liver extract. The absorption of the effluent was monitored at the wave­
lengths indicated.

The lyophilized samples from the DEAE-Sephadex columns were analyzed
by reversed-phase liquid chromatography on a short (10 cm) highly efficient
(about 9000 theoretical plates) 3-~m ODS column eluted at high flow-rate
(3 ml/min). Baseline separation of MTA from interfering substances was
obtained, and the internal standard, 2-chloroadenosine, eluted just after the
solvent front (Fig. 1). Adenosine, S-adenosylhomocysteine, S-adenosylmeth­
ionine, inosine, adenine, and various oxypurines eluted at lower retention
times than MTA (data not shown). MTA in the tissue extract was identified
by its retention time relative to an authentic standard in various reversed­
phase systems (8 roM potassium dihydrogen phosphate pH 6.0 containing
6% acetonitrile or 10 roM potassium dihydrogen phosphate pH 6.0 contain­
ing 20-25% methanol), and in a cation-exchange system as described else­
where [10], by the increase in the MTA peak upon addition of MTA to the
tissue extract, and by the UV spectrum of MTA in the tissue extract (Fig. 2).
(Fig. 2).

The determination of MTA in tissue extracts was performed by compar­
ison of the area under the peak with that of known MTA standards. The
standard curve for MTA was linear in the range 0.2-30 ~M, and the amount
of MTA was calculated by calibrating the reporting integrator. The variable
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TABLE I

THE AMOUNT OF MTA IN VARIOUS TISSUES OF THE RAT

Tissue

Liver
Lung
Kidney
Testis
Heart
Ventral prostate

MTA (nmol/g wet wt)*

4.24 ± 0.13
1.31 ± 0.06
1.43 ± 0.06
0.62 ± 0.03
3.90 ± 0.15
2.00 ± 0.07

*The values are expressed as the mean ± S.E. of eight parallel determinations.

recovery of MTA during processing of tissue extracts was corrected for by
using 2-chloroadenosine as internal standard.

The amount of MTA in various tissues of the laboratory rat was deter­
mined with the present method, and the concentrations of MTA obtained
(Table I) compared with the tissue levels of MTA reported by others [7, 9] .
Using a low-noise, fixed-wavelength detector, equipped with a mercury lamp
(254 nm) and a relatively large flow-cell (18 pI), 2 pmol of MTA in tissue
extracts could be detected.
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Environmental toxicology, due to uncontrolled use and disposal of chem­
icals, is becoming a major health management problem. The recent introduc­
tion of chlorinated aromatic compounds into open pits and abandoned sub­
terranean oil wells introduces additional health hazards. 5-Chloroaminotoluene
(5-CAT) is one of these compounds noted to produce pathological situations
in both laboratory animals and man. In 1933 Currie [1] recorded cases of
hematuria that occurred from time to time among chemical workers that
packaged 5-CAT. Lehmann [2] noted hemorrhagic cystitis and destruction
of bladder epithelium in cats exposed to 5-CAT by skin contact. Recently,
Folland et al. [3] have reported acute hemorrhagic cystitis in industrial em­
ployees who handled the pesticide chlordimeform (CDM); 5-CAT was found
in the urine of these workers.

Few analytical procedures have been developed for analysis of 5-CAT in
biological media. Kossman et al. [4] reported colorimetric, thin-layer and
flame ionization detection gas chromatographic procedures for analysis of
5-CAT content in plant materials. Chemical and enzymatic degradation of
CDM yielded the product of 5-CAT which could be analyzed by instrumental
methods. The colorimetric and thin-layer chromatographic procedures had
detection limits of 1 pg 5-CAT per 50 g of crop material whereas a detection
limit of 50 ng 5-CAT per 50 g crop material was obtained by the flame ioniza­
tion gas chromatographic procedure. Geissbuhler et al. [5] developed an
electron capture gas chromatographic procedure for analysis of 5-CAT. This
method involved derivatization of 5-CAT via the Sandmeyer iodination reac­
tion giving the derivative electron capturable properties. The extraction pro­
cedure was extremely involved and the limit of detection by this method
was 50 ng per 50 g of crop material. Folland et al. [3] used a 'gas chromato-
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graphic method with a Coulson detector specific for halogens for analysis of
5-CAT.

As far as the authors can ascertain this paper represents the first high-per­
formance liquid chromatographic (HPLC) method for analysis of 5-CAT. The
compound is detectable in rat urine and feces up to three days following
single 100-mg/kg intraperitoneal injections. An internal standard of 2-chloro­
4-methylaniline (IS) is used for quantitation and the detection limit is 5 ng per
ml of 'urine or gram of feces. The extraction method is rapid requiring approx­
imately 60 min to process samples for HPLC analysis.

EXPERIMENTAL

Materials
The compounds used in this study, 5-chloroaminotoluene and 2-chloro-4­

methylaniline (internal standard), were purchased from Aldrich (Milwaukee,
WI, U.S.A.). Solvents of methanol and hexane (HPLC grade) were obtained
from J.T. Baker (Phillipsburg, NJ, U.S.A.). Standard solutions of 5-CAT and
internal standard were made by adding 20 mg each in 100-ml volumetric
flasks and dissolving in methanol-{).05 M KH2 P04 , pH 4.65 (60:40) (Sigma,
St. Louis, MO, U.S.A.). The stock solutions were prepared daily.

Instrumentation
HPLC was accomplished using a Beckman 345T ultraviolet-visible system

with 'a Hewlett-Packard 3390A integrator. Separation was performed on a
15 cm X 4.6 mm LD. 5-/lm ODS Altex column. A precolumn of 6 cm X
4.6 mm LD. contained 5-/lm Spherisorb ODS (Supelco, Bellefonte, PA,
U.S.A.). The column temperature was maintained at ambient temperature
(approx. 22°C). The mobile phase consisted of methanol-0.05 M KH2 P04 ,

pH 4.65 (60:40) at a flow-rate of 1 ml/min.

Sample collection and extraction
Adult male Sprague Dawley rats (Charles River, MA, U.S.A.) were used in

all experiments. Three animals were housed in separate metabolic cages during
each experiment for a total of five days and fed food and water ad libitum.
Each animal was weighed before experimentation and one was given 100 mg/kg
normal saline Lp. (control) and the other two were injected with 100 mg/kg
5-CAT Lp. (test rats). The three animals were given only a single injection at
the beginning of each five-day trial period at approximately 9 a.m.' Each
following morning at 9 a.m. the urine and feces content was collected, recorded
and frozen at _70°C and new metabolic collection tubes were replaced for
another 24-h collection period.

The extraction scheme is presented in Fig. 1. Analysis was performed after
all samples had been collected. To screw-topped PTFE-lined 20-ml glass cul­
ture tubes were added 500 /ll of internal standard and the solution dried by
an air stream. Then either 0.50 ml urine or 1.0 g feces (well homogenized in
5 ml water) was added with 1 ml of 10% sodium bicarbonate and 10 mlhexane.
The solutions were shaken for 10 min by hand and centrifuged at 500 g for
10 min. The organic layer was transferred to a new tube containing 0.50 ml of
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0.50 ml Urine
or

1 g Homogenizend Feces

A. 100 ug Internal Standard
(2-chloro-4-methyaniline)

B. 1 ml 10% Sodium Bicarbonate

C. 10 ml Hexane

D. Shake and Centrifuge - 10 minutes each

I Aqueous Layer I\-'----~ Organic Layer
(Discarded)

A. 0.5 ml of 0.10 N Sulfuric Acid

B. Shake and Centrifuge - 10 minutes

Organic Layer t-(---~
(Aspirated and ~_-,-~~-J

Discarded)

Fig. 1. Extraction scheme for 5-CAT from biological samples.

0.10 N sulfuric acid and shaken for 10 min and centrifuged at 500 g for 10
min. The organic layer was asperated from the tube and 20-pl injections of
the aqueous phase were injected onto the column. The recovery of 5-CAT
was found to be 75 ± 4% from spiked biological samples.

Standard curves
Standard curves were constructed by addition of 1, 3, 5, 7, 9 and 11 pg of

5-CAT and 500 pI of internal solution to 20 ml PTFE-lined glass culture tubes.
These solutions were then dried by a stream of air. To the tubes was added
either 0.5 ml of blank rat urine or 1 g of homogenized feces in 5 ml of water.
These solutions were then carried through the above reported extraction
procedure and 20 pI of each were injected onto the column. A least-squares fit
(r = 0.997) of the data was performed, resulting in the equation: y = 9.520x ­
0.083. This equation was constructed by plotting pmoles 5-CAT/pmol IS
versus the ratio of peak area 5-CAT/area IS. After the concentration (in pmol)
of 5-CAT was found the value was multiplied by its molecular weight
(142 g/mol) and divided by the ml or g of sample. The final values were re­
ported in pg 5-CAT per ml or g of biological sample.

RESULTS AND DISCUSSION

HPLC analysis
In Fig. 2a and b can be seen the analysis of 5-CAT from urine (a) and a

blank sample (b), respectively. Fig. 3a and b represents the separation of
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If-(~---12 MIN ---~-+)\

b

1f-(---12MIN----~) I
Fig. 2. HPLC analysis of 5-CAT and internal standard from rat urine two days following
Lp. injection (a). Analysis of rat urine of a control animal one day following Lp. injection
with normal saline (b) without addition of internal standard. Peak 1 is 5-CAT and peak 2
is the,internal standard.

a

If-(---12 MIN----~)I !f-(---12 MIN ------7) I

b

Fig. 3. HPLC analysis of 5-CAT and internal standard from rat feces two days following Lp.
injection (a). Analysis of rat feces from a control rat (without addition of internal standard)
two days following Lp. injection with normal saline (b). Peak 1 is 5-CAT and peak 2 is the
internal standard.

5-CAT and internal standard from feces (sample a) and blank feces (sample b),
respectively. The retention times of 5-CAT and IS are 8.20 and 10.53 min,
respectively. Positive identification of the samples in question is achieved by
peak superimposition (Le., by injection of 1 to 5 f.1g of 5-CAT standard with
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the previously extracted sample and observing the increase in peak area at its
corresponding retention time).

The limit of detection (2:1 signal-to-noise) of this procedure is 5 ng 5-CAT
per ml urine or g feces. Repetitive injections of standards gave good repro­
ducibility of reter;ttion times (C.V., ± 2.1%) at the 100-ng level. Standard
curves were linear in the range of 100 ng to 15 Jlg 5-CAT and day-to-day
reproducibility varied less than 3.0% (C.V.). Standard stock solutions of this
compound and its internal standard were stable at least one week when stored
at _70°C. Samples extracted from urine or feces gave reproducible results of
±3.5% (C.V.) for two-day duration when stored at -20 or -70°C. However,
extracted samples left at room temperature or _4°C had variable losses of up
to 25% within 24 h following the extraction and upwards of 50-60% when
left at room temperature (approx. 22°C), or -4°C, when analyzed at 48 h.
Therefore, it is suggested that all samples should be quantitated immediately
within 4-6 h following separation from the biological media unless precau­
tions are taken to store the samples at the lower temperatures as mentioned
previously.

Pharmacokinetic study in rats
Three rats were studied during each experiment of five-days duration. One

rat was injected Lp. with 100 mg/kg of normal saline and two rats were in­
jected Lp. with 100 mg/kg of 5-CAT as described in the Experimental section.
Table I presents the data obtained from this study of the urinary excretion of
5-CAT. This compound was detectable up to three days following injection
before its concentration fell below the limits of detection of the analytical
methodology. A total of eighteen rats were carried through this experiment
and 5-CAT was never detectable on the fourth day of experimentation. Semi­
log plots of concentration versus time were constructed and the elimination
half-life was determined to be 16.5 h.

TABLE I

AVERAGE URINARY EXCRETION DATA OBTAINED FROM RATS IN THIS STUDY

Day Urine (j.lg/ml ± S.D.) (n = 18)

1 161.3 ± 15.9
2 20.8 ± 5.6
3 4.2 ± 1.9

CONCLUSION

A sensitive and selective analytical technique has been developed for the
quantitation of 5-CAT in rats. The emphasis of this work was on the rapid
extraction and analysis of low-nanogram amounts of this compound in biolog­
ical tissue. A structurally similar internal standard was used for quantitation
and was well resolved from the compound under investigation and any inter­
fering components. A pharmacokinetic investigation carried out demonstrated
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the usefulness of this technique and revealed a 16.5·h half·life in rats following
a single i.p. injection. Further studies of the pharmacokinetics of 5·CAT in rats
and the possible metabolites are currently under investigation in this laboratory.
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The important ~-adrenergic antagonist propranolol [1-isopropylamino-3­
(1-naphthoxy)-2-propanol] is used clinically as the racemic mixture of the
R-(+) and S-(-) isomers. The pharmacological properties of the enantiomers,
however, are quite different, and the {J-adrenergic blocking activity resides in
the S-(-) isomer [1,2]. This observation has generated considerable interest
in the chromatographic resolution of the enantiomers for analytical and
preparative purposes. The most frequently used approach to this problem
appears to be derivatization of the drug with a chiral reagent, followed by
chromatographic resolution of the resulting diastereomers. Using gas-liquid
chromatography (GLC), the propranolol enantiomers have been resolved as the
derivatives formed with N-trifluoroacetyl-S-prolyl chloride (TPC) [3] or with
S-(-)-l-phenylethyl isocyanate (PEIC) [4]. High-performance liquid chromato­
graphy (HPLC) has also been used for the resolution of propranolol, employing
TPC [5,6], PEIC [4], tert.-butoxycarbonyl-L-alanine anhydride [7], or tert.­
butoxycarbonyl-L-Ieucine anhydride [7] as the chiral derivatizing reagent.
The latter two amino acid anhydrides have significant disadvantages in that
they are not commercially available, and the derivatization procedure is rather
elaborate. TPC also suffers from a disadvantage inasmuch as commercial
samples contain 6-10% of the R-proline-derived enantiomer arising from
partial racemization during the synthesis or storage of the reagent [6,8,9].

Other approaches to the chromatographic resolution of propranolol appear
to be limited to an HPLC procedure using ion-pair chromatography with a
chiral ion in the mobile-phase [10].

Other ~-adrenergic antagonists related to propranolol in chemical structure
have been studied less extensively. Alprenolol, oxprenolol, atenolol, pindolol,

0378-4347/83/$03.00 © 1983 Elsevier Science Publishers B.V.
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4-hydroxypropranolol, pronethalol and nifenalol have been resolved using a
complex derivatization scheme based on TPC, followed by capillary GLC [3].
HPLC was applied to the resolution of the enantiomers of alprenolol and
metoprolol, using the above-cited amino acid anhydrides [11], or with a chiral
ion in the stationary phase [10].

In this communication, we describe a new and convenient HPLC method for
the resolution of the enantiomers of propranolol and ten other, related, com­
pounds.

EXPERIMENTAL

Chemicals and reagents
(-)-Alprenolol was purchased from Sigma (St. Louis, MO, U.S.A.). The

following compounds were generously donated: (+)-alprenolol (Vega Bio­
chemicals, Tucson, AZ, U.S.A.), (±)-propranolol, (-)-propranolol,
(±)-pronethalol, and (±)-deacetylpractolol (Ayerst Labs., New York, NY,
U.S.A.); (±)-4-hydroxypropranolol (Dr. John Thompson, School of Pharmacy,
University of Colorado); (±)-metoprolol (CIBA Pharmaceutical, Summit, NJ,
U.S.A.); (±)-pindolol (Mr. Allen Chapman, Pharmacy, University of Colorado
Health Sciences Center); (-)-pindolol (Dr. Nancy Zahniser, School of Medicine,
University of Colorado); (±)-sotalol and (±)-atenolol (Dr. John Gerber, School
of Medicine, University of Colorado); (±)-bupranolol and (-)-bupranolol (Dr.
Thomas Dunwiddie, School of Medicine, University of Colorado), and
(±)-practolol (Dr. Joe Masserano, School of Medicine, University of Colorado).

The chiral reagents, 2,3,4-tri-O-acetyl-a-D-arabinopyranosYl isothiocyanate
(AITC) and 2,3,4,6-tetra-O-acetyl-!3-D-glucopyranosyl isothiocyanate (GITC)
were purchased from Polysciences (Warrington, PA, U.S.A.), acetonitrile
(distilled-in-glass grade) from Burdick and Jackson Labs. (Muskegon, MI,
U.S.A.), ---.d ammoniUJ;n phosphate monobasic from J.T. Baker (Phillipsburg,
NJ, U.S.A.).

Chromatography
A Waters (Milford, MA, U.S.A.) HPLC system consisting of a Model M-45

and a Model M-6000 solvent delivery system, a Model U6K injector, a Model
440 absorbance detector, and a Model 660 solvent programmer was used. The
Model M-45 solvent delivery system delivered acetonitrile, while the Model
M-6000 pump delivered a 0.02 M aqueous ammonium phosphate solution.
The two liquids were mixed in the M-6000 pump under the control of the
solvent programmer. Mixtures of various compositions were used (Table I),
and each mixture was delivered to the chromatographic column in the isocratic
mode. Separations were carried out on a Beckmann Instruments (Berkeley,
CA, U.S.A.) Ultrasphere ODS 5-pm 150 mm X 4.6 mm reversed-phase column.
The column effluent was monitored at 254 nm. Chromatograms were recorded
using a Hewlett-Packard (Avondale, PA, U.S.A.) Model 3380 A electronic
integrator.

Preparation of deriva·tives
A I-mg sample of the compound to be derivatized, in the free base form, was
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TABLE I

RESOLUTION OF /3-ADRENERGIC ANT AGONISTS WITH AITC OR GITC

Chromatographic and derivatization conditions are given in the Experimental section.

Compound Retention time (min) of diastereomers* Percent Separation
formed with acetonitrile factor***

in mobile (a)
GITC AITC phase**

GITC AITC GITC AITC

Propranolol 8.4 S-(-) 10.5 R-(+) 8.7 R-(+) 9.8 S-(-) 58 56 1.28 1.14
Pindolol 8.6 S-(-) 10.4 R-(+) 6.5 R-(+) 7.0 S-(-) 47 47 1.24 1.09
Alprenolol 6.4 S-(-) 7.7 R-(+) 5.8 R-(+) 6.5 S-(-) 65 65 1.24 1.15
Bupranolol 4.3 (-) 5.0 (+) 4.0 (+) 4.3 (-) 75 75 1.21 1.10
Atenolol 5.3 6.4 4.4 4.7 40 37 1.26 1.09
Pronethalol 6.8 8.7 6.8 8.1 58 56 1.28 1.22
Metoprolol 4.8 5.7 4.8 5.2 58 56 1.24 1.11
4-Hydroxypropranolol 9.2 11.3 6.9 7.5 50 50 1.26 1.10
Practolol 7.9 9.8 5.9 6.5 40 37 1.28 1.12
Deacetylpractolol 7.9 9.8 6.4 7.1 40 37 1.28 1.13
Sotalol 7.3 8.7 5.4 5.9 44 44 1.22 1.11

*When known, the identity of the drug enantiomer from which the diastereomer derives is given.
**Remainder of mobile phase aqueous ammonium phosphate as described in the Experimental section.
***Separation factor, defined in ref. 12.

treated with 200 J,Ll of acetonitrile containing 2 mg of AITC or GITC in a test
tube. The tube was tightly capped, swirl-mixed (vortex), and allowed to stand
at room temperature for 30 min. Aliquots (5-10 J,Ll) were then injected into
the HPLC system.

RESULTS AND DISCUSSION

The chiral reagents GITC and AITC were recently described and applied to
the HPLC resolution of enantiomeric amino acids [13,14] and the enantiomers
of epinephrine and norepinephrine [15] . The isothiocyanato group reacts
rapidly and selectively with primary and secondary amines under mild condi­
tions to form the corresponding thiourea derivatives [13--15]. Since
propranolol and related l3-adrenergic antagonists are, in general, secondary
amines, it appeared worthwhile to examine the applicability of GITC and AITC
to the resolution of the enantiomers of these drugs. The results are collected
in Table 1. The enantiomers of each compound in Table I were well resolved
as their GITC derivatives by reversed-phase HPLC; indeed, base-line resolution
was achieved in each case, and the chromatographic peaks were remarkably
narrow. Representative examples are shown in Fig. 1. The separation factor, a:
(Table I), remained surprisingly constant within the GITC series considering
the wide variation in structure represented by the compounds studied.
Individual enantiomers were available for four of the compounds, permitting
the identification of the elution order of the diastereomeric derivatives. The
diastereomer derived from GITC and the S-(-) enantiomer of propranolol,
pindolol or alprenolol elutes before the diastereomer from the corresponding
R-(+) enantiomer (Table I). The absolute configuration of bupranolol has not
been published, but the levorotatory enantiomer of this drug also provided a
GITC derivative with a shorter retention time than that of the diastereomer
derived from (+)-bupranolol.
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Fig. 1. Resolution of the enantiomers of (a) propranolol and (b) metoprolol as their GITC
derivatives. The chromatographic conditions are given in the text and in Table 1.

The diastereomers formed from AITC were in general considerably less-well
resolved than the corresponding GITC derivatives (Table I). AITC is therefore
not recommended for the separation of the enantiomers of the compounds
listed in Table 1. Interestingly, the order of elution of the diastereomers from
AITC was the reverse of the order of elution of the GITC derivatives: the
product from the reaction of AITC and the dextrorotatory drug elutes first in
each instance (Table I). Such reversal of elution order was previously observed
in the chromatography of the AITC and GITC derivatives of amino acids and
catecholamines [13-15], and it was suggested that this phenomenon may be
related to conformational differences between the two acetylglucosyl residues,
especially at the anomeric carbon atom [14].

The procedure has several major advantages over previously described tech­
niques: the derivatization is extremely simple; the chiral reagent is
commercially available and is chemically and stereochemically stable; and base~

line resolution of the diastereomers is achieved within a remarkably short
analysis time. The procedure for the resolution of the enantiomers was not
applied to the analysis of these compounds in biological fluids, but it appears
that the technique may be adaptable to this purpose, since thiourea derivatives
appear to be very sensitive to UV detection [13,14]. Further study will be
required to confirm this expectation.

In conclusion, derivatization of propranolol and other f3-adrehergic
antagonists with GITC is a useful technique for the separation of their
enantiomers by HPLC.
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Metoprolol is a cardioselective ~-adrenoceptor antagonist which has been
shown to be effective in the management of hypertension [1,2], angina
pectoris [3], and cardiac arrhythmias [4]. Monitoring the concentration of the
drug in blood plasma can be helpful in maintaining optimum dosage [5],
and is also needed in pharmacokinetic and some pharmacodynamic studies.
Published methods for the determination of metoprolol in plasma include
procedures based on gas chromatography [6-8], radioisotopes [9,10], gas
chromatography-mass spectrometry [11] and high-performance liquid
chromatography (HPLC) [12-16]. The HPLC methods are all based on
fluorescence detection and appear useful, but some have significant drawbacks,
e.g., lack of use of an internal standard [13,16], interference from other drugs
[15], unduly long (26 min) retention times [14], long (1 h) extraction time
[14], low drug recovery [12,13], or elaborate derivatization schemes [16].

Some time ago we developed a simple HPLC method for the determination
of metoprolol in human plasma, and used it in pharmacological studies [17]
of the drug. In this communication, we describe the analytical procedure.

EXPERIMENTAL

Chemicals
Metoprolol tartrate was obtained from Ciba Pharmaceutical (Summit,

NJ, U.S.A.), and alprenolol tartrate was purchased from Sigma (St. Louis, MO,
U.S.A.). Sodium hydroxide, hydrochloric acid, 0.1 N, and sulfuric acid, 0.1 N,
all Baker Analyzed reagent-grade, and phosphoric acid (85%, Fisher Scientific,
Pittsburgh, PA, U.S.A.) were obtained from routine chemical suppliers.

0378-4347/83/$03.00 © 1983 Elsevier Science Publishers B.V.
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Methanol, acetonitrile, and n-butyl chloride, all distilled-in-glass grade, were
from Burdick and Jackson Labs. (Muskegon, MI, U.S.A.). Human blood plasma
was provided by the Belle Bonfils Memorial Blood Bank of the University of
Colorado Health Sciences Center. Water used was twice distilled.

Standards
Stock solutions of metoprolol tartrate and alprenolol tartrate at 50 tlgfml

free-base concentration were prepared in 0.01 N hydrochloric acid and were
stored at 4-6°C. The working internal standard was prepared by diluting the
stock alprenolol solution with 0.01 N hydrochloric acid to a concentration of
500 ngfml. Metoprolol standards in plasma were obtained by appropriate
dilutions of the stock solution with plasma to achieve free-base concentrations
of 5, 10, 25, 50, 100, 250 and 500 ngfml.

Chromatography
A Waters Assoc. (Milford, MA, U.S.A.) Model U6K injector and Model

6000A pump were used in combination with a Hitachi-Perkin-Elmer (Norwalk,
CT, U.S.A.) Model 204-A fluorescence detector. The mobile phase, delivered at
2.0 mlfmin, was prepared by mixing 150 ml acetonitrile, 300 ml methanol and
550 ml water, and adjusting the acidity of the mixture to pH 3.0 with phos­
phoric acid. The chromatographic column, 30 X 3.9 mm, contained octadecyl­
silane reversed-phase (tlBondapak C18 , Waters) of 10-tlm particle size. The
detector was operated at 275 and 300 nm excitation and emission wavelengths,
respectively.

Procedure
To a l.O-ml aliquot of the sample (standard or patient plasma) in a 12-ml

conical extraction tube were added 0.5 ml of the working internal standard
solution, 0.1 ml of 2 N sodium hydroxide and 3.0 ml of n-butyl chloride. The
mixture was shaken vigorously for 30 sec, followed by centrifugation at 500 g
for 2 min. The organic (top) layer was then transferred to another conical
tube, and 0.1 ml of 0.1 N sulfuric acid was added. The mixture was mixed on
a vortex-type mixer, followed by centrif\lgation at 500 g for 1 min. Most of the
organic (top) layer was removed by aspiration and discarded, and 20 tll of the
aqueous layer was injected into the HPLC system.

Calculations
The standard curve was defined by linear-least-squares regression analysis of

the data obtained from the spiked plasma samples. The concentration of
metoprolol in the unknown samples was determined from the standard curve.

RESULTS

Fig. 1 shows the chromatogram of metoprolol and alprenolol in the HPLC
system used. The retention times are: metoprolol, 2.8 min; alprenolol, 6.0 min.
The overall recoveries of metoprolol and alprenolol were 74 ± 3% and 74 ± 4%,
respectively (n = 5). The method was evaluated over the metoprolol
concentration range of 5-500 ngfml, and was found to be linear, with



Fig. 1. (a) Chromatogram obtained upon analysis of blank plasma without addition of
internal standard; (b) chromatogram of standard metoprolol (M) and alprenolol (A);
(c) chromatogram obtained upon analysis of plasma of volunteer receiving metoprolol.
Concentration of metoprolol: 79 ng/ml. The unknown peak may be due to a-hydroxy­
metoprolol, see Discussion.

metoprolol :alprenolol peak height = 0.010 metoprolol concentration ~ 0.001
(r = 0.998) being a typical least-squares regression line. The minimum
detectable amount (peak height = 3 X baseline noise) was 2 ng/ml. The analysis
of ten plasma samples containing metoprolol at 100 ng/ml concentration
yielded an intra-assay (within-day) mean value of 99 ng/ml and a coefficient of
variation (C.V.) of 4.1%. The corresponding values for inter-assay (day-to-day)
were 98 ng/ml and a C.V. of 6.7%.

Interference from other drugs was studied including hydralazine, prazosin,
furosemide, lidocaine, digoxin, quinidine, procainamide, N-acetylprocainamide,
propranolol, salicylic acid, acetaminophen and diazepam. Plasma samples
containing high therapeutic concentrations of the potentially interfering drug
were analyzed by the procedure for metoprolol and were found to produce no
interfering peaks.

DISCUSSION

Alprenolol was selected to serve as internal standard in the determination of
metoprolol. The two compounds are very similar in chemical structure (Fig. 2),
and the extraction, chromatographic, and fluorescence properties of alprenolol
make it highly suitable for the role of internal standard. In addition, alprenolol
is readily available from a commercial supplier at low cost (where internal
standards are used in previously published HPLC procedures [12,14,15] the
compounds are not routinely available from commercial suppliers, but must be
obtained as gifts from pharmaceutical companies, a constraint we find
somewhat inconvenient). While alprenolol is not available for routine clinical
use in the United States, it is marketed in some countries. However, metoprolol
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and alprenolol are not normally administered together, and therefore the two
drugs are generally not present simultaneously in patients. Nonetheless, it
should be noted that this procedure cannot be used if alprenolol (other than
that added as internal standard) is present in the sample (the presence of
alprenolol in a sample can be readily determined by analyzing it without
addition of internal standard).

Among the previously published HPLC procedures for metoprolol only one
used monochromators for both excitation and emission, set at 280 and 300
nm, respectively [13]. In our HPLC system, slightly greater sensitivity was
achieved by using 275 instead of 280 nm for excitation.

Among the metabolites of metoprolol [18] only the basic compounds
a-hydroxymetoprolol (Fig. 2) and O-demethylmetoprolol (Fig. 2) would be
extracted from alkalinized plasma. O-demethylmetoprolol is rapidly further
oxidized in vivo and negligible amounts are found in plasma [19]. a-Hydroxy­
metoprolol has been detected in human plasma at concentrations reaching
ca. 50% of those of metoprolol [19,20]. We did not evaluate the chromato­
graphic behavior of this metabolite, but in view of its chemical structure
(Fig. 2) it is expected to have a shorter tR value than that of metoprolol in
reversed-phase HPLC, as has been found by others [15]. Indeed, a peak with a
tR of 1.7 min appeared in the chromatogram upon analysis of plasma samples
from volunteers receiving metoprolol (Fig. 1). The peak was not present in
blank plasma-derived chromatograms, and may well be due to a-hydroxy­
metoprolol.

The procedure described is selective, simple, rapid, and displays good
accuracy and precision. Furthermore, the same HPLC column and mobile phase
can be use.d (with different fluorescence monochromator settings) for the
determination of the concentration of propranolol [21] and salicylate [22]
in plasma.
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Almitrine (I) is a new peripheral chemoreceptor [1,2] agonist for treatment
of hypoxia and/or hypercapnia which improves ventilation perfusion inequality
[3-5]. Almitrine is currently under phase II investigation in the U.S.A. for use
in chronic obstructive lung disease in studies sponsored by the Amaric Corpora­
tion, Mentor, OR, U.S.A. This drug also has potential usefulness in other con­
ditions in which oxygen delivery is impaired.

Studies of the pharmacokinetics of almitrine require a separation system
with high selectivity and high sensitivity because of the minor chemical differ­
ences between ahnitrine and those of endogenous compounds. This paper
presents a method for the separation, detection and quantitation of ahnitrine
by reversed-phase high-performance liquid chromatography (RPLC). The

0378-4347/83/$03.00 © 1983 Elsevier Science Publishers B. V.
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method is comparable in sensitivity and reproducibility to the gas-liquid
chromatography (GLC) method of Baune et al. [6] with nitrogen-phosphorus
detection.

EXPERIMENTAL

Chemicals
Almitrine bis mesylate, 2,4-(2-propenylamino)-6- [N4 -(di-p-fluorophenyl­

methyl)-I-piperazinyl] -1,3,5-triazine bis mesylate, and S-2082 (internal stan­
dard, the dimethylated derivative of almitrine bis mesylate) (Fig. 1) were sup­
plied by Technologie Servier, Orleans (France). HPLC grade acetonitrile, 2­
propanol and cyclohexane were obtained from Fisher Scientific. All other
chemicals were analytical reagent grade obtained from Fisher Scientific. _

Almitrine bis mesylate

F

6 NH-CH -CH =CH-CH
~ r\ N=\ 2 3

N-C-N N-<, N 2 CH
3

S0
3

H

¢ '---/ N --4'
I -.;::: NH-CH -CH =CH-CH

.. 2 3
~

F

2082 (Internal standard)

Fig. 1. Structures of almitrine bis mesylate and S-2082 bis mesylate (internal standard).

Standard solutions
Standard solutions of almitrine and S-2082 were prepared as their bis mesyl­

ate salts (MW 670 and 698 respectively) in acetonitrile at a concentration of
10 pgjml. As necessary the almitrine solution was diluted with acetonitrile to
produce solutions of desired concentration. Spiked-plasma samples, containing
7.1 to 1000 ngjml almitrine base (MW 476), were prepared in duplicate by
adding 20 to'140 pI of the appropriate solution to 1 ml of heparinized human
plasma. Internal standard, 145 ngjml S-2082 base, was added to each duplicate
spiked-plasma sample of the standard curve. The resulting solution was mixed
thoroughly on a Vortex mixer.
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A Waters Assoc. (Milford, MA, U.S.A.) 6000A pump was used in conjunc­
tion with a Bio-Rad Model 1305 variable-wavelength UV detector operated at
225 nm and an IBM Instrument 9540, chromatography data integrator, attenu­
ated to 1 mV full scale at 0.20 em/min.

Injections were made with a Waters Assoc. WISP nOB with a 200-,u1 sample
loop. The separation was performed on a Waters Assoc. radial compression
module 10-,um CIS column.

Mobile phase
Acetonitrile-2-propanol-0.006 M KzHP04 buffer pH 7.8 (66.7:8.3:25)

was used as the mobile phase at a flow-rate of 1.6 ml/min (pressure drop 35
atm) with development being carried out at room temperature (21-24° C). The
mobile phase was filtered through a 0.2-,um Nylon-66 membrane filter and
degassed under'vacuum immediately before use.

Limited volume inserts (LVI) for the injector as well as other reusable glass­
ware were cleaned by immersion over night in 95% ethanol. The LVI's were
rinsed with mobile phase three times and dried in a 75°C oven. Note: care must
be exercised in cleaning glassware as even slight contamination will distort the
chromatogram.

Assay procedure
Blood samples (6 ml) were collected in heparinized glass tubes. Plasma was

obtained by centrifugation. A 20-,u1 volume of internal standard (containing
145 ng/ml S-2082 base) was added to the I-ml plasma samples and mixed on a
Vortex mixer. One ml of acetonitrile was added to each of the duplicate
samples. The samples were mixed on a Vortex mixer for 15 sec, allowed to
stand at room temperature for 25-30 min and centrifuged at 4100 g for 10
min at 4° C. The resulting supernatant was decanted into ethanol-washed 12
X 75 mm disposable glass tubes containing 20 ,ul of 5 M NaOH. The protein
precipitate was discarded. The alkalinized supernatant was then extracted
twice with 1 ml of cyclohexane by mixing vigorously on a Vortex for 30 sec.
The layers were separated by centrifugation for 10 min at 4100 gat 7° C. The
organic layers were transferred by pasteur pipette after each centrifugation to
an evaporation tube. The combined organic layers were subsequently evapo­
rated to dryness at 40° C under a gentle stream of nitrogen. The residue was
redissolved in 100 ,ul of mobile phase solvent and transferred to an LVI. A
sample of 35,u1 was injected into the liquid chromatograph.

Calibration graphs
Almitrine concentrations were calculated with the aid of a calibration

graph. Spiked plasma samples were processed as described in the assay proce­
dure. Peak heights were calculated and plotted against known plasma concen­
trations. The slopes of the calibration curves and correlation coefficients
were calculated by using a linear regression analysis program on an Apple II
Plus computer.

Recovery
Recoveries of almitrine at different concentrations were determined by

comparison of the extracted spiked plasma (Rd to direct injection of almitrine
in mobile phase solvent (Rz ). Recovery (%) = RdRz X 100.



212

Comparison of HPLC vs. GLC
Results obtained in our laboratory using the HPLC technique were compared

with results from Bromet's laboratory using the GC nitrogen-phosphorus
detection technique. Blood samples obtained after a 200-mg oral dose of almi­
trine, were split after centrifugation. A portion of the sample was retained for
analysis by HPLC and the rest was sent to Bromet's laIDoratory for analysis
by GC with nitrogen-phosphorus detection. When the comparison was made
only the topmost organic layer from the extraction was used in the HPLC
anaIysis.

RESULTS

Standard curves were linear over a concentration range of 7.l- to 1000 ngjml
base. The correlation coefficients of the calibration graphs were found to be
0.995 ± 0.003 (n = 18). Recoveries from plasma were calculated for almitrine
in the range of 7.1 to 1000 ngjml. Recoveries were consistent over this range
with a mean value of 98 ± 3%. In our preliminary precipitation-extraction
procedure only the top layer of the three-layer extraction solution was remov­
ed with recoveries of 62 ± 3% from 7.1 to 500 ng/ml.

The lower limit of quantitation in plasma is 1 ngjml using 1 ml of plasma
However, interferences from endogenous components in plasma have a great
influence on the signal-to-noise ratio, which ultimately determine the detection
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Fig. 2. Chromatograms of (a) spiked plasma containing 7.1 ngjml almitrine base and 25
ng/ml S-2082 base, (b) spiked plasma containil).g 25 ng/ml S-2082 base, and (C) subject
plasma sample 8 h post 200 mg oral dose of almitrine bis mesylate.
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Fig. 3. Method comparison: determination of almitrine (base) by HPLC UV (e) and GC
nitrogen-phosphorus (,,) for the same human subject after oral administration of 200 mg
of almitrine.

limit. Fig. 2a illustrates a chromatogram obtained from the analysis of a spiked
plasma sample containing 25 ngjml 8-2082. The chromatogram in Fig. 2b
contains both 7.1 ngjml almitrine and 25 ngjml 8-2082. Fig. 2c illustrates a
chromatogram from a subject sample obtained 8 h after oral administration
of almitrine bis mesylate. In single-dose experiments in volunteers, almitrine
appeared rapidly in the circulation after oral administration. Peak plasma
levels were generally reached 3 h after intake and were 173-607 ngjml for the
200-mg dose. The plasma half life from these data assuming a two-compartment
model was approximately 40 h. Even though our preliminary extraction
procedure was not quantitative, recoveries were consistent. Comparison of
the results from each laboratory suggests that the values are in good agreement
and that the methodologies are comparable. Fig. 3 shows a comparison of a
plasma concentration-time curve obtained by the HPLC and GC methods
after single-dose 200 mg oral administration.

DISCUSSION

Reversed-phase chromatography was chosen as the separation mode because
it offers excellent column stability. This is particularly important for routine
analysis. Various solid stationary phases were investigated. We chose a chemi­
cally modified silica gel as the adsorbent because of high capacity factors
(K') that could be obtained and which preserved the separation between almi­
trine and the internal standard.

The use of the solvent system as described effected a good separation among
endogenous plasma -components, almitrine and the internal standard with
relatively low viscosity. The separation could be optimized by varying the
mobile-phase composition, especially by changing the 2-propanol concentra-
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tion to maximize the capacity factor and still achieve separation from endo­
genous components.

Several different isolation procedures were developed for separating almi­
trine from the other constituents in plasma Almitrine is tightly bound to
plasma proteins but direct precipitation of protein using acetonitrile (1: 1)
yielded good recovery of almitrine in the microgram-per-milliliter range. With
precipitation alone, however, sensitivity of the method was not sufficient to
follow the concentrations of almitrine contained in plasma after low to mod­
erate dosage regimens. An extraction procedure appeared to be necessary but
we wished to avoid some of the difficulties in the method of Baune et al. [6]
(e.g., the internal standard was not added until the final extraction step and
large volumes of the extracting solvent were used). We devised a combined
precipitation-extraction procedure to minimize the volume of solvents, time
of sample preparation for routine analysis, and still obtain quantitative recov­
ery.

Acetonitrile precipitation was used to separate almitrine and the internal
standard from plasma protein. After centrifugation the supernatant was alka­
linized to enhance the extraction of the internal standard. An extraction was
then performed by extracting the aqueous mixture twice with 1 ml of cyclo­
hexane. After the first extraction and centrifugation there was a three-layer
system. After assaying each of the layers, it was determined that the top two
layers contained almitrine and S-2082. These layers were removed and were
transferred to an evaporation tube. After the second extraction and centrifuga­
tion there were only two layers. The upper layer from the second extraction
was also transferred to the evaporation tube. Combination of the two upper
layers from the first extraction and the one upper layer from the second
extraction results in recoveries of 98 ± 3%. In order to be able to determine
concentrations at the lower nanogram-per-milliliter level, the combined organic
layers must be evaporated and the residue redissolved in a minimum amount
of mobile-phase solvent. The residue was readily redissolved in 100 pI of mobile
phase by shaking the tube on a Vortex mixer for a few seconds.

The method is at present being used to quantitate levels in plasma after
oral administration of almitrine to volunteers as well as patients with chronic
obstructive pulmonary disease (COPD). We have completed over 1000 samples
with the preliminary extraction procedure and 200 with the procedure report­
ed in this communication. We feel that this method offers a highly sensitive and
specific alternative method for the routine analysis of almitrine in plasma.

ACKNOWLEDGEMENT

We wish to thank Amaric Corporation for their support during development
of this procedure.

REFERENCES

1 M. Laubie and F. Diot, J. Phannacol. (Paris), 3 (1972) 363.
2 M. Lal,lbie and H. Schmitt, Europ. J. Phannacol., 61 (1980) 125.



215

3 D. Rigaud, F. Dubois, J. Godart and C. Paramelle, Amer. Rev. Resp. Dis., 123 (1981)
112.

4 D. Rigaud, F. Dubois, J. Boutet, C. Brambilla, A. Verain and B. Paramelle, Rev. Fr.
Mal. Respir., 8 (1980) 605.

5 D. Rigaud, F. Dubois, J. Godart, J. Boutet and B. Paramelle, Lyon Med., 245 (1981)
491.

6 A. Baune, N. Bromet, S. Courte and C. Voisin, J. Chromatogr., 223 (1981) 219.



216

Journal of Chromatography, 278 (1983) 216-219
Biomedical Applications
Elsevier Science Publishers B.V., Amsterdam - Printed in The Netherlands

CHROMBIO. 1816

Note

Determination of alcuronium dichloride in plasma by high-performance liquid
chromatography without solvent extraction

CLIVE TOVEY, DAVID W.A. BOURNE* and JENNY SCHNEIDER

Department of Pharmacy, University of Queensland, St. Lucia, Queensland (Australia)

IAN D. STEPHENS

Mater Misericordiae Public Hospital, South Brisbane, Queensland (Australia)

and

EDWARD J. TRIGGS

Department of Pharmacy, University of Queensland, St. Lucia, Queensland (Australia)

(First received February 25th, 1983; revised manuscript received June 6th, 1983)

A number of analytical procedures have been used for the determination
of the neuromuscular blocking agent alcuronium dichloride (diallyl­
nortoxiferine, Alloferin) and include bioassay [1], assay of radioactively
labelled drug [2] and a spectrofluorimetric technique involving extraction with
rose-bengal [3].

A high-performance liquid chromatographic (HPLC) method has recently
been reported [4] for the assay of plasma samples of alcuronium dichloride.
The method uses ion-pair extraction of the picrate salt to isolate the drug
followed by chromatographic separation and ultraviolet detection,
dctubocurarine chloride being used as an internal standard. A major
disadvantage of this method is that it involves a time-consuming extraction step
of 5 h and an evaporation process. Each plasma determination also requires
1 ml of plasma which necessitates taking quite a large total volume of blood
from patients if one wishes to do detailed pharmacokinetic studies.

A new selective, rapid and sensitive method for the determination of
alcuronium dichloride in 250 J.LI of plasma is the subject of this report.

0378-4347/83/$03.00 ©1983 Elsevier Science Publishers RV.
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EXPERIMENTAL

Standards and reagents
Acetonitrile and methanol were HPLC grade (Waters Assoc., Milford, MA,

U.S.A.) and potassium dihydrogen orthophosphate was AR grade (Ajax
Chemicals, Sydney, Australia). Alcuronium dichloride was a gift from Roche
Products (Sydney, Australia) and a stock solution of 0.2 mg in 1 ml was
prepared in distilled water and stored at 4°C until required.

Instrumentation
Reversed-phase HPLC was performed using a Waters Model M45 solvent

delivery system, a Rheodyne Model 7125 40-J.ll injector and a Brownlee RP-8
column (25 cm X 4.6 mm LD., 10 J.lm particle size). A Rheodyne column inlet
filter (Model 7302) was placed between the injection valve and column. An
Omniscribe recorder (Houston Instruments) was used in conjunction with a
LC-4A amperometric detector (BioAnalytical Systems) and an LC-17 oxidative
flow-cell. The LC-17 flow-cell is composed of a TL-5 cube with a glassy carbon
working electrode and a silver/silver chloride reference electrode. Injections
were made with a 100-J.ll SGE syringe.

Assay procedure
To 250 J.ll of plasma were added 500 J.ll of acetonitrile. This solution was

vortexed for 1 min, then centrifuged at approximately 2000 g for 5 min. An
aliquot (40 J.ll) of the clear supernatant was injected onto the column. The
mobile phase consisted of acetonitrile-0.001 M potassium dihydrogen ortho­
phosphate-methanol (10: 22 : 68). The chromatogram was run at ambient
temperature with a flow-rate of 1. 5 ml/min. The electrochemical detector was
operated with an applied voltage of 1.0 V and the recorder at a setting of
10 mV and a chart speed of 2.5 mm/min. The procedure was standardised by
analysing drug-free plasma samples spiked with known quantities of alcuronium
dichloride solution. Peak heights were used to establish calibration curves.

RESULTS AND DISCUSSION

This assay procedure produces a good, almost noise-free baseline after the
initial plasma. peaks except for one endogenous plasma peak with a retention
time of 16 min (Fig. 1B), the alcuronium peak having a retention time of
12 min. (Fig. 1A).

It has been reported [5] that direct injection of plasma sampIes onto a
reversed-phase column leads to an increase in back pressure of the system due
to proteinaceous materials being deposited onto the head of the column. To
avoid this problem we used a column inlet filter between the injector and
column to protect the column inlet frit from being blocked. These inline filters
are inexpensive, easily replaced and there seems to be no loss of resolution.
In our preliminary work we initially diluted plasma with an equal volume of
acetonitrile but found that the filter needed to be changed regularly. Now
that we dilute the plasma with a two-fold volume of acetonitrile we have
had no problem with increasing back pressure and the operating pressure
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Fig. 1. Chromatograms of (A) plasma spiked with alcuronium dichloride (ale) at a concentra­
tion of 1 /Lg/ml; (B) patient plasma collected at zero time, and (C) patient plasma collected
at 10 min after drug administration, concentration approximately 1.1 jlg/ml.

remains at approximately 7 MPa. The filters are changed occasionally when the
operating pressure rises above 10 MPa.

The analytical method reported here is selective and linear calibration curves
were derived over the range 0.1--6.0 pg/ml of alcuronium dichloride giving a
correlation coefficient greater than 0.995. There is no extraction or
evaporation step and an internal standard is not needed. The sensitivity for this
method is at least equal to the previously described procedure (0.1 pg/ml) and
with appropriate modification even lower concentrations of alcuronium could
be measured. After deproteinating the plasma samples with acetonitrile the
supernatant was found to contain 100% of the added alcuronium dichloride.
The method is rapid and a single plasma sample could be assayed within 20 min
of receipt. Although we routinely use 250 pI of plasma as little as 100 pI of
plasma could be used if diluted with 200 pI of acetonitrile. This would be
particularly important if one wanted to study the pharmacokinetics of
alcuronium in patients where it is difficult to take large quantities of blood.

A 7-days analytical study was undertaken to determine the coefficient of
variation of the procedure using a pooled-plasma specimen containing

TABLE I

DRUGS TESTED FOR INTERFERENCE IN PLASMA

Caffeine
Fentanyl
Metoprolol
Oxycodone
Phenoperidine

Codeine
Indomethacin
Morphine
Paracetamol
Pholcodine

Diazepam
Methadone
Nitrazepam
Pethidine
Thiopentone
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alcuronium dichloride at 1.0 Ilg/ml and was found to be 4.7%. The intra-day
coefficients of variation were 2.3%, 3.0% and 4.2% at 2.0 Ilg/ml, 1.0 Ilg/ml
and 0.6 Ilg/ml, respectively (n = 8).

Under the above analytical conditions no interference has been observed
by a number of drugs used routinely during anaesthesia. Drugs that have been
tested for interference are listed in Table 1.
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Aprindine [AP, N-phenyl-N-(3-diethylaminopropyl)-2-indanylamine]
(Fig. 1), an effective anti-arrhythmic agent, has been used successfully to treat
both ventricular and supraventricular arrhythmias in Europe and the United
States [1,2] and is currently undergoing review for approval for use in Japan.

Measurement of AP in plasma is important because of its narrow therapeutic
index. We have .reported the rapid and sensitive gas chromatographic-mass
spectrometric (GC-MS) determination of AP in plasma [3]. This method,
however, has some disadvantages for general use because it requires an
experienced technician for the operation of the expensive instrument. Further­
more, since.one of the major metabolites, desethylaprindine (DEAP) (Fig. 1),
is reported as active as AP in antagonizing ouabain-induced arrhythmias in dogs
[4], a specific assay for both compounds is needed for the appropriate drug
therapy.

The present paper reports the development of a simple, accurate and
sensitive high-performance liquid chromatographic (HPLC) assay for
quantitating AP and DEAP in plasma.

R : CzHs Aprindine (AP)
R : H Desethylaprindine (DEAP)

Fig. 1. Structures of aprindine (AP) and desethylaprindine (DEAP).

0378-4347/83/$03.00 © 1983 Elsevier Science Publishers B.V.
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EXPERIMENTAL

Standards and reagents
AP, DEAP and other metabolites were supplied by A. Christiaens (Brussels,

Belgium) and amitriptyline hydrochloride was purchased from Kodama
Chemicals (Tokyo, Japan). HPLC grade acetonitrile and methanol were from
Junsei Chemicals (Tokyo, Japan). All other reagents were of analytical grade
and obtained from usual commercial sources. Standard solutions of AP, DEAP
and amitriptyline hydrochloride were prepared in distilled water and stored
at 4°C throughout the experiments. The hydrochloride salts of AP and DEAP
were used and the concentrations were calculated as the salt.

Instrumentation
HPLC was performed on a Shimadzu Model LC-3A liquid chromatograph

equipped with a variable-wavelength UV detector (Model SPD-2A). A 30 cm X
4 mm I.D. stainless-steel column packed with 10-~m ~Bondapak CIS particles
(Waters Assoc., Milford, MA, U.S.A.) was used and the mobile phase was
acetonitrile-0.1M KH2 P04 (45:55, v/v, pH 3.0). The flow-rate was 2.0 ml/
min with a pressure of about 10 MPa, and the detector was set at 259 nm
because AP and DEAP gave intense absorbance at around 259 nm. The column
temperature was ambient.

Procedure
Extraction was carried out basically according to the previously reported

procedure [3] except for the use of 500 ng of amitriptyline hydrochloride as
internal standard. After evaporation of the final extract, the residue was
dissolved in 100 ~l of mobile phase, and a 10-~1 sample was injected into the
chromatograph.

Quantitation
Spiked plasma extracts were chromatographed, and standard curves were

constructed by plotting the ratios of AP and DEAP to internal standard peak
areas versus the concentrations of the drug. Calibration standards were
chromatographed each day when the unknown samples were analyzed. The
concentrations of unknown samples were determined by comparison of the
peak area ratios to the standard curves obtained that day.

Recovery and precision
Analytical recoveries of AP and DEAP were determined by comparing the

peak areas obtained from spiked plasma standards with those obtained when
the internal standard was added to the plasma and known amounts of AP
were added to the aqueous phase prior to the last extraction with diethyl ether.
The precision of the method was estimated by analyzing spiked plasma
standards which had been prepared on different days.

Application of the method
Plasma samples obtained from a patient receiving AP [20 mg t.i.d. (ter in

die)] were analyzed by the present method. Plasma samples from patients who
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received AP orally at different doses were also analyz.ed by the present method
and compared with the results obtained by the GC-MS method [3].

RESULTS AND DISCUSSION

Under the described chromatographic conditions, the retention times of AP,
DEAP and the internal standard were 4.40, 2.93 and 3.65 min, respectively
(Fig. 2), and no overlap with authentic metabolites which were identified in
human urine [5] was observed (Table I). The standard curves of AP and DEAP
were linear over the plasma concentration range 50-1000 ngjml (r = 0.999
and 0.998 for AP and DEAP, respectively). Recoveries of AP and DEAP from
spiked plasma samples in triplicate at two different concentrations (200 and
600 ng) were 95-97% and 88-89%, respectively.

The precision and accuracy of the method are shown in Table II The within­
day and between-day coefficients of variation were <5% and the sensitivity
limit of the assay was 20 ngjml for AP and 50 ngjml for DEAP, in the case of
a plasma volume of 1 ml. However, this sensitivity could be increased by using
a larger volume of sample.

( A) (B)
tL., '"UJ . tL" - .,

~,--r,----.-~T"", --r-,--r, "-'--'----.,---.,-,-,---r,
01 456.0 3456

min

Fig. 2. Chromatograms of (A) a blank plasma extract, (B) an extract of plasma added with
aprindine (AP), desethylaprindine (DEAP) (300 ng each) and internal standard (LS., 500 ng).

TABLE I

RETENTION TIMES OF APRINDINE (AP)" ITS METABOLITES AND OTHER ANTI·
ARRHYTHMIC AGENTS

Compound

Aprindine (AP)
Desethylaprindine (DEAP)
Desindanylaprindine
Desphenylaprindine
p-Hydroxyaprindine
Mexiletine
Quinidine
Lidocaine
Disopyramide

Retention time (min)

4.40
2.93
1.82
1.31
1.80
1.70
1.82
1.87
2.10
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TABLE II

PRECISION AND ACCURACY OF THE METHOD (n = 9)

Concentration Coefficient of variation (%)
(ng/ml)

Within-day Between-day

AP DEAP AP DEAP

50 3.43 4.74 3.14 4.34
100 4.00 4.65 3.77 4.16
200 3.42 3.63 2.77 4.17
400 3.51 3.41 3.21 3.41
600 2.11 2.58 2.06 2.50
800 2.11 3.19 1.88 3.07

1000 1.49 2.80 1.40 2.69

Since AP may be given concurrently with other antiarrhythmic drugs, several
were examined to determine whether they would influence the assay. No inter­
ference was observed with mexiletine, quinidine, lidocaine and disopyramide
(Table I).

The developed method was applied to the analysis of plasma samples from a
patient taking AP chronically for the management of premature ventricular
contractions (Fig. 3). After multiple oral administration of AP (20 mg t.i.d.)
a steady-state plasma AP level was achieved as late as one week with a trough
level of 0.4-0.5 ,ug/ml. During the early period, the DEAP level was not above
the threshold sensitivity of the assay. A steady-state plasma level of DEAP was
obtairied in less than six days with a trough level of 0.08 ,ug/ml.

The described HPLC procedure was compared to the earlier GC-MS
procedure [3]. There was a good agreement between the values obtained by the
two methods (Fig. 4). A correlation coefficient (r 2

) of 0.995 and a slope value
of 0.951 were obtained for the samples from the patients, analyzed by the two
methods.

The increased sensitivity of the GC-MS procedure [3], which measures
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Fig. 3. Time course of plasma aprindine (AP) and desethylaprindine (DEAP) concentrations
in a patient after multiple oral doses of aprindine (20 mg t.Ld.). Each value shows the plasma
concentration just before the second dose of the day.
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Fig. 4. Plot of plasma aprindrine concentration in patients by GC-MS method [3] versus
plasma concentration of aprindine measured by the described HPLC method (n ; 17, r' =
0.995, and slope = 0.951).

concentrations less than 5 ng/ml of plasma, is offset by the ease of the present
method, which makes use of technology readily available in most laboratories
and is satisfactory for routine clinical analysis. This method could be applicable
to urine analysis because no interference substances were encountered in urine
samples.
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Opium alkaloids are the most effective antitussive compounds available.
They have, however, several well-established side-effects and a risk of abuse
as well [1]. Therefore a need for a new drug is evident.

A novel compound, 2',4'-dimethyl-6'-methoxy-3-(2-methylpiperidyl)-pro­
pionaldehyde (OR K-242 hydrochloride) (Fig. 1, II), which is chemically related
to lidocaine, was found in several types of animal experiments to be an ef­
fective inhibitor of the cough [2]. To establish the drug levels in plasma for
the use in experimental and clinical pharmacokinetics a simple high-perfor­
mance liquid chromatographic (HPLC) assay was developed.

II ~H3 0

CHQNH-C-CH:rCH:rNO x HCL

OCH3 CH
3

Fig. 1. Structures of the internal standard (I) and OR K-242 (II).

EXPERIMENTAL

Reagents
OR K-242 hydrochloride and the internal standard OR K-269 hydrochlo­

ride were obtained from Orion Pharmaceutical (synthesized by Ms. A. Pippuri

0378-4347/83/$03.00 © 1983 Elsevier Science Publishers B.V.
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and Dr. E. Honkanen, Research Center, Espoo, Finland). Chemical structures
are shown in Fig. 1. Acetonitrile, HPLC grade S, was purchased from Rath­
burn Chemicals (Walkerburn, U.K) and dichloromethane, Uvasol grade from E.
Merck (Darmstadt, F.R.G.). All inorganic reagents were of analytical grade
and purchased from commercial sources.

Sample preparation
Plasma samples (0.2-0.5 ml) were spiked with 125 ng of the internal stan­

dard. Plasma was alkalinized with 0.1 ml of 1.0 M sodium hydroxide in stop­
pered tubes and extracted with 6 ml of dichloromethane by shaking 10 min
with a universal laboratory shaker. After centrifugation (5 min at 1100 g)
5 ml of the organic layer were evaporated to dryness under a stream of nitrogen
at 40°C. The residue was dissolved in 0.1 ml of the mobile phase and 20 JlI
were injected into the HPLC column.

Chromatography
The modular liquid chromatographic system consisted of a Waters Model

6000 A pump, a Waters Intelligent Sample Processor (WISP) Model 710 B
(Waters Assoc., Millford, MA, U.S.A.), a 250 X 4.5 mm 5.Jlm Spherisorb­
nitrile column (Phase Separations, Queensferry, U.K.). The eluted components
were detected by ultraviolet (UV) absorption at 214 nm with a Kratos Model
773 variable-wavelength detector (Kratos Analytical Instruments, Ramsey,
NJ, U.S.A.). The elution was carried out isocratically at ambient temperature
using 30% acetonitrile in 15 mM sodium phosphate, pH 4.0, at a flow-rate of
1.5 ml/min.

(A) (B) ( C)

IT1
I Iii ii,
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Fig. 2. Representative chromatograms of OR K-242 in plasma. (A) Blank plasma, (B) plasma
spiked with 125 ng of internal standard, and (C) plasma containing 15 ng/ml OR K-242 and
125 ng/ml internal standard. Peaks: I = internal standard, II = OR K·242.
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RESULTS AND DISCUSSION

Fig. 2 shows representative chromatograms of rabbit blank plasma (Fig. 2A),
plasma spiked with 125 ng of the internal standard (Fig. 2B), and plasma
2 h after an intravenous dose of 20 mg/kg OR K-242 (Fig. 2C). The described
extraction procedure and the low detection wavelength produced a couple
of extra peaks in the chromatogram. These peaks were found to be due to
impurities in the dichloromethane. Since they did not interfere with the com­
pounds of interest, no further purification of the extraction medium was
carried out. There was no interference with the common antitussive agent
codeine, which eluted at 5.6 min (retention times for internal standard and
OR K-242 were 6.2 and 7.0 min,respectively).

A plot of peak height ratio versus concentration of OR K-242 is linear over
the range 10-1000 ng/ml and is described by the equation y = 0.005x +
0.015 (r = 0.9997). Detection limit with a signal-to-noise ratio of 3:1 is 2 ng/
ml. The recovery of added OR K-242 (12.5 mg/ml and 1000 ng/ml, n = 6)
from rabbit plasma was 95.5 ± 10.4% and 80.7 ± 4.4%, respectively. The
precision of the assay was established by multiple measurements (n = 10) of
quality control samples (100 ng/ml). The intra-assay mean ± S.D. was 95.5 ±
5.2 ng/ml, C.V. = 5.5%, and the inter-assay mean ± S.D. was 92.5 ± 6.8 ng/ml
with C.V. = 7.3%.

The described HPLC assay with UV detection at 214 nm provides a fast,
simple and sensitive method to determine plasma levels of the novel anti­
tussive agent OR K-242. It has been successfully used to determine OR K-242
concentrations in plasma of different animal species necessary for experimental
pharmacokinetic analysis.
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This monograph is, according to the subjects discussed, focused on the
problems of reversed-phase high-performance liquid chromatography (HPLC),
which today represents the most common approach in liquid column chro­
matography. The biomedical applications themselves appear to be secondary
and are dealt within about 25% of the whole text.

For didactic reasons it was inevitable for the authors to include chapters of
a general character in liquid chromatography. The book starts with chapters
on the basic theory and nomenclature of chromatography, instrumentation
(including detectors), sorbents, and a chapter on column performance. An­
other part of the book is constituted of chapters that, in spite of their general
validity to the reversed-phase technique, have a flavour of biomedical applica­
tions. Among these, the chapters on separation mechanisms in reversed-phase
systems, ion associated techniques, the strategy and selection of conditions for
HPLC, quantitative analysis, and, finally, further peak characterization can be
listed. The last part of the book summarizes some selected examples of bio­
chemical/biomedical applications.

The monograph of Krstulovic and Brown represents one of the most com­
plete and exhaustive reviews that have been written to this moment about
reversed-phase techniques. This justifies the existence of this book and its
publication is certainly to be welcomed. There are a number of chapters which
are very useful and written in a new, non-traditional way: the chapter on sep­
aration mechanism, the chapter on strategy in selection of chromatographic
conditions and on peak characterization can serve as representative examples.
The approach in introducing biomedical applications lays behind the high
standard set by the authors in the general part of the book. Here the authors
emphasize in part the areas in which they themselves are recognized experts
(nucleic acid components, biogenic amines), while in other areas they remain
on the surface of the problem.

This part of the book suffers from considerable disproportionality. Gener­
alization of the whole topic of biomedicine will probably be missed by the
readers as well as the introduction of some special techniques like sample
preparation, selection of conditions according to the purpose of the analysis,
and some others. Naturally, some of this information can be found in the
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general part of the book. In a number of applications the references are out­
dated. On p. 255 the authors report that the evolution of the technique is so
fast that by the time of publishing the review this must be so. However, this
statement is documented somewhat too obviously: of 153 references about
drugs there is only a single one from 1979 and two from 1980 - all other are
from the year 1978 and older. It has to be noted that between 1979 and 1982
an explosion of papers can be seen in the area of drug monitoring and phar­
macokinetic studies.

From the typographical point of view the book is very nicely presented.
However, in several places the figures and tables are included within the con­
text of other chapters. The number of errors is within the acceptable range
(see, for example, Table 5 - polargraphic, p. 120 - size/m).

In conclusion, it can be said that the book will represent an enrichment
of the HPLC literature and will be welcomed mainly by those applying re­
versed-phase separations in their work, including those in the biomedical
field. However, for a special monograph devoted to biomedical applications
the book market still remains open.

Prague (Czechoslovakia) KAREL MACEK
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