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Water was provided ad libitum, while a rat chow (Purina, Indianapolis, IN,
U.S.A.) was given prior to the starvation experiment and during refeeding.

Mouse urine aliquots (5 ml) were analyzed by a previously reported [15]
procedure, except that Ct8 Sep-Pak cartridges (Waters Assoc., Milford, MA,
U.S.A.) were used for the initial isolation of steroids instead of the XAD-2
resin. In the described procedure [15], subsequent sample treatment consists
of enzymatic and solvolytic deconjugations, removal of interfering acids and
bases through ion-exchange chromatography, and, finally, preparation of
methoxime--trimethylsilyl derivatives for gas chromatography.

A modified Varian 1400 gas chromatograph, a preconcentration technique
[18], and a 20 m X 0.25 mm LD. glass capillary column (coated statically with
SE-30 silicone gum) were employed to record the urinary profiles of steroids.
A PEP-2 Perkin-Elmer data system performed the peak integrations. The glass
capillary column was later directly coupled to the ion source of a Hewlett
Packard 5980A quadrupole mass spectrometer for identification work. All
spectra were recorded at scan rates of 100 a.m.u./sec, ion source temperature
280°C, and 70 eV ionization energy.

RESULTS AND DISCUSSION

To our knowledge, no systematic multicomponent determination of mouse
urinary steroids has been reported in the literature. Yet, the metabolic profiling
approach seems highly attractive for various inquiries into physiology and
genetics of the laboratory rodents that are used so often as various models of
human conditions. A high-resolution chromatogram of mouse urinary steroid
metabolites is shown in Fig. 1, while tentatively identified mixture
constituents are listed in Table 1.

,.8.

"

Temp(·C)180 200 220 240 260 280 300
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Fig. 1. Capillary gas chromatogram of methoxime-trimethylsilyl derivatives of mouse
urinary steroids. Chromatographic conditions, see text. Tentative identifications are listed in
Table I.
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TABLE I

MOUSE URINARY STEROIDS

Peak Derivatized Identification Principal m/e Retention
No. MW index

(SE-30)

1 567 An androstanetriol-1 7-one 567,536,446,356 2735
2 522 An androstenetriol 522,507,467,432
3 595 A pregnanetriol-20-one 564,492,474 2839
4 567 An androstanetriolone 536,476,446 2853
5 507 A pregnane-3,17-diol-20-one 507,492,476,386 2863
6 567 An androstanetriol-16-one 536,446,356
7 565 An androstenetriolone 534,444,354 2885
8 655 An androstanetetrolone 624,565,534,475,444 2895
9 550 A pregnanedioldione 550,520,417 2901

10 595 A pregnanetriolone 492,402 2910
11 595 A pregnanetriolone 564,474 2916
12 520 An androstadienetriol 520,505,431,417 2949
13 595 A pregnanetriolone 580,564,474 2988
14 595 A pregnanetriolone 564,492,474,384 3013
15 595 A pregnanetriolone 564,474,384 3034
16 683 A pregnanetetrolone 652,562,472 3041
17 655 An androstane-3,7,11,16-tetrol-1 7-one 624,534,444,354 3072
18 683 A pregnanetetrolone 652,562,472
19 595 A pregnanetriolone 580,564,474
20 458 Cholesterol 368,329
21 624 An androstenetetrol-11-one 624,534,519,444,354 3106
22 609 A pregnanetriol-11,20-dione 609,578,506,488 3107
23 683 A pregnanetetrol-20-one 652,562,472,382 3141
24 683 A pregnanetetrolone 652,562,472,382
25 595 A pregnanetriolone 580,564,474
26 683 A pregnanetetrol-20-one 652,562,472,382
27 683 A pregnanetetrol-20-one 652,562,472,382 3180
28 654 A pregnanetetrol-11-one 461,371 3186
29 566 A pregnanetriol-11-one 551,461,431,371
30 636 A pregnenetrioldione 605,515,425
31 728 Apregnanepentol 535,445,355 3220
32 683 A pregnanetetrolone 494,404
33 683 A pregnanetetrolone 652,562,472
34 683 A pregnanetetrolone 490,400,310 3244
35 636 A pregnenetrioldione 621,605,589,469
36 683 A pregnanetetrolone 490,400,310 3258
37 681 A pregnenetetrolone 488,398,308
38 683 A pregnanetetrolone 652,562,472 3279
39 640 A pregnane-3,11 ,20,21-tetrol 486,396,381,357
40 728 Apregnanepentol 535,445,355 3293
41 683 A pregnanetetrolone 562,472,382 3306
42 683 A pregnanetetrolone 578,488,398,308
43 681 A pregnene-3,11,20,21-tetrol-16-one 488,398,308 3330
44 681 A pregnene-3,11,20,21-tetrol-16·one 578,488,398,308 3340
45 728 A pregnane-3,ll,16,20,21-pentol 535,445,355 3351
46 681 A pregnenetetrolone 578,488,398,308
47 728 Apregnanepentol 535,445,355
48 593 A pregnenetriolone 593,562,472
49 681 A pregnenetetrolone 488,398,308
50 681 A pregnenetetrolone 488,398,308 3425
51 728 A pregnane-3,ll,16,20,21-pentol 535,445,355 3482
52 728 A pregnane-3,11,16,20,21-pentol 535,445,355 3495

Although mass spectra of various steroid polyols were reported [19-26],
positive identification of different isomers remains problematic. Mass
spectrometry does not readily distinguish such isomers. There are two solutions
to this problem: (1) acquisition of an extensive collection of various polyol
samples, or (2) development of ancillary techniques that would be more power
ful than mass spectrometry. Both approaches represent long-term goals. Until
then, it is felt that qualitative information, as represented by Table I, is better
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than none. In order to provide further documentation on these tentatively
identified metabolites, retention indices relative to normal hydrocarbons are
also inclUded. Based on three determinations, variation in retention indices was
found to be less than 0.4%.

Of particular interest are a number of late-eluting constituents: peaks 45, 51,
and 52, apparently stereoisomers, whose mass spectra feature intensities at
m/e 265, 355, 445, and 535; and peaks 43 and 44, also apparently stereo
isomers, whose mass spectra feature m/e 308, 398, and 488. In none of these
cases does there appear to be a molecular ion. Mass spectral information about
steroid polyols provided by Gustafsson and co-workers [19-26], however,
leads us to postulate that the first three substances are fully silylated pregnane
pentols (MW 728), while the other two are silylated, methoximated pregnene
tetrolones (MW 681).

From a biosynthetic point of view, it is reasonable to propose hydroxylation
at positions 3, 11, 16, 20, and 21 for the supposed pregnanepentols. If so, an
initial cleavage of the C20-C21 bond would result in the loss of 103 mass units
to give an ion of mass 625, from which the observed masses would be obtained
by successive losses of trimethylsilanol (MW 90) units. Hydroxylation at C17

is unlikely, for a different set of mass peaks would thus be generated through
C17-C20 bond cleavage.

For the supposed pregnenetetrolones, a peak at m/e 276 suggests one oxo
group and two hydroxyl groups at C16 , C20 , and C21 • Again, an initial loss of
103 mass units from an ion of mass 681, followed by successive losses of tri
methylsilanol molecules, would yield the observed fragmentation pattern.
The fact that these methoxime spectra are not dominated by the customary
M-31, M-121, etc., peaks may indicate a structure significantly different from
those of the common 20-oxosteroids. Tentatively, we propose 3,11,20,21
pregnenetetrol-16-one structures for constituents 43 and 44, with the position
of the double bond unspecified.

As indicated above, multiple oxidations that occur at different sites of the
basic steroidal skeleton present a challenge for identification studies. In this
respect, it has become obvious that the steroid metabolites excreted into the
urine of rodents are substantially different from those encountered in humans

TABLE II

EFFECTS OF STARVATION AND REFEEDING ON CONCENTRATION OF MOUSE URINARY
STEROID CONSTITUENTS

Sl = first day of starvation; S2 = second day of starvation; R1 = first day of refeeding; R2 = second day of
refeeding. Concentrations are reported as percent of control.

Steroid BALB/c B10.AKM B10 B10.RIII

Sl S2 R1 R2 Sl S2 R1 R2 Sl S2 R1 R2 Sl S2 R1 R2

17 49 96 104 166 25 18 114 150 43 11 103 99 41 19 119 99
23 41 50 50 57 78 43 65 117 144 57 147 122 86 58 76 119
31 50 114 64 72 80 60 113 139 104 59 151 93 137 78 95 134
43 105 169 128 133 266 109 85 133 182 127 190 118 98 70 57 105
44 128 134 151 103 25 16 59 104 80 40 154 93 97 31 77 172
45 68 137 100 119 38 34 62 106 110 60 195 173 155 140 124 245
51 43 301 58 49 138 64 96 132 132 65 109 132 118 68 84 97
52 54 303 57 80 152 56 86 148 92 42 45 71 107 201 108 174
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perfused in vitro. The selected steroids were profiled quantitatively by a com
bination of Celite column chromatography and capillary GC.

MATERIALS AND METHODS

Animals
B10.D2/nSn (F43) male mice with (Hx/+) or without (+/+) the hemimelic

extra toes (Hx) gene mutation were obtained from the Jackson Laboratory
(Bar Harbor, ME, U.8.A.) at six weeks of age and housed in sibling groups
for two months before use. Lab-Blox (Wayne Feed Division, Chicago, IL,
U.S.A.) and water were available at all times. The animal room was maintained
at 23 ± 1°C with 14 h of light per 24 h.

Chemicals and steroids
Isooctane (Spectra-Analyzed, Fisher, Pittsburgh, PA, U.S.A.), benzene and

chloroform (Omnisolv, MCB, Cincinatti, OH, U.S.A.), and hexane (Pesticide
Grade, J.T. Baker, Phillipsburg, NJ, U.S.A.) were redistilled and stored in glass
stoppered bottles. Acetic anhydride (Pfaltz and Bauer, Stamford, CT, U.S.A.)
and pyridine (Certified ACS, Fisher) were also redistilled and the pyridine
stored in a desiccator. Ethylene glycol (Fisher) was used without modification.
Celite Analytical Filter Aid (Fisher) was heated at 550°C for at least 18 h
before use and allowed to cool to room temperature in a desiccator.

Reference samples of the steroids selected for analysis were obtained from
Steraloids (Wilton, NH, U.8.A.) and recrystallized three times. Ethanolic
solutions (2--4 mg/ml) of the following steroids were stored at -20°C:
pregnenolone (PREG, 3(3-hydroxy-5-pregnen-20-one); dehydroepiandrosterone
(DHA, 3(3-hydroxy-5-androsten-17-one); androstenediol (DIOL, 5-androstene
3(3,17(3-diol); progesterone (PROG, 4-pregnene-3,20-dione); androstenedione
(DIONE, 4-androstene-3,17-dione); testosterone (T, 17(3-hydroxy-4-androsten
3-one); dihydrotestosterone (DHT, 17(3-hydroxy-5a-androstan-3-one); 3a
androstanediol (3a-DIOL, 5a-androstane-3a,17(3-diol); 3(3-androstanediol (3(3
DIOL, 5a-androstane-3(3,17(3-diol); 5a-cholestane.

Two radio-labelled steroids were purchased from New England Nuclear
(Boston, MA, U.S.A.): [1,2,6,7 ,16,17-3H] testosterone (135 Ci/mmol) and
[1,2-3H] androstenediol (45 Ci/mmol). The 3H-Iabelled steroids were purified
by Sephadex LH-20 chromatography prior to use.

In vitro testis perfusion
Testes were perfused in vitro for 4 h at 32° C via the capsular artery with an

artificial medium containing 0.2% glucose, 3% bovine serum albumin and 25%
bovine erythrocytes [12]. Luteinizing hormone (LH; NIAMDD-oLH-24)
was infused at 100 ng/ml in order to maximally stimulate steroidogenesis. After
an initial 1-h equilibration period, three consecutive 60-min samples of venous
effluent were collected. Supernatants of the venous effluent and saline washes
of the erythrocytes were combined and stored at -20° C prior to steroid
analysis by GC.

Steroid extraction
Two 60-min collections of supernatant plus wash from each testis were
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combined and [3H] testosterone (approximately 1000 dpm) and [3H]_
androstenediol (approximately 1000 dpm) were added for recovery determina
tions. For validation tests, aliquots of each reference steroid solution were
dissolved in 3 ml of perfusion medium supernatant. Steroids were extracted
from the analytical and validation samples by adding 6 ml benzene-hexane
(2:1) and vortexing for 90 sec. After centrifugation (500 g for 10
min), aqueous phases were frozen in an acetone--dry ice bath. Organic phases
were decanted into 13 X 100 mm disposable test tubes and evaporated under
nitrogen in a water bath (47° C). Residues were then redissolved in 0.5 ml of
isooctane (saturated with ethylene glycol) and applied to the bed of a Celite
column.

Glassware was silanized and subsequently rinsed with methanol and
chloroform before use. Re-usable glassware was chromic acid-washed.

Celite column chromatography
Celite column chromatography was performed as described previously

[10, 13] with the exception that only two consecutive fractions of eluent were
collected: fraction A = 3.5 ml of isooctane + 3.5 ml of 5% benzene in isooctane
+ 5 ml of 20% benzene in isooctane; fraction B = 6 ml of 20% benzene in
isooctane + 10 ml of 35% benzene in isooctane.

The collected fractions were transferred with chloroform to 1-ml reaction
vials, dried under nitrogen (60° C), and acetylated (0.2 ml pyridine--acetic
anhydride (5:1) at 60° C for 1 h) [14]. Afterwards, the contents of the reaction
vials were evaporated under nitrogen at 60° C and redissolved in 100 /11 of
chloroform. Aliquots (10 /11) of analytical samples were removed for recovery
determination. Acetylated samples were stored at -20° C until GC analysis.

Gas chromatography
Acetylated samples were transferred to injection tubes (6 X 50 mm

disposable test tubes) containing 100 ng of the internal standard, 5a-cholestane.
The injection mixture was evaporated under nitrogen in a 60° C water bath and
redissolved in 4 /11 of chloroform. After vortexing for 5 sec, 2 /11 of the contents
were injected into a Spectra-Physics SP7100 gas chromatograph
(Spectra-Physics, San Jose, CA, U.S.A.) equipped with a capillary inlet and dual
flame ionization detectors. Steroids were separated on a WCOT bonded-phase
vitreous silica capillary column (12 m X 0.2 mm, 12 QC2/BP1-0.25, Scientific
Glass Engineering, Austin, TX, U.S.A.) coated with non-polar dimethyl
silicone. The conditions selected for steroid analyses are presented in Table 1.

TABLE I

GC CONDITIONS FOR SEPARATION OF NINE TESTICULAR STEROIDS

Injector temperature: 250°C
Detector temperature: 300°C
Oven temperature: 160° C initial, hold for 1 min;

240°C final, hold for 5 min;
4°C/min ramp

Electrometer: 1 • 1012 A/mV
Attenuation: 32

Carrier gas: helium
Capillary inlet: splitless mode
Splitless injection time: 0.6 min
Linear gas velocity: 25 em/sec
Capillary column head pressure: 100 kPa
Septum purge: 1.3 ml/min
Hydrogen flow-rate: 30 ml/min
Air flow-rate: 400 ml/min
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TABLE III

RESULTS OF ASSAYS TO DETERMINE RECOVERY AND PRECISION

Identical amounts of a solution containing the nine selected steroids were added to 2 ml
water (n = 3), 2 ml perfusion medium supernatant (n = 3), and two reaction vials. The
steroids in the reaction vials were used to determine recoveries of the steroids extracted from
the aqueous solutions and analyzed by the described method.

Steroid n Mass Recovery Precision coefficient
(x, ng) percentage of variation

(%, x ± S.E.M.) (S.D. X 100)
x

Androstenedione 5 61.7 102 ± 7 14.7
Dehydroepiandrosterone 6 100.5 82 ± 3 8.4
Dihydrotestosterone 6 68.1 83 ± 3 7.8
Testosterone 6 83.4 81 ± 2 7.7
Progesterone 6 49.4 84 ± 3 9.9
Pregnenolone 6 55.5 86 ± 3 8.4
3a·Androstanediol 5 86.3 93 ± 4 8.2
Androstenediol 6 74.2 93 ± 4 12.9
3iJ·Androstanediol 6 47.9 86 ± 3 7.7
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Fig. 2. A chromatogram of the six fraction A steroids extracted from 2 ml of perfusion
medium supernatant containing the nine selected steroids and processed by the described
procedure. Steroids were identified by retention times as specified on the chromatogram:
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A. actinomycetemcomitans has recently attracted much attention due to its
suspected role as a major pathogen in juvenile periodontitis (periodontosis)
[5]. H. aphrophilus has not been implicated to the same extent, haemophili
traditionally being considered to have a low pathogenic potential in the perio
dontal pocket [6] .

Lipopolysaccharide (LPS) located in the outer membrane of Gram-negative
bacteria is considered an essential factor in chronic inflammatory periodontal
disease where it may elicit damage by its ability to stimulate macrophages,
activate complement, act as a thymus-independent antigen and B lymphocyte
mitogen, stimulate bone resorption, and by its cytotoxicity (see ref. 7 for
review). Chemically, LPS is made up of a polysaccharide portion, the O-anti
genicity determining chains and the core, and a covalently bound lipid, lipid A
[8]. The serological properties of LPS are related to the O-specific chains, the
endotoxic activity to lipid A. The latter, which is a highly biologically active
molecule with a great variety of endotoxic activities [9], also promotes the
functional and structural integrity of the bacterial membrane. Knowledge on
what specific components of the LPS molecule are responsible for the
endotoxic activity is sparse. What is known though, is that chemical [10] or
enzymatic [11] removal of fatty acids results in detoxification of endotoxins.
Therefore, the presence of fatty acids seems to be essential for the expression
of endotoxicity. If A. actinomycetemcomitans and H. aphrophilus really have
a different periopathogenic potential, this might be reflected in the fatty acid
composition of their endotoxins. In the present study, the nature and quantity
of acids, mainly fatty acids, present in the entire LPS molecule or in free
lipid A of A. actinomycetemcomitans and H. aphrophilus isolated from
periodontitis, were compared by means of gas chromatography (GC) and gas
chromatography-mass spectrometry (GC-MS). Analysis of the fatty acid
composition of lipid A may provide important information as to the taxonomic
position of a bacterial strain [12, 13] . It was therefore hoped that differences,
if present, would help to distinguish between A. actinomycetemcomitans and
H. aphrophilus.

Fatty acids of the LPS macromolecule are generally removed by acidic or
alkaline hydrolysis and then derivatized before GC analysis. In this report,
hydrolysis and derivatization were performed simultaneously by transesterifica
tion with hydrochloric acid in anhydrous methanol. This method also enabled
direct GC determination of 3-deoxy-D-manno-2-octulosonic acid (KDO), to
which lipid A is covalently linked.

MATERIAL AND METHOD

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

and the sources from which they were obtained, are shown in Table I. Strains
ATCC 33389, 33384, and 19415 were obtained directly from the American
Type Culture Collection, strain HK 435 from M. Kilian, Aarhus, Denmark, and
the remaining strains through Forsyth Dental Center. The organisms were main
tained and mass cultivated as described previously [14].
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SUMMARY

Mobile-phase variations were employed to achieve optimal separation by narrow-bore
reversed-phase high-performance liquid chromatography of eleven eicosanoids. Separation
and quantitation by ultraviolet absorbance at 190 nm using conventional-bore ODS columns
were compared. Using the improved sensitivity obtained by means of the narrow-bore
column, i.e. 250-pg detection limits of a standard solution, analysis of eicosanoids in kidney
medulla was achieved. Parallel quantitation by radioactivity, using [l- 14C]arachidonic acid
as substrate, was applied.

INTRODUCTION

The involvement of eicosanoids has been implicated in numerous physio
logical and pathological processes. Consequently, several attempts to quantitate
eicosanoids directly after high-performance liquid chromatographic (HPLC)
separation have been made. Most of these studies have involved derivative for
mation to achieve sensitivity in the nanogram range of the eicosanoids by elec-

0378-4347/84/$03.00 © 1984 Elsevier Science Publishers B.V.
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trochemical [1,2], ultraviolet (UV) [3-6], or fluorescence [6-9] detection.
Although picogram detection with some fluorescent derivatives has been ac
complished [6,7], the derivatization reaction is often not quantitative at the
picogram level [7]. Others have used UV absorbance directly for detection in
the nanogram or microgram range [10-17]. After HPLC separation, quantita
tion in biological samples was accomplished by subsequent radioimmunoassay
[18,19], gas chromatography-mass spectrometry [20], or radioactivity of
converted radiolabeled substrate [5,16,17,21-24]. Previously, we reported
quantitation of 6-ketoprostaglandin F 10< (6KPGF 10<), the stable hydrolysis pro
duct ofprostacyclin (PGI2 ), in plasma by direct UV absorbance [25]. However,
detection sensitivity precluded quantiation of other eicosanoids.

With the advent of small-diameter columns, there have been reports of in
creased sensitivity of detection [26,27]. This increased sensitivity is due to the
higher concentration of solute reaching the detector cell, since there is less dilu
tion by the mobile phase. In this report, an HPLC separation using a narrow
bore C18 column was accomplished for eleven eicosanoids: 6KPGF10<; 6-keto
prostaglandin E 1 (6KPGEd; 6,15-diketoprostaglandin F 10< (6,15DiKPGF 10<);

thromboxane B2 (TxB2 ); prostaglandin F 20< (PGF20<); prostaglandin F 10< (PGF10<);

prostaglandin E2 (PGE2 ); 15-ketoprostaglandin F 2 0< (15KPGF2 0<); prostaglandin
E 1 (PGEd; prostaglandin D2 (PGD2 ); and 15-ketoprostaglandin E 2 (15 KPGE2 ).

In addition, the UV detection sensitivity of a narrow-bore column (2.0 mm)
was compared with that of conventional-bore column (4.6 mm). Subsequently,
narrow-bore HPLC separation, with direct absorbance quantitation at 190 nm,
of the HPLC effluent was applied to detect several eicosanoids from the kidney
medulla. Correlative radioactive quantitation of the HPLC effluent as well as
the use of a cyclo-oxygenase inhibitor was used as a verification of the method.

EXPERIMENTAL

Reagents and materials
Methanol, chloroform, ethyl acetate, acetonitrile, water and orthophos

phoric acid were HPLC grade (Fisher Scientific). Kreb's solution salts were all
ACS grade (Baker Chemical). Prepacked, 1-g LH-20 columns (Isolabs) were
used for sample purification. Meclofenamic acid (Warner-Lambert) and eico
sanoid standards (Upjohn) were kind gifts of Dr. Roger Westland and Dr. John
Pike, respectively. The specific activity of [1_14C] arachidonic acid (AA) (New
England Nuclear) was 51.6 mCi mmor1

•

Chromatographic apparatus
Mobile phase, in the solvent reservoir, passed through a 2-,um, 1.5-mm

solvent inlet filter (Alltech) by way of PTFE tubing (1.5 mm X 0.8 mm I.D.)
to a six-position, 0.8-mm bore, PTFE low-pressure Rheodyne rotary valve. A
Beckman Model 112 reciprocating pump delivered the selected solvent to a
Rheodyne Model 7125 injector equipped with a 10-,u1 sample loop. Either a
250-mm conventional-bore (4.6 mm) or narrow-bore (2.0 mm) Altex Ultra
sphere 5-,um particle size, C18 column, protected by a 2-,um precolumn filter
(Upchurch), was used for sample separation. Absorbance detection at 190 nm
of the HPLC effluent was accomplished using a Kratos Model 773 variable-
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wavelength UV-Vis spectrophotometer equipped with an 8-pl flow cell having
a l-cm pathlength. Sensitivity on the detector was adjusted between 0.007 and
2.500 absorbance units full scale (a.u.f.s.). Absorbance changes, resulting in the
chromatogram, were recorded on a single-pen recorder (Kipp-Zonen, Model BD
40/04) set at 1 mV full scale deflection (f.s.d.) and operated at a chart speed of
5 mm min-I. Radioactive quantitation was done by collecting I-min fractions
of the detector effluent, mixing with 4 ml scintillation cocktail (Scintiverse II,
Fisher Scientific) followed by 14C-counting for 2 min in a scintillation counter
(Beckman, Model LS 7500).

Mobile phase systems were prepared by mixing proportions of acetonitrile
with 0.0025 M phosphoric acid. Eicosanoid standards (25 pg/pl-25 ng/pl) as
well as purified biological extracts were dissolved in water-acetonitrile (70: 30).

Biological sample preparation
New Zealand white rabbits (3-4 kg) were killed by cervical dislocation and

their kidneys quickly removed. The kidney medulla was dissected free from the
cortex, finely cut and incubated in 2.5 ml Kreb's solution per 500 mg tissue
wet weight containing 0.5 pCi/ml [1_14C] AA for 1 h at 37°C under an oxygen
carbon dioxide (95:5) atmosphere as previously described [17] . Meclofenamic
acid was dissolved in Kreb's solution at a concentration of 1 mg/ml for inhibi
tion studies [28] .

After incubation, the medium was acidified to pH 3.5 with 0.8 M phosphoric
acid and extracted once by vigorous shaking using 4 vol. ethyl acetate. The or
ganic phase was dried under nitrogen, reconstituted in 0.5 ml chloroform
ethyl acetate (85:15) and applied onto a chloroform pre-equilibrated LH-20
column. After sequential washing of the column with an additional 3.5 ml
chloroform-ethyl acetate (85:15), 10 ml chloroform, and 2 ml methanol, the
eicosanoid fraction was collected with 1.5 ml methanol. The methanol fraction
was dried under nitrogen and stored until the HPLC separation. Recoveries
using this purification scheme were 51%, 81% and 86% for 6KPGF 1a<, PGF 2a<,

and PGE2 , respectively, as previously reported [25].

RESULTS AND DISCUSSION

Separation
By ionic suppression of the carboxyl group with acidification of the mobile

phase by phosphoric acid, separation of eicosanoids by reversed-phase chroma
tography can be governed by mobile-phase polarity, Le. water-acetonitrile
ratios [11]. Fig. 1 shows the effect of changing the percentage from 27.5% to
35.0% of acetonitrile in 0.0025 M phosphoric acid on the capacity factors for
the eleven eicosanoids using a 250 X 2.0 mm ODS column. A similar profile is
seen by conventional-bore ODS columns [11], with the curves shifted slightly
to the right in Fig. 1. That is, a higher percentage of acetonitrile was necessary
to give the same h' value. Likewise, the optimal solvent strength for the narrow
bore column was a 69:31 ratio of 0.0025 M orthophosphoric acid-acetonitrile
compared to a 67.2:32.8 ratio for a conventional bore column. At optimal
solvent strengths for both columns, migration of the various eicosanoids was
governed by their hydrophobicity. Therefore, the more polar two series,
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TABLE I

REGRESSION ANALYSIS OF PEAK HEIGHT VERSUS CONCENTRATION OF STAN
DARD EICOSANOIDS USING NARROW-BORE AND NORMAL-BORE COLUMNS

Eicosanoid Narrow-bore column Normal-bore column m.tm•

b, m, r • b. m. r •, •
6KPGF"" 85.74 0.081 0.999 98.91 0.028 0.999 2.9
6KPGE, 77.35 0.100 0.999 60.62 0.033 0.999 3.0
6,15DiKPGF,o< 25.38 0.022 0.999 56.33 0.007 0.995 3.1
PGF.o< 27.87 0.080 0.999 27.23 0.025 0.999 3.2
PGF, 0< 93.69 0.052 0.999 74.15 0.015 0.998 3.5
PGE.o< 97.25 0.082 0.999 39.30 0.026 0.999 3.2
15KPGF. 1.63 0.037 0.999 11.67 0.011 0.999 3.4
PGE, 73.50 0.042 0.999 65.03 0.012 0.998 3.5
PGD. -65.61 0.049 0.999 -61.73 0.014 0.998 3.5
15KPGE. 44.89 0.037 0.999 27.59 0.011 0.999 3.4

Conditions
Column: ODS 5 J.Lm Ultrasphere, ODS 5 J.Lm Ultrasphere,

250 X 2.0 mm 250 X 4.6 mm
Flow-rate: 0.3 mlJmin 1.5 mlJmin
Mobile phase: 0.0025 M orthophosphoric 0.0025 M orthophosphoric

acid-acetonitrile (69:31) acid-acetonitrile (67.2:32.8)
Detection: UV 190 nm, 5 sec rise time UV 190 nm, 5 sec rise time

peak height (mm) peak height (mm)
normalized to 0.01 a.u.f.s. normalized to 0.01 a.u.f.s.

Recorder: 1 mV f.s.d. 1 mV f.s.d.
Sample loop: 10 J.LI 10 J.LI
Concentration: 25 pgJJ.LI-25 ngJJ.LI 0.1-25 ngJJ.LI

the narrow-bore HPLC separation is illustrated by the chromatograms in Fig. 2.
Only 2 ng of each eicosanoid were injected onto the narrow-bore column com
pared to 8 ng on the conventional-bore column. Both mobile phases were of
optimal solvent strength, with all other conditions, except flow-rate, constant.

Biological application
Having realized the improvement in sensitivity using a narrow-bore column,

the separation was applied to biological samples. Because of the end absorption
of many substances at 190 nm, sample clean-up was necessitated. Purification
by LH 20 chromatography, after acidic organic extraction, offers multiple sep
aration mechanisms by solvent alterations [29]. Since impurities in the extract
also show a high distribution coefficient for ethyl acetate, separation by parti
tion chromatography is seen by using the chloroform-ethyl acetate mixture
with a chloroform-rich gel as the stationary phase and ethyl acetate as the
mobile phase. Using chloroform alone, the structural characteristics of eico
sanoids are exploited by absorption of their hydroxyl and carboxyl groups, by
hydrogen bonding, to the glucose hydroxyls within the LH-20 gel. Therefore,
some of the coextracted impurities, having affinity for the chloroform, are re
moved. Gel permeation with methanol alone as the mobile phase, elutes the
eicosanoids by their molecular weight.
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sanoids produced (Fig. 3B). Correlation by conversion of [1_14C] AA into radio
labeled products collected from the HPLC effluent and counted shows a sim
ilar production pattern, Fig. 4, with the radioactivity coincident with the ab
sorbance peak.

A one-tailed t=statistic (n=8) showed a significant reduction in eicosanoid
levels for both absorbance and radioactive quantitiation after meclofenamic
acid, respectively (Figs. 5 and 6). The radioconversion pattern of eicosanoids
produced by the kidney medulla is typical of that shown by others [30] as well
as being similar to the absorbance detection profile. An approximate ten-fold
increase in eicosanoid production is given by absorbance quantitation, reflect
ing the endogenous release of arachidonic acid by phospholipase A2 , the rate
limiting step, as well as that produced by the addition of [l_14C)AA.

CONCLUSIONS

This study demonstrates a method for detecting picogram quantities of eico
sanoids using narrow-bore HPLC. Application of this method to kidney
medulla tissue shows several chromatographic peaks, although not structurally
elucidated by mass spectrometry, identified as eicosanoids by: (1) retention
times identical to standard eicosanoids; (2) absorbance, Le. peak height,
proportional to concentration; (3) radioactivity in the HPLC effluent of the ab
sorbance peak; (4) inhibition by a cyclo-oxygenase inhibitor, meclofenamic
acid.
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Chromatograms demonstrating the resolution of authentic DOPAC, 5-HIAA,
5-HICA and HVA are shown in Fig. 2. To achieve an optimal separation of the
compounds from interfering substances, the pH of the mobile phase was
critical. The retention times of monoamine-related compounds examined using
the system described above are listed in Table 1. All the compounds determined
herein, which are acidic metabolites of biogenic amines, had much longer
retention times than any other amines and neutral compounds examined,
except for tryptophan which was eluted immediately after DOPAC using this
system but did not interfere with the detection of DOPAC because of little or
no response at 0.6 V. The retention times of these acidic compounds were
shortened at higher pH values and substantial overlap of peaks occurred.

Representative chromatograms of an extract from normal human plasma are
shown in Fig. 3. DOPAC, 5-HIAA and 5-HICA are clearly separated from other
biological materials (which could not be identified) and selectively detected
at 0.6 V (Wi). Only HVA needed to be detected at 0.75 V (W2 ), while the peak
of DOPAC was overlapped by tryptophan (whose recovery was not
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Fig. 2. Chromatogram demonstrating the separation of DOPAC, 5-HIAA, HVA and 5·HICA
(internal standard) in the standard solution (0.3 ng each) using a dual electrochemical
detector.
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TABLE I

RETENTION TIMES OF SOME MONOAMINE-RELATED COMPOUNDS

Compound Retention time (min)

NorePinePhrine}
Epinephrine
i-DOPA
Dopamine
Tyrosine
3,4-Dihydroxyphenylglycol
Serotonin
Vanillylmandelic acid
5-Hydroxytryptophan
4-Hydroxy-3-methoxyphenylglycol
DOPAC
i-Tryptophan
5-HIAA
5-HICA
HVA

2.79

3.02
3.08
3.37
3.38
3.87
4.12
4.22
4.80
8.06
8.18

11.14
12.70
18.20
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Fig. 3. Typical chromatograms demonstrating the separation of DOPAC, 5-HIAA and HVA
in an extract from human plasma using a dual electrochemical detector. 5-HICA was used as
an internal standard.
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TABLE IV

DETERMINATION OF MONOAMINE METABOLITES IN PLASMA FROM HEALTHY
HUMAN SUBJECTS

Subject No. DOPAC 5-HIAA HVA
(ng/ml) (ng/ml) (ng/ml)

1 1.70 6.8 15.6
2 2.44 6.8 16.9
3 2.10 8.2 11.7
4 1.90 11.4 10.0
5 1.95 12.9 10.3

Mean 2.02 9.22 12.9
± S.D. ±0.28 ±2.79 ±3.2

serotonergic systems in diverse clinical conditions. The assay method presented
here is also of sufficient sensitivity, precision, and accuracy for clinical applica
tion. In addition, the procedure may be applicable to other biological fluids or
tissues with minor modifications.
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ITS APPLICATION TO SPINAL CORD INJURY
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SUMMARY

A new technique to evaluate the degradation of skin or bone collagen by measuring
glucosylgalactosyl hydroxylysine and galactosyl hydroxylysine is presented. The method
utilizes an automated amino acid analyzer. Eluents used are lithium buffers, and the color
reagent is ninhydrin. Both glycosides elute in 3.5 h. Samples require minimum preparation.
Urinary concentrations of both glycosides in ten patients with cervical spinal cord injuries of
less than six months duration were higher than in five healthy controls. Proportional
increases were different for each of the two glycosides. Variations in the proportional
increase of each glycoside indicate different rates of degradation of skin and bone collagen.
Repeated evaluations of the two urinary glycosides may help to predict whether patients
are likely to develop skin- or bone-related clinical complications.

INTRODUCTION

Cervical spinal cord injury (SCI) produces an immediate alteration of the
collagen metabolism of the affected patients [1]. The specific mechanism
whereby the cord injury alters the collagen metabolism is not known. The con
sequences of bone collagen losses are well documented: greatly increased bone
loss leading frequently to hypercalcemia, hypercalciuria, bladder stones, and
osteoporosis. In contrast, the consequences of skin collagen loss are not widely
documented, although SCI patients present an increased susceptibility to
pressure ulcers, suggesting a deterioration of the skin quality. The changes in
the collagen metabolism of SCI patients may be monitored by measuring the
urinary excretion of collagen metabolites. Two collagen metabolites are
especially informative: glucosylgalactosyl hydroxylysine (glu-gal Hyl) and
galactosyl hydroxylysine (gal Hyl) (Fig. 1). GIu-gal Hyl is predominant in skin

0378-4347/84/$03.00 © 1984 Elsevier Science Publishers B.V.
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Fractions of 3.7 ml were collected (LKB Model 2070 fraction collector) and
tested for the presence of hexoses by the method of Dubois et al. [13], and for
the presence of amino acids by the method of Moore and Stein [14]. Fractions
positive for both were subjected to acid hydrolysis in 2 M hydrochloric acid for
3 h at 109° C; an increase in free Hyl content is an indication of the presence of
either or both glycosides.

The amino acid analyzer used was Beckman's Model 119CL provided with a
data processor Model 126 capable of integrating the peaks in the chromato
gram produced by the attached Bristol recorder. The analyzer column was
460 X 6 mm, filled with a cross-linked sulfonated sytrene copolymer resin
(Beckman W3P) to a height of 22 cm. The resin was changed to the lithium
form by treatment with lithium hydroxide. The eluting buffers were made
from Beckman concentrates diluted according to directions but altered in the
following way: (a) Beckman 0.2 M lithium citrate buffer, pH 2.83 was changed
to pH 2.70 (buffer A); (b) to Beckman 0.2 M lithium citrate buffer, pH 3.70,
2 g of lithium chloride per I of buffer was added and pH changed to 3.21
(buffer B); (c) to Beckman 1 M lithium citrate buffer, pH 3.75,6% 2-propanol
was added and pH changed to 3.68 (buffer C). The color reagent was a standard
ninhydrin solution using stannous chloride as a reducing agent. Starting
temperature was 40° C, raised to 65° C after 40 min. Buffer flow-rate was 44
ml/h. Ninhydrin flow-rate was 22 ml/h. Buffer A ran for 66 min, buffer B for
101 min, and buffer C for 98 min (Table I).

TABLE I

ELUTION PROGRAM FOR THE AMINO ACID ANALYZER

Buffer Additive pH Pumping Temperature
(lithium) (25° C) time

(min)

AO.2M 2.70 66 40°C for 40 min then 65°C

BO.2M 2 g lithium chloride per I 3.21 101 65°C

C 1.0M 6% 2-propanol 3.68 98 65°C

Urine samples from five healthy controls and ten spinal cord injury patients
were assayed for their glu-gal Hyl and gal Hyl concentrations using the present
method. The controls were males between 30 and 52 years of age. The patients
were males, injured less than six months, between 14 and 50 years of age, with
no previous history of chronic diseases. Both controls and patients gave
informed consent to participate in the project and provided 24-h urine samples.
The urines were kept cold during the collections and frozen if not assayed
immediately. Ammonia was removed from the sample aliquots by raising the
pH between 11.5 and 12.0 with 4 M lithium hydroxide and placing them in a
dessicator containing concentrated sulfuric acid under reduced pressure for 6 h.
The pH of the urine was then adjusted to pH 2.2 with 6 M hydrochloric acid,
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To analyze the inter-assay variation, a random urine sample was analyzed
eight times. The determinations were carried out over a period of three weeks,
utilizing several different batches of the eluting buffers and color reagent. The
mean of the eight glu-gal Hyl determinations was 17.2 ± 0.2 (S.E.M.) J..Lmol per
g creatinine.

To analyze the intra-assay variation, a different random urine sample was
analyzed ten consecutive times. The determinations were carried out over a
period of three days, utilizing the same batches of eluting buffers and color
reagent. The mean of the ten glu-gal Hyl determinations was 11.0 ± 0.3
(S.E.M.) J..Lmol per g creatinine.

DISCUSSION

The method described herein is a straightforward procedure adaptable to
many uses. It has five main positive features: (1) the chromatography is carried
out in a single-column Beckman 119CL amino acid analyzer with the resin in
the lithium form, and only three buffers are needed; (2) in the urine
chromatograms, glu-gal Hyl and gal Hyl peaks are clearly resolved from the
other peaks and accurately read and quantitated by the data analyzer; the
magnitude of the inter- and intra-assay variations attest to the reproducibility
of the method; (3) only 100 J..L1 of urine are required for the chromatography;
(4) the preparation of the urine sample requires little handling or chemical
alteration; (5) both glycosides elute within 3.5 h.

The concentration of glu-gal Hyl and gal Hyl found in the control group
had a narrow range of values which are similar to those obtained by previous
authors (Table III). In contrast, the concentration of the glucosides in the
patient group exhibited a very wide range of values. The mean values in both
groups were very different, but, because of the large variation in the patient
group, these differences were not statistically significant unless we disregard the
results for patient 9. Nevertheless, a trend can be seen (Fig. 6). Of the patients
90% had glu-gal Hyl values above the control mean and all patients had gal Hyl
values above the control mean. The glu-gal Hyljgal Hyl ratio in the patient

TABLE III

COMPARISON OF NORMAL VALUES IN URINE FOR HYDROXYLYSINE
GLYCOSIDES CITED IN THE LITERATURE WITH THOSE OBTAINED BY PRESENT
METHOD

glu-gal Hyl gal Hyl glu-gal Hyl gal Hyl glu-gal Hyl/ Reference
(/lmol per (/lmol per (/lIDol per (/lIDol per gal Hyl
g creatinine) g creatinine) 24 h) 24 h)

16.5 11.0 26.il 17.7 1.5 3
17.8 11.6 21.5 13.7 1.6 18

31.9 28.3 1.1 11
20.0 12.0 1.7 10
30.0 20.0 1.6 19
14.0 8.0 1.7 15
18.7 12.0 28.9 18.7 1.5 present paper
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SUMMARY

Using N-(l-pyrene)maleimide as a reagent for thiol compounds and high-performance
liquid chromatography with fluorometric detection, we have identified cysteinylglycine as
an endogenous compound in dithiothreitol-reduced urine. In a quantitative method
developed for cysteinylglycine, reduction of urinary disulphides was effected by dithio
threitol at pH 6. The pH was then brought to 1.5 and excess dithiothreitol together with
acid thiols was extracted with water-saturated ethyl acetate. After derivatization the
concentration was determined by reversed-phase liquid chromatography. Precision of the
method (C.V. = 6.5%) and analytical recovery (86 ± 6.4%) were satisfactory. The urinary
excretion of cysteinylglycine was 7.4 ± 2.3 !lmol/l (mean ± S.D.) in eight healthy subjects.

INTRODUCTION

A number of thiol compounds are present in animal cells and take an active
part in metabolism. One of the best known of these thiols is glutathione which
is present in high amounts in, for example, liver cells and erythrocytes, but is
present in much lower concentrations extracellularly [1]. According to the 'Y
glutamyl cycle the first step in glutathione breakdown is catalysed by
'Y-glutamyltranspeptidase, which removes the 'Y-glutamyl moiety of glutathione
and transfers it to an acceptor amino acid [2]. The remaining cysteinylglycine
is then split to cysteine and glycine in a reaction which may be very rapid.
Thus, after injection of radioactively labelled glutathione to rats [3] , the radio
activity within the tissue was essentially recovered as labelled glycine, and no
radioactive cysteinylglycine was observed in the blood or tissues examined.
However, when isolated renal tubules were incubated with radioactive
glutathione disulphide, a third radioactive compound in addition to glutathione
disulphide and glycine appeared, which was identified as cystinyldiglycine, the
symmetrical disulphide of cysteinylglycine (Fig. 1).

0378-4347/84/$03.00 © 1984 Elsevier Science Publishers R V.
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Fig.!. Structure of (A) cysteinylglycine, (B) cystinylglycine (mixed disulphide of cysteine
and cysteinylglycine), and (C) cystinyldiglycine (symmetric disulphide of cysteinylglycine).

The compound cystinylglycine (Fig. 1), which probably also is a metabolite
of glutathione [4], occurs regularly in blood plasma, but has not been observed
in urine [5] . Both cystinyldiglycine and cystinylglycine give the thiol cysteinyl
glycine after reduction of their disulphide bridges.

We have previously developed a highly sensitive method for the determina
tion of the acid thiols mercaptoacetate and N-acetylcysteine in urine [6]. After
reduction of disulphide bridges and clean-up of the liberated acid thiols from
the urine, the thiols were reacted with a non-fluorescent maleimide compound
[7] thereby forming fluorescent derivatives which could be separated by high
performance liqUid chromatography (HPLC) and quantified by fluorimetry.
Using similar techniques we have now identified the compound cysteinyl
glycine in reduced urine and developed an HPLC method for its determination.

EXPERIMENTAL

Materials
3-Mercaptopropionic acid was obtained from E. Merck (Darmstadt, F.R.G.)

and cystinyldiglycine (Cys-Gly)z was from Serva (Heidelberg, F.R.G.). Dithio
threitol was obtained from Sigma (St. Louis, MO, U.S.A.) and the anion ex
changer AG1-X4 (100-200 mesh, CI-) was from Bio-Rad Labs. (Richmond,
CA, U.S.A.). The organomercurial adsorbent p-acetoxymercurianiline
Sepharose 4B (PAMAS) was prepared according to the procedure of Sluyter
man and Wijdenes [8]. N-(l-Pyrene)maleimide was a product of Fluka (Buchs,
Switzerland). We purified the substance by chromatography on a Lobar
LiChroprep Si-60 column, size B (Merck). For this procedure we used an Eldex
E-120-S-2 (Eldex Labs., Menlo Park, CA, U.S.A.) pump and a mobile phase of
toluene-acetone (9:1, v/v). After equilibration of the column, 5 mg of N-(l
pyrene)maleimide, dissolved in 3 ml of the mobile phase were transferred to
the column and eluted at a flow-rate of 1.0 ml/min. Detection was by
ultraviolet (UV) absorption at 339 nm (Spectromonitor III, LDC, Riviera
Beach, FL, U.S.A.). Fractions (5 ml) were collected and the relevant fractions
evaporated; the N-(l-pyrene)maleimide was dissolved in ethanol-acetone (1:1,
v/v) and its concentration determined from its UV absorption at 339 nm. A
stock solution, 1.0 mmol/l, was prepared in ethanol-acetone (1:1, v/v) and
stored in the refrigerator.

Apparatus
We used a Constametric III pump from LDC, a Rheodyne (Cotati, CA,
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Fig. 2. Chromatogram of a urine sample after reduction with thiopropyl-Sepharose 6B. No
prepurification was done before derivatization. Peak identification: 1 = 3-mercaptolactate as
a double peak, 2 = N-acetylcysteine, 3 = cysteinylglycine, 4 = mercaptoacetate, 5 = cysteine
as a double peak, and R = reagent peaks. Column temperature 35°C.

reduced urine was transferred to a PAMAS column, the column was washed
with water, and elution was then effected by 3-mercaptopropionic acid. The
sample adjusted to pH 7.0 was then transferred to an AG1-X4 column
equilibrated with an imidazole buffer, 50 mmol/l, pH 7.0, a pH at which acid
thiols like 3-mercaptopropionate should be retained. The first effluent together
with 1 ml of washing with imidazole buffer was derivatized. On HPLC we
found a chromatogram (Fig. 3) with only a few peaks, among them cysteinyl
glycine and cysteine. However, although cysteinylglycine was highly purified
from acid thiols by this procedure the recoveries of cysteinylglycine were not
reproducible. This may be due to incomplete recovery from the ion exchanger
or to instability of cysteinylglycine at the high pH used in the reduction step.
From other studies it has been claimed [12] that cysteinylglycine is subject to
non-enzymatic oxidation at pH values above 7, and we therefore abandoned
this procedure as a quantitative method for cysteinylglycine in urine.

Method for determination of cysteinylglycine in urine
Since cysteinylglycine is unstable at alkaline pH we finally chose to reduce

urine with dithiothreitol at pH 6.0. Before the ensuing extraction of dithio
threitol with ethyl actate the pH was adjusted to 1.5, a pH at which cysteinyl
glycine remains in the water phase in contrast to weakly acid thiols like
3-mercaptolactate. In spite of four extractions, traces of dithiothreitol
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perchlorate-free supernatant depending on the anticipated levels of thiols, 0.1
ml of 1 mM mercaptoethylglycine (internal standard in 5 mM EDTA, and 0.1
ml of 0.2 mM N-acetylcysteine were added to 1.4-1.7 ml of mobile phase for
a final volume of 2.0 ml. After bubbling with nitrogen to remove dissolved
oxygen, 20 ,ul of the final solution were injected onto the column.

HPLCsystem
Separation of the sulfhydryl compounds was carried out using a 50 X 0.2

cm glass column dry packed with Zipax® SCX (Dupont, Wilmington, DE,
U.S.A.). A precolumn (5 X 0.2 cm) with the same packing was used. The pre
column was changed after every 500 biological samples. The mobile phase
composed of 0.01 M citric acid and 0.01 M disodium hydrogen phosphate
was adjusted to pH 2.1 with metaphosphoric acid (ionic strength equalled
approximately 0.038 M), then filtered through a 0.45-,um Millipore® filter
(Bedford, MA, U.S.A.) and degassed under vacuum for 10 min before use. An
oxygen-free eluent was maintained by keeping the mobile phase reservoir
at 50-55° C and by continuously flushing the head space of the reservoir
with nitrogen, deoxygenated by bubbling through a chromous chloride solution
(Fisher Scientific, Fairlawn, NJ, U.S.A.).

The samples were injected onto the column using a 20-,u1 loop sample
injector (Rheodyne, Model 7125, Berkeley, CA, U.S.A.). A flow-rate of 0.7
mljmin was maintained using a Milton Roy Model 396 minipump (Riviera
Beach, FL, U.S.A.). The electrochemical detection system consisted of an LC-4
amperometric detector (Bioanalytical Systems, West Lafayette, IN, U.S.A.)
and a thin-layer transducer (Model TL-6A, Bioanalytical Systems) composed
of a AujHg working electrode and a glassy carbon auxillary electrode. The
potential of the working electrode was 0.0 V versus an AgjAgCI reference
electrode [5]. Between injections a 10-sec cleansing voltage (--0.20 V) was
applied to the working electrode [5]. Failure to apply the cleansing voltage
between samples resulted in a gradual decline in detector response. The peak
areas were integrated using a Hewlett-Packard Model 3390A integrator (Palo
Alto, CA, U.S.A.).

Spectrophotometric method
Total sulfhydryls were determined using Ellman's reagent according to the

method of Buttar et al. [14]. The same homogenization procedure was used as
described under Sample preparation.

Calculations and statistical analysis
Standards containing GSH, cysteine and homocysteine prepared in 0.3 M

perchloric acid-5 mM EDTA were carried through the sample preparation
procedure. The following equation was used for calculating the results:

Concentration of unknown =

(Peak area ratio of unknown/MEG) X 6.0 (= dilution factor) X concentration of external standard

Peak area ratio of external standard/MEG

The results were expressed as mean ± S.E.M. of triplicate samples unless
indicated otherwise. Statistical analyses were carried out using the Student's
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t test, paired or unpaired, as appropriate. Differences were considered signifi
cant for p values < 0.05.

RESULTS

Homogenization media and chromatography
A typical chromatogram for a combined standard containing GSH, cysteine

and homocysteine is shown in Fig. 1A. The citrate-phosphate mobile phase,
pH 2.1, is a modification of that used by others [5, 9, 11] with a Zipax SCX
column for separation of sulfhydryl compounds. N-Acetylcysteine was
included to mask a negative peak [5] which interfered with the electronic
integration of the GSH peak area. MEG was present as the internal standard.
The retention times for GSH, cysteine, homocysteine and MEG were 1.7, 2.6,
3.8 and 6.8 min, respectively.

2 2

A B
5 5

3

2nAI 4 2nAI
34

I I I I I ,
0 5 10 0 5 10

Min. Min.

Fig. 1. HPLC-ED chromatograms of biologically significant sulfhydryl compounds in (A)
a standard solution and (B) a sample prepared from rat liver. Peaks: (1) N-acetylcysteine; (2)
GSH; (3) cysteine; (4) homocysteine; and (5) mercaptoethylglycine. N-Acetylcysteine (1)
and mercaptoethylglycine (5) were added for analytical purposes (see text). The amounts of
standard thiol injected were: GSH and mercaptoethylglycine, 1.0 nmol and cysteine and
homocysteine, 0.05 nmol.

A number of deproteinizing agents including trichloroacetic acid (TCA),
metaphosphoric acid,perchloric acid, sulfosalicylic acid and phosphotungstic
acid were evaluated for their ,compatibility with the chromatography of
standards. Of these, metaphosphoric acid (1.5%), TCA (5%), and perchloric
acid (10%) appeared compatible. Standards in metaphosphoric acid could be
injected directly onto the column, whereas standards in TCA and perchloric
acid required prior diethyl ether extraction and perchlorate precipitation with
tripotassium citrate, respectively, for unaltered chromatographic
characteristics.

The chromatograms of the sulfhydryl compounds in protein-free super
natants from rat liver homogenates prepared with metaphosphoric acid, TCA
and perchloric acid were compared. Before chromatography, the TCA samples
were extracted with diethyl ether and perchlorate was precipitated from the
perchloric acid samples by the addition of a potassium phosphate--citrate
solution. The biological samples prepared in metaphosphoric acid and TCA
caused a rapid deterioration of the cation-exchange column. One to five 20-J..ll
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injections caused a pronounced decrease in retention times of all thiols. The
loss of column affinity for the thiols in metaphosphoric acid and in diethyl
ether-extracted TCA biological samples was not observed with standards.
The original retention times could not be restored by washing the column
with water, 1 M trisodium phosphate or 1 M orthophosphoric acid or a
combination thereof. No column deterioration was observed with biological
samples prepared with perchloric acid as described. Fig. 1B shows a typical
chromatogram of the sulfhydryl compounds from liver.

Standard curves
The standard curves for GSH, cysteine, homocysteine and MEG were linear

over a range of 0-1.0 nmol injected. Using MEG as the internal standard,
the peak area ratios of individual standards prepared over a concentration range
of 0-2 mM (and carried through the sample preparation procedure described
in Materials and methods) versus the theoretical amount of standard injected,
viz., 0 to 1.0 nmol, also gave linear plots.

Recovery and sample storage
The recoveries of GSH, cysteine and homocysteine standards carried through

the sample preparation procedure were 100%. The calculated recoveries for
externally added GSH, cysteine and homocysteine from a pooled biological
sample were 96, 94 and 77%, respectively (Table I).

The effect of storage at -700 C on the GSH content of protein-free and
perchlorate-free supernatants prepared from rat liver homogenates is shown in
Fig. 2. The relative GSH content of the biological samples and of the identical
ly prepared GSH standards were similar up to eleven days of storage. A
minimum recovery of 89% was observed. Although the presence of perchlorate
did not significantly affect the recovery of GSH in either the stored biological
samples or GSH standard solutions, it is prudent to store biological samples
perchlorate-free.

TABLE I

RECOVERY OF GSH, CYSTEINE AND HOMOCYSTEINE FROM PROTEIN-FREE
SUPERNATANTS OF RAT LIVER HOMOGENATES

Protein-free supernatants were prepared from liver homogenates from two rats. To 5-ml
aliquots of the supernatants (n = 4) were added 3.0 nmol GSH, 1.5 nmol cysteine or 1.5
nmol homocysteine. The protein-free supernatants with and without additions were
analyzed for sulfhydryl content by HPLC-ED. The results were compared against data ob
tained using a combined standard solution of GSH, cysteine and homocysteine. Other
.experimental details are given under Materials and methods.

Sulfhydryl Concentration (Ilmoljg wet weight liver)
Initial Calculated after

addition

Found after Percent
addition recovery

(%)

GSH
Cysteine
Homocysteine

3.72 ± 0.07
0.059 ± 0.008
0.109 ± 0.005

7.32
1.86
1.91

7.19 ± 0.05 96
1.75 ± 0.03 94
1.50 ± 0.04 77
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when the enzyme reaction mixture was incubated at 37° C for 30 min (Fig. 4),
and to the incubation time up to at least 120 min; 50 J.LI of erythrocytes and
30-min incubation were used in the procedure.

Hydrochloric acid (0.2 M) was used for the termination of the enzyme
reaction, otherwise m- and p-MNT could not be reproducibly extracted with
n-hexane-chloroform mixture. When the incubation mixture was
deproteinized with perchloric acid or trichloroacetic acid, the recovery of m
and p-MNT in the organic layer was almost nil, probably due to the coprecipi
tation of the products with the denatured protein.

0.8
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~
I
0. 0.4
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Erythrocytes(~l)

Fig. 4. Effect of the volume of erythrocytes obtained from two healthy men (1 and 2) on
the amounts of (a) m-MNT and (b) p-MNT formed.

Pyrogallol was reported to be a potent inhibitor of COMT [22-24], and
thus its inhibitory action was examined according to procedure B. Pyrogallol
inhibited COMT in a competitive mode against DNT (Fig. 5) and the observed
inhibitory constant value calculated according to the method of Dixon [25]
was 7 mM in both the m-and p-O-methylation reactions. This value is almost
identical to that obtained with rat liver COMT using a natural substrate,
norepinephrine [24].

The HPLC conditions in this method were the same as those in the previous
method [20]. Fig. 6 shows a typical chromatogram obtained using procedure
A. No peak was observed in the chromatogram of the blank. The eluates from
peaks 1 and 2 in Fig. 6 had fluorescence excitation (maximum, 349 and 347
nm, respectively) and emission (maximum, 393 and 389 nm, respectively)
spectra that were identical with those of authentic m- and p-MNT, respectively,
dissolved in the mobile phase.

DNT dissolved in the mobile phase had only a weak fluorescence with an
excitation maximum at 350 nm and an emission maximum at 404 nm; the
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RESULTS

Formaldehyde analysis
The purity of the formaldehyde was estimated by formation of its 2,4

dinitrophenylhydrazone derivative and analysis of this product by reversed
phase HPLC using a modification of the procedure of Mansfield et al. [19].
Based upon comparisons to an authentic standard, the recovery of
formaldehyde, using this technique, was 103 ± 3%. When the [3H] form
aldehyde was analyzed in a similar manner, 93% of the radioactivity partitioned
into the organic phase, and 90% of the radioactivity which migrated on the
HPLC coeluted with the standard. The identity of the impurities is not known.

Preparation of formaldehyde-deoxyribonucleoside standards
HPLC analysis of the deoxyribonucleoside-formaldehyde reaction mixtures

indicated the presence of one major product from incubation with each of the
deoxynucleosides. Each adduct, with the exception of the thymidine
derivative, was isolated for characterization by UV and NMR spectroscopy.
The spectral parameters are given in Table 1. The UV spectra are consistent
with the previously reported values for the formaldehyde adducts [2]. In each
case, the NMR spectra confirmed the hydroxymethyl substitution at the
exocyclic amines. Although a product was observed from the reaction of
thymidine with formaldehyde, it was formed in insufficient quantity and was
too labile for characterization.

Reaction of [3HI formaldehyde with calf thymus DNA
Calf thymus DNA was incubated with [3H] formaldehyde for 20 h. The DNA

was precipitated and then reprecipitated until constant specific activity was
obtained. The enzymatically digested DNA was analyzed by HPLC which
indicated two major bands of radioactivity (Fig. 1). The first migrated with
the void volume and accounted for 85% of the radioactivity applied to the
column; the second band coeluted with N6-hydroxymethyldeoxyadenosine and
eontained 7% of the activity. In some experiments, small amounts of
radioactivity coeluted with N4 -hydroxymethyldeoxycytidine (0.6%) and with
N2-hydroxymethyldeoxyguanosine (0.2%).

The HPLC profile indicated that the enzymatic hydrolysis of the DNA was
complete because UV absorbance was associated only with the deoxy
nucleoside monomers and the hydroxymethyldeoxynucleoside markers. The
absence of UV absorbance in the vicinity of the void volume suggested that the
radioactivity eluting in this region might be due to nonreacted [3H] form
aldehyde. To examine this possibility, the modified DNA was incubated with
2,4-dinitrophenylhydrazine and the products formed were analyzed by HPLC.
Of the radioactivity applied to the column, more than 85% migrated with the
2,4-dinitrophenylhydrazone standard, while the remaining activity eluted as
a single peak slightly later.

McGhee and Von Hippel have reported rapid removal of residual nonco
valently bound formaldehyde from polynucleotides by use of a Bio-Rad P2
column [6]. Repeated attempts to use this technique were not successful;
in each case all the radioactivity applied to the column eluted with the DNA.
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In addition, since formaldehyde adducts have a polarity similar to nonmodified
nucleosides and because metabolic incorporation of the formaldehyde into
purines and pyrimidines could occur, the chromatographic system had to be
able to resolve both modified and nonmodified deoxynucleosides.

When formaldehyde was reacted with deoxyadenosine, deoxycytidine and
deoxyguanosine, one major adduct was detected in each instance. Although it
was assumed that these were hydroxymethyl derivatives formed by reacting
with the exocyclic nitrogens, with the exception of adenosine [4], this had not
been unambiguously proven. Therefore, the major product from each reaction
was isolated for spectral characterization. The UV spectra of the compounds
were consistent with previously reported spectra [2] and NMR spectra
contained a characteristic methylene doublet (ca. 04.7) which collapsed to a
singlet upon irradiation of the adjacent amine proton. (It should be noted that
NMR spectra have recently been reported on N-ethoxymethyl derivatives of
ribonucleosides [25].) These data taken together indicate that the adducts are,
indeed, exocyclic hydroxymethyl derivatives.

Incubation of [3H] formaldehyde with calf thymus DNA yielded an apparent
binding of seven formyl residues per 104 nucleotides. However, it became
apparent that the great majority of this radioactivity was due to nonreacted
formaldehyde. Attempts to remove this noncovalently bound material were
unsuccessful. McGhee and Von Hippel [6] reported that a Bio-Rad P2 column
could be used to lower the formaldehyde concentration to less than 1-2 pM,
which was the limit of detection in their fluorescent analysis. In the absence of
DNA, we found that the P2 column would remove more than 98% of the
applied formaldehyde. With DNA present, however, the concentration of [3H]_
formaldehyde (ca. 3 pM) associated with the DNA did not change.
Nevertheless, the HPLC procedure reported herein provided adequate
resolution between the nonreacted formaldehyde and the adducts which were
formed.

Initial attempts to separate the adducts were based upon acid hydrolysis and
cation-exchange HPLC [26]. Although this did provide adequate resolution, we
were concerned that the acidic conditions might destroy the relatively unstable
hydroxymethyl derivatives. The procedure adopted was a modification of the
enzymatic hydrolysis and reversed-phase HPLC developed by Kuo et al. [21].
By using enzymatic hydrolysis, neutral and mild conditions were maintained.
When combined with the DNA isolation technique of Gupta [23], the entire
analysis could be conducted within 6 h and complete resolution was obtained
between the adducts, the nonmodified nucleosides, and formaldehyde.

Analysis of calf thymus DNA modified with [3H] formaldehyde indicated
that the majority of the activity was due to noncovalently bound form
aldehyde. However, radioactivity was observed to comigrate with the synthetic
hydroxymethyl derivatives of deoxyadenosine, deoxyguanosine, and deoxy
cytidine. Furthermore, the relative proportion of the adducts was N6-hydroxy
methyldeoxyadenosine ~ N4 -hydroxymethyldeoxycytidine > N2-hydroxy
methyldeoxyguanosine which is the anticipated order based upon the ease of
formation of the adducts and their relative stability [4-7] .

Incubation of CHO cells with 1 roM [3H] formaldehyde gave an apparent
binding to DNA of 3.2 formyl residues per 104 nucleotides. Upon hydrolysis,
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concentrations of the components of pyridine-barbituric acid reagent were
estimated at 15% (v/v) and 1.5% (w/v), respectively, as described in
Experimental.

The effect of the reaction time on response for cyanide is shown in Fig. 4.
Reaction time means the period for the reaction with barbituric acid and
glutaconic aldehyde formed from cyanogen chloride and pyridine in the
reaction coil. It is well known that the reaction product decomposes rapidly
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due to the oxidation of thiocyanate by methaemoglobin under acidic
conditions.

Table I indicates the effect of ascorbic acid as the reducing reagent for the
determination of cyanide in red cells containing thiocyanate by the microdiffu
sion method. Ascorbic acid effectively prevented artifactual formation of
cyanide. These data were obtained from the determination of the total cyanide
in red cells, where thiocyanate was not washed out by saline. The same result
was obtained for the determination of stable cyanide in red cells, where thio
cyanate and the free cyanide were washed out by saline as suggested by Vesey
and Wilson [8]. The procedure for the determination of the total cyanide was
as described in Experimental.

TABLE I

EFFECT OF ASCORBIC ACID ON CYANIDE* FORMATION IN THE PRESENCE OF
RED CELLS AND THIOCYANATE

Agent Thiocyanate added Cyanide added Cyanide recovery
(IlM) (IlM) (%)

None 0 1.0 98.9
200 1.0 398.0

Ascorbic 0 1.0 100.6
aeid** 200 1.0 102.8

*Measured as total cyanide (see Experimental).
**20% Aqueous solution.

Thiocyanate in blood plasma and red cells
Methods for the determination of thiocyanate in red cells have not been

repOlted, except Lang's [1] method. He has obtained approximately
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cleaned by soaking overnight in a 2% solution of RBS 25 [Chemical
Concentrates (RBS), London, U.K.] in water, then rinsing thoroughly with hot
tap water followed by methanol and distilled water. These tubes were
subsequently silanized by rinsing with a 3% (v/v) solution of HMDS in
redistilled chloroform, and dried at 250° C overnight. This treatment of glass
ware was found to be necessary to eliminate possible loss of drug due to
adsorption on the glass wall [7].

Gas chromatography
Methanolic solutions of glycopyrronium bromide and possible internal

standards were injected on to the following chromatographic systems at various
oven temperatures. System 1: Chromosorb W-AW (100-120 mesh) packed
with 3% aV-17, in a coiled glass column (1 m X 4 mm a.D.). System 2:
fused-silica capillary column coated with aV-101 (25 m X 0.21 mm J.D.).
System 3: fused-silica capillary column coated with aV-1 (25 m X 0.21 mm
I.D.).

All columns were conditioned at 20° C below that of the maximum
recommended temperature of the relevant stationary phase for 24 h. Retention
times, resolution and symmetry factors of the chromatographic peaks for these
systems were then established. Compounds which were investigated as possible
internal standards were: mepenzolate bromide, neostigmine bromide and
pyridostigmine bromide.

Gas chromatography-mass spectrometry
Mass spectra of the GC resolved compounds were acquired using a Finnigan

1020 Series automated gas chromatograph-mass spectrometer operated in the
electron-impact mode of ionisation. An electron energy of 24 eV and an ion
source temperature of 80° C were used. Helium was used as carrier gas at a
flow-rate of 1 ml/min.

General procedure for the determination of glycopyrronium in plasma
Blood samples were obtained by venous puncture after intravenous

administration and collected in heparinised polythene tubes. The red blood
cells were separated from the plasma by centrifugation (2500 g for 10 min). A
sample of plasma (3.0 ml) in a 15-ml glass centrifuge tube was made alkaline
(pH 10--12) with 20 ,111 of 5 mol/l sodium hydroxide solution and the internal
standard, mepenzolate bromide (60 ,111 of a standard solution equivalent to a
concentration of 2 ,ug/ml in water), was added. The alkaline solution was
extracted with diethyl ether (10 ml) using an automatic shaker at a speed of
40 rpm for 10 min. The organic layer was then separated from the aqueous
layer by centrifugation (2500 g for 10 min) and the ethereal extract was
discarded. The remaining traces of diethyl ether were removed by purging
nitrogen gas over the aqueous phase. Potassium iodide-glycine buffer (1 ml)
was added to the ether-washed plasma and the resultant iodide-glycine drug
complexes were extracted into dichloromethane (10 ml).

After mixing and centrifugation at 3500 g for 15 min, the plasma (upper)
layer was discarded and the dichloromethane extract was dried by shaking with
a quantity of anhydrous sodium sulphate (approximately 2 g). The water-free
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Fig. 1. Chromatogram of glycopyrronium (G) and the internal standard mepenzolate (M)
after ion-pair extraction from human plasma.

Both neostigmine and pyridostigmine bromide produced peaks at less than
3 min and could not be separated from other components in the solvent front.

The respective retention times, symmetry factors and resolution of
glycopyrronium bromide and its potassium iodide-glycine complex and of
mepenzolate bromide and its potassium iodide-glycine complex are
summarised in Table I and Fig. 1.

Gas chromatography-mass spectrometry
It was demonstrated that both glycopyrronium and mepenzolate (either as

the bromide salt or as the potassium iodide-glycine complex) were thermally
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Fig. 2. Electron-impact mass spectrum of glycopyrronium bromide.
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Recovery
The recovery of [ 14C] glycopyrronium from plasma using potassium iodide-

glycine buffer ranged from 49.6 to 52.3% at concentrations between 20 and
100 ngjml (Table II). Using potassium triiodide as pairing ion, the recovery
of F4c] glycopyrronium ranged from 47.5 to 48.6% (Table II). Therefore as no
substantial difference was found in drug recovery using a stronger pairing ion,
potassium iodide-glycine buffer was used in the general procedure.

Selectivity
The preliminary ether wash eliminated commonly used basic drugs (for

instance pethidine and lignocaine) which might be extracted simultaneously
from plasma and be analyzed by the GC system. In the present procedure,
there were no chromatographic peaks from a normal plasma extract which
interfered with the measurement of peaks corresponding to glycopyrronium
and mepenzolate.

Reproducibility
When eight replicate samples of glycopyrronium (40 ngjml) in plasma were

assayed using mepenzolate (2 ,ugjml) as internal standard, the reprodUcibility
of the peak height ratio was 100 ± 9%. The calibration graphs of glycopyrronium
using mepenzolate as internal standard were found to be reproducible when
repeated five times during the studies. There was invariably a linear relation
ship between the concentration of glycopyrronium in plasma (in the range
from 5-100 ngjml) and the peak height ratio of glycopyrronium: mepenzolate.

Storage
There was no difference in peak height ratios to internal standard in extracts

assayed immediately and after storage at -200 C for 24 h and 7 days.
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veno'Us administration to an anaesthetised patient. Dose of glycopyrroni'Um = 0.3 mg.
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SUMMARY

A simple and highly sensitive gas-liquid chromatographic method using electron-capture
detection has been developed for the simultaneous determination of isosorbide dinitrate
(ISDN) and its mononitrate metabolites in rat and human plasma. This method has a limit of
quantitation of about 5 ng/ml for the mononitrates and of 1 ng/ml for ISDN using 0.1 ml of
plasma, and is thus useful for pharmacokinetic studies of these compounds in small animals,
and in humans when the available volume of blood is limited. Using this method, we found
the apparent in vitro partitioning ratio of ISDN between erythrocyte and plasma in rat and
human blood at 37°C to be 0.22 and 0.13, respectively. In spite of this poor affinity for red
blood cells, ISDN degradation in whole blood was mediated primarily via this blood fraction.
Loss of ISDN in blood appeared to proceed exclusively through its mononitrate metabolites,
resulting in a 6:1 product ratio of the 5-mononitrate to its 2-isomer. These data suggest that
although blood degradation of ISDN and erythrocyte partitioning occur per se, these
phenomena do not contribute significantly to the very rapid in vivo clearance of ISDN
observed in man and in the rat.

INTRODUCTION

Isosorbide dinitrate (ISDN) has been shown to be an effective drug for the
management of angina pectoris [1,2], congestive heart failure [3], and acute
pulmonary edema [4]. Recently, reliable gas chromatographic techniques for
the determination of this drug in plasma have become available and have been
used in clinical pharmacology studies of ISDN [5,6]. The denitrated, primary
metabolites of ISDN, isosorbide-2-mononitrate (2-ISMN) and isosorbide-5
mononitrate (5-ISMN), have been shown to be pharmacologically active vaso
dilators in dogs [7,8] and in man [9] .

0378-4347/84/$03.00 © 1984 Elsevier Science Publishers B.V.
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Fig. 2. Chromatograms showing simultaneous determination of ISDN, 2-ISMN, and 5-ISMN
in rat plasma. The approximate on-column amounts injected for the standard shown were
2-ISMN (0.1 ng), 5-ISMN (0.5 ng), ISDN (0.2 ng), HCE (0.2 ng) and DDT (0.5 ng).

problem. Chloroform is highly electron capturing and therefore must be evap
orated completely before reconstitution with 25% (vjv) isoamyl alcohol
hexane. Recovery was reduced by 80% and 10% for 2-ISMN and 5-ISMN,
respectively, if evaporation to dryness was carried out at ambient temperatures
rather than in an ice bath (4°C).

Recovery and reproducibility
The extraction efficiency and overall reproducibility of this procedure were

examined following multiple determinations on spiked rat and human plasma.
For the mononitrates, mean recovery was about 80% and did not appear to
depend on the added concentration over a wide range of concentrations studied
(Table I). ISDN, however, had significantly higher recovery (analysis of variance,
p <0.001, 35 pairs) with increasing spiked rat plasma ISDN concentration. A
significant correlation (r = 0.66,p < 0.001,35 pairs) was observed between per
cent recovery and spiked concentration (Fig. 3). Although the absolute difference
in percent recovery over this concentration range was not large (ca. 20%), the
differences were statistically significant. This concentration dependency in
recovery was found not to arise from artifactual factors such as the percentage
of water in diluted plasma, aliquot size and the presence of different concentra
tions of the mononitrate metabolites.

Since the concentration range covered almost four orders of magnitude, a
In-In plot was used to examine the relationship between the experimentally
determined concentration [not corrected for recovery, i.e., Cp(assayed)] and the
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Fig. 3. Percent recovery of ISDN (± S.E.M.) as a function of a spiked rat plasma concentra
tion.

theoretical, spiked concentration, Cp(spiked). Regression constants which were
generated from individual recoveries (n = 35 pairs) are shown in eqn. 1.

In Cp (assayed) + 0.366
ln Cp (spiked) = 1.029

This relationship allows for correction of the concentration dependency of
ISDN recovery over the wide range of rat plasma concentrations studied.

The recovery of ISDN from human plasma was studied over a much smaller
range (1.5-31 ng/ml) and no significant effect of concentration on recovery
was observed (Table I). Over this range of concentrations the mean percent re
covery was 83%, 78%, and 79% for ISDN, 2-ISMN, and 5-ISMN, respectively.

Stability and partitioning studies
Fig. 4 shows that ISDN was metabolized rapidly in whole blood from rat and

human (tv, = 100 min) but was more stable in isolated rat plasma (tv, = 8.7 h).
A previous report showed ISDN to have a half-life of 55 h in human plasma
[20]. Ideally, the stability of ISDN in whole blood should be directly moni
tored in blood and/or erythrocytes in addition to measurements of drug and
metabolite concentrations in plasma. However, the present assay technique did
not allow for these direct determinations in either blood or erythrocytes. Thus,
the observed decline in plasma ISDN concentration after spiking of intact drug
into whole blood may have been contributed, in part, by drug distribution
into erythrocytes. Relatively slow uptake of drug into red blood cells has been
reported for acetazolamide [31] and lithium [32]. To examine this possibility
for ISDN, its stability in whole blood was assessed after incorporation of this
drug into rat blood by both in vivo steady-state infusion as well as by in vitro
spiking. A previous study [26] indicated that steady-state plasma ISDN levels
were attained (ca. 150-200 ng/ml) with a 2-h constant-rate infusion at 7 Jig/
min. Therefore, it is reasonable to assume that after this infusion regimen in the
rat, distributional equilibrium between plasma and erythrocytes has been
achieved. No difference in the in vitro stability of ISDN was found between
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gave similar results, both for freshly separated and for previously frozen and
thawed samples. Thus there was no evidence of bases being liberated from
conjugated forms in patients' plasma. In some samples that had been frozen
for many months, much larger losses occurred after thawing, e.g. 55% of NT
lost during ten days at room temperature.

The primary amines were less stable in plasma than the secondary and
tertiary amines. When added to fresh plasma and kept at room temperature
for seven days, DMNT declined by 38%, cis-OHDMNT by 25% and trans
OHDMNT by 16%. However, in 17 h these compounds showed negligible
losses, so that estimations carried out promptly would be unaffected.

All the compounds were stable in plasma during freezing and thawing. AT,
NT, DMNT and all six of their hydroxy metabolites, added to drug-free human
plasma, showed no significant losses when frozen and thawed eleven times in
succession and estimated directly after the final thawing. Patients' plasma
samples treated similarly gave no evidence either of loss of bases or their
liberation from conjugates.

The compounds were stable for long periods in frozen plasma. AT, NT,
their four hydroxy metabolites and DMNT, when added to drug-free human
plasma and frozen, were not detectably changed after six months storage, while
cis- and trans-OHDMNT declined by about 10%. Patients' plasma samples
stored frozen for periods up to one year showed no change in the tertiary and
secondary amines. (Primary amines were not estimated in these samples, so that
the stability of their conjugates was not tested.)

The compounds were not adsorbed appreciably by the precipitates that
develop in frozen heparinized plasma on storage. A pool of stored plasma
samples from patients treated with AT was thawed and centrifuged. Determina
tions of AT, NT, OHAT and OHNT before and after centrifugation showed no
differences and assay of the precipitate showed negligible amounts of these
compounds. Similarly, blank human plasma with added cis- and trans
OHDMNT, stored frozen for several months, showed negligible amounts of
these compounds adhering to the precipitates.

All blood samples were equilibrated and centrifuged at 37° C as previously
described [25], in order to prevent the redistribution of compounds between
cells and plasma. Blood samples from six patients were divided into two. One
aliquot was equilibrated and centrifuged at once, and the other after 24 h at
room temperature. No significant differences in plasma levels of AT, NT,
OHAT or OHNT were found.

Other drugs
Retention times relative to AT (RRAT) were given previously [4] for 29

other drugs and some of their metabolites. In Table I, eleven further com
pounds are listed. The estimation of additional metabolites necessarily increases
the likelihood of interference by other drugs. In the current method, peaks
with RRAT values between about 0.9 and 1.9 will interfere. The principal
potential offenders are other tricyclics and related antidepressants, propranolol,
benzhexol, possible metabolites of procyclidine, and the smaller, less polar
benzodiazepines and phenothiazines. Most benzodiazepines and neuroleptics,
however, have RRAT values greater than 1.9.

The extraction, like the procedure [4] for AT and NT only, excludes small
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SUMMARY

The conditions for the heptafluorobutyrylation of tocainide have been studied. An
almost instantaneous reaction was obtained with 0.01 % of heptafluorobutyric anhydride in
toluene at 40°C. Higher anhydride concentration caused degradation of the initially formed
derivative, mainly by the loss of water, as shown by mass spectral analysis.

Tocainide was isolated from plasma by extraction into dichloromethane at alkaline pH.
Gas chromatographic separation was performed with a fused-silica capillary column coated
with a methyl silicone gum. The enantiomers were separated on a glass capillary column
coated with Chirasil-Val®.

Upon analysing 0.1 ml of plasma eight times the precision was 4.7% at the 10 ILmol/l
level for the S-form of tocainide.

INTRODUCTION

Tocainide [2-amino-N-(2,6-xylyl)propanoic acid amide] is an orally active
antiarrhythmic drug (Fig. 1). Its determination in biological samples has been
performed by liquid chromatographic [1-B] and gas chromatographic [7-13]

CH3 CH3

0-NHco9HNHZ CH30- NHCOCHNH Z

CH 3 CH 3 CH3 CH 3

Fig.!. Chemical structures of tocainide (left) and the internal standard (H 155/73, right)

*Presented at the Annual Meeting of The Swedish Academy of Pharmaceutical Sciences,
1982, and The 1st International Symposium on Drug Analysis, Brussels, 1983.

0378-4347/84/$03.00 © 1984 Elsevier Science Publishers B.V.
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injection and then taken to 210° C by increasing the oven temperature by
25° Cimino Samples were introduced every 18 min by a Varian 8000
autosampler unit.

Reagents and chemicals
Tocainide hydrochloride, internal standard as the hydrochloride [H 155/73,

2-amino-N-(2,4,6-mesityl)propanoic acid amide, Fig. 1], S- and R-tocainide
hydrochloride and the heptafluorobutyric derivative of tocainide (H 191/12)
were from the department of Organic Chemistry, AB Hassle. The following
metabolites were also from the same source: the lactic xylidide (H 170/82),
the pyruvic xylidide (H 170/83), the oxime (H 170/84) and the 3-(2,6-xylyl)
5-methyl hydantoin.

p-Bromobenzophenone was from BDH (Poole, U.K.). The methyl carbamate
of dibenzylamine was prepared as previously described [15].

Heptafluorobutyric anhydride (Regis, Morton Grove, IL, U.S.A.) was stored
in small glass bottles with PTFE-lined screw caps. A 0.5% solution in toluene
was prepared and used the same day. Care should be taken that the solution is
homogeneous. The corresponding imidazol was from Pierce (Rockford, IL,
U.S.A.).

HPLC grade dichloromethane and glass-distilled toluene were obtained from
Rathburn (Walkerburn, U.K.) and ethyl acetate p.a. from Merck (Darmstadt,
F.R.G.).

A 1.25% solution of hydroxylamine hydrochloride (Merck p.a.) was
prepared with deionized water.

Methods
Studies on the acylation of tocainide. Acylation studies of tocainide were

performed with 10 /1g of tocainide (5.2 nmol) and a marker (4-bromobenzo
phenone for electron-capture detection, and methyl carbamate of dibenzyl
amine for nitrogen selective detection) in 2 ml of toluene. After addition of the
acylating agents aliquots were withdrawn and washed with buffer pH 7.4.
Analysis with electron-capture detection necessitated dilution of the solution,
and analysis by nitrogen-selective detection required the elimination of toluene
as solvent. This was accomplished by evaporation and reconstitution in ethyl
acetate.

Determination of tocainide in human plasma. A O.l-ml plasma sample was
mixed with 50 /11 of the internal standard solution (H 155/73, 25 /1mol/l)
and 50 /11 of 1.25% aqueous hydroxylamine hydrochloride solution. After 30
min at room temperature the mixture was made alkaline by the addition of
0.1 ml of 1 M sodium hydroxide and extracted with 5 ml of dichloromethane
for 10 min. After centrifugation and aspiration of the aqueous phase, the
organic phase was decanted into a new tUbe and evaporated to dryness at
30° C under a stream of dry nitrogen. The residue was dissolved in 0.5 ml of
toluene, and 10/11 of the heptafluorobutyric solution, 0.5% in toluene (or 50
/11 of 0.1% solution), were added. The reaction was allowed to proceed at
40° C for 10 min or at room temperature for 30 min, and was taken to dryness
as above. The remainder was dissolved in 0.2-1 ml of toluene. A 3-/11 volume
was injected into the gas chromatograph.
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tion upon repeated injection was < 5%. No signs of adsorption or degradation
compared with an inert marker could be observed [20]. As methyl silicone
capillary columns are used routinely for many other drug determinations in
our laboratories there was no need to investigate other stationary phases.

In order to separate the enantiomers of tocainide, capillary columns coated
with Chirasil-Val were investigated. A column from Applied Science Labs. gave
adequate separation of the enantiomers (Fig. 3). The resolution of the
enantiomers as their heptafluorobutyryl derivatives was marginally inferior
to that of the pentafluoropropionyl derivative (Table I) and superior to that
obtained with the trifluoroacetyl derivatives. The responses of the pentafluoro
propionyl and heptafluorobutyryl derivatives were about eight times greater
than that of the trifluoroacetyl derivative. Recently a method was published
describing the enantiomeric separation of heptafluorobutyric tocainide on
Chirasil-Val [21]. Optically active derivatizing agents such as S-a-methoxy-a
trifluoromethylphenylacetyl chloride [12] can also be used but such methods
demand a high optical purity of the reagent.

TABLE I

RESOLUTION OF PERFLUOROACYL DERIVATIVES OF TOCAINIDE ON
CHIRASIL-VAL

Conditions: 190°C, split flow-rate 20 ml/min, inlet pressure 100 kPa.

Derivative k's* k R Q(

TrifluoroacetyI 3.49 3.68 1.055
Pentafluoropropionyl 3.09 3.31 1.071
Heptafluorobutyryl 3.46 3.70 1.070

*k' - capacity factor.

Selectivity of the present method towards metabolites
Possible interferences from four metabolites [22] were investigated. Plasma

was spiked to a concentration of 200 pmol/l of the pyruvic and lactic xylidides,
the oxime and the hydantoin. Only the hydantoin, which is formed as an
artefact at alkaline pH from the N-carboxytocainide glucuronide, was a
potential interference. It elutes just after R-tocainide, but was not observed in
any of the experimental plasma samples analysed.

Application to plasma samples
Standard curves were prepared by analysing plasma spiked with tocainide

in the range 0.3-20 pmol/I. The precision upon repeated analysis of plasma
samples is presented in Table II. For routine quantitative determinations five

TABLE II

PRECISION DATA FROM THE REPEATED ANALYSIS OF TOCAINIDE IN PLASMA

Conditions: 0.1 ml of plasma, n = 8.

Tocainide (racemate)

R-Tocainide

S-Tocainide

Ilmol/l

10
0.3

10
0.3

10
0.3

R.S.D. (%)

3.3
7.7
4.5
9.5
4.7
6.0
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TABLE I

INTRA-DAY REPRODUCIBILITY OF THE ASSAY

Each peak height ratio was obtained from an independently prepared calibration sample; all
samples were assayed on the same day.

Peak height ratio

Mean (/Lg/ml)
S.D. (/Lg/ml)
C.V. (%)

Concentration (/Lg/ml)

0.10 0.20 0.50 1.50 2.00

0.18 0.33 1.04 3.83 4.50
0.17 0.37 0.94 3.65 4.44
0.19 0.33 1.14 3.75 4.81

0.18 0.34 1.04 3.74 4.58
0.01 0.02 0.10 0.09 0.20
5.55 6.70 9.60 2.40 4.33

to the assay. The validity of the assay procedure was established through a
study of linearity of response, reproducibility, accuracy and precision.

The calibration curve was found to be linear over a range of 0.10-2.0 J,lgjml
sobrerol concentration. The best fit least-squares line was obtained using linear
regression analysis. The correlation coefficients for inter-day standard calibra
tion curves (in triplicate and duplicate) ranged from 0.995 to 0.998 for the
plasma assay, from 0.991 to 0.993 for the whole blood assay and from 0.995
to 0.999 for the urine assay. The coefficients of variation (C.V., %) calculated
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from inversely estimated concentrations for inter-day standard calibration
curves ranged from 6.36 to 10.6 for the plasma assay, from 7.41 to 8.21 for
the whole blood assay and from 3.8 to 7.5 for the urine assay. The intra-day
reproducibility of the standard curve (samples analyzed in triplicate) had C.V.
values ranging from 2.40 to 9.60 as shown in Table 1.

The accuracy of the method was assessed by analyzing quality control
samples on each assay day. The quality control sample variability was found to
have a C.V. of 7.57% and a mean concentration of 1.03 pgjml (n = 5) with the
theoretical concentration being 1.0 pgjml.

Measurement of sobrerol in plasma
Application of the method developed was demonstrated by measuring

plasma levels of sobrerol in a normal human volunteer after oral administration
of 500 mg as an oral solution. Peripheral venous blood samples were with
drawn at regular intervals and the plasma obtained was used for drug analysis.
Plasma levels obtained are shown in Fig. 5. The data best fit the triexponential
equation:

C = 6.9 e -0 .213t + 14.01 e -3.03t - 20.92 e -S1.69t

Interference by other compounds
A systematic investigation of potential interferences by other compounds

has not been carried out. The intended use of this assay in our laboratory is
measurement of sobrerol levels in controlled clinical trials on normal human
volunteers. However, ephedrine, which proved to be a good internal standard
for spiked plasma samples, was found to have the same retention time as one of
the metabolites of sobrerol (possibly hydrated carvone). A systematic investiga
tion of interference by commonly coadministered drugs is anticipated.
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URINE SAMPLES FROM PSYCHIATRIC PATIENTS
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and
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SUMMARY

A high-performance liquid chromatographic method is used for the determination of
citalopram [1-( 3-dimethylaminopropyl)-1-(4-fluorophenyl )-5 -phthalancarbonitrile 1 and four
of its metabolites (the methylamino, amino, propionic acid and N-oxide derivatives) in
plasma and urine. The plasma samples were extracted with diethyl ether at pH 10 and pH 4.
Filtered urine samples could be injected directly on to the column. Steady-state drug and
metabolite levels were investigated in fifteen psychiatric patients. In urine, 12 ± 5% (mean ±

S.D.) of a given dose of citalopram was excreted in unchanged form. The propionic acid
derivative was further conjugated, possibly to glucuronic acid. Mean steady-state plasma
levels and metabolites in 24-h urine are given as percentages of the dose.

INTRODUCTION

Citalopram (I, Fig. 1), an antidepressant, is a potent and selective inhibitor
of serotonin re-uptake [1]. From previous investigations it appears that the
kinetics in man is characterized by approximately complete systemic availabili
ty and slow elimination [2]. Compared to the tricyclic antidepressants, which
are eliminated mainly by hepatic metabolism [3], citalopram seems to be less
extensively metabolized. Thus roughly 13% of a given dose of citalopram has
been recovered unchanged in urine, suggesting elimination by renal as well as
hepatic processes [2] .

0378-4347/84/$03.00 © 1984 Elsevier Science Publishers B.V.
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IV: X = 3.2Y - 0.1; n = 5; r 2 = 1.00; range 1.0-7.0 /lmol/l.

V: X =, 4.5 Y - 0.02; n = 5; r 2 = 1.00; range 0.15--0.7 /lmol/l.

No day-to-day variation was observed. Relative standard deviations were
< 5% (n = 10) in the upper and lower concentration ranges for compounds
I-IV .. The relative standard deviation of the N-oxide (V) was < 11% in the
lower concentration range (Table II). The detection limits were in the range
0.03--0.06/lmol/l.

b

In'm'

a

I."m'
5

2
1

6

8 min o

Fig. 4. Chromatograms of urine samples. (a) Urine blank. (b) Patient urine containing
propionic acid metabolite 7 !tmol/l (1), amino metabolite (10 !tmol/l (2), methylamino
metabolite 23 !tmol/l (3), N-oxide 1.8 !tmol/l (4) and citalopram 22 !tmol/l (5); internal
standard (6). Mobile phase: acetonitrile-phosphate buffer 0.6%, pH 3.2 (50:50), at a flow
rate of 1.3 ml/min.

Plasma samples
Minimum steady-state plasma levels of citalopram and metabolites are shown

in Table III. Citalopram (I) plasma levels were in the range 108-334 nmol/I.
The methylamino metabolite (II) levels were on average 50% of the citalopram
levels and were in the range 70-167 nmol/I. The amino metabolite (III) plasma
levels were approximately 10% of the parent drug (I) levels and were in the
range 7-37 nmol/I.

In one patient, the propionic acid metabolite (IV) could not be detected. In
twelve patients, the plasma levels of IV ranged from 33 to 117 nmol/l and were
approximately 30% of the citalopram plasma levels (Table III).

The N-oxide could not be detected in plasma.
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also on hepatic blood flow. These results are in close agreement with the data
reported by Ramsch [13] .

The 24-h urinary excretion of M-I amounted to approximately 60% of the
dose; Horster et al. [3] recovered about 65% of the dose with 14C-Iabelled
nifedipine after a bolus injection; the other part had been excreted in bile. This
indicates that relatively small amounts are excreted in urine as other
metabolites, since it has been shown by Kondo et al. [6] that unchanged
nifedipine and/or p-I are excreted in urine in trace amounts (0.1% of an oral
dose). Urinary excretion of M-I is also in agreement with the findings of Kondo
et al. [6].

CONCLUSIONS

The phase systems described in this paper for the determination of
nifedipine in plasma and its main metabolite (M-I) in urine allows their rapid,
sensitive and selective quantitative analysis without interference from
endogenous compounds, metabolites or photodegradation products. The
described chromatographic procedure can be performed automatically, which
permits the relatively rapid assay of many samples of nifedipine. The method is
suitable for pharmacokinetic studies in man; drug elimination from plasma can
be followed for 3-4 times its half-life following therapeutic dosages of
nifedipine. It was also clearly shown in the present study that nifedipine
preparations and plasma samples need to be handled without exposure to
daylight.

ACKNOWLEDGEMENTS

The authors wish to thank H.C.N. Kappelle-de Vries for typing the
manuscript and Drs. W. Onkenhout for producing the mass spectra. The study
was supported in part by a grant from Bayer (Wuppertal, F.R.G.).

REFERENCES

1 M. Guazzi, M.T. Olivari, A. Polese, C. Fiorentini, F. Magrini and P. Moruzzi, Clin.
Pharmacol. Ther., 22 (1977) 528.

2 K. Hashimoto, T. Kobayashi and E. Kimura (Editors), Nifedipine "Adalat", 1st Inter
national Symposium Tokyo, 1973, Bayer Yakuhin Ltd., Osaka, 1975.

3 F.A. Horster, B. Duhm, W. Maul, H. Medenwald, K. Patschke and L.A. Wegner, Arz
neim.-Forsch., 22 (1972) 330.

4 R. Testa, E. Dolfini, C. Reschiotto, C. Secchi and P. Biondi, Farm. Ed. Pract., 34
(1979) 463.

5 H. Medenwald, K. Schlossmann and C. Wiinsche, Arzneim.-Forsch., 22 (1972) 242.
6 S. Kondo, A. Kuchiki, K. Yamamoto, K. Akimoto, K. Takahashi, N. Awata and J.

Sugimoto, Chem. Pharm. Bull., 28 (1980) 1.
7 P. Jakobsen, O. Lederballe Pedersen and E. Mikkelsen, J. Chromatogr., 162 (1979)

81.
8 J. Dokladalova, J.A. Tykal, S.J. Coco, P.E. Durkee, G.T. Quercia and J.J. Korst, J. Chro

matogr., 231 (1982) 451.
9 S. Higuchi and J. Shiobara, Biomed. Mass Spectrom., 5 (1978) 220.

10 K.D. Riimsch, personal communication.
11 P. Pietta, A. Rava and P. Biondi, J. Chromatogr., 210 (1981) 516.
12 P.R. Bach, Clin. Chem., 29 (1983) 1344.
13 K.D. Riimsch, Schwerpunkt Med., 47 (1981) 55.
14 H. Rosenkranz, K. Schlossmann and W. Scholtan, Arzneim.-Forsch., 24 (1974) 455.



217

Journal of Chromatography, 308 (1984) 217-227
Biomedical Applications
Elsevier Science Publishers B.V., Amsterdam - Printed in The Netherlands

CHROMBIO. 2084
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SUMMARY

A sensitive and selective reversed-phase high-performance liquid chromatographic assay
has been developed to determine the concentration of pyrimethamine, sulfadoxine and N4_
acetylsulfadoxine in serum and urine after oral administration of the antimalarial remedy
Suldox®. Hitherto the literature describes no method being able to quantitate all three
compounds in these fluids.

The compounds are extracted successively from the same sample and subjected to liquid
chromatography followed by ultraviolet detection (280 nm). Calibration curves were linear
(? = 0.999; S.E.M. less than 3%; n = 10) in the range 0-300 J.lg/ml (sulfadoxine) and
0-1000 ng/ml (N4·acetylsulfadoxine and pyrimethamine). The limits of quantitation for the
latter compounds were as low as about 5 ng/ml and 1 ng/ml, respectively. At therapeutic
serum concentrations of 30 J.lg/ml (sulfadoxine), 350 ng/ml (N4'acetylsulfadoxine) and 120
ng/ml (pyrimethamine) an interassay reproducibility below 8% (relative standard deviation)
was found for all three compounds.

The assay was evaluated in a pilot study and proved convenient for pharmacokinetic
studies in man following oral co-administration of pyrimethamine and sulfadoxine.

INTRODUCTION

Sulfadoxine (SDP) and pyrimethamine (DCE) are both long-acting drugs
inhibiting sequential steps in the biosynthesis and utilization of folic acid [1] ;
used to~{ether they act synergistically [1, 2]. Given as a single drug SDP has
been used in the treatment of various infections [3--u]. DCE monotherapy
has been used in the treatment of meningeal leukaemia [7, 8] , malaria due to
Plasmodium falciparum [9, 10] and against coccidiosis [11, 12]. The fact that
the concurrent use of DCE and SDP causes a double blockade in the folate
pathway has been beneficial for the treatment and prophylaxis of protozoal

0378-4347/84/$03.00 © 1984 Elsevier Science Publishers B.V.
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diseases such as malaria tropica when caused by chloroquine- andjor pyrimeth
amine-resistant strains of Plasmodium falciparum [13-15] ,

Spectrophotometric methods were used for the analysis of both DCE [16,
17] and SDP [18, 19] until the late sixties. The first gas chromatographic
method for DCE [20] dealt with its concentration in chicken tissue. Later,
gas-liquid chromatographic (GLC) methods for DCE analysis in plasma were
pUblished [21-23], The minimum concentration measurable in all cases was
about 5 ngjml. Disadvantageous to these techniques were a cumbersome
procedure, a long time of chromatography [21] and the occurrence of ghost
plasma peaks [22]. T~o liquid chromatographic methods for DCE in plasma
have been published [24, 25] and both signified simplifications of the
procedure. A GLC method feasible for SDP in urine and whole blood was
pUblished in 1981 [23] ; however, the chromatography involved a time-consum
ing temperature programming of the column oven, Some high-performance
liquid chromatographic (HPLC) methods for sulphonamides in biological fluids
have appeared [26-28], but to the authors knowledge none on SDP.

This publication describes a reversed-phase HPLC method to determine
therapeutic concentrations of DCE, SDP and its N4-acetyl metabolite (MAS) in
plasma and urine after intake of Suldox® (Dumex). This antimalarial product
contains DCE and SDP in the ratio of 1 :20.

EXPERIMENTAL

Chemicals and reagents
SDP, MAS, DCE and the internal standards monobutyrylsulfadoxine (MBS)

and p-aminopropionphenone (PAP) were supplied by the Synthesis Laboratory,
Dumex. Acetonitrile was of HPLC grade and all other chemicals were of
analytical grade.

Standard solution I: 10 mg of DCE and 10 mg of MAS were dissolved in 100
ml of methanol.

Standard solution II: 20 mg of SDP and 1 ml of standard solution I were
added to 100 ml of methanol giving the concentrations 200 ngjpl SDP, 1 ngjpl
MAS, 1 ngjpl DCE.

Internal standard solution I: 10 mg of MBS were dissolved in 100 ml of
methanol.

Internal standard solution II: 10 mg PAP were dissolved in 100 ml of
methanol.

Borate buffer (0.0125 M) resulted from the dissolution of 4,8 g of Na2B407 •
10H20 in 11 of glass-distilled water, addition of 1.5 g of sodium hydroxide and
final pH adjustment with 2 M sodium hydroxide to pH 10.0.

TBA reagent (0.25 M): 8.5 g of tetrabutylammonium hydrogen sulphate
were dissolved in 100 ml of glass-distilled water and the pH was adjusted to
10.0 with 2 M sodium hydroxide

Sodium hydroxide (2 M): 8 g of sodium hydroxide were dissolved in 1 I of
glass-distilled water.

Sodium phosphate buffer (0.1 M): 18.0 g of Na2HP04 ' 2H20 were dissolved
in 1 I of glass-distilled water and concentrated orthophosphoric acid was added
to pH 4.0 or 5.4.

For hydrolysis of urine samples /3-glucuronidase (EC 3.2.1.31) from Sigma
was used.
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DETERMINATION OF PROGABIDE AND ITS MAIN ACID METABOLITE
IN BIOLOGICAL FLUIDS USING HIGH-PERFORMANCE LIQUID
CHROMATOGRAPHY AND ELECTROCHEMICAL DETECTION

APPLICATION TO THE MEASUREMENT OF BLOOD/PLASMA
PARTITION RATIO

P. PADOVANI, C. DEVES, G. BIANCHETTI, J.P. THENOT*,* and P.L. MORSELLI

LERS-SyntMlabo, 58 rue de la Glaci~re, 75103 Paris (France)

(First recl~ived August 31st, 1983; revised manuscript received January 23rd, 1984)

SUMMARY

A method for the measurement in plasma, blood and urine of progabide, its main acid
metabolite, and the corresponding benzophenone is described. This assay allows the deter
mination of progabide and its acid metabolite for therapeutic drug monitoring, and with a
minimum detectable concentration of 1-10 ng/ml for progabide and its acid metabolite, it is
sensitive enough for pharmacokinetic studies. Progabide and its metabolites are extracted
from biological samples with toluene at pH 4.5. Following reduction of the imine bond with
sodium borohydride, the reduced drugs are back-extracted into an aqueous phase at acid
pH and reextracted by diethyl ether at alkaline pH.

Progabide, its acid metabolite and the benzophenone are separated by high-performance
liquid chromatography using a 3-llm ODS column with a quaternary solvent mixture of
methanol-acetonitrile-phosphate buffer (0.033 M, pH 5.5 )--sodium chloride (1.5 M)
(30:30:40:9, v/v), and detected electrochemically at a potential of +850 mV vs. an Ag/AgCl
electrode.

Antiepileptic drugs like carbamazepine, carbamazepine epoxide, phenytoin, valproic acid
and ethosuximide do not interfere with the assay. Blood/plasma partition ratios of 0.69 and
0.55 for progabide and its acid metabolite, respectively, indicate that the former but not the
latter is present in red blood cells.

INTRODUCTION

Progabide (Fig. 1, I), a new 'Y-aminobutyric acid (GABA) mimetic compound,
which has been shown to possess a large spectrum of antiepileptic activity in

*Correspondence address: LERS-Synthelabo, 23-25 avo Morane Saulnier, 92360 Meudon la
Foret, France.
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V 0 CI INTERNAL STANDARD 2

Fig. 1. Structure of progabide, its metabolites and the internal standards.

resistant epileptic patients [1-3], is metabolized to other GABA agonists:
progabide acid metabolite (PGA), gabamide and GABA (Fig. 1). PGA exerts
the same pharmacological activity as the parent compound.

Progabide undergoes rapid hydrolysis into benzophenone in aqueous solu
tion at acidic pH and in methanolic solution. The instability of the imine bond
presents the main difficulty in the quantification of the drug. Hence, great care
must be taken in the collection of the blood or plasma samples, and it is
necessary to prevent the hydrolysis of the imine bond occurring naturally
dUring the extraction and work-up procedure. This is made possible by
reducing the double bond with sodium borohydride, as described by Yonekawa
et al. [4]. The stable reduced compounds can then be pUrified by back-extrac
tion in acidic conditions. However, Yonekawa's procedure, developed for
plasma samples, required modifications for the determination of progabide in
blood.

The present paper describes a method for the quantification of progabide, its
acid metabolite (PGA) and, if needed, the benzophenone, in plasma, blood and
urine with an optimized chromatographic separation under reversed-phase
conditions. It also describes the determination of the blood/plasma partition
ratio of progabide and of its acid metabolite PGA.

ExPERIMENTAL

Chemicals
Sodium borohydride, sodium chloride, sodium acetate and sodium citrate,

p.a. grade, were purchased from Merck (Darmstadt, F.R.G.). Methanol (UV
grade) and diethyl ether (p.a. grade) were obtained from Carlo Erba (Milan,
Italy). The latter solvent should be freshly distilled. Acetonitrile (HPLC grade)
and toluene (p.a. grade) were purchased from Baker (Deventer, The
Netherlands) .

Progabide, 4-{ [(4-chlorophenyl)(5-fluoro-2-hydroxyphenyl)methylene] -
amino ]butanamide, SL-75102, 4-{ [(4-chlorophenyl)(5-fluoro-2-hydroxy
phenyl)-methylene] amino }butyric acid and their internal standard, SL-78050,
4-{ [(4-chlorophenyl)(5-chloro-2-hydroxyphenyl)methylene] amino }butan- ami
de, were provided by the LERS Chemistry Department.
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Fig. 2. Flow-chart of the extraction and reduction of progabide (I), its acid metabolite (II),
and their corresponding benzophenone (IV). Compounds III and V are internal standards
(see Fig. 1).

Peak area ratios progabide/intemal standard, and PGA/intemal standard
were used to construct standard curves. The slope, intercept and correlation
coefficient were determined by linear least-squares regression analysis.

Blood/plasma partition ratio
In order to determine the distribution ratio of progabide and PGA between

blood and plasma, 600 mg of progabide were administered orally to three
healthy volunteers (mean age 35 ± 8.7 years, mean body weight 60.3 ± 6.2 kg).
Blood (15 ml) was collected at 0, 1, 2, 4, 6, and 8 h following drug administra
tion. Half of the blood sample was immediately frozen, the second half was
centrifuged and the plasma collected. Progabide and PGA were determined in
blood and plasma, and the concentration ratio experimentally measured.

The relationship between blood and plasma concentrations is Cb =
C p (1 - H) + CeR, where Cb, C p and Ce are respectively blood, plasma and
erythrocytes concentrations, and H is the haematocrit. For a haematocrit mean
value of 0.45, Cb/Cp is superior or equal to 0.55. Only when Ce = 0 does Cb/Cp

equal 0.55.
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Many solvents were tested for the extraction process, and diethyl ether
proved to be the best for the non-reduced compounds; unfortunately it also
extracted too many endogenous compounds to be useful, and the best com
promise was provided by toluene. For the reduced compounds a more polar
solvent was necessasry and diethyl ether gave the best recovery.

The influence of sodium borohydride reduction time was investigated and it
was observed that yields, expressed as peak heights, were optimal for a 10-20
min reduction time, then decreased in a parabolic manner. However, peak
height ratios between progabide, PGA and the benzophenone remained
constant with time.

Chromatographic separation
The chromatogram obtained by high-performance liquid chromatography

(HPLC) of unreduced progabide showed a large tailing peak. A marked
improvement of the chromatographic properties was observed after reduction
of the imine bond, but a simple binary mobile phase was not suitable to obtain
a good separation of all the compounds. Thus each chromatographic parameter
was investigated, and the solvent composition was optimized by the chromato
graphic resolution function introduced by Kaiser [6] using a two-factorial
analysis.

TABLE I

OPTIMIZATION OF SOLVENT COMPOSITION - CHROMATOGRAPHIC RESOLUTION FUNCTION
VALUES

KH,PO. molarity pH NaCI molarity CH,CN
(%)

0.01 0.033 0.1 0 0.041 0.082 0.1239

-0.019 -100.0 -100.0 4.5 -0.233 -0.729 -0.1023 -0.0173 0
-0.116 -0.183 -0.105 5.2 -0.8493 -100 -0.9038 -0.0830 15

-100.0 -2.470 -100.0 5.9 -100.0 -0.771 -0.1431 -0.0841 30

CRF= 1([KH2 PO.]. pH)

CRF

,
,

,

4.5

O.033i--L....,.L-----=.....~----~§f

O.O~I::::2~;;.::;;;:======::;:::::;;~=========:::z:~-~---___cc-
----5.2 5.9 pH

-100

Fig. 5. Chromatographic resolution function (CRF) as a function of pH and molarity of
phosphate buffer in the mobile phase.
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Fig. 8. Chromatogram obtained after extraction of blood following administration of 900
mg of progabide in one subject. Peaks: I = PG (559 ng); II = PGA (632 ng); III = internal
standard 1 (500 ng); IV = benzophenone (500 ng); V = internal standard 2 (500 ng).

Assay linearity and precision
Calibration curves were constructed by analysing a series of blood samples of

known progabide and PGA concentrations. Each data point was the mean of
five measurements. The response was linear over the range 10-1500 ngjml.
Although the minimum detectable concentration was 1 ngjml (three times the
baseline noise), the practical limit was around 10 ngjml.

TABLE II

REPRODUCIBILITY OF THE METHOD FOR THE MEASUREMENT OF PROGABIDE
AND PGA AT DIFFERENT CONCENTRATIONS

Spiked No. of Concentration Standard C.V.
concentration observations observed deviation (%)
(ng/ml) (ng/ml) (ng/ml)

Progabide 50 10 48 1.6 10
250 5 259 2.5 2.2
500 10 504 3.0 1.9
750 5 745 4.0 1.2

1000 10 999 2.9 0.9

PGA 50 10 51 1.3 8.0
250 5 248 2.3 2.1
500 10 499 2.6 1.7
750 5 737 1.2 0.4

1000 10 1008 2.2 0.7
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TABLE II

REPRODUCIBILITY (n = 5-B) OF THE URINE AND THE PLASMA ASSAY OF THE
S,S-DIASTEREOMER

Concentration
(ng/ml)
._--------------------------

Plasma assay
10
20
40
80

160

Urine assay
20
40
80

125
200
400

18.3
7.5
5.0
6.1
2.2

8.3
8.1
8.4
8.8

10.4
6.2

a lower attenuation or by extracting from a larger volume of fluid (in the
urine assay, a different internal standard would be required). However, at
lowl~r attenuation baseline stability and assay reproducibility would be com
promised.

The POE ester of methyldopa was developed with the objective of obtain
ing :a prodrug which would be more efficiently absorbed from the gastrointes
tinal tract compared to oral methyldopa but which would also be readily
hydrolyzed in the body to deliver the active moiety to the general circulation.
When small oral doses (200 mg) of the S,S-diastereomer, labeled with 3H,
were administered to man, about 70% of the label was recovered in urine
within 36 h and methyldopa was the major urinary metabolite [3]. In com
parison, about 40% of a 14C-Iabeled oral dose of methyldopa is recovered in
urine [17]. With larger oral doses of the prodrug, equivalent to 500 and
1000 mg of methyldopa, the availability of methyldopa to the general circula
tion of man averaged 64% of the dose compared to 27% after oral methyl
dopa [2]. In vivo hydrolysis of the prodrug (S,S-diastereomer) was initially
studied in rats, dogs, and rhesus monkeys after oral administration of the drug
labeled with 3H in the methyldopa moiety or 14C in the pivalic acid moiety
[3] . The differing temporal pattern of the two labels in the portal circulation
and their selective solvent extraction profile from portal plasma was indicative
that hydrolysis of the prodrug occurred pre-systematically and was rapid and
extensive. In vitro experiments also demonstrated that plasma esterases are
capable of hydrolyzing the ester at an appreciable rate in rat, dog, and human
plasma [3] (see also Table I).

These data indicate that after oral administration of the POE ester, concen
trations of the intact ester in biological fluids would be extremely low relative
to the active hydrolysis product, methyldopa. The present HPLC method is
highly sensitive and selective for the ester and was developed and applied in
seveJral animal and human studies to assess the degree to which the body is
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After establishing the HPLC eluent, an IS was selected. Since a homologue
of I was not available and the HPLC eluent was different from the eluents
employed for other cephalosporins, acetophenone, which had good chromato
graphic characteristics in the defined analytical system, was selected as IS.

Linearity and precision of the analytical technique
The HPLC analytical technique was evaluated for linearity and reproducibili

ty by preparing and analyzing concentration series of I from 0.5 to 20 J.Lg/ml.
Each of the six reference solution levels was prepared and assayed in duplicate
on four separate days. Excellent precision was obtained at each concentration
with a relative standard deviation (R.S.D.) range for the eight determinations
of 2.9-5.5%. A least-squares linear regression evaluation of the peak height
ratio versus concentration gave Y = (0.197 ± 0.012)X - (0.010 ± 0.011) with
a correlation coefficient of 0.999. The Y-intercept was statistically insignificant
(p > 0.05 with 95% confidence). The slope of the linear-regression equation
was directly proportional to the relative weight response of I since the intercept
was statistically equal to zero.

Sample preparation procedure for plasma/serum samples
Techniques commonly employed to isolate a compound from plasma/serum

protein, i.{~. liquid-liquid extraction and protein precipitation, were evaluated
for I. The ionic nature of the compound prevented extraction from aqueous
solution even when the ionic groups of the antibiotic were ion-paired with
EDTA and TBA. Protein precipitation with acetonitrile, perchloric acid,
or trichloroacetic acid resulted in co-precipitation of I. When EDTA and TBA
were added to the physiological fluid prior to protein precipitation, recovery of
the compound in the supernatant was obtained with acetonitrile but not with
the acids as the precipitating reagent. However, two volumes of acetonitrile for
each aqueous volume were required for complete protein precipitation,
and the increased volume of the final solution prevented quantification at
the 1 J.Lg/ml level. Increasing the injection volume resulted in poor chromato
graphy of I, thus preventing this technique from providing the necessary
sensitivity. Concentration of the supernatant at approximately 35° C under a
stream of nitrogen gave acceptable chromatography and met the sensitivity
requirement. This sample preparation technique was employed to optimize the
conditions, Le. EDTA, TBA level; pH; sample handling, which gave the highest
recovery of the compound with minimal interference from plasma components.
The addition of 1.0 ml of a 0.05 M TBA--0.01 M EDTA, pH 5.0 solution to 1.0
ml serum/plasma and protein precipitation with 4 mlacetonitrile gave
approximately 70% recovery of I. At lower TBA, EDTA levels, lower pH
values, or less than 1.0 ml added aqueous solution, the recovery was decreased.
To improve the recovery, the protein precipitate was washed with a(75:25, v/v)
acetonitrile-Q.05 M TBA, 0.01 M EDTA, pH 5.0 solution and the wash added
to the original supernatant prior to concentration. This procedure gave
75-85% recovery of the compound; however, the concentration step was time-
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Fig. 5. Stability of cefpimizole in plasma-EDTA and urine-EDTA samples maintained at
room temperature. (e--e) Plasma; (0- -0) urine. Linear regression: plasma, Y= (-D.471 ±

0.020X) + (104.1 ± 0.8), r2 = 0.98; urine, Y= (-D.085 ± 0.005X) + (100.0 ± 1.0), r2 = 0.96.

Plasma and urine specimen analysis
The utility of the developed HPLC methods for I in plasma and urine

specimens was demonstrated by preparing and assaying samples obtained from
a human volunteer receiving three intravenous doses of the drug.
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Fig. 6. Plasma concentration-time plot of cefpimizole from a human volunteer. Intravenous
administration of three dose levels: ( ) 4000-mg dose; (A-A) 2000-mg dose; (e_)
1000-mg dose.
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by plotting the log (UT - U) versus time to estimate the urinary elimination
rate constant (Ke ) (Table II). As with the plasma pharmacokinetic parameters,
the K e and percent dose excreted were similar at the three dose levels indicating
that the excretion of I was independent of dose. Additional pharmacokinetic
evaluations of I are planned to more fully define the physiological distribution
and elimination process for this drug.
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[I]

[II]

Fig. 1. Chemical structures of d-glaucine [I] and diethyl boldine (internal standard) [II].

MATERIALS AND METHODS

Chemicals and reagents
-d-Glaucine hydrochloride and the internal standard diethyl boldine hydro

chloride dihydrate were supplied by Clin-Midy (Montpellier, France). d-[6a:
14C] Glaucine base (21 mCi/mmol) was obtained from CEA (Saclay, France).
Analytical reagent· grade n-hexane, tetrahydrofuran and diethylamine were
purchased from Merck (Darmstadt, F.R.G.); methanol was from Farmitalia
Carlo Erba (Milan, Italy), sodium hydroxide, ammonium chloride and ammonia
20% were from Prolabo (Paris, France).

Preparation of micro-columns
Kieselguhr extraction micro-columns were prepared in disposable poly

propylene blue tips for Eppendorf pipettes (Hamburg, F.R.G.) They were filled
with 0.1 g of kieselguhr (Extrelut Art. 11738, Merck). Glass-wool plugs were
inserted to serve as bed support and avoid dispersion of the porous matrix.

Apparatus
The HPLC system consisted of a Model 5000 (Varian, Palo Alto, CA, U.S.A.)

solvent delivery pump, a Model 710 B WISP automatic sample injector (Waters
Assoc., Milford, MA, U.S.A.) and a Model JY3D spectrofluorimetric detector
(Jobin Yvon Instruments, Paris, France) equipped with a 20-J.LI flow cell. The
output signal was fed to a Model SP 4100 (Spectra-Physics, Santa Clara, CA,
U.S.A.) integrator for recording and calculation of peak area.

The separation units consisted of a prepacked column of LiChrosorb Si 60
Merck (5-J.Lm irregularly shaped particles), 125 mm X 4 mm LD. Chromato
graphic conditions are given in Fig. 2. Other equipment included a vortex type
mixer and an ultrasonic bath for degassing solvents.

Preparation of standards
Standards were prepared by dissolving compounds as salt forms in methanol.

Two stock standard solutions were made each month, one containing 1 mg/ml
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of d-glaucine base and the other containing 1 mg/ml diethyl boldine base.
Working standards of 100 tig/ml to 10 ng/ml were prepared weekly by
appropriate dilution of the stock solutions.

Procedure for plasma and urine extraction
Before addition of biological fluid each sample tube received an adjusted

amount of internal standard as a methanolic solution evaporated to dryness
under nitrogen at 50° C.

Plasma. A 100-til aliquot of plasma was introduced into a sample tube and
200 til of 0.05 M sodium hydroxide aqueous solution were added. The
stoppered tube was vortexed for 30 sec, then the sample was applied on a
kieselguhr micro-column. After equilibration for 15 min, 5 ml of n-hexane were
added to the micro-column. The eluate was evaporated at 50° C in a conical
tube under a gentle nitrogen steam; the sample residue was reconstituted with
100 til of mobile phase and a 20-til aliquot was injected into the HPLC column.

Urine. The procedure for urine was slightly different. To a kieselguhr micro
column were added 250 til of a mixture of urine--Q.1 M N~CI-NH3 buffer
pH 8.1 (2 :1). Other operations remained unchanged.

Quantitation
The concentration of d-glaucine in plasma and urine was determined from

eight-point calibration curves of peak area ratios (d-glaucine and diethyl
boldine) versus d-glaucine concentration expressed as free base in plasma and
urine carried through the described procedures. A new calibration curve was
made with each sample set.

RESULTS AND DISCUSSION

Method
Fig. :~ illustrates the chromatographic separation of d-glaucine in biological

samples. Diethyl boldine was selected as an internal standard on the basis of the
resolution achieved and the similarity of its fluorescence spectrum to that of
d-glaucine.

The final composition of the mobile phase was the result of systematic work
on silica thin-layer chromatography then extrapolation to HPLC plain silica
column until adequate resolution was obtained. Diethylamine was added as a
mobile phase modifier to avoid peak tailing.

A simple way of extracting glaucine is to operate in a slightly basic aqueous
medium (pH 8) with n-hexane as extracting solvent. Unfortunately an emulsion
often formed in biological samples when this procedure was used. To obtain
cleaner extracts of small sample volumes extraction using kieselguhr micro
columns appeared to be suitable. The dilution and the volume of biological
samples were adjusted as a function of porous matrix weight. The analytical
recovery of extraction was determined by radiotracer techniques. A trace
amount of d-[ 14C] glaucine was added to the biological sample before the ex
traction clean-up step. The recovery measured by liquid scintillation counting
prior to HPLC was 79.5% (n = 10, S.D. = 4) in plasma and 84.4% (n = 12, S.D.
= 2) in urine.
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Fig. 2. (A) Typical HPLC chromatogram obtained from urine sample of a treated subject.
(B) Typical HPLC chromatogram obtained from plasma sample of a treated subject.
Operating conditions: column 125 mm X 4 mm I.D. LiChrosorb Si 60 (5 Ilm). Mobile phase:
n-hexane-methanol-tetrahydrofuran-diethylamine (88.5:7.5 :4:0.15). Flow-rate: 1.5
ml/min. Injection volume: 20 Ill. Fluorescence detection: excitation wavelength 310 nm,
emission 340 nm. Peaks: 1 = diethyl boldine (internal standard); 2 = d-glaucine.

Calibration curves of peak area ratio versus concentration were obtained by
analysing plasma and urine standards containing d-glaucine in concentrations
usually ranging from 10 to 500 ng/ml, but the curves were rectilinear for at
least 0-5 t.tg/ml. The equations of the curves (10-500 ng/ml) were calculated
by least-squares linear regression. A good linear relationship was obtained in
the concentration range studied: correlation coefficients for 25 standard curves
averaged 0.999 ± 0.0010 (± S.D.), with intercepts not significantly different
from zero.

The peaks representing d-glaucine and the internal standard were symmetrical
and well removed from the injection front and interfering peaks encountered in
biological material. Attempts to quantitate d-glaucine by either gas chromato-

TABLE I

COMPARISON BETWEEN d-GLAUCINE CONCENTRATIONS OBTAINED BY MASS
SPECTROMETRY WITH FIELD IONIZATION AND BY HPLC

Concentrations are expressed as ng ml -1 •

MS-field ionization HPLC

97 90
190 175

17 20
205 200
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MATERIAL AND METHODS

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

and the sources from which they were obtained, are listed in Table 1. Strains
ATCC 33389, 33384, 29522, and 19415 were obtained directly from the
American Type Culture Collection, the remaining strains through Forsyth
Dental Center. The organisms were maintained and mass cultivated as described
previously [3] .

TABLE I

LIST OF BACTERIA INVESTIGATED

Bacteria

Actinobacillus
actinomycetemcomitans

Haemophilus
aphrophilus

Strain

33384 (9710)
29524
29523
29522

2112
2097
2043

511
N 27
Y4

33389 (5906)
19415 (5886)

655
654

Source

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

ATCC (NCTC)
ATCC (NCTC)
FDC
FDC

Site of origin

Lung abscess
Chest aspirate
Blood
Mjmdibular 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.

Removal of free fatty acids from whole cells
Lyophilized material from each of two series of bacteria, cultured on

different days, was Soxhlet-extracted twice with fresh n-hexane [2,3].

Removal of bound fatty acids from hexane-extracted cells
Lyophilized, hexane-extracted bacterial cells (200 mg) were suspended in

2-3 ml of deionized distilled water and sonicated for 10 min under ice cooling.
The suspension was diluted to 10 ml with deionized distilled water and
centrifuged (27,000 g, 15 min, 4°C). The recovered pellet was freeze dried
until constant weight, suspended in 2 ml of 2 M hydrochloric acid in anhydrous
methanol and incubated in a PTFE-sealed tUbe with screw cap for 24 h at
85° C. The methanolysis tUbe was cooled to 20° C, shaken, and its content
transferred to a centrifuge tube. After two washings of the methanolysis tube,
each time with 2 rol of absolute ethanol, centrifugation was carried out at
48,200 g for 15 min at 4°C. The supernatant was pipetted off and filtered
through a 0.22-,um Millex® -GS filter (Millipore, Molsheim, France) and
recentrifuged. The supernatant was diluted with 4 ml of deionized distilled
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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-1 methyl silicone column (20 m X 0.3 mm J.D.).
Helium served as carrier gas. The column temperature was programmed from
120° C to 250° C at 5° C/min. Electron-impact ionization spectra were recorded
under the following conditions: ionizing energy 70 eV, ionizing current 200
/lA, ion-source temperature 240°C, and accelerating voltage 4 kV.

RESULTS

Gas chromatography
The composition of bound acids (methyl esters) of previously hexane-ex

tracted whole cells from A. actinomycetemcomitans and H. aphrophilus is
given in Tabl.e II. The major acids included C14 : 0 , 3-0H-C14 : 0 , C16 :t. C16 : 0 , and
KDO. All strains, except A. actinomycetemcomitans strain ATCC 29522,
yielded more C16 : 0 than C16 : 1 acid. A typical gas chromatogram of the bound
acids is shown in Fig. 1. The fatty acid profiles were not so characteristic as to
allow differentiation between A. actinomycetemcomitans and H. aphrophilus.

Gas chromatography-mass spectrometry
The fragmentation pattern of the methyl esters of C14 : 0 , C16 : 1 and C16 : 0 was

identical with that of the synthetic analogues and in accordance with the
McLafferty rearrangement [5] with formation of a 74 m/e fragment. Fragmen-

TABLE II

MAJOR BOUND CELLULAR FATTY ACIDS IN ACTINOBACILLUS
ACTINOMYCRTEMCOMITANS AND HAEMOPHILUS APHROPHILUS

Values, which are expressed as relative percentage (w{w) of total substances present, are
means of four l'uns on the gas chromatograph. S.D. = 5%.

Bacteria C12 : 0 C14 : o 3-0H-Cl4 : o C1." C16 : o

Actinobacillus actinomycetemcomitans
ATCC 33384 0.1 21.7 9.2 21.4 26.6
ATCC 29524 0.1 19.6 21.2 17.0 27.8
ATCC 29523 0.3 21.9 18.4 19.6 26.0
ATCC 29522 0.8 30.8 24.7 16.1 13.2
FDC 2112 0.4 18.3 32.6 13.9 16.7
FDC 2097 0.8 20.1 14.2 21.9 28.5
FDC 2043 0.5 32.8 17.8 16.4 24.9
FDC 511 0.1 20.7 15.5 22.5 30.0
FDC N 27 0.1 18.0 27.1 14.9 27.0
FDC Y4 0.4 24.1 21.8 23.3 29.6

Haemophilus aphrophilus
ATCC 33389 0.5 19.5 10.0 25.4 31.6
ATCC 19415 0.5 19.7 16.1 16.5 36.0
FDC 6fi5 0.6 26.5 18.0 13.8 31.5
FDC 6fi4 0.7 19.8 20.2 23.4 24.8
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useful for the determination of other d11lgs that can produce I as a metabolite.
Because of the low content of I expected in biological fluids after the

administration of II, many of the analytical procedures in the literature
[11-13] are unsuitable due to their low sensitivity. We report a sensitive and
specific method based on HPLC for monitoring I in biological fluids.

MATERIALS AND METHODS

Analytical grade reagents and spectrophotometric grade eluents were used.
Imidazole and salicylic acid were purchased from Merck (Darmstad, F.R.G.)
and II was prepared following the procedure previously described [14].

HPLC determination
The HPLC apparatus was a Jasco Model Twincle equipped with a 25-,ulloop

injector and an ultraviolet (UV) detector (Uvidec 100, equipped with an 8-,ul
cell). Several columns packed with CI8 or C8 reversed phases were assayed with
different tR responses for L

Using plasma extracts, the Finepack Sil CI8 column (250 mm X 4.6 mm LD.,
10 ,um, reversed-phase CI8 , Jasco) gave the highest efficiency and was therefore
used in determining I in the biological fluid extracts.

Elution times of I were found to be strongly dependent on the pH and ionic
strength of the eluent. Satisfactory results were obtained with 0.003 M
potassium phosphate buffer-methanol (60:40, v/v) titrated at pH 7.2 with
phosphoric acid.

The UV absorbance maximum reported for I is at 207 nm (with log € =
3.70), thus the detector was set at 210 nm for monitoring.

Extraction procedure
To 1 ml of plasma, 2.5 ml of acetonitrile were added. The sample was

vortexed to favour the precipitation of the protein moiety and after
centrifuging at 750 g for 10 min, the clear supernatant solution (A) was
quantitatively transferred to a conical flask and evaporated to dryness at 35° C
under a nitrogen stream. To the residue 200 ,ul of eluent were added and the
opalescent solution was centrifuged at 750 g for 5 min; 25 ,ul of the solution
were injected into the HPLC apparatus. When the concentration was higher
than 10 -4 M, 25 ,ul of solution A were used for analysis. Urine samples
were diluted twenty times with eluent and a 25-,ul volume was injected.

Calibration curves
The calibration curve was made with 1 ml of plasma sample containing up to

10,ug of L The samples were treated following the above procedure.
The calibration curve for urine was made with 1 ml of centrifuged urine

diluted twenty times with the eluent and containing up to 3 ,ug of L

Plasma levels and renal excretion
The applicability of the HPLC method for determining I in biological fluids

was checked after administration of II to rats. Animals weighing about 250 g
were used, and 50 mg/kg of II were administered per os in aqueous s.olution.
Blood was collected at 15, 30,60, and 120 min.
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The same experiment was made on another group of animals and the urine
was collected over the period of 0-1, 1-4,4-8, and 8-24 h after administra
tion. The plasma and urine samples could be stored at -200 C until analysed.

Following a similar blood collection schedule, plasma samples were obtained
from human adult volunteers who had taken one 750-mg tablet of II.
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Fig. 2. Dependence of tR of imidazole on ionic strength. Eluent, phosphate buffer (different
molarities}--methanol titrated at pH 7.2 with phosphoric acid; flow-rate, 0.9 ml/min;
detector, UV 210 nm.
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Fig. 3. Chromatograms of imidazole (a), control serum (b) and control serum with 1 f.Lg/ml
imidazole added (c). Eluent, phosphate buffer (0.003 M}--methanol (60:40, v/v) titrated at
pH 7.2 with phosphoric acid; flow-rate, 0.9 ml/min; detector, UV 210 nm.
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The major histocompatibility complex (MHC) controls the expression of
several membrane proteins in human and other mammals.

Owing to the high degree of polymorphism of these antigens, each organism
can recognize its own proteins very specifically. This plays an essential role in
the interactions of the immune system. The HLA-DR region of the MHC,
localized in the short arm of the 6th chromosome controls antigen expression
(la-like), whose importance in immunological reactions has been demonstrated
[1-4]. la-like antigens are glycoproteins composed of two subunits of a
molecular weight of 34,000 (a-ehain) and 28,000 «(3-chain). Their presence has
been demonstrated in the cellular lineages of the immune system: B
lymphocytes, T lymphocytes and macrophages [5]. This antigen can be
expressed in the lactating mammary gland [6] and in certain malignant cells
such as melanoma [7].

Apart from lactation, the normal mammary gland does not express this

0378-4347/84/$03.00 © 1984 Elsevier Science Publishers B.V.
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Bevantolol hydrochloride (Fig. 1) is a cardioselective {j-blocking agent
currently undergoing clinical trials for its antihypertensive activity [1, 2].
In order to study its pharmacokinetics and to accurately assess the biopharma
ceutic properties of several formulations, it was necessary to develop an
analytical method suitable for the determination of bevantolol in the sub
microgram range in plasma. In addition, plasma concentrations of total (free
plus glucuronide) bevantolol were also required. A gas chromatographic
method (GC) utilizing electron-capture detection was developed and is
described here. Typical results are also supplied to demonstrate the applicabili
ty of the method.

BEVANTOLOL

OH N
I 1

H COO-CH -C-CH -N-CH -CH OO-CH
3:1 2 1 222 1

3

'::>.. H "" O-CH3

INTERNAL STANDARD

OH N
1 1

H COO-CH --C-CH -N-CH -CHyOCH
3 I 2 1 2 221 3

'H '::>.. OCH3

OCH3

Fig. 1. Chemical structures of bevantolol and internal standard.

EXPERIMENTAL

Materials
Ethyl acetate and diethyl ether were anhydrous ACS reagent grade. Hexane

0378-4347/84/$03.00 © 1984 Elsevier Science Publishers B. V.
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was UV spectroquality grade. Chloroform was freshly redistilled in glass prior to
use. Sulfuric acid, 1 M, was prepared from concentrated sulfuric acid. Acetate
buffer at pH 5.2 (2 M) and carbonate buffer at pH 8.9 (2 M) were also used.
Heptafluorobutyric anhydride (HFBA) was purchased from Pierce (Rockford,
IL, U.S.A.). Glucuronidase-sulfatase was purchased from Calbiochem (LaJolla,
CA, U.S.A.). Bevantolol hydrochloride and internal standard, 1-(3-methyl
phenoxy)-3- {[ (3,4,5-trimethoxyphenyl)ethyl] amino }2-propanol (see com
pounds 1 and 10 in ref. 3), were synthesized in the Warner-Lambert/Parke
Davis Pharmaceutical Research Laboratories (Ann Arbor, MI, U.S.A.).

Stock solutions of bevantolol and internal standard (100 J,Lg/ml) were
prepared in 0.1 M hydrochloric acid. These were diluted with water to 10
J,Lg/ml and 1 J,Lg/ml. Standard curves were prepared by adding 0.05, 0.1, 0.25,
0.4, and 0.5 ml of the 1 J,Lg/ml standard solution to 0.5 ml of plasma for free
bevantolol in plasma, or, 0.05, 0.1, 0.2, and 0.3 ml of the 10 J,Lg/ml standard
solution to 1 ml of plasma for the total bevantolol in plasma determinations.

Apparatus
An Orion Model 601 pH meter and Varian Models 2100 and 3700 gas chro

matographs equipped with electron-capture detectors were used. A 2 m X 2
mm I.D. glass column packed with 3% OV-1 coated on 100-120 mesh Gas
Chrom Q (Supelco, Bellafonte, PA, U.S.A.) was used for the assay of both
free and total bevantolol in plasma. The injection port and electron-capture
detector temperatures were 240° C and 325° C, respectively. The column was
maintained at 265° C isothermal until the peaks of interest eluted, then
temperature-programmed to 265°C at 15°C/min and maintained at 265°C for
2 min. This was necessary to elute the endogenous peaks in plasma extracts
which would interfere with subsequent injections. Nitrogen was used as the
carrier gas at a flow-rate of about 50 ml/min. A Shimadzu C-RIA recording
integrator set to measure peak heights and peak height ratios was used to
quantitate the results.

Extraction
For the assay of plasma or standards for free bevantolol, 0.4 ml of the

internal standard solution (1 J,Lg/ml), 0.5 ml of 1 M sulfuric acid, and 10 ml of
diethyl ether are added to 0.5 ml of plasma. The mixture is shaken for 15 min
on a reciprocating shaker, centrifuged, and the ether layer discarded. Carbonate
buffer, pH 8.9 (1 ml) is added to the aqueous phase and the pH adjusted to pH
8.9 if needed and 12 ml of chloroform added. This mixture is shaken on a
reciprocating shaker for 20 min, centrifuged, and the aqueous layer discarded.
The organic layer is transferred to a clean glass-stoppered tUbe and evaporated
to dryness at 65°C with the aid of a current of air. Ethyl acetate (1 ml) and
50 J,LI of HFBA are added, the tUbes stoppered, and heated at 60°C for 20 min
to convert the compounds to their heptafluorobutyrates. The stopper is
removed and the ethyl acetate and excess HFBA evaporated at 60° C with the
aid of a current of air. After complete removal of the HFBA, 1 ml of hexane is
added and 1-2 J,LI injected onto the GC column.

For the assay of total (free plus glucuronide) bevantolol in plasma, 0.3 ml of
the 10 J,Lg/ml solution of internal standard is added to 1 ml of plasma to which





348

15-20 min is due to the temperature programming necessary to prevent
interferences from occurring in sUbsequent chromatograms.

Extraction recovery as measured against a non-extracted solution of
bevantolol was about 70% and consistent over the range of concentrations
studied. The minimum detectable concentrations were determined to be about
10 ngjml of plasma for free bevantolol and about 25 ngjml for total bevantolol,
by three times the standard deviation of the lowest concentration studied in
the precision studies. Minimum quantifiable concentrations were determined to
be about 20 ngjml and 50 ngjml, respectively. This sensitivity is adequate to
monitor the plasma concentrations of bevantolol for 24 h following the oral
administration of a single 100-mg dose.

Calibration curves were linear (r2 > 0.99) from 20 ngjml to concentrations
of at least 3 J.Lgjml of plasma. The results of the precision studies of both free
and total bevantolol in plasma are presented in Table I. Validation of the
method for free bevantolol was accomplished on each of three separate runs in
triplicate while that on the total bevantolol in plasma was performed in a single
run with six replicates of each concentration. Precision was assessed by the
determination of percent relative standard deviation (R.B.D.) on a within-run
as well as overall basis. The R.B.D. was less than 10% in all cases and therefore
the method was considered valid.

The method has been utilized in several pharmacokinetic and biopharma
ceutic studies assessing various formulations of bevantolol. Complete details of
these studies will be reported elsewhere. As a demonstration of the applicabili
ty of the method, the mean plasma concentrations of six SUbjects administered
a single 100-mg tablet of bevantolol are presented in Fig. 4. Maximum plasma
concentrations of free bevantolol were reached in about 1 h, after which the
plasma concentrations decreased biexponentially with an effective half-life of
about 1.6 h.

TABLE I

PRECISION STUDIES OF FREE AND TOTAL BEVANTOLOL IN PLASMA (ng/ml)

Values between parentheses represent percent R.S.D.

Added Back-calculated

1 (n ;: 3)

Free bevantolol

2(n;:3) 3(n;:3) Overall (n ;: 9)

100
200
500
800

1000

111 (7.0)
206(4.1)
488 (5.8)
770 (0.4)

1014 (1.2)

110 (5.9)
211 (5.2)
495 (3.1)
776 (2.2)
993 (0.3)

104 (5.3)
203 (2.2)
506 (5.0)
784 (1.7)
998 (1.4)

108 (6.2)
207 (3.9)
496(4.4)
776 (1.6)

1002 (1.3)

Total bevantolol (n ;: 6)

500 508 (5.2)
1000 1031 (3.2)
2000 2013 (3.3)
3000 2982 (1.2)
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Perkin-Elmer bypass coil, which maintains column flow during valve switching
to minimize pressure fluctuations during injection.

Sample preparation
To 50 pI of serum we added 10 pI of zinc sulfate solution (10%, w/v),

followed by 75 pI of methanol containing 20 pg/ml of the internal standard,
8-chlorotheophylline. Each sample was mixed by vortexing for several seconds,
then centrifuged for 2 min at 1000 g.

Sample analysis
A 10-pl volume of supernatant was injected onto the column. Elution was at

2.0 ml/min, ambient temperature, with mobile phase containing 50 ml aceto
nitrile, 30 ml tetrahydrofuran, and 0.5 ml glacial acetic acid per liter, pH
adjusted to 4.9 with sodium hydroxide. Following detection at 273 nm, theo-

10 20 30 40
T I ME (SED

50

Fig. 1. High-speed LC of (bottom) an aqueous mixture of xanthines and acetaminophen,
approximately 10 J.Lg/ml each and (top) de-proteinized serum from a patient on
theophylline, concentration measured at 12 J.Lg/ml. Detection at 273 nm, 0.04 a.u.f.s.
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Previous methods for the determination of oxycodone in plasma have all
used GC. GC with electron-capture detection requires extraction and formation
of a volatile oxycodone derivative prior to measurement. In order to determine
the pharmacokinetics of oxycodone in human plasma after administration of a
single therapeutic dose to normal subjects, repeated blood sampling is required.
Using GC with nitrogen-specific detection, 5-ml plasma samples are required at
each sampling time. HPLC with electrochemical detection requires only 2-ml
plasma samples. Because the total volume of blood withdrawn from a subject
is greatly reduced, this method could also be used to study the pharmaco
kinetics of oxycodone in patients where it is difficult to take very large
volumes of blood.
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several times and stored at ambient room temperature for further extraction.

RESULTS AND DISCUSSION

Fig. 1 shows the separation and quantitation of propanidid (peak I) in rat
plasma using a-naphthyl propionate (peak II) as an internal standard. In the
chromatogram obtained after extraction of 1.0 ml of blank plasma, no
additional peaks are seen which could interfere with the determination of
propanidid and a-naphthyl propionate (Fig. lA). Fig. 1B represents the
quantitation of propanidid from plasma spiked with propanidid and
a-napththyl propionate. Fig. lC is a chromatogram obtained after extracting
0.1 ml of plasma from a rat 30 sec after the intravenous injection of propanidid
(25 mg/kg). Propanidid and the internal standard were well separated with
retention times of 4.4 and 6.9 min, respectively.

The peak eluting at 4.4 min in HPLC was identified by mass spectrometry.
The structure and the fragmentation of propanidid in the mass spectrometer
are presented in Fig. 2. The most prominent ions were the fragments m/e 114
(Fd, 100 (F2 ) and 72 (F3 ), accompanied by the molecular ion m/e 337. The
mass spectra of pure propanidid and the plasma eluate were similar with
respect to the dominant ions. Identification was also made by comparing ultra
violet spectra of the peak (tR = 4.4 min) and propanidid standard (Fig. 3),
which gave identical results. These studies proved that the peak eluting 4.4 min
is due to propanidid with no interference from its metabolites.

The calibration curves were obtained using rat plasma spiked with 2-40
J,Lg/ml propanidid and 5 J,Lg/ml a-naphthyl propionate. There was a good cor
relation between the amount of propanidid added to rat plasma and the
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Fig.!. Chromatograms of rat plasma: (A) blank plasma; (B) plasma spiked with propanidid
(10 j,Lg/ml) and a<-napththyl propionate (5 j,Lg/ml) as an internal standard; (C) plasma
obtained from a rat 30 sec after the injection of propanidid (25 mg/kg, intravenously) and
spiked with internal standard. Peaks: 1= propanidid; II = a<-naphthyl propionate.
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Erratum

J. Chromatogr., 306 (1984) 257-268
Page 259, line 28, "Downers Grove, IL, U.S.A.)." should read "of [3H]_
isoproterenol. sulphate".
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