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reports. A fluorometric assay has been mainly used for the determination of
5-HT in biological samples. In this technique, however, it is difficult to correct
for the recovery of 5-HT from plasma and to remove the interference of other
compounds having the same fluorescence character as 5-HT. On the other hand,
gas chromatography-mass spectrometry-----selected ion monitoring
(GC-MS-SIM) using deuterated 5-HT as an internal standard has also been
applied to the quantitative determination of 5-HT [8, 9] because the instru
mentation provides good sensitivity and specificity. However, in these reports,
the analyzed samples were limited to urine and brain.

This present paper describes improved analytical methodology for the
determination of 5-HT in human plasma by GC-MS-SIM. The method
involves derivative formation for GC-MS-SIM analysis using deuterated 5-HT
as an internal standard.

EXPERIMENTAL

Chemicals
5-HT[a,a,I3,I3,-d4 ] creatinine sulphate (5-[2H] HT) (98.0 atom %) and

5-HT[sidechain-14C] creatinine sulphate (5_[ 14C] HT) (58.0 mCi/mmol) were
purchased from Merck Sharp & Dohm Canada and New England Nuclear,
respectively.

Instrumentation
A Shimadzu GC-6 AM gas chromatograph was equipped with a synchronized

accumulating radioisotope detector having five counting cells (cell volume =
30 ml) [10]. A Shimadzu LC-2 high-performance liquid chromatograph was
also equipped with a synchronized accumulating radioisotope detector having
five counting cells (cell volume = 1.1 ml) [11]. Gas chromatography (GC)
was carried out under the following conditions: column, 1.5% OV-1 (2 m X
3 mm LD.); injection port temperature, 220°C; column oven temperature,
200°C; carrier gas flow-rate, 50 ml/min (N2). High-performance liquid chro
matography (HPLC) operated under the following conditions; column,
LiChrosorb C18 (4.6 mm X 15 cm, 5 Ilm); elution solvent, 0.01 M perchloric
acid-methanol (9:1, v/v); flow-rate, 0.6 ml/min. SIM profiles were obtained
with a Shimadzu LKB 9000B GC-MS instrument equipped with a multiple
ion detector. FIuorometric assay was performed on a Hitachi MPF-2A fluorom
eter. Excitation and emission wavelengths were set to 380 nm and 500 nm,
respectively.

Recovery of 5-HT from human plasma
To 200 III of human plasma were added 100 nCi of 5_P4C] HT and 5-HT

was recovered by the following methods.
Method 1. To the plasma sample were added 100 III of 3% ascorbic acid,

2.5 ml of 2 M phosphate buffer (pH 10.5) and 2 ml of n-butanol. After shaking
the sample for 20 min, the n-butanol layer was separated and washed with 0.5
ml of 0.05 M ammonium hydroxide. After addition of 2.5 ml of cyclohexane
and shaking for 3 min, the upper layer was separated. To the obtained upper
layer were added 200 III of 0.05 M formic acid and the mixture was shaken for
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5 min. After centrifugation, the aqueous layer was separated. This extraction
was carried out once more with 200 JII of 0.05 M formic acid.

Method II. To the plasma sample were added 200 I.Ll of 0.1 M zinc sulphate
and 200 JII of 0.1 M barium hydroxide. After centrifugation, the supernatant
was separated. To the residue were added 200 JII of 0.1 M zinc sulphate and
200 JII of 0.1 M barium hydroxide, and the supernatant was obtained after
centrifugation.

Method III. To the supernatant described in Method II were added 200 JII
of 0.5 M borate buffer (pH 10.0) and 5 ml of a mixed solution of n-butanol
diethyl ether (1 :4, vjv). After shaking for 5 min, the organic layer was
separated. This extraction was repeated twice.

Stability of 5-HT during recovery and derivatization processes
A portion of the recovered solutions (corresponding to about 1 nCi)

obtained by Method I, II or III was injected into the radio-HPLC system.
Each remaining solution was evaporated to dryness. After adding 100 JII of
pentafluoropropionic anhydride (PFPA) to the residue, the mixture was heated
at 60° C for 3 h. After evaporating the excess PFPA under a nitrogen stream, the
residue was dissolved in 20 I.d of ethyl acetate. A sample solution containing
about 10 nCi of radioactivity was injected into the radio-GC system.

Derivatization conditions of 5-HT with PFPA
After adding 100 JII of PFPA to 200 nCi of 5-[l4C] HT, each solution was

stood at room temperature, 60°C, 80°C, 100°C, 120°C, 140°C or 160°C. From
each reaction mixture, 50 JII of solution were taken at 1, 2, 4 and 6 h after
starting the reaction. Each solution was evaporated under a nitrogen stream. To
the residue were added 20 JII of ethyl acetate and a portion of this solution
(about 9 nCi) was injected into the radio-GC system.

Adsorption of 5-HT derivative on the surface of the GC connecting tube
The injection port was directly connected to a combustion tube by a brass

tube (15 cm X 0.1 mm J.D.) to diminish adsorption of derivatized 5-HT on the
column packing material. To 640 nCi of 5-[ 14C] HT were added 100 JII of PFPA
and the mixture was heated at 140°C for 2 h. After evaporating the excess
PFPA, the residue was dissolved in 100 JII of ethyl acetate and a portion of this
solution containing about 25 nCi was injected. 14C02 which was exhausted
from the combustion tube was introduced into 6 ml of the mixed solution of
methanol--ethanolamine (1 :1, vjv). The radioactivity recovered in the ethanol
amine was measured with a liquid scintillation counter.

Calibration curve for the GC-MS-SIM method
Appropriate amounts of 5-HT were added to 100 ng of 5-[2H] HT in ratios

from 0.1 to 2.0, and 100 JII of PFPA were added to the prepared mixture.
After heating at 140° C for 2 h, the excess PFPA was evaporated under a
nitrogen stream and the residue was dissolved in 20 JII of ethyl acetate. The
multiple ion detector was focused on the ions of m/z 451 and 454, and 1 JII of
each ethyl acetate solution was injected into the GC-M8 system. The peak
height ratio was calculated manually from the 81M profiles obtained.
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Detection limit
To 5-HT in amounts of 0.1....,...100 ng were added 100 III of PFPA and the

mixture was heated at 140°C for 2 h. After evaporating the excess PFPA, the
residue was dissolved in 200 III of ethyl acetate and 1-5 III of these solutions
were injected into the GC-MS systems.

Determination of 5-HT in human plasma by GC-MS-SIM
After adding 100 ng of 5-FH] HT as an internal standard to 200 III of human

plasma, 5-HT was recovered from plasma by Method III. 5-HT was derivatized
by adding 100 III of PFPA and heating at 140° C for 2 h. The excess PFPA was
evaporated under a nitrogen stream and the residue was dissolved in 20 III of
ethyl acetate; 2 III of this solution were injected into the GC-MS system.

Determination of 5-HT in human plasma by fluorometric assay
To 1 ml of human plasma, which was the same sample used for the

GC-MS-SIM assay, were added 0.5 ml of 5% disodium EDTA, 5 ml of water,
1 ml of 10% zinc sulphate and 0.5 ml of 1 M sodium hydroxide, then the
mixture was shaken for 10 min. After centrifugation, 5 ml of the supernatant
were added to a mixture of 1.5 ml of 0.1 M borate buffer (pH 12.0), 2.5 g of
sodium chloride and 7 ml of n-butanol. After shaking for 10 min, the n-butanol
layer was separated and washed with 5 ml of 0.1 M borate buffer. To 5 ml of
the n-butanol layer obtained were added 7.0 ml of n-heptane and 1.5 ml of
0.05 M phosphate buffer (pH 7.0). After shaking for 5 min, the aqueous layer
was separated. To 1 ml of the obtained aqueous solution were added 0.1 ml of
0'.1 M ninhydrin and 0.1 ml of 0.15% ascorbic acid. The mixed solution was
heated at 75°C for 30 min. After cooling to room temperature, fluorescence
intensity was measured. The calibration curve was prepared by using a known
amount of 5-HT instead of human plasma.

RESULTS AND DISCUSSION

To determine trace amounts of 5-HT in plasma with good accuracy using
GC-MS-SIM, it is necessary to increase the recovery of 5-HT from plasma and
the derivatization yield. Recovery methods for 5-HT from biological samples
for GC analysis that have been used include adsorption.with XAD-2 resin [12],
deproteinization with zinc sulphate-barium hydroxide [13], or extraction
with a polar organic solvent such as n-butanol [14]. In these reports, however,
no detailed study on percentage recovery or derivatization yield was
performed. In this present paper, fundamental investigations on recovery
method and derivatization of 5-HT were carried out by use of a radioisotope
tracer technique.

The recovery of 5-HT from plasma obtained by Method I, II or III was 63.9,
83.3 or 64.9%, respectively (Table I). To confirm the stability of 5-HT during
the recovery procedure, a portion of the solution obtained from plasma by
Method I, II or III was injected into the radio-HPLC system. It was apparent
that decomposition of 5-HT did not occur during the recovery procedure,
because a single peak corresponding to 5-HT appeared in each case. Radio gas
chromatograms of the PFPA derivative of 5-[14C] HT recovered from plasma by
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TABLE I

RECOVERY OF 5-[ 14C]HT AFTER PROCESSING FROM PLASMA

Method

I: Extraction using n-butanol following 0.5 M formic acid
II: Deproteinization using 0.1 M zinc sulphate and 0.1 M barium hydroxide
III: Extraction using n-butanol-diethyl ether (1:4) after deproteinization

*Mean ± S.D. (n = 3).

Recovery (%)

63.9 ± 2.7*
83.3 ± 1.7
64.9 ± 2.5

o

(A)

5

(c)

o

(8)

,....., ".""''''i1I\.

5

(D)

o 5 o 5 min

Fig. 1. Radio gas chromatograms of 5-[ 14C]HT-tri-PFP: authentic (A), and recovered from
plasma using Method I (B), Method II (C) and Method III (D).















12

quantity of each compound. These features of GLC have been used to develop
a test by head-space GLC (HS-GLC) for the rapid detection of significant
numbers, viz. ~ 105 colony-forming units (CFU) per ml [1] of Escherichia,
Klebsiella, Citrobacter and Proteus spp. in urine specimens [2].

The HS-GLC rapid urine test requires two cultures, one with limited and one
with ample aeration, from each urine specimen. Limited aeration in unshaken
cultures is required for the production from arabinose of ethanol, the volatile
compound (marker) detected by HS-GLC that indicates Escherichia, Klebsiella
and Citrobacter spp. Ample aeration in shaken cultures is required for the
production from methionine of methyl mercaptan, the marker that indicates
Proteus spp. The rapid test would be greatly simplified if there were markers
for Escherichia, Klebsiella, Citrobacter and Proteus spp. that were produced in
one urine culture, either unshaken or shaken. MaterialS, labour and total
analysis times for the test would be halved.

Trimethylamine is found in unshaken cultures of urine specimens containing
Proteus spp. [2]. The present investigation was undertaken to determine
whether, in the HS-GLC rapid urine test, trimethylamine could be the marker
for Proteus spp. and ethanol the marker for Escherichia, Klebsiella ·and
Citrobacter spp. in a single unshaken urine culture.

Substrates were tested for trimethylamine production by Proteus spp. and
one was selected for further investigation. Trimethylamine production from the
substrate was assessed under the conditions of the HS-GLC rapid urine test and
its specificity for Proteus spp. was determined. A trial of the HS-GLC rapid
urine test was made with trimethylamine as the marker for Proteus spp. in a
single unshaken culture of each urine specimen.

EXPERIMENTAL

Gas chromatography-mass spectrometry
Head-space samples were prepared by adding 2 ml of each liquid for analysis

to 3 g potassium carbonate in a 9-ml glass vial which was immediately sealed
with a rubber stopper and aluminium cap, shaken on a Vortex mixer to
disperse the salt in the liquid and held in a water bath at 60° C for 5 min. While
the ;vial remained in the water bath, 0.3 ml of the supernatant vapour was
removed with a gas-tight syringe (Scientific Glass Engineering, No. 500-RN
GSG) which had been heated to 60° C, and immediately injected into the gas
chromatograph.

The gas chromatograph was a Varian Aerograph Series 2400 with dual flame
ionization detectors and two stainless-steel columns, 2 m X 3 mm, packed with
0.4% Carbowax 1500 on graphite 60-80 mesh. The oven temperature was
110°.C and the injector and detector temperatures were 160°C. Nitrogen carrier
gas flow-rate was 12 ml/min, hydrogen 30 ml/min and air 300 ml/min. The
retention times (tR) of trimethylamine, ethanol, ethyl acetate and n-propanol
were 1.00, 0.75,2.65 and 1.50 min, respectively.

Aqueous solutions of ethanol and trimethylamine hydrochloride were added
to potassium carbonate in glass vials and analysed with each day's samples to
check tR for the identification of products from cultures. The concentrations
of ethanol and trimethylamine in cultures necessary for a response of twice the
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HS-GLC at hourly intervals up to 6 h. Trimethylamine was detected in cultures
with inocula of 106 CFU per ml after 3 h, with inocula of 105 CFU per ml
between 3 and 4 h and with inocula of 104 CFU per ml after 4 h. Therefore,
as with Escherichia, Klebsiella and Citrobacter spp., an incubation period of 3.5
h appeared to be suitable for the detection of the equivalent of significant
numbers of P. mirabilis in urine specimens.

Specificity of trimethylamine production from acetylcholine
The distribution of the production of trimethylamine and/or other volatile

compounds among Proteus spp. and among other species of bacteria that may
cause urinary tract infections was determined.

Volatile compounds produced by all species of Proteus. Cultures of 10
strains of each species of Proteus in unenriched medium and in acetylcholine
medium were incubated standing unshaken for 3.5 h and analysed by HS-GLC.
Results from inoculated media were corrected by subtraction of trace amounts
of ethanol and trimethylamine detected in uninoculated media incubated in
parallel with cultures.

The results are shown in Table 1. Trimethylamine and ethanol were produced
by all strains of P. mirabilis, P. vulgaris and P. rettgeri in unenriched medium
and in larger amounts in acetylcholine medium. Ethyl acetate was produced by
all strains of the same three species in acetylcholine medium but not in unen
riched medium. Trimethylamine, ethanol and ethyl acetate were produced
similarly by P. inconstans A but in smaller amounts than by the other three
species, an 8-times more sensitive setting of the gas chromatograph amplifier
being required for their detection. These smaller amounts would be sufficient
to detect P. inconstans A in urine specimens because the inocula gave con
centrations of approximately 105 CFU per ml culture medium, the lowest
limit of a significant count. The results showed that trimethylamine could
be the primary marker for P. mirabilis, P. vulgaris, P. rettgeri and P. inconstans
A with ethanol and ethyl acetate as secondary markers under the conditions
of the HS-GLC rapid urine test.

Ethyl acetate was produced by all strains of P. inconstans B in amounts
similar to P. inconstans A in acetylcholine medium and not in unenriched
medium.

No volatile product was detected in cultures of all strains of P. morganii.
Volatile compounds produced by other bacteria that may cause urinary tract

infections. Cultures of at least 10 strains of E. coli, K. aerogenes, S. faecalis,
S. epidermidis, S. aureus and P. aeruginosa in arabinose medium and arabinose
acetylcholine medium were incubated standing unshaken for 3.5 hand
analysed by HS-GLC. Cultures of 10 strains of P. mirabilis were included for
comparison. The results were corrected by subtraction of trace amounts of
ethanol and trimethylamine in incubated uninoculated media.

The results are shown in Table II. The substrates for markers, acetylcholine
and arabinose, were mutually compatible in one culture medium. In arabinose
acetylcholine medium, arabinose did not interfere with the production of tri
methylamine by all strains of P. mirabilis, and acetylcholine did not interfere
with the production of ethanol by all strains of K. aerogenes and E. coli.

Trimethylamine was produced by6 of the 15 strains of K. aerogenes but the
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amount of ethanol relative to trimethylamine was larger than for Proteus spp.
Trimethylamine-producing strains of K. aerogenes, with ethanol peak areas of
size similar to trimethylamine peak areas, were readily distinguishable from
P. mirabilis with small ethanol and large trimethylamine peak areas.

Trimethylamine was not produced by 9 of the 15 strains of K. aerogenes,
nor by S. faecalis, E. coli, S. epidermidis, S. aureus or P. aeruginosa.

Ethanol was produced by all strains of S. faecalis in both arabinose medium
and arabinose acetylcholine medium. The amounts were small relative to E. coli
and K. aerogenes, requiring an 8-times more sensitivE! setting of the gas chroma
tograph amplifier for their detection.

Ethyl acetate was produced by all strains of P. mirabilis, K. aerogenes and E.
coli and, in trace amounts, by S. faecalis in arabinose acetylcholine medium but
not in arabinose medium.

n-Propanol was produced by all strains of E. coli in both arabinose medium
and arabinose acetylcholine medium as previously reported [7].

Medium blank Proteus mi,ttbllls Klebsiella aerog.nlts KI"bs/el/a serogenes
(trimethylamine-producer) b (non~producer of

trimethylamine)

Escherichi coli

b • • d

3.0 0 3.0 0 3.0 0
Retention time (min)

3.0 0 3.0

Fig. 1. Chromatograms of medium blank and of cultures of P. mirabilis, K. aerogenes (tri
methylamine-producer), K. aerogenes (non-producer of trimethylamine) and E. coli in
arabinose acetylcholine medium incubated standing unshaken for 3.5 h. Amplifier
attenuation x 8, Le. one-eighth the sensitivity in Fig. 2. Peaks: a = trimethylamine, b =
ethanol, c = ethyl acetate, d = n-propanol.

Medium Blank Streptococcus faecalis Proteus inconstans B Pseudomonas aeruginosa

b

b

a a
b

a c
b

a

3.03.0 03.0 0o 3.0 0

Retention lime (min)

Fig. 2. Chromatograms of medium blank and of cultures of S. faecalis, P. inconstans Band
P. aeruginosa in arabinose acetylcholine medium incubated standing unshaken for 3.5 h.
Amplifier attenuation x 1, Le. eight times the sensitivity in Fig. 1. Peaks: a = trimethyl
amine, b '" ethanol, c =ethyl acetate.
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HPLC method for the determination of conjugated 17-ketosteroids in
biological fluids using dansylhydrazine as a fluorescence labelling reagent.

HPLC with electrochemical detection (ED) is well recognized to be as
sensitive as HPLC with fluorescence detection and extremely useful for the
determination of trace components in biological fluids [12, 13]. A highly
sensitive method has previously been developed for the quantitation of
17-ketosteroids in human serum after deconjugation, using p-nitrophenylhydra
zine as a derivatization reagent for HPLC-ED [14]. This paper describes a
simple and sensitive method for the determination of 17-ketosteroid sulphates
in human serum by means of HPLC-ED.

EXPERIMENTAL

Instruments
The apparatus used for this work was a Waters Model ALC/GPC 202 high

performance liquid chromatograph (Waters Assoc., Milford, MA, U.S.A.)
equipped with a Yanagimoto Model VMD 101 electrochemical detector
(Yanagimoto Co., Kyoto, Japan). The applied potential was set at 0.8 V versus
an Ag/AgCl reference electrode. A test sample was introduced by a Waters
Model U6K sample loop injector with an effective volume of 2 ml. HPLC
was carried out on a tIBondapak CiS (5 tIm) column (30.5 X 0.4 cm LD.)
(Waters Assoc.) using methanol-o.5% N14H2P04 (pH 3.0, adjusted with
phosphoric acid) (8:3, v/v) as a mobile phase at a flow-rate of 1 ml/min.

Materials
Androsterone, p-nitrophenylhydrazine and trichloroacetic acid were

purchased from Tokyo Kasei Co. (Tokyo, Japan). Dehydroepiandrosterone,
etiocholanolone and epiandrosterone were kindly donated by Teikoku
Hormone Mfg. Co. (Tokyo, Japan). The 17-ketosteroid sulphates were prepared
by the conventional method in these laboratoires. 2-Hydroxyestrone 3-methyl
ether was prepared from estrone according to the method of Honma and
Nambara [15].

Reagent solutions
p-Nitrophenylhydrazine solution. p-Nitrophenylhydrazine was purified

by repeated recrystallization from methanol. Ten milligrams of p-nitrophenyl
hydrazine were dissolved in 0.2 ml of ethyl acetate. The reagent solution was
freshly prepared prior to use.

Trichloroacetic acid-benzene solution. Thirty milligrams of trichloroacetic
acid were dissolved in 10 ml of benzene.

Steroid stock solutions. Each solution was prepared by dissolving each 2 mg
of dehydroepiandrosterone, androsterone, epiandrosterone and
etiocholanolone sulphates in 10 ml of methanol and stored at -20°C until use.

Procedure
To human serum (0.1 ml) in a centrifuge tube was added acetonitrile (2 ml),

and the whole was allowed to stand at room temperature for 5 min and then
centrifuged at 1000 g for 5 min. The supernatant was transferred to another
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tube. After addition of 2-hydroxyestrone 3-methYl ether (internal standard)
(100 ng), the mixture was evaporated to dryness below 40° C. To the residue
were added p-nitrophenylhydrazine solution (10 J.Ll) and trichloroacetic acid
benzene solution (100 J.Ll), successively. The solution was heated at 60°C for
20 min, and then evaporated to dryness under a stream of nitrogen gas. The
residue was redissolved in methanol (200 J.Ll) and an aliquot of the solution was
applied to HPLC.

RESULTS AND DISCUSSION

In the preliminary report [14] we described a highly sensitive method for
the determination of 17-ketosteroids in human serum using p-nitrophenyl
hydrazine as a derivatization reagent for HPLC-ED. The conventional method
involving prior solvolysis and/or hydrolysis of the conjugated steroids is
tedious and time-consuming. In addition, the information about the conjugated
form would be lost by deconjugation. Therefore, we have attempted to develop
a new method for the direct determination of 17-ketosteroid sulphates without
solvolysis. Initially, a suitable procedure for derivatization was investigated
using dehydroepiandrosterone sulphate as a model compound. Condensation of
dehydroepiandrosterone sulphate with p-nitrophenylhydrazine proceeded
quantitatively without fission of the sulphate bond, when these two were
heated at 60°C for 20 min in 0.3% trichloroacetic acid-benzene solution. The
favourable condition was found to be similar to that for free 17-ketosteroids
described in the previous paper [14]. 2-Hydroxyestrone 3-methyl ether, an
internal standard, was similarly transformed into the p-nitrophenylhydrazone.
Among several columns tested, J.LBondapak CI8 was most suitable for efficient
separation of conjugated steroids and the internal standard. A typical hydro
dynamic voltammogram is illustrated in Fig. 1. The current (peak height) at
each applied potential was divided by the current at the most positive potential
to obtain the relative current ratio. This value was plotted against the applied

'·0
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(!)

.~-.!ll
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o 0·5 0·6 0-7 0.8 0-9

Applied Potential (V)

Fig. 1. A hydrodynamic voltammogram of the p-nitrophenylhydrazone formed from
dehydroepiandrosterone sulphate.
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TABLE I (continued)

Amino Peptide No. (Fig. 1)
acid

11 12 13 14 15 16 18

Residues 17-31 134-139 64-78 64-77 1-16 103-118 1-31
Asp 1.8 (2) 2.0 (2)
Thr 1.7 (2) 2.0 (2)
Ser 1.0 (1) 1.5 (2) 1.2 (1)
GIu 1.9 (2) 1.2 (1) 3.0 (3) 2.0 (2) 5.0 (5)
Pro
GIy 2.0 (2) 2.0 (2) 2.0 (2) 1.1 (1) 3.0 (3)
Ala 2.3 (2) 1.1 (1) 2.2 (2) 2.1 (2) 1.2 (1) 1.0 (1) 3.0 (3)
Val 1.8 (2) 2.0 (2) 2.0 (2) 3.1 (3) 1.6 (1) 5.0 (5)
Met
lIe 1.9 (2) 1.0 (1) 0.9 (1) 1.7 (3) 2.2 (2)
Leu 1.4 (1) 2.0 (2) 3.0 (3) 2.9 (3) 2.7 (3) 2.0 (2) 3.9 (4)
Tyr 0.8 (1)
Phe 0.9 (1) 0.8 (1)
His 0.9 (1) 1.1 (1) 1.2 (1) 1.0 (1) 1.8 (2) 2.1 (2)
Lys 2.4 (2) 1.5 (1) 1.5 (1) 2.0 (1)
Arg 0.9 (1) 1.0 (1) 0.8 (1) 1.0 (1)
Trp ND (2) ND (2)

Length
(residues) 15 6 15 16 14 16 31

Yield (%) 81 98 33 36 42 74 18

10.2 AU

o 10
TIME (min)

20 30

Fig. 3. Separation of a mixture of 1 nmol each of three proteins using the same protocol
as in Fig. lA.
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were rechromatographed under the same conditions but using the mobile-phase
system at pH 9.6. Twenty-one peptides were isolated in pure form. Ten of the
12 peptides shorter than 10 residues were recovered in better than 80% yield.
Two of the longer peptides (Nos. 10 and 16 in Table I) were recovered in 100

TABLE II

RETENTION TIMES FOR VARIOUS PEPTIDES ON THE PRP-1 COLUMN

Retention times were measured on the Hamilton PRP-1 column using the gradient described in Methods, then
compared with predicted retention times calculated from the amino acid compositions and computed Dj values
from Table III.

No. Sequence* Retention time

pH 2 pH 8

Observed Predicted Observed Predicted

1 YK 3.1 4.0 2.3 3.9
2 TPGSR 5.6 5.0 5.1 4.2
3 HLK 6.2 5.9 5.8 7.3
4 DIAAK 7.0 6.8 1.6 1.5
5 FK 7.0 7.1 6.5 7.6
6 ASEDLKK 7.5 6.9 1.3 0.8
7 TEAEMK 7.9 8.3 0.9 1.1
8 FOR 7.9 7.9 5.0 5.5
9 GF 8.7 9.1 8.6 8.2

10 DTDSEEEIR 9.1 8.6 0.4 0.2
11 SHPETLEK 9.3 9.6 5.0 4.7
12 EAFR 9.5 9.3 5.5 6.9
13 HKIPIK 9.7 9.6 10.7 9.8
14 HGLDNYR 10.0 9.3 8.5 7.1
15 LFK 10.2 11.1 11.0 9.9
16 GHHEAELKPLAQSHATK 10.5 10.3 9.7 10.4
17 ELGYQG 10.5 10.5 6.0 6.6
18 GW 10.5 10.4 10.5 9.4
19 FESNFNTQATNR 11.2 11.4 10.1 9.9
20 HPGNFGADAQGAMNK 11.2 11.0 9.2 9.0
21 WY-NH, 11.2 11.2 13.8 13.8
22 CELAAMKR 11.8 11.3 6.5 5.8
23 ELGTVMR 11.8 13.4 8.8 10.2
24 DGNGYISAAELR 12.7 13.1 8.6 9.1
25 VEADVAGHGQDILIR 13.0 15.6 10.2 11.3
26 FF 13.5 12.6 11.7 11.1
27 NTDGSTDYGILQINSR 13.5 13.6 10.7 10.6
28 WWCNDGR 13.6 13.6 10.7 10.5
29 YGGFM 13.6 13.5 11.2 11.9
30 GTDVQAWIR 14.0 13.7 11.3 11.3
31 ALELFR 14.5 14.8 12.9 11.1
32 VFDKDGNGYISAAELR 14.6 15.6 11.0 11.8
33 Ac-ADQLTEEQIAEFK 14.9 14.9 7.2 7.2
34 EAFSLFDKDGDGTITTK 15.0 15.9 10.3 10.6
35 GYSLGNWVCAAK 15.8 15.1 13.3 12.8
36 HVMTNLGEK*LTDEEVDEMIR 16.3 16.3 9.2 9.2
37 NLCNIPESALLSSDITASVNC 17.2 17.9 11.0 11.8
38 NKALELFRKDIAAKYKELGYQG 17.4 17.2 17.7 13.8
39 IVSDGDGMNAWVAWR 17.6 18.3 14.5 15.7
40 EADIDGDGQVNYEEFVQM 18.2 16.6 90 7.5
41 HGVTVLTALGAILKK 18.3 17.4 15.0
42 EADIDGDGQVNYEEFVQMMTAK 18.3 17.6 11.0 10.0
43 HGVTVLTALGAILKKK 19.0 18.0 15.0
44 VLSEGEWQL VLHVW AK 20.2 20.2 17.2 17.5
45 YLEFISEAIIHVLHSR 21.3 19.7 19.7 17.6
46 SLGQNPTEAELQDMINEVDADGNGTIDFPEFLTM 22.0 22.6 11.6 13.7
47 VLSEGEWQLVLHVWAKVEADVAGHQDILIR 22.7 23.2 17.8 19.5

*Single letter abbreviations for amino acid residues are listed in Table III. In addition, the following abbreviations
are used: C, S-carboxymethyl cysteine; K*, trimethyllysine; Ac-, N-acetyl; ·NH" carboxyl·terminal amide.
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than in B-a (Fig. 2). We have recently reported other two-step purification
schemes involving the analogous principle, but with successive chromatograms
interrupted by chemical modification of the hydrophobicity of a specific
amino acid residue [10, 11]. Other selective procedures and newer matrices
should facilitate even further the isolation of peptides from complex mixtures.

Previous studies with silica-based columns [7] indicated that the retention
behavior of a few peptides can serve as the basis for predicting the mobility of
others on the same column. Table II presents such retention data for 47
peptides on the PRP-1 column and Table III lists individual retention constants
for each amino acid residue, as computed from these data. The retention
constants for the polystyrene column differ significantly from the
corresponding values for an octadecyl silica column (Fig. 5). This allows for
further resolution of difficult mixtures by successive combinations of columns.
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EDTA and 400 roM KCl)j TE (10 roM Tris-HCl, pH 7.4, containing 1.5 roM
EDTA) or PE (25 roM Na2HP04jNaH2P04, pH 7.4, containing 1.5 roM EDTA).

The binding reactions were applied to gradients as a narrow band of 200 Ill.
Marker proteins such as catalase may be applied at this time in a small volume
(20-50 Ill) to the gradient. The gradients were centrifuged at 60 000 rpm
(335 000 g) for 16.5 h at 0-4°C (w 2t = 2.25 X 1012 ). The position of the
heme-containing proteins in the fractionated gradients was visualized by taking
advantage of their ability to react and form a colored species after the additions
of 1% benzidine in glacial acetic acid and 3% hydrogen peroxide. Other protein
markers were identified spectrophotometrically.

Calculation of specific binding capacity
Gradient or chromatography fractions containing tritium-labeled steroid

were counted in a Beckman LS-9000 scintillation counter. [125I]Iodoestradiol
was counted in a Beckman 4000 gamma counter giving 65% counting efficien
cy. Specific-binding capacity was expressed as fmoljmg cytosol protein using
the difference betweeen the accumulated total binding and the binding in the
presence of excess unlabeled ligand.

High-performance size exclusion chromatography
All chromatography was performed in a cold room (0-5° C) utilizing the

Spherogel TSK-3000SW size exclusion column (7.5 X 700 mm) with a
Beckman Model 322 HPLC system equipped with an in-line Hitachi Model
100-40 spectrophotometer. The chromatographic column comprised two
separable units, a short (7.5 X 100 mm) TSK 3000SW guard column and,
immediately downstream, the longer (7.5 X 600 mm) TSK 3000SW size
exclusion column. Reactions were applied in 20-250 III volumes using a
Hamilton syringe and the Model 210 sample injection valve. Essentially no
difference in resolution was noted when injection volumes of 20-250 III and
protein concentrations of 2-12 mgjml were used. An additional aliquot was
taken at this time to estimate specific binding capacity and recovery. The
elution buffers were either TEGK100 [10 roM Tris-HCl, pH 7.4 at 4°C, con
taining 1.5 roM EDTA, 10% (vjv) glycerol, 100 roM KCl] , TEG~oo [10 roM
Tris-HCl, pH 7.4 at 4°C, 1.5 roM EDTA, 10% (vjv) glycerol, 400 roM KCl]
or PEGK100 [25 roM NaH2P04jNa2HP04 buffer, pH 7.4 at 4°C, containing 1.5
roM EDTA, 10% (vjv) glycerol, 100 roM KCl]. The PEGK100 and TEGK lOO

buffers gave similar results on the HPSEC when used for incubation and
elution. All buffers were filtered with a 0.45-llm filter (Millipore). Elution was
carried out at a flow-rate of 0.7 mljmin. Column effluent was collected as
either 0.5- or I-min fractions. Following a day of chromatography, the entire
column was washed overnight with filtered, distilled, deionized water. The
entire column was washed weekly with a filtered solution of 15% dimethyl
sulphoxide in methanol whereas the TSK 3000SW guard column was washed
periodically with a solution of 6 M urea. The chromatographic system was
stored in filtered, distilled, deionized water.
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buffer and separated on TSK 3000SW columns (Fig. 2). As shown, cytosol
from calf uterus (Fig. 2A) exhibited a single species which had a Stokes radius
of> 61 A. Human uterus consistently exhibited both a hi~h-molecular-weight
form (> 61 A) and a species with Stokes radius of 29-32 A (Fig. 2B). We have
observed isoforms of the estrogen receptor in human endometrial carcinoma
and leiomyomata also [16].

HPSEC separation of receptors for progestins and androgens
The size exclusion properties of progestin receptors in myometrium, ovary

and breast carcinoma were estimated using TSK 3000SW columns (Fig. 3).
Surprisingly the profiles contained a single receptor species of high molecular
weight. Using marker proteins, the estimated size of this binding component
was > 61 A (Stokes radius) similar to that observed for the estrogen receptor.
Lower-molecular-weight species were observed rarely, perhaps due to the rapid
separation afforded by the HPSEC.

A human ovarian follicular cyst was used as a source of androgen receptor
for separation by HPSEC (Fig. 4). The synthetic androgenic ligand, R1881,
was used to detect these receptors. Again a high-molcular-weight species
(Stokes radius> 61 A) of the receptor was demonstrated. Unlike most tissues
examined, this preparation exhibited a large peak of unbound ligand (fractions
38-42).

~ UTERUS
4

fl BREAST
8

~ OVARY
8

6

2

6

4

403020 20 30 40 50
0

10 20 30 40 50
RETENTION TIME (min)

Fig. 3. HPSEC of progestin receptors from various human tissues. Human myometrium (A),
human breast carcinoma (B), and human ovary (C) were used as tissue sources of the
cytosolic progestin receptors. Cytosols were prepared and the reactions were performed as
described in Materials and methods using PEGM buffer and 4 nM 3H-R5020, a synthetic
progestin, as ligand in the presence (0) or absence (.) of a 200-fold excess of unlabeled
R5020. A 250-ILI aliquot of reach reaction was applied to a TSK 3000SW column and the
receptors were eluted with PEGKloo buffer at a flow-rate of 0.7 ml/min.
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Influence of potassium chloride and sodium molybdate on separation
properties

As discussed earlier, estrogen receptors prepared in low-ionic-strength buffers
containing monothioglycerol separated primarily as 8-9 Sand 4-5 S
components on linear sucrose gradients subjected to centrifugation (Figs. lA
and 5A). In a fashion similar to that which we reported earlier for lactating
mammary gland [15], the 8-9 S component in cytosol of human breast

















53

Journal of Chromatography, 307 (1984) 53-64
Biomedical Applications
Elsevier Science Publishers B.V., Amsterdam - Printed in The Netherlands

CHROMBIO. 2000

ION-PAIR CHROMATOGRAPHY OF SELECTED NUCLEOSIDES, BASES
AND OTHER LOW-MOLECULAR-WEIGHT ULTRAVIOLET ABSORBING
COMPOUNDS

PAMELA A. PERRONE and PHYLLIS R. BROWN*

University of Rhode Island, Department of Chemistry, Kingston, RI 02281 (U.S.A.)

(First received August 23rd, 1983; revised manuscript received November 15th, 1983)

SUMMARY

Chromatographic conditions used in the profiling of nucleosides and bases in
physiological fluids by ion-pair chromatography were invstigated. The parameters examined
included type, concentration and size of counter-ion, pH of the mobile phase, temperature,
percent organic modifier in the mobile phase and the alkyl chain length of the stationary
phase. The compounds studied were creatinine, hypoxanthine, orotidine, L-tyrosine, uracil,
uric acid, uridine monophosphate and xanthine. It was found that the quaternary amines
were better pairing agents than the sulfonic acids for varying the retention of these
compounds and improving the resolution of the chromatogram over the first several minutes.
The optimum set of conditions for retention was a mobile phase of 1 roM tetrabutylam
monium phosphate in 20 roM phosphate buffer, adjusted to pH 5.7, at a temperature 40°C
and with a C. stationary phase. Under these conditions the first segment of the chromato
gram of plasma samples was simplified because the retention time of uric acid was increased;
thus, it is now possible to determine the compounds present in the first part of the chroma
togram which are normally masked by the uric acid peak. Conditions are also presented for
the improved separation of hypoxanthine, xanthine and uridine. Finally, evidence is given
to support the ion-exchange mechanism for retention of the solutes.

INTRODUCTION

In earlier research conducted in our laboratory on the high-performance
liquid chromatographic (HPLC) profiling of the nucleosides, bases and amino
acids in serum and/or plasma, noticeable differences were detected between the
profiles of normal and diseased individuals [1,2]. These differences were both
qualitative and quantitative in nature. For example, breast cancer patients
could be differentiated from the normal subjects and patients with benign
fibrocystic changes by the presence of 1-methylinosine and N-2-methyl-

0378-4347/84/$03.00 © 1984 Elsevier Science Publishers B.V.
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Fig. 2. Effect of concentration of TBA on retention time. Detection, 254 nm; column,
analytical C 18 ; guard column, Co-Pell ODS; program, isocratic; eluent, 0.02 M monobasic
phosphate buffer + pairing agent, adjusted to pH 5.7; flow-rate, 1.5 ml/min; temperature,
ambient. Symbols: (.) creatinine; (.,) hypoxanthine; (.) orotidine; (0) L-tyrosine; (0)
uracil; (.) uric acid; (0) uridine; (0) uridine monophosphate; ('\7) xanthine.

type of evidence has been used in support of the ion-exchange mechanism to
explain the retention behavior in ion-pairing [8-10]. In this hypothesis
the ion-pair reagent coats the stationary phase fonning a dynamic ion-ex
changer. As a result, the stationary phase now has a charge associated with it;
components of similar charge to the stationary phase are repelled by the
stationary phase and hence elute from the column faster. The observed
decrease in retention of the neutral species can also be explained by this
coating action, which would cover some of the sites normally available for
partitioning of these compounds [11]. Further evidence for alteration of the
stationary phase is seen by the very rapid decrease in retention of all
components with the increasing concentration of the longest alkyl chain pairing
agent, dodecanesulfonic acid. From an exprimental standpoint, the large
volume of mobile phase (typically several hundred milliliters) necessary before
equilibration was obtained and the large volume of water necessary to remove
the pairing agent and restore the column to its previous conditions, also
supports the dynamic ion-exchange mechanism.

Brown et al. [12] reported a reversed-phase IPe separation of Hyp, Xan and
UA using heptanesulfonic acid; however, Urd was not investigated. Similarly,
Popovich [13] separated Ura and Xan with a mobile phase containing HpSA,
but did not examine the possibility of interferences from Urd or Hyp. During
our investigation of the sulfonic acids, improved resolution of Hyp, Xan and
Urd was noted. With a mobile phase of 0.02 M phosphate buffer, pH 5.7, these
three compounds were not resolved; however, upon the addition of either
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Fig. 5. A 40-,u1 sample of plasma from a normal individual chromatographed using a mobile
phase, 0.02 M monobasic phosphate buffer, pH 5.7, without (top) and with (bottom) a
pairing agent, 0.001 M TBA. Remaining chromatographic conditions are as in Fig. 2.

pH 5.7. The profiles of the plasma of a normal individual under chromato
graphic conditions with and without the pairing agent are shown in Fig. 5. Two
changes are evident. First, the retention of uric acid and some other component
not yet identified, increased. The removal of uric acid, which is present in
such large amounts, greatly simplified the early part of the chromatogram.
Second, decreased retention of the neutral compounds, Hyp, Urd and Xan,
was observed. Both these obserVations were anticipated from the study on the
standards. No other components were shifted; therefore, the components still
present in this segment must be polar rather than ionic.
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phosphorus analysis and gave correlation coefficients of 0.90 for phosphatidylcholine and
0.89 for sphingomyelin.

INTRODUCTION

There is a need in many studies of tissue and lipoprotein lipids for rapid
separation and subsequent estimation of small amounts of material. For
example, in studies of cells in culture, where the concentration of most lipids
is of the order of femtomoles (10 -15) per cell, unless very sensitive methods of
analysis are available, large cell populations must be used. This may complicate
experimental conditions. Similarly, in studies of influx and efflux of
lipoprotein lipids in cells, there is a need for sensitive methods for analysing
the individual lipids of both cells and lipoproteins.

Various methods have been described including enzymatic fluorimetric
methods [1], gas-liquid chromatography (GLC) [2-6], high-performance
liquid chromatography (HPLC) [7-9], thin-layer chromatography (TLC) with
subsequent microchemical assay [10, 11], Iatroscan [12], and high
performance thin-layer chromatography (HPTLC) followed by quantitative
densitometry on the plate [13-15].

TLC offers relatively simple separation systems, which principally allow
inexpensive analysis of multiple samples at the same time with sufficient
sensitivity. However, in situ quantification of the separated compounds on.a
TLC plate as done by scanning densitometry presents various difficulties and in
the past has often had a poor reputation. Thus, satisfactory quantification is
dependent upon consistent chromatographic separations, the homogeneity of
impregnation of the plates with detection reagent and uniform background
staining. In addition, the densitometric quantification of a spot depends not
only on the mass of material in the spot, but also upon the area which the spot
occupies, and the signal per unit mass is also related to the absorption and/or
fluorescence spectra of the material and these may be different for unknowns
and standards.

Due to the recent availability of HPTLC plates [16, 17], automated sample
application systems working in the nanolitre range and improved separation
systems (Camag linear development chamber), certain disadvantages (e.g. poor
reproducibility, irregular spot shape, etc.) of TLC are minimized. The high
performance of the plates ensures excellent and reproducible separation of the
lipids. The total mass of material added to the HPTLC plates can be kept very
low, thus reducing the dependance of the integrated signals on the spot
geometry. The method is fast and the cost of expendable materials is small,
giving a low cost per analysis.

We have, therefore, extensively re-investigated the technique of quantitative
HPTLC and included the experiences of various published procedures [13-15]
to elaborate a method which avoids most of the difficulties enumerated above
and gives fast, accurate, and reproducible analysis of the major tissue and lipo
protein lipids combined with fully automated data calculation.
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lipid derivatives are very similar, all showing an excitation maximum around
366 nm and an emission maximum around 410 nm (Fig. 4).

When the absorption spectrum of the lipid derivatives was determined, the
absorption maxima for all compounds were found at 366 nm. This is virtually
identical with the maxima for fluorescence excitation.

'"v
~
'"Cl>

5
:>
u:

EXCITATION

300

INT

INT

350 380 ~oo

EMISSION

500 530nm

Fig. 4. In situ excitation and emission spectra of the quantitated lipids on the HPTLC plates
immersed in the detection reagent for 20 sec and then heated at 110°C (see Methods) for
20 min. INT = cholesteryl formate; UC = unesterified cholesterol; EC = esterified
cholesterol; TG = triglycerides; PE = phosphatidyl ethanolamine; PC = phosphatidylcholine;
SPM = sphingomyelin. The HPTLC plates were measured at identical settings of the
instrument.

Effect of heating time on the fluorescence intensity. Heating of the HPTLC
plate after treatment with the detection reagent induces the formation of
fluorescent derivatives. This process is time-dependent with the maximum
effect reached after about 40 min with heating at 110° C (Fig. 5A). Longer
heating time ashes the derivatives and the fluorescence ultimately decreases to
zero. On the other hand, absorption (Fig. 5B) increases until it reaches a
maximum at 60 min.

Comparison of calibration curves measured by fluorescence and absorption.
The calibration curves for the major neutral lipids and phospholipids are given
in Fig. 6 and the regression equations are shown in Table I. For all compounds
whose separation is demonstrated in Figs. 1-3, there is a linear relationship
between the logarithm of the integrated signal and the logarithm of the
corresponding mass of compound over a wide range. At concentrations
exceeding 0.3 nmol either fluorescence quenching or absorption saturation
causes non-linearity of the calibration curves.
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Fig. 5. In situ fluorescence emission and absorption after different heating times at 110°C.
Twenty tracks with identical concentrations of a lipid standard mixture were applied on an
HPTLC plate, chromatographed, and immersed in the detection reagent as described. Before
heating of the plate at 110°C, the HPTLC plate was cut into five pieces, each with four
tracks on it. Then the glass pieces were heated for either 20, 30, 40,50, or 60 min at 110°C,
and either fluorescence (panel A) or absorption (panel B) was measured at identical settings
of the instrument. Integrated signals for fluorescence and absorption were set identical for
the internal standard (cholesteryl formate). The data represent mean values of each heating
time. (e), neutral lipid separation; (0), phospholipid separation. Abbreviations as in Fig. 4.

Within the cholesteryl ester class, the degree of unsaturation of the fatty acid
does not significantly affect the shape of the calibration curve. Cholesteryl
linoleate, oleate, stearate and palmitate exhibit practically the same response
for each concentration applied and reveal identical calibration curves (not
shown). However, in both the fluorescence and absorption measurement,
cholesteryl formate (used as an internal standard) showed a slightly higher
signal response per mass as compared to the other cholesteryl esters tested (Fig.
6, upper plots).

For triglycerides containing unsaturated fatty acids, signal intensity is
slightly higher than that of the saturated homologues (not shown). Since most
of the tissue and lipoprotein triglycerides contain oleic acid, triolein was used
as a standard.

For phosphatidylcholine and sphingomyelin substituted with different fatty
acids, the degree of unsaturation did not significantly affect the calibration
curves (not shown).

Standards separated on different plates yielded almost identical shapes of
calibration curves, although the absolute value of the integrated signal varied
depending on the plate and the sensitivity setting of the scanner. It is possible,
therefore, to calibrate each plate from a single standard. Thus, as an example
the O.l-tLg standard can be applied to the plate and the sensitivity for the
scanner is set to give 50,000 units of integrated signal before measuring the
whole plate.
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Fig. 6. Calibration curves of the lipids usually quantitated, separated on an HPTLC plate,
immersed in the detection reagent for 20 sec and heated for 40 min at 110°C. The plates
were measured either in the fluorescence (panels A and B) or absorption (panels C and D)
mode. Panels A and C: 0 = cholesteryl formate, • = unesterified cholesterol, • = esterified
cholesterol, 0 = triglycerides. Panels Band D: 0 = phosphatidylethanolamine, • =
phosphatidylcholine, 0 = sphingomyelin. Abbreviations as in Fig. 4.

TABLE I

REGRESSION EQUATIONS AND CORRELATION COEFFICIENTS FOR CALIBRATION
CURVES OF MAJOR NEUTRAL LIPIDS AND PHOSPHOLIPIDS

Compound* Fluorescence Absorption

Regression equation Correlation Regression equation Correlation
coefficient coefficient

INT Y = 0.73X + 5.12 0,998 Y = 0.75X + 5.08 0.995
UC Y = 0.50X + 4.89 0.987 Y = 0.53X + 4.94 0.981
EC Y = 0.61X + 4.75 0.991 Y = O.71X + 4.76 0.996
TG Y = 0.61X + 4.47 0.974 Y = 0.74X + 4.57 0.989
PE Y = 0.61X + 4.73 0.971 Y = 0.70X + 4.83 0.994
PC Y = 0.63X + 4.39 0.988 Y = O.71X + 4.65 0.977
SPM Y = 0.55X + 4.35 0.991 Y = 0.61X + 4.56 0.973

*For abbreviations see legend to Fig. 4.
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have tested numerous published solvents with various internal standards on
HPTLC plates.

For the separation of neutral lipids, due to the use of an internal standard,
it was necessary to find a one-dimensional chromatography system which
revealed uncontaminated spots and a good resolution of the internal standard
from the naturally occurring lipids. The described system represents a suitable
compromise for both these problems.

For the one-step differentiation between cholesteryl linoleate (90% of the
unhydrolysed cholestetyl esters from extracellular origin) and cholesteryl
oleate (most of the cholesteryl esters synthesized within the cell), the one-step
solvent system used revealed optimal results. However, in complex mixtures
cholesteryl palmitate can partially overlap with cholesteryl stearate.

For the phospholipid separation, the solvent system published by Vitiello
and Zanetta [18] gave by far the best resolution, accuracy and precision of all
one-step separations tested for cellular phospholipids. This method is sufficient
ly sensitive to monitor the major cellular phospholipids. Splitting of the
sphingomyelin spot according to differences in the fatty acid composition did
not occur using the Camag HPTLC linear chamber. The individuallysophospho
lipids do not contaminate the major phospholipid spots.

In our experience, one-dimensional separation of neutral lipids and phospho
lipids on the same plate [14] can cause contamination of the separated spots
by other lipids (e.g. cholesterol contaminated by diglycerides). In addition,
there are calibration problems due to large differences in concentration
between individual lipid classes (for example, when cholesteryl esters are on the
upper limit of the calibration curve, the phospholipids may only reach the
lower limit of the calibration curve). We conclude, therefore, that the quantita
tive analysis of neutral and phospholipids in natural mixtures using one
dimensional HPTLC should be done on separate plates to reduce overlapping of
lipid compounds.

The use of either the mass or radioactive internal standard technique
improves the precision of the method if absolute values of individual lipids
must be compared from different samples on different tracks and different
HPTLC plates. However, this standardization is not necessary for the
comparison of relative mass distribution of lipids between individual tracks as
described by Touchstone et al. [15]. The advantage of a radioactive internal
standard is that the ratio of standard to sample can vary over a much wider
range than a mass standard without affecting the accuracy and precision of the
method. A mass standard has to be present in approximately the same amount
as the lipids of the sample. The advantage of a mass internal standard, how
ever, is that it does not require a radiochromatogram scanner and can be
measured with the scanning densitometer.

Chromatography was compared between ordinary tanks and the linear
development system. Using the linear development system we found more
stable conditions, better linearity and paralellism of sample tracks, and very low
reagent consumption due to the application of a defined amount of solvent
(4.5 ml per plate). For the detection of the separated lipids, we immersed the
total HPTLC plate in the liquid detection reagent. We have tested various
detection systems, including the ammonia vapour technique [21] which is very
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time-consuming, and various spraying reagents [15, 26, 29, 30]. The
manganese chloride-methanolic sulphuric acid reagent had the highest
sensitivity both in reflectance and transmission mode and plates scanned after
immersion revealed a much better C.V. when compared to spraying which leads
to inevitable inhomogeneities of the spots.

As shown in Fig. 4, the in situ fluorescence and absorption characteristics of
the various lipids are practically identical, all showing absorption and excitation
maxima around 366 nm and emission maxima around 410 nm. It has been
suggested [31] that fluorescence measurement is more sensitive than absorp
tion. This is correct for measurements of the natural fluorescence of a
compound, but the fluorescence of derivatives formed by reaction with a
detection reagent lead to non-specific background fluroscence and hence to

. reduced sensitivity. We have compared the transmission and reflectance
scanning mode and found a lower signal-to-noise ratio for the reflectance mode
compared to the transmission mode. The transmission measurement is very
sensitive to differences in layer thickness, whereas in reflectance the signal-to
noise ratio is basically determined by the surface quality of the layer [13]. In
addition, we found in our studies that the transmission mode was ten times
less sensitive than the fluorescence emission mode and had a smaller linear
portion in the calibration curves.

Comparison of fluorescence and absorption measurements (Fig. 6 and Table
I) indicates that the absorption curves have a slightly higher slope, but the
useful range of the absorption measurement is more limited. The coefficients of
variation for absorption and fluorescence measurements are comparable. The
minimum amount detectable by the described fluorescence method is ten times
lower compared with data from the literature [14] ; 100-150 J..Lg of cell protein
were sufficient to obtain a complete lipid analysis.

The method described here allows the rapid separation and quantification
of the major tissue and lipoprotein lipids with a high degree of sensitivity,
precision, and accuracy. In particular, the method is suitable for the quantifi
cation of lipids in tissue culture studies. The idea of these studies was to give
refinements and extensions (especially for cholesteryl esters) to information
already published on the use of quantitative HPTLC for microlipid analysis.
A computer program written in BASIC, using linear regression of logarithmi
cally transferred data for the reduction and calculation of the data produced
by this method, is described elsewhere [20].

NOTE TO READERS

The BASIC program [20] is available from the authors free of charge when a
5.25 inch standard discette is sent, together with a prepaid envelope, to our
laboratory.
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nmol/mg protein. The program contains a flexible dialog system which permits its use for
a variety of applications in addition to the system described for quantitation of lipids.

INTRODUCTION

The reduction of data from quantitative densitometry of high-performance
thin-layer chromatography (HPTLC) can be an extremely laborious process
which can detract from the many other advantages of this technique. There are
two main reasons: (1) Due to improvements in the TLC plates, a large number
of samples can be loaded on to each plate and the good resolution may produce
a large number of components to be measured. (2) For quantitative analysis it
is usually necessary to run a standard curve on each plate and it is desirable to
scan each standard and sample more than once. Thus a large amount of data is
generated from each analysis.

This paper describes a computer program for the reduction of data from
scanning TLC systems. The program is written in BASIC for the Spectra Physics
SP 4100 computing integrator which is interfaced to the TLC scanner. It was
written primarily for handling quantitative analysis of lipids which we have
described elsewhere [1], but it is flexibly organized so that it can be used for
other analyses [2].

MATERIALS AND METHODS

The SP 4100 (Spectra Physics, Darmstadt, F.R.G.), a computing integrator
programmable in BASIC, was used for data manipulation in conjunction with
Minifile 4100 D (Spectra Physics), a floppy disc with 81 Kbyte memory for
the automated data manipulation, reporting and storage of results.

HPTLC plates were analysed with either the semiautomated Shimadzu CS
910 TLC scanner (Shimadzu, Kyoto, Japan) or the fully automated Camag
TLC scanner (Camag, Muttenz, Switzerland). When used with the Camag
scanner a modified Camag interface was used to control the bidirectional

****MM****************************************************************~

DECIDE WHICH PROGR~M TO RUN !

'SC~N' FOR STORING REPORTS ON DISC
OR
"mL[" FOR RESTORING REPORTS FROM DISC

~ND POST RUN [~L[UL~TIONS

ENTER N~ME OF PROGR~M !

PROGR~M, S[~N

ENTER N~ME OF SC~NNER ( [~M~G OR SHIM~DZU )
SC~NNER, C~M~

***********************************************************************

'S[~NNING" WILL BE TR~NSFERRED TO SP4100
~ND START ~UTOM~TIC~LLY

***********************************************************************

Fig. 1. The printout demonstrates the dialog for the program selection (SCAN or CALC)
and for the scanner used (Camag or Shimadzu).
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scanning, the SP 4100 integrator and the Minifile. The program is structured in
modules as described in Fig. 1. As can be seen, the two major subprograms are
"SCAN" for storing scanning data on disc and "CALC", which recalls data
from disc and permits a variety of subsequent data reductions. The "BOOT
MOD" module is the fundamental program which is present in all
subprograms and contains the necessary disc operating software. It manages
and calls up the necessary subprograms.

DESCRIPTION OF PROGRAM

Data acquisition program ("SCAN")
The SCAN program starts by setting up the scan parameters (Fig. 2). The

number of scans/track and the scanning parameters must be defined at the

***********************************************************************

SELECT BLOC OF FILES TO STORE REPORTS ON DISC I

SELECTED BLOC No. , 2

ENTER NUMBER OF TR~CKS I
NUMBER OF TR~CKS , 14

ENTER NUMBER OF SC~NS/TR~CK

SC~NSITR~CK , 3

SC~NNING P~R~METERS

~TTENU~TION (~T)

CH~RT SPEED (C5)
PE~K P~R~METER (PW)

(PT)
NUMBER OF TR~CKS

NUMBER OF SC~NSITR~CK

64
4
3
500
14
3

R E ~ D Y T 0 5 C ~ N
***********************************************************************

Fig. 2. The printout demonstrates the dialog for the scanning parameters in the SCAN
program (number of scans, tracks, etc.) and asks for the file where the data shall be stored
(BLOC-No.). The variable names of the scanning parameters, e.g. (F 7), (F 8), are given in
parentheses.

INJECT TIME 10,25,57

TR~CK 1
SC~N No. 1

1 0.19
2 0.23
3 0.27
4 0.30
5 0.45

~.
. 19

_ .23
.27

.3D

.45

SC~NSITR~CK 1
23451 02

1923 03
8812 02

10080 02
28287 03

S~VED ON DISC FILE No. 201

Fig. 3. The printout demonstrates the report format of the scanned track. Each scan is
reported in terms of retention time, peak area and the code number for baseline correction
(01-65).
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*********.*.**********************************************************ti

RLL TRRCKS HRVE BEEN SCRNNED RND THE REPORTS
RRE STORED ON DISC IN BLOC No. 2
************************************************************M**********

RET E N T ION TIM E S

SCRN No. PERK RETENTION TIMES

# 1 0.19 0.23 0.27 0.30 0.4S
# 2 0.18 0.23 0.26 0.29 0.45
# 3 0.19 0.24 0.27 0.31 0.46

I
# 41 0.18 0.23 0.28 0.31 0.46
# 42 0.19 0.24 0.27 0.30 0.45
MM*********M*******************************************M***************

FOR NEW MERSUREMENT OR CRLCULRTION
DEPRESS THE KEYS 'SHIFT' RND 'SLOPE"
"BOOT MOD' WILL THEN BE TRRNSFERRED TO SP4100
ENTER 'RUN" WHEN TRRNSFER IS FINISHED
*M******M*M********************************************M***************

Fig. 4. The printout demonstrates the list of all peak retention times encountered during
scanning. Up to six retention times per scan can be listed. This list allows selection of the
peak of interest for further calculation according to the retention times.

beginning of the program. Up to three are possible; the number of tracks is
dependent on the plate used and the spot size. The program prints a listing of
all scan parameters and responds "Ready to scan".

The analog signal from the densitometer is integrated by the SP 4100 using a
50-Hz data sampling rate, permitting high resolution of signal from noise for
the very fast peaks produced by the scanner. Each scan is recorded on printer
plotter. Peaks are automatically baseline-corrected and reported in terms of
retention times and the area under the peak (Fig. 3). At the end of each scan,
the data are automatically stored in files on discette, defined by its track
number and number of scans for each track.

*M*****M***********************************************M***************

DRTE OF MERSUREMENT : '12.02.82
DRTE OF EXPERIMENT : '10.02.82
EXPERIMENT : PERI/PREINCUBRTION

SELECT BLOC OF FILES TO RESTORE REPORTS FROM DISC
SELECTED BLOC No. : 2

ENTER NUMBER OF TRRCKS I
TRRCKS : 9

ENTER NUMBER OF SCRNS/TRRCK
SCRNSITRRCK : 3
*M******M**********************************************M***************

PERK IDENTIFICRTION

NUMBER OF PERKS : 3

RETENTIONTIME
MOLECULRR WE IGHT
NRME

.51
647.1
CHOL'ESTER

RETENTIONTIME .57
MOLECULRR WEIGHT
NRME INT. STD.

RETENTIONTIME 1.57
MOLECULRR WEIGHT 386.6
NRME CHOL

PERK IDENTIFICRTION WINDOW
M********MM************************************************************

Fig. 5. The printout demonstrates the dialog of the CALC program to define the experiment
(up to 35 characters are available), to address the relevant peaks as demonstrated in Fig. 4
and to name the components by means of the substance and molecular weight.
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When all scans are done, the program lists the retention times of all com
ponents encountered when scanning (Fig. 4). This enables the user to identify
each component and to give it a name by which it is identified in subsequent
calculations.

Calculation program ("CALC")
Definition of the calculation program ("DIALOG"). The calculation

program starts with the subprogram DIALOG (Figs. 5-7). This is necessary to:
(1) define the experiment (Fig. 5); (2) address the relevant sample peaks (Fig.
5); (3) address the external and internal standards (Fig. 6); (4) label the sample
and enter sample variables (Fig. 7).

Calibration curve calculation ("EXT. CALC"). At the end of the dialog the

******************.**************************************************~*

EXTERN~L ST~ND~RD ~RE~

TR~[K 1 SCRN 1 S[~N 2 S[~N 3
[HDL'ESTER 71780 73889 73890
INT. STD. 93737 96009 96021
[HOL 92049 94616 94S98

TR~[K 2 5[~N 1 S[~N 2 S[~N 3
[HOL'ESTER lS7089 68398 698S3
INT. STD. 0 85905 86214
[HOL 787S5 79830 80798

TR~[K 3 S[~N 1 S[~N 2 SCRN 3
[HOL'ESTER 58411 57440 57517
INT. STO. 69055 71042 71321
[HOL 73450 70005 70180

TR~[K 4 SCRN 1 S[~N 2 S[~N 3
[HOL'ESTER 45192 44847 45447
INT. STD. 54291 55042 55937
CHOL 54943 54460 54987

REJECT ?

REJECT ?
1
1

REJECT ?

REJECT ?

TR~CK 5 S[~N 1 S[~N 2 S[~N 3 REJECT ?
[HOL' ESTER 377S8 34910 34832
INT. STD. 43S03 429S2 43327
CHOL 4S31S 4S184 45084
***********************************************************************

HE~N ST~ND~RD DEVI~TION OF ~RE~S

[HOL'ESTER 1.88~

INT. STD. 1.1 ~

[HOL 1.28~

*M*********************************************************************

[ ~ LIB R ~ T ION CUR V E S

Y=mX.b FOR Y=LOG(~RE~) ~ND X=LOG([ON[)

m 'SLOPE" b 'INTER[EPT' CORREL~TION

[HOL'ESTER 0.445 4.879 0.989
INT. STD. 0.483 4.984 0.996
[HOL 0.435 4.965 0.987
***********************************************************************
END OF EXTERN~L ST~ND~RD [~L[UL~TIONS

THE NEXT SUBPROGR~H WILL BE TR~NSFERRED

TO SP4100 ~ND ST~RT ~UTOH~TI[~LLY

*****************************************************.****************.

Fig. 8. This printout provides the opportunity to reject a maximum of two scanned areas
for a substance in a track. At the end of each line the system asks for this rejection of areas.
Input can either be nothing (then the program calculates the mean area and the standard
deviation for all areas of this line), or the numbers of the areas to be rejected. If more than
one area is to be rejected, the numbers must be separated by a point. The program will
then calculate a mean area and standard deviation of the remaining areas. The system then
prints the mean standard deviations of areas for each substance and the coefficients of the
calibration curve.
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calibration curve subprogram (EXT. CALC) is automatically transferred from
the disc storage to the SP 4100. The peak areas of the external standard tracks
identified by their retention times are transferred from disc storage into the
RAM of the computing integrator. The transferred data are then printed for all
tracks, scans and substances as can be seen from Fig. 8. This listing provides the
opportunity for the user to control the values of the areas and if necessary to
reject a maximum of two scanned areas for a substance in a track. From the
peak areas the mean value and the relative standard deviation for each
substance are calculated and printed out (Fig. 8). From these values log/log
calibration curves are calculated and slope (m), intercept (b) and correlation
coefficient of the function log y = m log x + b are printed as described in Fig. 8.

Internal standard calculation ("INT. CALC"). At the end of the EXT. CALC
the internal standard subprogram is automatically transferred from disc storage
to the SP 4100. The peak areas of the internal standard are transferred and
reported as described for EXT. CALC. The concentration of the internal
standard is calculated from the mean of the internal standard integral = INT.
STD. CALC and compared to the actual internal standard concentration (see
Fig. 9). This comparison offers the opportunity to the user to carry out an
"intercept correction of internal standard calibration curve".

MM*****MM***MM**.***********.***.*********************M*MMM*M*****M***.

INTERN~L 5T~ND~RD ~RE~

TR~CK 6
INT. STD.

5C~N 1
59637

5C~N 2
53360

5CRN 3
54012

REJECT ?
1

TR~CK 7 5C~N 1 5C~N 2 5C~N 3 REJECT ?
INT. STD. 88717 78664 0 1.3
*****************~************************************MMM*M******M**.*.

HE~N 5T~No~RD DEVI~TIoN OF ~RE~5

INT. STD. 0.86\
*MMMMMM**MMMM**.********.*.***************************M*M*MMM**M*******

I N T ERN ~ L 5 T ~ N 0 ~ R 0 5

INT. 510. No.1
INT. STD. No.2

~PPLlC~TED

CONCENTR~TION

0.3
0.6

C~LCUL~TED

[oNCENTR~TION

0.298
0.657

DIFF. \

-.75
9.44

INTERCEPT CORRECTION OF INTERN~L 5T~No~RD C~LIBR~TION CURVE

~CCORDING TO INT. STD. No.1

INT. STD. No.1
INT. STD. No.2

~PPLlC~TED

[oNCENTR~TION
0.3
0.6

C~LCULRTED

CONCENTR~TION
0.3
0.662

DIFF \

o
10.28

INTERCEPT CORRECTION OF INTERN~L 5T~ND~Ro C~LIBR~TION CURVE

~CCORDING TO INT. STD. No.
***************************************************************M*******
·5PL.C~LC· WILL BE TR~N5FERRED TO 5P4100
~ND 5T~RT ~UTDH~TIC~LLY

*************~*****************************************M*******M*******

Fig. 9. This printout demonstrates the rejection sequence similar to the one of the external
standards. The program compares the calculated concentrations of internal standard in the
internal standard tracks to the applied concentrations and offers the opportunity to correct
the internal standard calibration curve according to one of the used internal standards.
Input is either the number of internal standard, then the intercept correction is carried out,
or 0, then the original calibration curve is reestablished, or nothing, then the program will
continue.
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water were added up to a total volume of 49.5 ml. This solution, after stirring,
was degassed under vacuum for 15 min.

Then 50 pI of TEMED and 0.5 ml of ammonium persulphate (freshly pre
pared) at a concentration of 18 mglml (20°C) were added; in the various
preparations this persulphate concentration was slightly changed depending
on room temperature. Immediately, 2.0-ml aliquots of this solution were
poured into tubes (bottom capped) 5 mm (diameter) X 120 mm and 100 pI
of distilled water were gently layered on the surface. The gels were left to
polymerize overnight.

Isoelectrofocusing was performed in a vertical jacketed chamber (Minivolt,
Rome, Italy). The gel surface was washed once with a small volume of 10.0
molll urea and the top of the tube was filled with a solution obtained by
mixing 12 ml of 10.0 molll urea, 2 ml of glycerol, 0.5 ml of Ampholine 6,-8
and 0.5 ml of Ampholine 7-9. The bottom chamber was filled with 0.01 molll
ethanolamine and the upper chamber with 0.01 molll glutamic acid. Prefocus
ing was performed in the precooled chamber at a constant current of 1 mA/gel
(LKB 2197 power supply) (top, anode; bottom, cathode) for 20 min. The
protective upper solution was then discharged and 20 pI of the sample were
layered on the surface of the gel.

The samples were prepared by dissolving 2.0 mg/ml of each globin in a solu
tion obtained by mixing 0.8 ml of 10.0 molll urea, 20 pI of l3-mercaptoethanol,
40 pI of Ampholine 6--8, 40 pI of Ampholine 7-9 and 100 III of glycerol.

6.0

0.6

A,

...-- ......---...... -......
0.4

b , xa, a 2
c , F c

2
<?)

3.0

0.2

Fig. 1. Bio-Rex 70 cation-exchange chromatography of a normal Hb sample. The elution
buffer was a potassium phosphate solution 0.05 mol/I, pH 6.55 ± 0.02 [1]. The dashed
line represents the progressive increase of sodium chloride concentration in the buffer. The
central line shows how the division of the pools is performed. The name assigned to each
pool is also reported; the separation of two new peaks between HbA'b2 and HbA,c(2) caused
some problems in name assignation. Thus it was preferred, on the basis of the following ex
periments, to call the first peak HbA 1C1 and the second HbF, and transform the HbA

1C

denomination to HbA,c2' The percentage of each pool (component) is reported on the peak
base.
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Isoelectrofocusing was performed for 210 min (10°C) at a constant current
of 2 mA/gel with a maximal cut-off of 500 V. At the end of the run the gels
were removed from the rods by rimming with a water jet. A small piece of gel
was cut obliquely, at the bottom of the gel, to determine the gel orientation.
The gels were kept for 1 h in fixing solution (17.25 g of 5-sulphosalicylic acid
and 57.5 g of trichloroacetic acid dissolved in 150 ml of methanol and 350 ml
of distilled water). Then they were stained overnight with Coomassie Brillant
Blue R-250 (115 mg in 100 ml of destaining solution) and finally destained in
a solution of 250 ml of ethanol, 80 ml of acetic acid and 670 ml of distilled
water.

Before the fixing step, one of the gels was cut into slices of 2 mm and the
pH of each slice was measured after shaking in 2.0 ml of distilled water until
pH stabilization. Each stained gel was scanned by a DD2 Kipp and Zonen
densitometer with automated integrator.

RESULTS

In Fig. 1 the pattern obtained using Bio-Rex 70 chromatography of Hb
normal samples is shown. The pattern is slightly different than that previously
reported [1]: after the HbA 1b2 component two peaks are now obtained. This
is due to longer use of the plateau with 0.10 mol/l sodium chloride in potas-

1

Fig. 2. Isoelectrofocusing rod gels of the globins obtained from the chromatographic pools.
The numbers from 1 to 8 represent, in sequence, globin patterns from HbA,: 1 = a,; 2 = a,;
3 = b,; 4 = b,; 5 = C,; 6 = HbF; 7 = c,; 8 = x. The numbers 9 and 10 are the globin patterns
from HbA o pools: 9 = 010

; 10 = OIIo
.
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Fig. 5. Scanning of the 2, 1 gels from Fig. 2. The specifications are as in Fig. 3. PG6P is
a P globin chain with a glucose-6-phosphate molecule linked to the a-NHz of the terminal
valine.

by the integrator. The intensity values are consistent only within the same
globin sample; from one scan to another the relative intensity reflects only
approximately the variations between the gels because of slight adjustments
made to the amplitude of the absorbance scale of the densitometer to avoid
too high values in highly stained gels and too low values in poorly stained gels.

The differences in staining among the gels is not due to different quantities
of total protein in the samples applied (always 40 IJ.g for each sample) but
rather to the possible presence in the sample of some protein contaminants
(non-haemoglobin proteins: NHP) which have a pI so different from globin
species that they are excluded from the gel ranges. We believe that NHP is
definitely present in the globin from the HbA 1a1 component and,. perhaps,
in the globin from the HbA1x component. This supposition is confirmed, in
the globin separation of these components, by a yield higher than expected.

The position of normal a: and {3 globin chains from the HbAono pool is slight
ly different from those of the other pools, unfortunately, because this gel is
from a different focusing run than the others. This is the best comparison
that we can provide, due to various gel losses during the rimming from the
tubes. For this reason it is advisable to refer the exact position of normal
a: and {3 globin chains to the major bands of the globin from the HbAono pool.

Finally, it must be noted that, until now, no great differences in the globin
patterns among the pools collected from normoglycemic and diabetic samples
are present.



99

DISCUSSION

We prefer, as mentioned above, to start our discussion with the HbAono pool
in the opposite order to the elution of the components.

HbAo is normally assumed to be the pure HbA form. Shapiro et al. [6]
reported that about 10% of HbAo is glycosylated primarily at the €-amino
groups of the lysines. Their experiments allowed also the prevalent sites of
glycosylation to be determined, but were partly disproved by the observations
of Trueb et al. [12], for the presence of labelled contaminants in the radioac
tive glucose used in the experiments.

Our recent experiments [1, 11] have confirmed some of their observations
and allow the separation, by Bio-Rex 70 chromatography, of a new com
ponent, named HbA1x , which was postulated to be monoglucosylated by the
thiobarbituric acid colorimetric test (TBA test), by in vitro incubation with
labelled glucose and by a significant increase in diabetic samples compared
to normoglycemic ones. For the same reasons further glucosylation seems
to be present in the early part of the HbAo peak.

Thus we attempted to find an improved method for the analysis of modifica
tions on both globin chains, for a control of the sites and the percentage of
the glucosylation process. Isoelectrofocusing of globin in polyacrylamide gel
rods with 8.0 molll urea solutions proved to be a very sensitive method for our
purposes.

Application of the method to the two pools collected from the HbAo peak
provides verification that the HbAono pool, freed from its early (HbAoIo) and
late (HbA2 ) parts seems to be completely pure, showing only two bands (in
the same percentage) which obviously represent the Q and (3 normal chains.
The plapp is 7.05 for (3 chain and 7.45 for Q chain, with some uncertainty
resulting from the method of measurement and the presence of urea.

Both Q and (3 chains of the globin from the HbAoIo pool present an apprecia
ble percentage of modified chain with a position exactly expected for a mono
glucosylated chain, as also shown from the position of the (3 globin chain
from HbA 1c2 ' The percentages obtained by peak integration indicate that
about 14% of the (3 chain (7% with respect to the total) and 16% of the Q

chain (8% with respect to the total) are modified. These values account for
about 60% of the total monoglucosylation on Hb from this pool. Since the
pool percentage is about 23% of the total Hb, this glucosylated Hb should
account for about 13% of the total Hb, half for Q and half for (3 glucosylation.
These results are obtained in a normal sample and previous results· on diabetics
seem to reveal an increase in these percentages. The data described above
agree very well with those obtained by the TBA test on the HbAol" pool [11].

The glucosylation affects probably the €-NH2 of the lateral lysines, be
cause it involves groups which keep, even after glucosylation, a positive charge
at the pH of the cation-exchange chromatography (pKa of the lysines = 10).
Thus it is very difficult to separate these glucosylation products by chromato
graphy at the pH normally in use. Combining the results of the globin analysis
with the results obtained in previous experiments [11] we can confirm that
HbA1x is monoglucosylated on the (3 chain.

The percentages of the peaks of the (3 and glucosylated (3 ((3g1) chains show
contamination by the HbA 1C2 component. These results confirm the value
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of 1.2 mol of glucose per mole Hb tetramer previously obtained [1, 11].
Obviously, from these data, it is impossible to determine the glucosylation

site. If this component represents the monoglucosylation product in order to
obtain HbA1C2 , it accounts for a lower total percentage than expected. In
fact for 4% of the diglucosylated form (HbA 1C2), statistically 20% of the mono
glucosylated form (HbA1x )- is expected. This fact could be explained assuming
a splitting constant, K 2,4' for the monoglucosylated form much greater than
of HbAo and HbA 1C2' This assumption should be still more consistent if the
glucosylation on HbA1X component is on a different site than the a-NH2 of
the valine of the {3 chain.

The two slight {3 bands, of the same percentage, could account for a second
Hb component in this chromatographic zone; while that with a pIapp lower
than that of {3g1 could derive from a modification similar of that observed for
HbA 1b components; that with a pIapp higher than {3 should be the 0 chain.

No glucosylation on the a chain appears in this component. Finally, we
believe that some NHP is also present in this component because of too high
a yield of globin (by the acetone method) and a low staining of the bands on
the gel. HbA1c is known to be the most abundant fast component of Hb.
Holmquist and Schroeder [13] postulated that it is a normal Hb (a2{32) with a
blocked N-terminal residue in one of the {3 chains. Bookchin and Gallop [14]
subsequently proposed that both {3 chains are blocked by N-terminal hexose.
Finally, Koenig et al. [15] showed that glucose is the blocking group and
after attachment by aldimine linkage it undergoes an Amadori rearrangement
which transforms it into a more stable ketoaminic group.

Our results are consistent with this proposal and clearly confirm that HbA1c

is glucosylated on both {3 chains, because of the presence in the globin pattern
of only {3g1 chain, except for a trace amount of normal {3 chain. The fact that
two new peaks appear before this component, during the chromatographic
elution, obliges us to introduce a slight variation into the nomenclature of Hb
fast components; thus we change the name HbA1C to HbA1C2 •

In usual cation-exchange chromatography of Hb it is known that HbF is not
easily separable from the HbAlC peak [16]. In the globin analysis of the HbA1c2

peak, obtained by the chromatographic conditions described, no peak near
the {3g1 chain is present which justifies the existence of a 'Y chain. In the globin
analysis of the minor peak, eluted before the HbA1C2 peak, we find two globin
bands with a pIapp strictly related to that of the {3g1 chain (6.87; 6.92 (3gl;
7.02). The band with a pIapp of 7.02 seems to correspond to the 'Y chain, also
from a preltininary comparison against globin samples from pure HbF prepara
tions (data not reported). Thus we ascribe the chromatographic peak to the
HbF component, although a noticeable quantity of HbA 1C2 is still present in
this peak and some uncertainty exists as to the exact position of the 'Y globin
chain.

The globin from the HbA 1C1 chromatographic peak reveals a very high
presence of {3g1 chain to which an equivalent amount of a chain does not corre
spond. Moreover, the a chain has an appreciable quantity of glucosylation and
some other chains are present in the {3 position, the most abundant of which
is the {3 chain related to the position of the {3 globin from HbA1b species. This
could derive more from chromatographic overlapping than from a complex
Hb component. It is difficult to explain these results and we are performing
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further experiments to clarify the globin patterns obtained from this Hb peak
and the following ones. In any case, an appreciable quantity of Hb({3g1)4 should
be present in the HbAlcl peak. It is known that HbH has a {34 composition,
thus also the {3g1 chain could exist in a stable tetrameric form; it could have
a stability greater than {34 and, perhaps, replace the latter, by dissociation
equilibrium, with a little disappearance of HbAlc2 ' In fact no genetic excess
of {3g1 can be supposed. Because of the high percentage of {3g1 chain we prefer
to name this peak HbAlcl> assigning it to HbAlc rather than to HbAlb species.

In the HbAlb2 chromatographic component the most abundant chain has a
plapp more acidic than {3g1 (6.88 pH units), as expected from its chromato
graphic properties. A large percentage of {3g1 chain is still present in this com
ponent, while no appreciable quantity of {3 chain is present. These results
disprove the finding of Krishnamoorthy et al. [5], who, on the basis of elec
trophoretic data, postulated this Hb component as an asymmetrical hybrid,
Le. with a {3 normal and a {3 modified chain. It is possible that neither their
chromatographic separation on Hb nor electrophoretic and chromatographic
globin separations are able to distinguish the slight differences among the Hb
components and between {3g1 and {3 chains. If the {3g1 chain is not due to con
tamination from a subsequent chromatographic peak, the asymmetrical hybrid
must be considered at most, as Q2{3g1{3lb.

In this case it is also possible that, at the pH of our chromatography, the
dissociation equilibrium of Hb always favours glucosylated components instead
of the normal ones. On the other hand, the HbAlbl component is probably a
Hb modified on both {3 chains, Le. Q2({3lbb

In the examination of globin patterns of the two small HbA la2 and HbA lal
components, the first fact to discuss is the large differences in band staining.
The HbA la2 component is very intense in all the bands because of the great
difficulty in exactly weighing its absolute amount after globin separation by
the acetone method (0.2 mg); its yield in globin is very low, thus some con
'taminants should be present in this peak, but they do not precipitate during
the globin separation. Thus the slight overload in the gel is due principally
to difficulties in the globin weighing. The HbAlal component, on the other
hand, has very faint bands, even though the acetone precipitate is very abun
dant; thus, in this peak, a large quantity of NHP, excluded from the gel by
their pI, must be present.

The HbA la2 globin pattern is surprisingly complex. This confirms that the
rod isoelectrofocusing method has a high resolving power, but leads to the
impossibility of being able to interpret the results exactly. It is possible to
recognize both Q and {3 modifications, with high percentages of Qgl chain, {3g1
chain and {3lb chain; but the most abundant of the {3 chains is a band with a
P~app of 6.81 which corresponds well to a {3G6P (glucose-6-phosphate) chain,
as expected for this Hb component [2]. HbAlal also has a complex pattern,
but its faint bands do not allow us to verify if a {3FI,6DP (fructose-1,6-diphos
phate) chain is present. In any case, the presence of high heterogeneity in these
chromatographic peaks, as previously postulated by McDonald et al. [4],
is widely demonstrated.

CONCLUSIONS

Globin analysis of the peaks from Bio-Rex 70 chromatography of normal
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SUMMARY

A new isoelectric focusing technique for the separation and quantitation of glycosylated
haemoglobin (HbAlC ) is described. By using an equimolar mixture of two separators (0.2 M
l3-alanine + 0.2 M 6-aminocaproic acid) a 2-pH unit Ampholine range (pH 6-8) is trans
formed in a shallow, 0.6-pH unit span (pH 6.7-7.3). This brings about an increment of
resolution between HbA and HbA1C by a factor of about three, thus allowing proper
densitometric evaluation of the trichloroacetic acid-fixed MetHb bands by conventional gel
scanners. Excellent agreement is found among microchromatography, isoelectric focusing
followed by densitometry in situ, and isoelectric focusing followed by band excision, elution
and spectrophotometric determination. The present method also allows full resolution
between HbA1 C and fetal haemoglobins (F and Fac bands).

INTRODUCTION

Haemoglobin Alc is the major component of the glycosylated haemoglobin
pool [1]. It derives from HbA molecules through a post-translational modifica-

0378-4347/84/$03.00 © 1984 Elsevier Science Publishel's B.V.
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tion: the -NH2 group of {31Valine, in fact, reacts with glucose residues to form an
aldimine adduct which sUbsequently undergoes an Amadori rearrangement to
form a more stable ketoamine linkage [2]. The rate of these non-enzymatic
reactions is primarily affected by the glucose concentration in the medium [3].
Determination of the percentage of HbA1c in a haemoglobin sample is thus
important in some pathological alterations of' the glycosidic metabolic
pathways. In red cells of patients with overt diabetes mellitus there is a two
to threefold increase in percentage of HbA lC (from 4-7% to 10-18% of total
Hb) [4]. It has therefore been proposed that the percentage of HbA1C could be
used in assessing the degree of diabetes, by providing an integrated measure
ment of blood glucose according to the red cell life span.

HbA1C can. be separated from HbA by isoelectric focusing (IEF) in
commercial pH gradients [5-7] but accurate quantitative determinations of
HbA1C under these conditions can be obtained only by high-resolution micro
densitometry [8-11]. Improved separations are necessary for the
densitometric evaluation of HbA1C by conventional scanners. They can be ob
tained by the use of separators [12,13] or by resorting to home-made, narrow
pH cuts [14]. However, home-made, shallow pH gradients « 1 pH unit) [14]
and some separators (such as the dipeptide His-Gly of ref. 12) will never be
available in most routine clinical laboratories, thus severely limiting the use of
these methodologies.

In an extensive screening of umbilical cord blood for {3-thalassemias in
northern Sardinia, we have recently described the generation of very flat pH
gradients, easily obtainable from commercial Ampholine pH 6-8 spans by the
addition of an equimolar mixture of two amphoteric substances, {3-alanine and
6-aminocaproic acid [15]. Such gradients were most satisfactory for the
separation and unambiguous quantitation of the three major components of
cord blood: fetal, adult and acetylated fetal Hbs.

We report here how the same type of gradient can be used, in adult blood,
for resolution and densitometric evaluation of HbA1c in diabetic screening.

MATERIALS AND METHODS

Acrylamide, N,N'-methylene bisacrylamide, ammonium persulphate and
N,N,N,N'-tetramethylethylenediamine (TEMED) were from Bio-Rad,Richmond,
CA, U:S.A. {3-Alanine ({3-Ala) and 6-aminocaproic acid (6-ACA) were from
BDH, Poole, U.K. Ampholine, pH 6-8, pH 7-9 and pH 3.5-10 ranges, were
from LKB Produkter, Bromma, Sweden, and Silane A-174 (organosilane ester)
was from Union Carbide Silicones, Sisterville, WV, U.S.A.

Sample collection
Adult blood, from normal and diabetic patients, was washed three to four

times in saline (10 ml/ml blood). Red blood cells (RBC) were lysed in distilled
water containing 0.05% potassium cyanide (5 vols. lysis solution per 1 vol.
packed RBC) and, if not immediately analysed, stored as such at -800 C.
Prior to IEF, CCl4 is added to the lysate (0.5 vol. of CC4 per vol. of packed
RBC) to precipitate the ghosts. After centrifugation for 10 min at 10,000 g,
the sample is diluted to about 1% content and analysed by IEF.
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IEF fractionation
For routine IEF analysis, we have found a 0.5 mm gel thickness to be most

suitable, since it does not require any particular skill from technical staff. The
slab can be cast vertically in a cassette utilizing a U-gasket cut out from a 0.5
mm-thick rubber sheet, or horizontally utilizing the ready-made LKB glass
plates. When only a few samples have to be analysed, we use square 12.5 X
12.5 cm glass plates, which accommodate 14-15 samples; otherwise, the 25
cm-Iong glass slab can be used, which allows analysis of 28-30 samples. For
densitometric analysis, we prefer to fix the polyacrylamide gel covalently to
the glass plate via a silane bridge [16], so that the gel can be dried directly onto
the glass plate without peeling off. For this purpose, the glass is dipped for
30 sec in 0.2% Silane A-174 in anhydrous acetone and then left to dry in the
air. As a cassette cover, we use a Lucite slab (8-10 cm thick, to prevent
warping) modified to accommodate a pocket-forming device. For this purpose,
a strip of Dymo label (200-250 ~m thin) is glued 2.5 cm from the long edge of
the Lucite cover and then short strips are removed with a surgical blade so as
to form 5 X 3 mm2 pockets, at 2-mm intervals. The sample is usually applied at
the cathodic side, in a volume of about 3-5 ~l (corresponding to about 20-30
~g total protein load). The gel contains 6% T and 4% C (for definition see ref.
17), 2% Ampholine pH 6-8 and 0.2% Ampholine pH 3.5-10. Anodic and
cathodic solutions are 1 M orthophosphoric acid and 1 M sodium hydroxide,
respectively. Conditions for a typical run (in a 12.5 X 12.5 cm gel slab) are as
follows: 15 min at 400 V, then the sample is loaded and the run is continued
for 90 min at 15 W (with a limiting voltage of 1500 V, which is reached after
20 min from sample application). The run is performed on an LKB 2117
Multiphor cell with a constant-wattage power supply (LKB 2103) and with the
thermostat at 40 C.

Shallow pH gradients
For a proper resolution of HbAlc from HbA, non-linear pH gradients, which

have a much shallower slope around pH 7, have to be utilized. For this purpose,
we have gelled plates, as above, containing a mixture of 0.2 M (3-Ala and 0.2 M
6-ACA, as previously suggested [15], and the following amounts of carrier
ampholytes (in a final gel volume of 10 ml): 0.5 ml of pH 6-8, 0.12 ml of pH
7-9 and 0.05 ml of pH 3.5-10 ranges. In this latter case, since the migration
to equilibrium position is slower, the gels are run, after sample application,
for somewhat longer periods (120 min). In non-linear pH gradients, it is impera
tive to apply the sample at the cathode, since anodic application would result
in very long focusing periods.

Densitometry
At the end of the IEF run, the gels are dipped in 20% trichloroacetic acid

(TCA), as previously suggested [18], whereby all Hbs are fixed and converted
to the ferric form (MetHb). After washing the gel in distilled water to remove
excess TCA, the polyacrylamide layer is desiccated with a hair-dryer and the
sample tracks are read and integrated at 465 nm with a Cliniscan densitometer
(Helena, Beaumont, TX, U.S.A.). For comparing the present method with the
microchromatography of Trivelli et al. [19], at the end of the IEF run, prior
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TABLE I

COMPARISON BETWEEN CHROMATOGRAPHIC AND ISOELECTRIC FOCUSING
DETERMINATION OF HbAlc

The figures reported are percentile values of HbA1c, taking as 100% the sum of the HbA
and HbAlc peaks.

Sample Microchromatography IEF IEF
No. (densitometry ) (elution)

1 15.68 16.40 17.02
2 12.50 13.31 13.42
3 6.67 7.02 7.93
4 11.23 12.04 12.91
·5 14.33 15.29 15.06
6 8.04 8.61 9.00
7 21.41 22.87 23.02
8 19.04 18.43 19.56
9 6.03 6.60 7.05

10 13.81 14.69 14.13
11 11.82 12.67 12.92
12 14.07 14.76 15.20
13 18.23 17.22 18.40
14 12.17 13.09 13.63
15 15.10 16.29 15.61
16 13.56 14.67 15.03
17 20.23 21.86 20.78
18 13.64 14.43 14.39
19 5.71 6.80 6.53
20 1 16.04 a 15.36, 16.41

c

b

ar = 0.988, P < 0.001.
b r = 0.995, P < 0.001.
cr = 0.990, P < 0.001.

to TCA fixation, the focused Hb zones are removed with a surgical blade,
eluted overnight in 1.5 ml (HbA1c) and 4.5 ml (HbA) of 0.05% potassium
cyanide and read in a spectrophotometer at 415 nm. These data, compared
with the IEF scan values and the eluate values from the Bio-Rex 70 column, are
tabulated in Table 1.

Microchromatography
For comparison, the same samples were also analysed by microchromato

graphy, as modified after Schnek and Schroeder [20]. We have used the
Combi-Test Kit for HbA1C from Boehringer Mannheim (F.R.G.). The columns
were thermostatted at 23°C and the eluates read at 415 nm.

RESULTS

Fig. 1 (left) shows the separation of adult blood lysates in conventional
Ampholine gradients encompassing a 2-pH unit span (pH 6-8). It can be seen
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Fig.!. Separation of normal human adult haemoglobin (HbA) from its glycosylated deriva
tive (HbA,cJ by isolelectric focusing in polyacrylamide gel slabs. Left: control gel containing
only 2% Ampholine pH 6-8, Right: the same gel with an equimolar (0.2 M) mixture of the
two separators iJ-alanine and 6-aminocaproic acid. Experimental conditions are as described
in Materials and methods.

that the glycosylated component (HbA1C) is barely separated below the main
HbA band: such a resolution is not generally enough for quantitation by the
common scanners usually available in clinical laboratories. However, when the
IEF run is repeated in a gel containing a mixture of separators (0.2 M J3-Ala and
0.2 M 6-ACA), excellent resolution is obtained between HbA and its
glycosylated form (Fig. 1, right). As shown in the densitometric scan of Fig. 2,
in the latter case the tracing returns to the baseline before the onset of the
second peak, thus allowing for meaningful integration; in the absence of
separators, the HbA1C peak is seen by the densitometer only as a shoulder
of the main HbA zone.

What is happening in the presence of this mixture of "separators" is shown
in Fig. 3: the 2-pH unit span of Ampholine pH 6-8 is converted into essential
ly a 0.6-pH unit interval (pH 6.7-7.3) which is centered on the isoelectric
point of HbA (pI approximately 7.0). J3-Ala flattens the portion of the pH
gradient below HbA, while 6-ACA alters the pH course on the alkaline side of
HbA. The combined action of the two "separators" produces a pH span which
is optimal for separating not only HbA from HbA1C, but also the fetal
components, such as HbF and HbFac (the pI position of these four zones is
shown by arrows in Fig. 3).

The reliability of this method is shown in Table I: in a double-blind experi
ment, twenty normal and diabetic samples were analysed by microchromato
graphy, IEF followed by densitometry in situ and IEF followed by elution
of excised bands and spectrophotometric quantitation. Excellent agreement
was found among the three methods, as shown by the rand P values reported
at the bottom of Table I, although there appears to be a trend, in both IEF
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Fig. 2. Densitometric evaluation of the IEF~eparatedHbA and HbA,c bands. Scans of TCA
precipitated, brown MetHb bands were performed at 465 nm with a Cliniscan densitometer.
Left: scan of the Hb zones obtained by IEF in the control gel of Fig. 1. Right: scan of the
Hb bands obtained by IEF in the presence of 0.2 M iJ-alanine and 0.2 M 6-amino caproic
acid, as shown in Fig. 1 (right). The marks along the abscissa represent the integration inter
vals for each peak in the densitometric scan.
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Fig. 3. Evaluation of the pH course in Ampholine gels. (- - -), Theoretical pH gradient in a gel
containing only pH 6-8 ampholytes, assuming a linear pH course. (*-*), pH gradient
obtained in a gel containing 2% Ampholine pH 6-8 and a mixture of 0.2 M iJ-alanine + 0.2
M 6-aminocaproic acid. (,,-,,) , experimental pH gradient obtained with 2% Ampholine pH
6-8 in the absence of separators. In these last two cases, at the end of IEF, gel segments at
5-mm intervals were cut along the separation track, eluted with 300 III of 10 mM potassium
chloride and read in a pH meter. The arrows indicate the pI position, in the pH gradient with
separators, of haemoglobins F, A, A ,C and F ac'
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SUMMARY

Gas chromatography with electron-capture detection was used to quantify the glucuronic
acid conjugate of trichloroethanol, urochloralic acid. The conjugate was extracted into ethyl
acetate-ethanol (19:1, v/v) under acidic conditions, and analyzed as its trifluoroacetylated
methyl ester or as its acetylated methyl ester. As little as 0.2 /lg of the conjugate was
quantified, and the method was applicable to urine, plasma and liver. The synthesis of
urochloralic acid from trichloroethanol by rat liver microsomal fraction was demonstrated in
the presence of uridine diphosphoglucuronic acid as coenzyme.

INTRODUCTION

We have studied the metabolism of trichloroethylene in vitro using rat liver
[1]. It is well known that trichloroethylene is oxidized to its epoxide, which
is transformed to chloral hydrate and successively reduced to trichloroethanol
(TCE). TCE has been reported to be conjugated with glucuronate in vivo to
form urochloralic acid (UCA). Human and animals excrete UCA along with

eOOH

0°'""'"
TCE when they have inhaled trichloroethylene vapour [1-4], or have been
administered chloral hydrate [4, 5], triclofos [6], or TCE [4,7]. However,
biochemical studies on the glucuronide formation have not until now been
reported. We desired to investigate the formation of UCA in vitro, but found
no sensitive method for its determination.

0378-4347/84/$03.00 © 1984 Elsevier Science Publishers B.V.
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A number of methods for the determination of UCA have been published
[8-12]. In our preliminary experiments, colorimetry of UCA [8,9] could not
be applied to the biochemical studies in vitro because of its low sensitivity and
low specificity. With the gas chromatographic methods [10-12] the amount of
UCA is calculated as the difference between free TCE and total TCE deter
mined after hydrolysis of UCA by acid or j3-glucuronidase. The indirect method
for the assay of UCA has been widely applied to serum and urine samples, but
this method is more useful if UCA is present in much larger, or about equal,
amounts compared to free TCE in the samples. However, when determining a
relatively small amount of UCA as, for example, in our in vitro experiment on
the conjugation of TCE, the indirect method is inadequate for accurate deter
mination.

Here we describe a direct and sensitive method for the assay of UCA using
gas chromatography with electron-capture detection (ECD). The method is
applicable to urine, plasma and liver homogenates. Several features of the con
jugation of TCE in vitro are also presented here.

MATERIALS AND METHODS

Reagents and instruments
All chemicals were of analytical grade, and the organic solvents for extrac

tion were of especially fine grade; these were purchased from Wako Pure
Chemicals (Osaka, Japan). Uridine diphosphoglucuronic acid (UDPGA) was
obtained from Yamasa Shoyu (Chiba, Japan), and uridine diphospho-N-acetyl
glucosamine (UDPAG) and ATP from Sigma (St. Louis, MO, U.S.A.).
Authentic methyl ester of acetyl-UCA was synthesized in this laboratory
according to the method of Seto and Schultze [13] ; authentic UCA was kindly
supplied by the Central Institute of Chugai Pharmaceutical Co. (Tokyo, Japan).

Organic solvents were evaporated under reduced pressure by a Speed Vac
Concentrator (Savant, U.S.A.).

Extraction of UCA from biological samples
An aliquot (0.5 ml) of plasma, urine, or liver homogenate prepared as

described below was added to n-hexane-benzene (1:1, v/v, 1.5 ml), stirred
vigorously, and centrifuged at 1000 g for 10 min. After removal of the organic
layer by aspiration, the same procedure was repeated again. After acidification
of the aqueous phase with 6 M hydrochloric acid (0.1 ml), UCA was extracted
twice with ethyl acetate-ethanol (19:1, v/v) (1.5 and 1 ml). The organic
solvents were combined, dried over anhydrous sodium sulphate, and evaporated
to dryness under reduced pressure.

Rat liver was homogenized in 9 vols. of 1.15% potassium chloride with a
Potter-Elvejhem PTFE pestle homogenizer. The homogenate was centrifuged
at 700 g for 10 min. The supernatant fluid was used for recovery tests. When
the formation of UCA in vitro was studied using rat liver microsomal fraction,
the incubation mixtures described below were treated in the same manner
as described above.
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Derivatization of UCA
The residue containing DCA was dissolved in 1 ml of ethyl acetate and 0.1

ml of methanol, into which diazomethane was introduced according to the
microscale procedure of Schlenk and Gellerman [14]. After standing at room
temperature for about 30 min, the solvent was evaporated to dryness under
reduced pressure. To the dried residue, ethyl acetate (175 J.LI) and trifluoro
acetic anhydride (TFAA, 25 J.LI) were added in tum. For acetylation, pyridine
(150 J.LI) and acetic anhydride (50 J.LI) were added to the residue. Both
acetylating reaction mixtures were allowed to stand at room temperature over
night. In the case of trifluoroacetylation, an aliquot (1 J.LI) of the reaction
mixture was injected into the gas chromatograph after appropriate dilution
with ethyl acetate. In the case of the acetylation, excess reagents were
evaporated under a nitrogen stream at about 40° C, and the residue was
dissolved in ethyl acetate (0.2 ml). An aliquot (1 J.LI) was subjected to gas chro
matography after appropriate dilution with ethyl acetate.

Gas chromatography
The gas chromatographic analysis was carried out on a Shimadzu Model GC

4CM gas chromatograph equipped with an electron-capture detector (63 Ni),
which was operated at a pUlse-rate of 10 kHz and a temperature of 230°C
for the methyl ester of trifluoroacetyl-DCA and 270°C for that of acetyl-DCA.
The glass column, 2 m X 3 mm J.D., was packed with 1.5% Silicone aV-17
on Shimalite W (AW DMCS), 80-100 mesh. The carrier gas was nitrogen at a
flow-rate of 40 ml/min. The electrometer setting was continuously kept at
range 102

, attenuation 8. The injection temperature was 230° C and the column
oven temperature 180°C for trifluoroacetyl-DCA, and 270°C and 250°C
for acetyl-DCA. The peak height was used for quantification.

Preparation of enzyme source
Livers of male Wistar strain albino rats (200-300 g body weight) were used

as enzyme source. Rats were killed by decapitation, and the microsomal
fraction was prepared by the method of Schollhammer et al. [15]. Briefly,
liver homogenates were centrifuged at 9000 g for 20 min, and the supernatant
fluid decanted was centrifuged at 105,000 g for 60 min. The pellet thus
obtained was suspended in an aliquot of 1.15% potassium chloride, and
recentrifuged at 105,000 g for 60 min. After repeating this washing procedure,
the pellet was suspended in a volume of 1.15% potassium chloride equivalent
to the original weight of wet liver; this is referred to as the "washed microsomal
fraction".

Incubation
The incubation system for conjugation was constituted according to the

method of Schollhammer et al. [15]. The incubation mixture consisted of 0.1
ml of the washed microsomal fraction, 2.5 mM magnesium chloride, 0.5 mM
TCE, 0.5 mM DDPGA and 37.5 mM Tris-HCI buffer (pH 7.4) in a total
volume ,of 0.5 ml. The mixture in a 10-ml test tube was incubated at 37°C for
60 min with shaking.

DCA formed in the incubation mixture was extracted, reacted with diazo
methane and acetylated as described above.
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Recovery tests
In order to apply the present procedure to the assay of UCA in urine, plasma

and liver homogenates, typical gas chromatograms were taken after trifluoro
acetylation or acetylation (see Fig. 3), and then recovery tests were carried out.
As shown in Fig. 3a, the trifluoroacetylation method was applicable to plasma
and liver. However, trifluoroacetylation was found to be unsuitable for UCA
determination in urine, since a large peak behind the methyl ester of trifluoro
acetyl-UCA interfered (data not shown). Therefore, the acetylation method
had to be applied to urine, and the separation of the peaks was satisfactory
(Fig. 3b). For the assay of UCA in liver homogenates the acetylation method
was also applicable, and was time-saving (compare the chromatograms in Fig.
3a and b). Acetylation could be applied to plasma, but a chromatogram is not
shown.

a b
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Liver Liver Urine Urine
blank . blank .

UCA UCA

I j

4mi
~

~ tU 4 ~
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Liver.
UCA

Liver
blank

Plasma.
UCA

Plasma
blank

Fig. 3. Typical gas chromatograms obtained from biological samples with and without addi
tion of UCA. After addition of UCA (1 f.Lg) or no addition to biological samples (plasma,
liver and urine), they were treated as described under Materials and methods. In the case of
trifluoroacetylation (a), a 1-f.LI aliquot of the reaction mixture was injected into the gas
chromatograph after 200 times dilution with ethyl acetate. In the case of acetylation (b), a
1-f.LI aliquot was subjected to gas chromatography after 20 times dilution. The arrows in
the-figure indicate the peaks of the derivatives.

Varying amounts of UCk were added to each sample, and the amount of
UCA was measured as the methyl ester of trifluoroacetyl-UCA for plasma and
liver homogenates, and that of acetyl-UCA for urine. The results are
summarized in Table I, indicating that good recoveries were obtained in all
cases.

UCA formation by rat liver microsomal fraction
In order to clarify the overall profile of the in vitro formation of UCA,

experiments using rat liver microsomal fraction as the enzyme source were per-
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TABLE I

RECOVERY TESTS

Biological samples (0.5 ml) with and without addition of UCA were treated in the same
manner as described in Materials and methods. Each value represents the mean of duplicate
determinations.

Specimen UCA added
(/lg)

UCA determined
(/lg)

Recovery

% Mean ± S.D.

Urine

Plasma

Liver
homogenate

0 0
1 0.870
2 1.96
3 2.99
5 5.30

10 9.60

0 0
1 0.876
2 1.73
3 2.42
5 3.91

10 8.74

0 0
1 0.994
2 1.91
3 2.87
5 4.61

10 10.4

87.0
98.0
99.7

106.0
96.0

87.6
86.5
80.7
78.2
87.4

99.4
95.5
95.7
92.2

104.0

97.3 ± 6.9

84.1 ± 4.3

97.4 ± 4.5

formed, and the amount of UCA was determined by the present procedure
(acetylation method). The results were as follows.

Effect of incubation time, pH and amount of enzyme. Fig. 4a shows the
effect of incubation time on the formation of UCA, revealing that the conjuga
tion proceeds even after 120 min. In this experiment, about 4.5% Qf the
amount of TCE added had been conjugated to UCA after 120 min of incuba
tion.Fig. 4b depicts the effect of pH on the formation of UCA, indicating that
the pH optimum is around 7. The dependency of the amount of microsomal
fraction on the formation of UCA is shown in Fig. 4c. About 12 nnlOl of UCA
were formed in a test tube that contained about 5 mg of microsomal protein.

Requirements for cofactors. Cofactor requirements for the conjugation were
examined. The omission of UDPGA from the complete system described under
Materials and methods caused no formation of UCA, while omission of
magnesium chloride decreased the formation of UCA from 5.06 nmol/mg
protein in the complete system to 2.69 nmol/mg protein. The addition of ATP
and UDPAG to the complete system increased the formation of UCA to 17.5
nmol/mg protein; this finding will be discussed later.
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Fig. 4. Effect of incubation time, pH and amount of enzyme source on the formation of
UCA. (a) TCE (0.5 mM) was incubated with microsomal protein corresponding to 100 mg of
wet weight liver in the system described under Incubation at 37°C for 15, 30, 60 or 120
min. (b) Incubation was conducted at 37°C for 60 min as described above, except that
acetate (X), potassium phosphate buffer (.) or Tris-HCI (.) was used to examine the effect
of pH on the formation of UCA. (c) TCE (0.5 mM) was incubated with various amounts of
microsomal fraction from 0.05 to 0.3 ml (about 5 mg of protein) at 37°C for 60 min as
described above.

DISCUSSION

As described in Introduction, DCA has been determined as TCE after
hydrolysis. Attempts to apply the methods so far published to an in vitro study
of the conjugation of TCE with glucuronate were unsuccessful. When DCA was
synthesized from TCE by rat liver microsomal fraction, a much smaller amount
of DCA than TCE was formed. In this case we had first to remove a large excess
of free TCE through repeated extraction with n-hexane, but the TCE could not
be removed completely. Therefore the exact amount of DCA could not be
determined from the difference between total TCE after hydrolysis and
remai,ning TCE by gas chromatography. However, evaporation of the incuba
tion mixture under reduced pressure resulted in complete removal of free TCE,
and DCA could be determined as TCE after hydrolysis. By this method, it is
not proved whether only glucuronide was determined or other conjugates.
For this reason we desired to determine DCA itself.

At first we tried to determine DCA as its trimethylsilylated methyl ester as
reported by Verweij and Kientz [16]. That is, DCA was reacted with diazo
methane, followed by treatment of the dried residue containing methyl
urochloralate with pyridine (0.15 ml), trimethylsilane (50 pI) and hexamethyl
disilazane (50 pI) at room temperature for 30 min. The derivative was subjected
to gas chromatography with flame-ionization detection. The reproducibility
of derivative formation was found to be unsatisfactory.

We thus established two derivatization procedures applicable to biological
samples, Le. trifluoroacetylation and acetylation of the hydroxyl groups of the
glucuronic acid moiety. When both methods were compared, the ECD response
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SUMMARY

A rapid, sensitive and selective gas-liquid chromatographic assay for aminoglutethimide
is described. The same extraction procedure may be employed prior to a high-performance
liquid chromatographic assay for acetamidoglutethimide which is also detailed. Both assays
are suitable for the study of the pharmacokinetics of aminoglutethimide and acetamido
glutethimide in biological fluids in man.

INTRODUCTION

Aminoglutethimide [3-( 4-aminophenyl)-3-ethylpiperidine-2,6-dione] was
initially developed as an anticonvulsant in the 1950s but was later withdrawn
from clinical use after reports of adrenal insufficiency [1] . It was subsequently
shown to suppress adrenal steroid synthesis by inhibiting the enzymic conver
sion of cholesterol to pregnenolone [2] . It has therefore been used in the treat
ment of adrenocortical tumours, Cushing's syndrome (in combination with
metyrapone [3]), and to perform "medical adrenalectomy" in patients with
metastatic breast cancer [4, 5]. In post-menopausal women the major oes
trogen source is the aromatisation of androstenedione to oestrone in fat,
muscle and liver. Aminoglutethimide also blocks this enzyme: an additional
and perhaps more important action [6] since this is the rate-limiting step in
oestrogen production.

A spectrophotometric method for estimation of aminoglutethimide in
biological fluids has been previously described [7]. These authors, however,
found cross-reactions with Ehrlich's aldehyde reagent by a number of endog
enous and exogenous compounds to restrict the applicability of this assay es-

0378-4347/84/$03.00 © 1984 Elsevier Science Publishers B.V.
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RESULTATS

La Fig. 1 represente un trace obtenu avec un plasma surcharge d'INH (5
pg/ml). Le temps de retention dans les conditions indiquees est de 3 min. La
linearite a ete evaluee adeux sensibilites differentes:

(1) 0.08 densite optique (DO) pleine echelle pour des concentrations de 0.5,
1, 2.5, 5 et 10 pg/ml atteintes en therapeutique.

(2) 0.005 DO pleine echelle pour des valeurs de 0.025, 0.05 et 0.1 pg/ml
pour une etude plus fine de la cinetique du produit (Fig. 2).
La repetabilite a ete evaluee a six concentrations differentes et figure dans Ie
Tableau 1. L'exactitude a ete verifiee a l'aide de plasmas surcharges de 0.1 a
10 pg/ml (Tableau II). L'equation de la droite de regression lineaire des ajouts

TABLEAU I

ETUDE DE LA REPETABILITE

Dix determinations par niveau.

Concentration
(",g/ml)

Ecart-type
(/Lg/ml)

Coefficient de variation
(%)

INH

AC-INH

0.025 0.0013
0.05 0.0015
0.1 0.0032
0.5 0.002
2 0.05
4 0.11

0.125 0.015
0.25 0.010
0.5 0.05
1 0.027
2 0.13
4 0.071

5
3.1
3.2
3.5
2.4
2.9

2.4
1.3
2.4
1.3
3.3
1.0

TABLEAU II

EXACTITUDE DE LA METHODE

Cinq determinations par niveau.

Concentration theorique
des plasmas surcharges
(/Lg/ml)

0.1
0.5
1
2.5
5
7.5

10

Moyenne des concentrations
mesurees
(",g/ml)

0.095
0.50
0.97
2.40
4.91
7.68
9.90
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ont eM effectues chaque jour pendant une semaine. Les meilleures conditions
de conservation sont obtenues par une congelation a-200 C en accord avec les
travaux de Ellard et al. [17j.

Les methodes decrites en HPLC sont fondees sur l'extraction de l'INH et de
l'Ac-INH par un solvant organique ou un dosage direct apres defecation et
lecture a254 ou 265 nm. Toutefois, Ie rendement de cette extraction est faible,
compte tenu de la polarite de la molecule et necessite une prise d 'essai
importante (0.5 a 1 ml) avec une limite de detection insuffisante. Un dosage
direct apres simple defecation du plasma implique une sensibilite de detection
elevee et Ie risque non negligeable d'interferences. La formation prealable d 'une
hydrazone procure plusieurs avantages: une limite de detection exceptionnelle,
la possibiliM d'une prise d'essai reduite et un trace sans pies parasites par une
lecture a 330 nm. La determination de l'Ac-INH apres action du nitrite de
sodium, de sulfamate d'ammonium et hydrolyse par acide chlorhydrique [17]
fait apparaftre deux problemes: un elargissement notable du pic sur Ie chroma
togramme et la presence de blancs plasmatiques eleves et tres variables. C'est

concentration )-I9/ml

10

-- ........- - .... -- ....-_ ... ----- .....-
_.... - -- -------+-- - ---------- ---- -------------~~~

o 15 30 45 60 90 120 180 240 300 350
min

420

Fig. 5. Cinetique apres prise orale unique de 5.2 mg/kg. --, INH; - - -, Ac-INH.

TABLEAU IV

CONCENTRATION D'INH ET Ac-INH 3 h ET 6 h APRES PRISE ORALE DE 300 mg
D'INH

INH (J,Lg/ml) Ac-INH (J,Lg/ml)

H. 3h 2.25 3.44
6h 0.71 2.45

L. 3h 3.59 2.77
6h 0.89 2.73

F. 3h 4.88 1.38
6h 3.00 1.66

L. 3h 6.20 3.05
6h 3.45 2.73
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Sample Prep Procedure

A. Load Sample Onto C-18 BOND ELUT™ Column

Without applied vacuum, add sequentially and
mix:

0.5 ml pH 7.0 buffer
0.5 ml serum sample
20!.1I I.S. solution (U-11,824)

Apply vacuum

To waste 3. Wash with 2xO.5 ml water

B. Elute Analytes Through a Silica BOND ELUT™ Column

.------ 2xO.5 ml methanol

~~~!-- C-18

Silica

Collect

C. Evaporate and Reconstitute for Assay

1. Evaporate under N, at 40°C

2. Add 0.2 ml methanol I.S. solution (U-53,059) and vortex

3. Add 0.3 ml water and vortex

Fig. 5. Flow diagram of the serum extraction and cleanup procedure.

was necessary to ensure complete solubilization of the drug and metabolites.
Using this extraction/cleanup procedure, summarized in Fig. 5, ten serum
samples could be processed simultaneously in less than 1 h.

Standard preparation
Serum standards were prepared from pooled, blank serum specimens

obtained from human volunteers. Accurately weighed amounts of ciglitazone
and the four metabolite standards were dissolved in methanol to produce
a stock concentration of 1 mg/ml for each metabolite and 0.5 mg/ml for
ciglitazone. This solution was serially diluted with methanol to produce
standard working solutions. Aliquots (10 ml) of fresh blank serum were then
spiked with the standard solutions, keeping the methanol concentration of the
resulting serum standards less than 2% (v/v). (This procedure produced more
reliable results than were obtained by evaporating the standard solutions in a
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Precision and accuracy
The intra-day and inter-day preCiSion and accuracy of the assays were

evaluated at three different concentration levels for each metabolite and
ciglitazone by repeating triplicate assays of spiked serum samples on three days.
The results of these experiments are presented in Table IV. The mean intra-day
relative standard deviation for the assay over the concentration range 0.2-5
J.Lgjml for the metabolites and 0.1-2.4 J.Lgjml for ciglitazone appears to be
roughly 6%. There appears to be no significant inter-day variation of assay
results over this concentration range. There also appears to be no significant
assay bias, since pooled estimates of assay error for both ciglitazone and the
metabolites were (with one exception) less than ± 4%.

TABLE IV

ASSAY PRECISION AND ACCURACY

Serum samples were analyzed in triplicate on each of three successive days in order to
determine both intra- and inter-day method variance. Analysis of variance procedures
(P > 0.05) indicated that' there was no significant interday difference in assay results for
any of the analytes, and so the data for all three days (n =9) were pooled.

Analyte Actual concentration of Mean assay result Relative Percent
name spiked serum of sample (n =9) ± S.D. standard error*

(/Lg/ml) (/Lg/ml) deviation
(%)

Trans-4' -01 5.03 5.06 ± 0.29 5.7 0.6
0.503 0.500 ± 0.020 4.0 -0.6
0.202 0.195 ± 0.008 3.9 -3.5

Cis-3' -01 4.55 4.68 ± 0.28 6.0 2.9
0.455 0.466 ± 0.011 2.4 2.4
0.182 0.181 ± 0.009 5.0 -0.5

Trans-3' -01 6.21 6.33 ± 0.32 5.0 1.9
0.621 0.645 ± 0.013 2.0 3.9
0.249 0.257 ± 0.014 5.6 3.2

Cis-4' -01 5.51 5.51 ± 0.27 5.0 0.0
0.551 0.555 ± 0.019 3.4 0.7
0.221 0.209 ± 0.012 5.7 -5.4

Ciglitazone 2.37 2.37 ± 0.09 3.7 0.0
0.237 0.230 ± 0.015 6.7 -3.0
0.095 0.094 ± 0.006 6.7 -1.4

*Percent error = [(observed - actual)/actual] X 100.

Sensitivity
The assay quantitation limit was defined as that concentration of analyte

which produces a peak roughly ten times the size of serum blank peaks having
retention times such that they may interfere with analyte measurement. The
assay quantitation limit for the metabolites was roughly 0.1 J.Lgjml. The
quantitation limit for ciglitazone was 0.05 J.Lgjml.

Application
The utility of the assay method was demonstrated by analyzing serum
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gested that free fatty acids may be esterified in the presence of alcohol by an
enzymatic process. We did not obtain alcohol esters from free fatty acids added
to plasma, thus precluding alcohol esterification of free fatty acids as a major
source of this artifact.

Our experiments show that hydrolysis and transesterification of fatty acids
from phospholipids, and to a much lesser extent, from triglycerides, are the ex
planation of this observation. No hydrolysis or transesterification from choles
terol esters occurred. These observations are contradictory to those of Lough et
al. [10] who obtained most of the alcohol esters from triglycerides.

Analysis of our samples involved drying at 50°C, but when the extraction
was performed at room temperature, there was no decrease in the extent of
hydrolysis or transesterification of plasma fats.

Lough et al. [10] and Fukuda et al. [11] obtained transesterification of tri
glycerides by adding sodium carbonate. They postulated that heating the
plasma or lymph lipid extracts produces sodium carbonate from sodium bicar
bonate the former catalyzing the reaction.

We obtained significant hydrolysis and transesterification of phospholipids in
plasma or in aqueous solutions with sodium carbonate added; this effect dis
appeared when hydrochloric acid was added to plasma or when the solution pH
was neutralized with hydrochloric acid probably due to conversion of sodium
carbonate to carbon dioxide. Gordon et al. [13], reported alcoholysis when
storing lipids in acid alcohol solutions which precludes sodium carbonate as a
catalyzing factor in that case.

It is possible that other yet unknown factors present in plasma or tissues are
involved in alcoholysis of lipids. The fact that no alcoholysis of lipids was oP
tained after eliminating sodium bicarbonate with hydrochloric acid favors the
findings of Lough et al. [10] and Fukuda et al. [11]. The present study indi
cates that it may be possible to determine plasma free fatty acids from alco
holic extracts using a direct method, providing the alcoholysis of plasma lipids
can be avoided.

CONCLUSIONS

Artifact formation of free fatty acids and fatty acid alcohol esters occurs
when plasma is treated with alcohols. This alcoholysis occurs mainly from
phospholipids, and to a much lesser degree, from triglycerides. This can be
avoided by pre-eliminating plasma sodium bicarbonate using hydrochloric acid.
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Thin-layer chromatography (TLC) is widely used for the separation and
identification of a number of arachidonic acid metabolites. There are descrip
tions of many TLC methods by which a variety of prostanoids can be separated
[1-8] . Various spray reagents have been used for the detection of
prostaglandins (PGs) following TLC separation. However, they require micro
or nanogram quantities of the compound to be detected [1,4,9-12].

Instead of spray reagents, direct scanning and autoradiography of labelled
prostaglandins on TLC plates have been used, but these techniques have low
sensitivity [13] or are time-consuming [14]. Thus large quantities of the
isotope are necessary, especially with 3H-Iabelled prostaglandins. For the detec
tion of different arachidonic acid metabolites on TLC we have developed a
rapid, sensitive autoradiographic method, in which 24 h is enough for visualiza
tion of a spot with an activity of 2400 dpm.

MATERIALS AND METHODS

LKC18 preadsorbent reversed-phase TLC plates were purchased from
Whatman (Maidstone, U.K.), and were used without activation or a washing
procedure. [3H] PGE2 (specific activity 160 Ci/mmol), 6-keto-[3H] PGF 10:

(specific activity 150 Ci/mmol) and [3H] PGF2 o: (specific activity 16.2
Ci/mmol) were from The Radiochemical Centre (Amersham, U.K.), and [3H]_
TXB2 (thromboxane B2 , specific acitivity 100 Ci/mmol) was from New England
Nuclear (Boston, MA, U.S.A.). Diethyl ether was from E. Merck (Darmstadt,
F.R.G.), acetonitrile and chloroform were from Rathburn Chemicals
(Walkerburn, U.K.). 2,5-Diphenyloxazole (PPO) was from Packard, (Downers

0378-4347/84/$03.00 © 1984 Elsevier Science Publishers B.V.
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Grove, IL, U.S.A.), and the film Kodak X-OMAT AR from Eastman-Kodak
(Rochester, NY, U.S.A.).

The four arachidonic acid metabolites (activity of 8000 dpm) and their
mixture were applied in 30 I.Ll of chloroform onto the preadsorbent area with
a micro-syringe using a brush-like downward stroke starting 3 mm below the
reversed-phasejpreadsorbent interface. The samples were dried under nitrogen
and the plate was put in the rectangular chamber. The mobile phase was
water--acetonitrile (70:30, vjv), and its pH was adjusted to 3.5 with 17 mM
orthophosphoric acid phosphate buffer. The solvent system was 0.5 M in
respect to sodium chloride. The amount of the mobile phase was chosen so
that the solvent only wet the lowest 3 mm of the plate. For good saturation,

6-k-PGF1a

Mixture

Fig. 1. The autoradiogram of 6-keto-['H]PGF\Ck' [3H]PGF. Ck , [3H]TXB. and [3H]PGE•.
The radioactivity of each compound by application was 8000 dpm. The film was exposed
for 24 h.
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TABLE I

REPRODUCIBILITY AND LINEARITY OF THE ASSAY OF STIROCAINIDE

Human plasma was spiked with stirocainide in the concentrations indicated and with 100 ng
of internal standard per ml of plasma.

Concentration (ng/ml)

Added

Day-to-day variation*
5

10
20
40
80

Within-day variation**
2
5

10
25

Found

5.05
9.88

19.04
38.67
76.36

2.66
4.78

12.17
28.01

C.V. (%)

9.8
2.6
3.3
5.5
5.8

11.8
5.9
9.9
2.2

*Five calibration curves were run in duplicate on five different days. Each coefficient of
variation is based on five duplicate measurements.
**Within-day variation of ten spiked plasma samples.

293-344 ng/ml, except blood left for 1 h before being centrifuged. In this
sample, haemolysis occurred and a concentration of 261 ng/ml only was found.
In another test for stability human plasma was spiked with 20 ng/ml
stirocainide and stored at -20° C. Up to now six samples have been analysed
during a period of three months. A mean of 19.5 ng/ml was found (C.V. =
4.7%) with no tendency for declining concentrations. All samples were within
the 95% confidence limit of the regression line Y = 19.2 + O.OIX. These results
show that stirocainide is stable in whole blood at 37°C for approximately 30
min and that it is stable in plasma at -20° C for at least three months.

Currently we are using the assay to study the pharmacokinetics of
stirocainide in steady state. Initial results from human volunteers who received
60 mg b.i.d. for 14 days show trough levels of approximately 10 ng/ml and
maximum levels of about 50 ng/ml.
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Haloperidol, a widely used major tranquilizer of the butyrophenone class
[1] has been measured by gas-liquid chromatography (GLC) using electron
capture detection [2], GLC using mass spectroscopy [3] and nitrogen
phosphorus detection [4--6], liquid chromatography with electrochemical
detection [7] and by radioreceptor assay [8, 9]. With the exception of radio
receptor assays, these techniques are specific but are limited by the number of
analyses that can be performed in a working day. Furthermore, many of the
methods lack adequate sensitivity to detect very low haloperidol serum or
plasma levels. This is of importance since steady-state concentrations are often
in the 1-10 ngjml range, and studies of pharmacokinetics and bioequivalence
may require sensitivity of less than 1.0 ngjml [10, 11] . Here we describe a
method that is selective, separating haloperidol from metabolites and plasma
contaminants, and sensitive to 0.5 ngjml using GLC with nitrogen-phosphorus
detection. When coupled with an automated injection system, up to 60 samples
per 24 h may be analyzed after a straightforward plasma extraction which
requires only 3-4 h technical time.

EXPERIMENTAL

Apparatus and chromatographic conditions
The analytic instrument is a Hewlett-Packard Model 5840A gas

0378-4347/84/$03.00 © 1984 Elsevier Science Publishers B.V.
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analysis indicated the extraction efficiency of haloperidol is greater than 95%
at 10 nglml plasma concentrations.

The retention time of haloperidol was considerably lpnger than that of a
number of other commonly used psychotropic drugs including benzodiazepines
(diazepam, desmethyldiazepam, desalkylflurazepam, oxazepam, lorazepam)
and antidepressants (imipramine and metabolites, desipramine and metab
olites). Trazodone, on the other hand, had considerably longer retention than
haloperidol. Therefore these compounds did not interfere with the assay.

Pharmacokinetic study
Fig. 3 shows serum and CSF haloperidol concentrations and pharmaco

kinetic functions for the experimental animal. Derived pharmacokinetic
parameters are listed in Table I. Haloperidol was extensively distributed, with
a total volume of distribution of more than 10 l/kg. Haloperidol rapidly
entered CSF, and was eliminated in parallel from both serum and CSF after
attainment of distribution equilibrium. The mean CSF to total serum
haloperidol concentration ratio averaged only 0.17, probably due to serum
protein binding of haloperidol.

TABLE I

DERIVED HALOPERIDOL SERUM AND CSF PHARMACOKINETIC PARAMETERS
AFTER A 5-mg INTRAVENOUS DOSE ADMINISTERED TO A 17-kg MONGREL DOG

Parameter

Distribution half-life (min)
Elimination half-life (h)
Central compartment volume (l/kg)
Total volume of distribution (l/kg)
Total metabolic clearance (ml/min/kg)
Mean CSF/total plasma concentration ratio*

*Mean of values 1-7 h after the dose.

DISCUSSION

Plasma CSF

3.0
3.9 3.9
2.8

10.6
31.6

0.17

This report describes a reliable, selective method for the quantitation of
haloperidol in serum or plasma and in CSF using GLC with nitrogen
phosphorus detection. Sensitivity is adequate to carry out single-dose
pharmacokinetic studies and evaluate entry of haloperidol into CSF. A basic
extraction from serum or plasma, acidic back-extraction, subsequent adjust
ment of the aqueous phase to a basic pH, and final organic extraction into a
small vohime for direct injection into the gas-liquid chromatograph is the
method employed. This method produces blank serum and CSF samples that
are consistently free of contaminants in the areas corresponding to the reten
tion times for haloperidol and the internal standard. Dihydrohaloperidol, a
metabolite of haloperidol [7] , also is resolved from both haloperidol and the
internal standard under these conditons. However we did not attempt to
quantitate dihydrohaloperidol since a pure reference standard was not
available.
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(Matheson) at a flow-rate of 3 ml/min mixed with dry air (Matheson) at a flow
rate of 50 ml/min. Operating temperatures were: injection port, 310°C;
column, 200°C; detector, 275°C. Before being connected to the detector, a
new column was conditioned at 220° C for 48 h with a carrier flow-rate of 30
ml/min. At the beginning of each work day the column was primed with 2-4
pg of purified soy phosphatides (asolectin) in benzene [16].

Reagents
The following reagents were used: analytical reagent-grade ethyl acetate;

analytical reagent-grade toluene; certified isoamyl alcohol; HPLC-grade
methanol, all obtained from Fisher Scientific (Fair Lawn, NJ, U.S.A.);
analytical-reagent grade sodium hydroxide (Mallinckrodt, St. Louis, MO,
U.S.A.); and Baker-Analyzed acetone (J.T. Baker, Phillipsburg, NJ, U.S.A.).

Reference standards
Pure standards of lidocaine, MEGX and GX, as well as the internal standard

ethylmethylglycinexylidide (EMGX), were kindly provided by Astra
Pharmaceutical Products (Worcester, MA, U.S.A.). Standards of each were
prepared by dissolving 100 mg of free base in 100 ml methanol. Sequential
dilutions were made to 10 pg/ml. Solutions were stored in the dark in glass
stoppered bottles at 4°C and were stable for at least two months.

Preparation of samples
Extraction tUbes were 15-ml round-bottomed glass culture tubes with

PTFE-lined screw-top caps. Tubes were rinsed with acetone and air-dried prior to
use. To each tube, 0.5 pg (50 pI of the 10 pg/ml solution) of EMGX was added
as the internal standard. Calibration standards for lidocaine, MEGX and GX
were prepared by adding varying amounts (0.1 to 3 pg) of all three compounds
to consecutive tubes. The tubes were placed in a vacuum oven and the solvent
evaporated !c, dryness at 40-45° C under reduced pressure. Drug-free control
plasma (1 ml) was added to each calibration tube and 1 ml of unknown plasma
added to all other tubes containing only internal standard.

Extraction procedure
To each tube 200 pI of 5 M sodium hydroxide and 2 ml of ethyl acetate

were added. The tubes were capped and agitated gently in the upright position
on a vortex mixer for 30 sec. The samples were centrifuged at room tempera
ture for 5 min at 400 g. The organic layer was transferred to standard 2-ml
Wheaton automatic sampling vials (Wheaton Scientific, Millville, NJ, U.S.A.),
which were then placed in a vacuum oven and evaporated to dryness at room
temperature. The residue was reconstituted with 250 pI of a toluene-isoamyl
alcohol mixture (85:15), capped with aluminum foil and gently vortexed. The
automatic sampler was programmed to inject 2 pI of each sample.

Pharmacokinetic studies
A healthy male volunteer participated after giving written informed consent.

A 300-mg oral dose of lidocaine hydrochloride, as 15 ml of a 2 g per 100 ml
solution (Xylocaine Viscous, Astra) was administered every 3 h for eight
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consecutive doses. Venous blood samples were drawn into heparinized
Venoject tubes prior to each dose, and at multiple points after the first and last
doses. Plasma samples were separated and frozen until the time of assay as
described above.

4

4
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2

®

, , !!, ! I
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Fig. 1. (A) Chromatogram of an extract of a calibration standard containing 0.5 IJg/ml of
EMGX (the internal standard) and 1.0 IJg{ml of GX, MEGX, and lidocaine; (B) chromato
gram of a drug-free control plasma extract; (C) chromatogram of a sample from a subject
after oral administration of lidocaine. Peaks and concentrations determined were: 4 =
lidocaine, 0.56 IJg{ml; 3 = MEGX, 0.32 IJg{ml; 2 = GX, 0.09 IJg{ml; 1 = EMGX, internal
standard.
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Fig. 2. Calibration curve showing relation of plasma concentration of lidocaine and its two
metabolites versus the peak height ratio of drug to internal standard. (e_), Lidocaine;
(0 - - 0), MEGX; (&-- &), GX.



203

RESULTS

Evaluation of the method
Under the described chromatographic conditions, lidocaine, its two metab

olites, and the internal standard gave well resolved chromatographic peaks (Fig.
1). Drug-free blank plasma samples were free of contaminating peaks (Fig. 1).
Plasma concentrations of lidocaine, MEGX, and GX were linearly related to the
peak height ratio of each compound versus the internal standard (Fig. 2). The
sensitivity limits are approximately 0.05 /lg of each compound per ml of
plasma. Table I shows replicability of identical samples at various
concentrations. Residue analysis indicated greater than 90% recovery of all
three compounds.

After extraction and reconstitution, lidocaine and GX are stable at room
temperature for at least 48 h. However, degradation of MEGX is noted after
24 h. Therefore samples should be chromatographed within 24 h of extraction.

TABLE I

REPLICABILITY OF IDENTICAL SAMPLES AT VARlOUS CONCENTRATIONS

At each concentration n =4--i3.

Plasma concentration
(/lg/ml)

Coefficient of variation* (%)

Lidocaine MEGX GX

0.1
0.25
0.5
0.75
1.0
1.5
2.0
2.5
3.0

7.1
2.6
4.8
2.9
2.8
3.9
1.0
4.0
1.0

16.5
5.9
8.0
4.0
6.7
7.4
3.8
7.8
5.2

13.6
8.3
3.9
7.4

11.3
3.6
3.8
3.0
4.3

*Standard deviation divided by mean, in percent.

Pharmacokinetic results
Fig. 3 shows plasma concentrations of lidocaine, MEGX, and GX in the

volunteer subject. Concentrations of lidocaine and MEGX reached similar levels
during multiple-dose therapy. After termination of treatment, washout of
MEGX was slower than that of lidocaine. GX concentrations were considerably
lower than those of other two compounds.

DISCUSSION

The present report describes a rapid, sensitive, automated method for
simultaneous quantitation of lidocaine and its two metabolites in plasma. The
straightforward extraction procedure allows one person to prepare a large
number of samples in a standard working day. With the automated sampler,
100 or more samples can be chromatographed in a 24-h period with no
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solutions were used: 1 M hydrochloric acid (Orion, Finland), as the extraction
solvent, petroleum ether (b.p. 40--60°C) (May & Baker, U.K.), and the stock
solutions ibuprofen 100 totg/ml and the internal standard, ibufenac, 100 totg/ml
in petroleum ether.

Gas chromatography
Gas chromatographic analyses were performed with a Fractovap 4200 gas

chromatograph (Carlo Erba, Italy) equipped with a flame-ionization detector
and connected to a Hewlett-Packard 3380A peak integrator. The fused-silica
capillary column was OV-351 (25 m X 0.32 mm I.D.) with a film thickness of
0.20 totm (Orion Analytica, Finland). The operating temperatures were column
220° C, injection port and detector 250° C. Helium was employed as the carrier
gas (156.9 kPa) and the splitting ratio was 1:20. Hydrogen (39.2 kPa) and com
pressed air (78.5 kPa) flow-rates were adjusted to give maximum response.
Under these conditions the retention times of ibuprofen and ibufenac were
4.53 and 4.84 min, respectively. The calibration curves were calculated using a
Hewlett-Packard 85 computer.

Sample preparation
First 0.30 ml (30 totg) of the internal standard solution was pipetted into each

of series of tubes and evaporated to dryness with a gentle stream of nitrogen.
A 1.0-ml sample of serum was added to each tube and mixed well. Samples
were acidified with 0.25 ml of 1 M hydrochloric acid and extracted with 6.0 ml
of petroleum ether by vortexing for 30 sec. The solutions were centrifuged
for 5 min at 2600 g, after which 4.0 ml of the petroleum ether layer were trans
ferred to a fresh tube and evaporated to dryness with a gentle stream of
nitrogen. The residue was dissolved in 100 totl of petroleum ether and 0.5-1.0
totl of this solution was injected into the gas chromatograph.

A calibration curve was constructed at ibuprofen concentrations of 5.0
50.0 totg/ml control serum and the peak area ratios of I to internal standard
were plotted against the amount of ibuprofen added.

RESULTS AND DISCUSSION

Gas chromatographic determination of acidic drugs in serum involves two
major problems. Because of the strong polarity of these compounds they
usually have to be derivatized before gas chromatographic analysis [1, 4].
Furthermore, it is often impossible to extract them from serum with sufficient
recovery without extracting interfering compounds. The polar OV-351 fused
silica capillary column gives good separation of ibuprofen and ibufenac under
the conditions used and permits the determination of ibuprofen as the free
acid. The OV-351 column is specially designed for the determination of free
fatty acids and phenols. Fig. 2 shows gas chromatograms of the serum extracts.
Clearly the extraneous peaks do not interfere with the peaks of I and II.

The precision of the method is demonstrated in Table I. Results are based on
at least five determinations of each ibuprofen concentration, ranging from 5.0
to 50.0 totg/ml, which were treated as described in the experimental part. The
calibration curves are linear over the range 5.0-50.0 totg/ml and can be expressed
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A B

II

c
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Fig. 2. Chromatograms of serum extracts. (A) Serum blank; (B) serum blank containing
internal standard (II); (C) serum containing 25 /Lg/ml ibuprofen and 30 ILg/ml ibufenac.
Peaks: I = ibuprofen; II = ibufenac (internal standard).

TABLE I

PRECISION IN MEASUREMENT OF IBUPROFEN (I) ADDED TO SERUM

Y = 0.037X + 0.019, r = 0.999.

Amount of I added n Mean peak S.D. R.S.D.
(/Lg/ml) area ratio ±%

5.0 6 0.189 0.004 2.12
10.0 5 0.416 0.008 1.92
20.0 6 0.781 0.013 1.66
30.0 6 1.063 0.016 1.50
40.0 5 1.506 0.032 2.12
50.0 6 1.880 0.025 1.33

TABLE II

RECOVERY OF IBUPROFEN (I) AND IBUFENAC (II) FROM SERUM

Recovery of I and II from serum was studied by adding 25 ILg of I or II to 1.0 ml of blank
serum, by extracting and adding the internal standard at the end. The reference samples
were prepared by first extracting blank serum and then by adding 25 /Lg of I or II and the
internal standard at the end. The peak area ratios of the reference samples were designated as
the 100% value.

Amount added Recovery* R.S.D.
(/Lg/ml) ±%

/Lg %

I: 25.0 16.9 67.6 4.2
II: 25.0 13.5 53.9 3.1

*Each result is the mean of six determinations.
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Fig. 3. Typical chromatograms of urine extracts. A = Blank urine; B = spiked urine, 100
}.lg{ml each of gemfibrozil and metabolite III; C = 12-24 h urine sample after a 300-mg dose
of gemfibrozil. Peaks: 1= gemfibrozil; II = internal standard; and III = metabolite III.

3.5, and 9.5 min, respectively. Urine extracts did not contain any interfering
peaks, and the retention time for the metabolite was reasonable, therefore the
urine was assayed for both gemfibrozil and metabolite III on the same injec
tion. This column was not used for the plasma samples due to an interfering
peak at the retention time of gemfibrozil.

Extraction recovery as measured against a non-extracted standard solution of
gemfibrozil was about 85% and consistent over the range of concentrations oc
curring in plasma and urine. The minimum detectable concentration of gem
fibrozil was 0.5 Jig/ml from plasma and 5 Jig/ml from urine as measured by
three times the standard deviation of the lowest concentration used in the pre
cision studies. Similarily the minimum detectable concentration of the metab
olite was determined to be 7 Jig/ml from urine.

Calibration curves were linear (r > 0.99) for gemfibrozil in plasma in the
range 2.5-30 Jig/ml and for gemfibrozil and metabolite III in urine in the range
25-300 Jig/ml. The results of the precision studies are listed in Table I.
Precision was assessed by the determination of percent R.S.D. on a within-day
basis as well as an overall basis. The relative standard derivations were less than
10% in both measures of precision and the method was considered valid.

The method was used in several studies including the assessment of bio
availability of a 300-mg capsule formulation. Complete details of the bio
availability study will be reported elseWhere. The mean plasma concentration-
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We have recently described an analytical method for the determination of
the experimental antineoplastic agent riboxamide (TCAR, see Fig. 1) in plasma
[1] . The procedure, based on high-performance liquid chromatography (HPLC),
utilizes a column-switching configuration consisting of two different solvent
generated anion-exchange columns which exhibit different retention character
istics toward the analyte. Initial pharmacokinetic evaluation of the drug has re
vealed it to be primarily excreted in urine [2]. Unfortunately, the procedure
reported through our earlier communication [1] is not directly applicable to
urine analysis of riboxamide. In this note, a modification of that method is
described which permits routine urinary monitoring of the drug in clinical
settings.

o
II

H2N-Ci IHO-QS
OH OH

Fig. 1. Chemical structure of riboxamide (TCAR).

MATERIALS AND METHODS

Riboxamide (TCAR) was obtained from the National Cancer Institute.
J.LBondapak CIS columns (10-J.Lm particles, 300 X 4.6 mm) were purchased from
Waters Assoc. (Milford, MA, U.S.A.) and ODS Hypersil bulk packing (5-Jlm
particles) obtained from HETP (Macclesfield, U.K.) was slurry packed [3]

0378/4347/84/$03.00 © 1984 Elsevier Science Publishers B.V.
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into 150 X 4.6 mm LD. columns. The chromatographic apparatus was con
figured as described by Riley et al. [1] except that a t.LBondapak CIS column
was used as column 1 and an ODS Hypersil column was used as column 2.
Urine samples were filtered through 3-t.Lm Millipore filters and the filtrate ap
plied directly to the chromatographic system. Column 1 was eluted with 0.1 M
phosphate buffer (pH 2.1) and column 2 was eluted with 0.1 M phosphate
buffer (pH 7.0). Following elution of TCAR from column 1, the eluent
strength (for column 1) was increased to methanol-phosphate buffer (pH 2.1)
(20: 80) and maintained there for 10 min to purge the column of strongly re
tained urinary contaminants. The column was then allowed to re-equilibrate for
10 min with the purely aqueous mobile phase prior to the application of the
next sample. Eluent was monitored spectrophotometrically at 254 om.

RESULTS AND DISCUSSION

Urine samples were prepared for HPLC analysis by simply subjecting them to
a single filtration of the biological fluid through a 3-t.L m Millipore filter and
direct injection of the filtrate onto the HPLC system. This procedure was also
applicable to plasma and represents a significant simplification of the clean-up
step reported previously [1] for plasma analysis of TCAR. This modification
saves ca. 20 min per sample in total analysis time. The recovery of TCAR from
urine was 98 ± 0.6% and 97 ± 0.8% when spiked at the 10 and 1 t.Lg/mllevels,
respectively. This indicates that TCAR is not retained to a significant extent by
the filter apparatus. Similar recoveries were noted with plasma samples.

Whereas plasma analysis involved separation on a dynamic anion-exchange
system [1], an ion-exchange system was not required to chromatographically
resolve TCAR from urinary components. Resolution was achieved using a
column-switching configuration involving two columns packed with different
reversed-phase (CIS) materials which in tum provided different selectivities to
ward the analyte. This selectivity difference was amplified by eluting the com
ponents with buffers differing only in pH. Optimal resolution was achieved
using the basic dual-column hardware employed earlier [1] but achieving initial
separation on a t.LBondapak CIS column eluted with 0.1 M phosphate buffer
(pH 2.1) followed by transfer of the eluent slice containing TCAR (hi = 4.11)
onto an ODS Hypersil column and elution of the analyte with 0.1 M phosphate
buffer (pH 7.0). The overall retention time for TCAR in this system was 21.5
min (Fig. 2).

The peak height of TCAR was linearly related to the amount of solute in
jected, q, over the range 1-200 t.Lg/ml according to the equation P = 1.01q
- 0.54 (r = 0.999). Peak heights (P in mm) were corrected for changes in detec
tor attenuation, using 0.02 a.u.f.s. as the reference. The response factor was in
dependent of detector attenuation (0.005 to 0.160) at constant injection
volumes [although a slight decrease in response factor was observed with large
(;;. 200 t.LI) injection volumes] .

The day-to-day reproducibility (expressed as coefficient of variation, n ;;. 5)
of the response factor was 7%. To maximize precision, the response factor was
recalculated after analysis of every fourth urine sample using an external stan
dard. Within a single day, the coefficient of variation of the peak heights of
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Ephedrine [1-phenyl-2-(methylamino)-1-propanol, EPH, Fig. 1] and the re
lated compounds pseudoephedrine (PSE, Fig. 1) and norephedrine (NOR,
Fig. 1) are adrenergic agents widely available in asthma, ophthalmic, cold, and
allergy products. The hydroxypropylamino structural element of EPH, PSE and
NOR contains two asymmetric centers, and each of these compounds exists as
a pair of enantiomers (Fig. 1). Reasons for the interest in the stereochemistry
of EPH and related compounds are several, including differences between the
enantiomers in their pharmacological actions [1, 2], and reports of stereo
selective metabolism of these compounds [3] . Studies on the chromatographic

OH

~
1 2 CH3

I h N
/ "

H X

Absolute
X Compound Configuration

CH3 ephedrine 1B,2§-(-)

CH3 pseudoephedrine 1B,2.8.-(-)

H norephedrine 1B,2§-(-)

Fig. 1. The chemical structures and absolute configuration of the compounds studied. The
numbering of C1 and C2 of the propyl group is also shown.
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Amikacin, an aminoglycoside antibiotic, is widely used against aerobic gram
negative bacillary infections, and, like other aminoglycoside antibiotics, has the
potential for nephrotoxicity and ototoxicity if not carefully monitored [1,2].
To minimize these toxicities and to assure therapeutic serum concentrations,
frequent and careful monitoring of serum amikacin levels is essential.

Methods for measuring serum amikacin include microbiological [3], radio
enzymatic [4], and immunoassays [5]. The microbiological assays are inexpen
sive and simple, but may suffer from several deficiencies such as slow turn
around time, limited specificity because of interferences by other antimicrobial
agents, and variable precision. The enzymatic and immunoassays can be more
specific and accurate, but they also depend on the purity of the enzyme and
the specificity of the antibodies. Interferences and cross-reactions have been
reported for both techniques [6, 7].

Various liquid chromatographic (LC) procedures have been reported for the
measurement of amikacin [8-10], most require either pre-column or post
column derivatization for fluorescence detection [8, 10]. These methods may
not be suitable for routine clinical laboratory application because of the com
plicated procedures, the need for specialized equipment, and the length of the
procedure. Liquid chromatographs equipped with a variable-wavelength spec
trometric detector are routinely used in many clinical laboratories for thera
peutic drug monitoring, and have advantages over methods involving the more
expensive and complicated pre- and post-column fluorescence equipment.

We describe a method that is well suited for the routine assay of amikacin

*Present address: Beckman, Bio-Product Division, 1050 Page Mill Road, Palo Alto, CA
94304, U.S.A.
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Interference. Potential interference with the analysis of amikacin was eval
uated by chromatographing pure drug solutions and/or serum standards indivi
dually, noting retention time for each. Drugs tested but not detected under
these conditions were: acetaminophen, acetazolamide, amobarbital, ampicillin,
amitriptyline, caffeine, cafamandole, cefoxime, cefoxitin, cephalothin, clinda
mycin, chloramphenicol, chlordiazepoxide, diazepam, erythromycin, ethosuxi
mide, nitrofurantoin, penicillin G, pentobarbital, phenobarbital, phenytoin, pri
midone, procainamide, N-acetylprocainamide, quinidine, salicylate, secobar
bital, tetracycline, theophylline, and vancomycin. Other aminoglycoside anti
biotics (gentamicin and tobramycin) did not interfere with the analysis.

Comparison with radioimmunoassay
To assess the accuracy of the method, we compared our results for 25 sera

from patients receiving amikacin with results obtained with established com
mercially available radioimmunoassay (Amikacin 1251 kit, American Diagnostic,
Newport Beach, CA, U.S.A.). The regression data comparing our LC method
with radioimmunoassay method were: n = 25, r = 0.999, y-intercept = 0.398
mg/l, and slope = 1.047. The correlation study indicates that the LC method is
accurate and selective for the determination of amikacin in serum. Sample
chromatograms are illustrated in Fig. 1.
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Fig. 2. Gossypol--acetic acid concentrations in plasma from three rats after single oral ad
ministration of gossypol-acetic acid: (0), 10 mg/kg body weight; (e), 30 mg/kg body
weight; (&),100 mg/kg body weight.

quantitated by peak height are presented in Fig. 2. The maximum levels of
plasma gossypol appear between the second and the third hour after oral
administrations and the levels are maintained for many hours. The maintenance
of the level may result from complex formation between gossypol and some
metal ions in plasma [1] .
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