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under reduced pressure. The residue mixed with 50 pI of a mixture of HFBAn
and ethyl acetate (1 :1, v/v) was heated at 90°C for 30 min. After allowing the
mixture to come to room temperature, the excess reagent was removed under a
nitrogen stream. The residue was treated with 50 pI each of ethyl chlorofor
mate and ethyl acetate at room temperature for 30 min to form NO!-hepta
fluorobutyryl-NT -ethoxycarbonylhistamine (HA-HFB-ETO), to which 1 ml of
10% sodium carbonate solution and 2 ml of dichloromethane were added. The
mixture was shaken, centrifuged, and the aqueous phase was discarded. Follow
ing removal of the organic phase to dryness under a nitrogen stream, the resi
due re-dissolved in a small volume of dichloromethane was loaded onto a small
column of CPG-10 (1.5 X 0.5 cm J.D., equilibrated with hexane) and 2 ml of
hexane and benzene were successively passed through the column. HA-HFB
ETO was eluted with 2 ml of ethyl acetate-ether (1 :1, v/v). The column was
next washed with 2 ml o{lsopropanol, and NO!-heptafluorobutyryl-NT-methyl-=
histamine (MEHA-HFB) was eluted from the column with 1.5 ml of methanol.
After the ethyl acetate-ether fraction and the methanol fraction had been
evaporated to dryness under a nitrogen stream, the residues re-dissolved in
ethyl acetate were injected into a gas chromatograph-mass spectrometer. When
plasma was analyzed, the re-dissolved residues could be mixed before measure
ment. In the case of urine samples, the measurement should be carried out
without mixing of the residues.

Samples
Blood samples were collected from five healthy individuals who were

members of the laboratory staff. Venous blood was drawn into a plastic syringe
containing a small amount of heparin and centrifuged at room temperature.
Urine was collected in the early morning. All samples were stored at -20°C
until assay.

Gas chromatography-mass spectrometry
A Shimadzu LKB 2091 gas chromatograph-mass spectrometer and data

processing system (Shimadzu PAC500FDG) connected to a minicomputer
(Okitac-4300b; Oki Electric Industry, Tokyo, Japan) were used. The glass
column (2 m X 2.4 mm J.D.) was packed with 5% SE-30 on Supelcoport
(80-100 mesh; Supelco, Bellefonte, PA, U.S.A.). The flow-rate of carrier gas
(helium) was about 12 ml/min, the trap current was 50 pA and the ionization
energy was 20 eV. The temperatures employed were as follows: injection,
240°C; oven, 200°C; separator, 250°C; and ion source, 220°C.

RESULTS AND DISCUSSION

For quantification of histamine, HA-HFB-ETO was prepared and the molec
ular ions at m/z 379 and 381 were used for monitoring histamine and lSN2 

labeled histamine, respectively, while NT -methylhistamine was converted to
MEHA-HFB. Fig. 1 shows a mass spectrum of the deuterated MEHA-HFB;
the base peak at m/z 111 is formed by the elimination of NHCOC3F 7 with
hydrogen. The peak height ratio of m/z 321/324 was less than 0.0013 in
deuterated MEHA-HFB. This product is a satisfactory internal standard, since
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Fig. 1. Mass spectrum of the derivative of deuterated NT -methylhistamine.

a low background contribution from the internal standard is of value for anal
yses requiring high sensitivity. The quantification of NT-methylhistamine was
performed by measuring the molecular ions at m/z 321 and 324 for the internal
standard.

The histamine and NT -methylhistamine concentratIOnS were determined
from standard curves, constructed by plotting the peak height ratio of m/z
379/381 and m/z 321/324, respectively, against concentration. Linear standard
curves were obtained in the concentration range 0.5-10 ng/ml for both com
pounds by adding known amounts to 1 ml of distilled water and treating the
solutions as described above.

The detection limit was 20 pg of NT -methylhistamine, with a signal-to-noise
ratio of 6:1. Higher sensitivity was found for NT-methylhistamine than for
histamine.

The derivatives of histamine and NT -methylhistamine were purified by
chromatography on CPG-10. Recently, Hashimoto and Miyazaki [11] reported
a clean-up method for catecholamines with a CPG-10 column and stated that
such CPG-10 column chromatography afforded some advantages over silica gel
for purifying the biogenic amines. The CPG-10 column was also useful for the
clean-up procedure of the derivatives of histamine and NT -methylhistamine.
When the derivative of [3H] histamine was chromatographed on CPG-10, 95.4 ±
8.2% (S.D.; n=5) of the radioactivity was eluted with ethyl acetate-ether. On
the other hand, the recovery was 64.0 ± 13.0% (S.D.; n=5) by elution with
methanol for 14C-Iabeled MEHA-HFB. When the organic eluates from the CPG
10 column were combined and concentrated, a reduced sensitivity, which was
considered to be due to decomposition of the derivative, was observed for the
determination of histamine. Based on these results, after drying the solvents,
each fraction re-dissolved in ethyl acetate was simultaneously drawn into a
syringe and injected into the gas chromatograph-mass spectrometer. With the
clean-up procedure described here, selected ion profiles free from any inter
fering peak were obtained for the plasma extracts. However, certain urine com.
ponents which eluted with the ethyl acetate-ether from CPG-10 interfered
with the determination of NT -methylhistamine. Thus, in the case of urine anal
ysis, each residue must not be mixed before measurement. A selected-ion pro
file recorded during the analysis of a plasma extract is shown in Fig. 2.

The specificity of the proposed method was tested as follows. If compounds
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Fig. 2. Selected-ion profile obtained by analysis of a human plasma extract. _
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other than histamine were present in the peak, the relative ion intensity would
be different from the authentic histamine and the sample extracts. As shown in
Table I, the intensity ratio at the molecular ion and the fragment ion resulting
from elimination of the ethoxycarbonyl group in the authentic histamine was
identical to that of histamine extracted from plasma and urine. This finding
indicates that fragments from compounds other than histamine did not inter
fere with these ions, and so confirms the specificity of the determination of
histamine. An attempt was made to assess the specificity for NT -methylhista
mine determination in the same manner. However, since there are no proper
fragment ions for this purpose in the higher mass region as shown in Fig. 1, the
following experiment was performed. Since a very small amount of NT -methyl
histamine was detected in plasma, 100 111 of urine were used instead of plasma
as the sample for the experiment. An aliquot of the sample was analyzed by the
procedure described under Experimental. A second aliquot of the same sample
was extracted, derivatized with PFPAn in place of HFBAn, and the molecular
ions at mlz 271 and 274 were monitored for unlabeled and labeled MEHA-PFP,
respectively. If compounds other than NT -methylhistamine were not present in
this peak, the values obtained by the two different methods would be consis
tent with each other. The measured values by derivatization with HFBAn were,
in fact, consistent with those from the PFP-derivative (Table II), so the specifi
city of the determination of NT-methylhistamine was confirmed.

To estimate assay precision, histamine in amounts of 0.71 and 1.42 ng was

TABLE I

SPECIFICITY OF HISTAMINE DETERMINATION BY SELECTED ION MONITORING

Data are expressed as means ± S.D. (n=5).

Authentic
Plasma
Urine

m/z 381/m/z 308

1.17 ± 0.04
1.20 ± 0.11
1.18 ± 0.15

m/z 379/m/z 306

1.15 ± 0.03
1.22 ± 0.06
1.16 ± 0.06
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TABLE II

COMPARISON OF RESULTS WITH PENTAFLUOROPROPIONYL AND HEPTAFLUORO
BUTYRYL DERIVATIVES OF W·METHYLHISTAMINE FOR THE SAME URINE SAM
PLE

The results, in ng/100 Ill, were obtained by derivatization with heptafluorobutyric anhydride
(for HFB) and pentafluoropropionic anhydride (for PFP).

Urine HFB PFP HFB/PFP

A 10.6 11.4 0.93
B 23.1 24.0 0.96
C 22.3 22.1 1.01

0.97 ± 0.04 (S.D.)

TABLE III

ACCURACY OF DETERMINATION OF HISTAMINE IN HUMAN PLASMA

Added Found Recovery
(ng) (ng/ml) (%)

0.71

1.42

0.71 }
0.63
0.45

1.34 }
1.16
1.34

2.05 }
2.32
2.40

0.60 ± 0.13 (21.7)*

1.28 ± 0.10 (7.8)*

2.26 ± 0.18 (8.0)*

95.8

116.9

*Coefficient of variation (%).

added to 1-ml aliquots of pooled plasma. The amount of histamine in the sam
ples was measured by the present method. The results are shown in Table III.
The histamine content of the pooled plasma measured in triplicate was 0.60 ±
0.13 ng/ml. The amounts of histamine added agreed well with the amounts of
histamine measured. The recoveries of the 0.71 and 1.42 ng of histamine added
to the plasma pool were found to be 95.8 and 116.9%, respectively. The preci
sion of this method was within acceptable limits. To elucidate the pathogenesis
of an asthmatic patient, it is important to trace the variance in the plasma hista
mine level. It was proved experimentally that an increase of 1 ng of histamine
could be detected precisely by the present method.

Although values for the concentration of NT -methylhistamine in human
urine have been reported by Fram and Green [12], no comparable report for
the NT-methylhistamine levels in human plasma has yet appeared. Preliminary
results for five normal plasma samples gave values of 0.83 ± 0.37 ng/ml for his
tamine. On the other hand, the NT -methylhistamine content was below the
limits of this measurement in three of five subjects. The plasma of subjects A
and E contained 1.41 and 0.59 ng/ml of NT -methylhistamine, respectively
(Table IV).

Next, urine collected in the early morning was analyzed. It was found that the
concentrations of histamine and NT -methylhistamine in the urine varied. A high
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TABLE IV

CONTENT OF HISTAMINE AND NT -METHYLHISTAMINE IN HUMAN PLASMA AND
URINE

Urine was collected in the early morning and the results are expressed in ng/ml. ~~~~~

Subject* Sex NT -Methylhistamine Histamine

Plasma
A
B
C
D
E

F
M
F
F
M

1.14
n.d.**
n.d.
n.d.
0.59

0.77
0.89
1.43
0.63
0.45

Urine
E*** M 105.8 24.1
E*** M 222.9 42.0
F M 230.8 48.4
G F 68.9 22.5
H M 99.0 733.0

* A---G, normal healthy subjects; H, patient with nephritis.
**n.d. = Not detectable.

***Collected on two consecutive days.

excretion of histamine, 733 ng/ml, was found in a patient with nephritis, but
there was no concomitant increase in NT -methylhistamine.

The method described here has a high sensitivity, permits the determination
of both histamine and NT -methylhistamine in the same sample, and is thus ex
pected to facilitate the measurement of both amines in tissues.
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SUMMARY

The method presented for the simultaneous determination of xanthine and hypo
xanthine, uses mass-fragmentography in the electron impact (EI) mode, after the gas chro
matographic separation of butylated derivatives. Butylation, rather than methylation, is
used in order to avoid interference coming from exogenous caffeine, which is frequently
encountered. [7,9- 1 SN] Xanthine is used as the internal standard, and for each sample, a
blank is obtained by xanthine oxidase reaction. In the biological fluids studied the sensitivity
was about 50 ng/ml.

INTRODUCTION

Analytical methods for oxypurines determination have been restricted for a
long time to an overall estimation of xanthine and hypoxanthine by UV
absorption spectrophotometric methods [1, 2] . More recent reports, including
enzymatic spectrophotometry [3], thin-layer chromatography combined with
spectrophotometry [4], high-performance liquid chromatography (HPLC)
[5, 6], or ion-exchange column chromatography [7] have allowed the
simultaneous determination of xanthine and hypoxanthine. These methods,
often requiring a large amount of sample [3], give no confirmation as to the
identity of the substances quantitated, and also yield non-consistent data as
Pfadenhauer [5] pointed out. Confirmation of identity was obtained by
Snedden and Parker [8] who used high-resolution mass spectrometry with
direct introduction into the mass spectrometer of lyophilized samples of blood
and muscle. This method does not require previous separation of the different
substances since it allows a selection of accurate mass peaks, but it involves
tedious equipment calibration. Not having a high-resolution mass spectrometric

0378-4347/80/0000-0000/$02.25 © 1980 Elsevier Scientific Publishing Company
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system at our disposal, we used a classical quadrupolar gas chromatographic
mass spectrometric (GC-MS) system, which allowed previous separation of the
oxypurines.

MATERIALS AND METHODS

Chemicals
Standards. Xanthine and hypoxanthine (Merck, Darmstadt, G.F.R.), and

[7,9-15N]xanthine (C.E.A., Saclay, France) prepared in weak ammoniacal
solutions were found to be stable for several months at 4°C.

0.5 M formiate buffer. Prepared by dissolving 23 g formic acid (Riedel de
Haen, Hoescht, G.F.R.) in 1 1 of distilled water, and adjusting to pH 3.65 with
5 N sodium hydroxide.

Solvents. n-Butanol obtained from Prolabo (Paris, France), and methanol GR
obtained from Merck.

Reagents. N,N-Dimethylacetamide (Fluka, Buchs, Switzerland) was stored in
the dark over anhydrous sodium sulfate. The tetrabutylammonium hydroxide,
0.1 N in methanol and butyl iodide were purchased from Merck. The Silyl-8
was from Pierce (Rockford, IL, U.S.A.).

Enzymatic preparations. Xanthine oxidase, pronase and subtilisin were
purchased from Boehringer (Mannheim, G.F.R.).

GC-MS system
Experiments were performed by mass fragmentography, on a quadrupolar

GC-MS Hewlett-Packard 5985 system, equipped with an electron impact
chemical ionization (EI-CI) source. Scanning, and selected ion monitoring
were carried out under the software control of a computer (Hewlett-Packard
1000 integrated data system). Mass spectrometry operating conditions were set
up as follows: electron impact, 70 eV and emission current, 300 /.lA. Helium
was used as the carrier gas at a flow-rate of 20 ml/min, and gave a pressure of
2 . 10""6 torr in the source. Methane was used as the reactant gas for chemical
ionization.

The GC column was a 150 cm X 2 mm LD. glass column filled with 3% OV
17 on Gas Chrom Q 100-120 mesh. The column was conditioned and then
silylated at 150°C, by injecting 10 /.ll of Silyl-8 five times. The chromatograph
was operated with temperature programming from 220°C to 260°C at 10° /min
and the injection port was maintained at 250° C.

Glassware problem
During preliminary studies, the calibration curves obtained with extracts

from standard solutions, did not go through zero, which indicated a possible
adsorption on glass. This phenomenon was also observed by Driessen et al. [9]
with 5-fluorouracil. The use of polyethylene vials for the different steps of the
oxypurines evaluation eliminated this problem.

Ultrafil tra tion
Serum was deproteinized by ultrafiltration in Amicon CF 25 centriflo cones

(Lexington, MA, U.S.A.) according to the methods of Lakings et al. [10]
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or Yamamoto et al. [11]. Serum was introduced into a cone and centrifuged
at 600 g for 15 min. The residue was then washed with distilled water and
centrifuged again.

Procedure
Each serum and urine sample was analyzed according to the scheme described

in Fig. 1.

BIOLOGICAL FLUID

Ultrafiltration

[7, 91~Jxanthine

EXTRACTION

DERIVATIZATION

GC-MS

Fig. 1. Scheme for the analysis of xanthine and hypoxanthine in biological fluids.

Serum analysis
Each sample (0.5 ml) was spiked with [7 ,9_15N] xanthine and then ultra

filtered. The ultrafiltrate was buffered to pH 4.20 with the formiate buffer
solution (200 tIl) and extracted by shaking for 1 min, on a vortex mixer, with
n-butanol (2 ml) in 15-ml polyethylene vials.

Different solvents commonly used to extract other xanthines, such as
theophylline [12, 13] or allopurinol [14], from biological fluids were also
checked. However, it appeared that only n-butanol, used by Pantarotto et al.
[15] to quantitate nucleoside analogues (5-fluorouracil, 6-mercaptopurine, 5
fluoro-2' -deoxyuridine) gave an acceptable recovery.

After centrifugation, the organic layer was evaporated to dryness, at 50° C
under a stream of nitrogen. The residue was then dissolved in 120 tIl of N,N
dimethylacetamide, and 50 tIl of tetrabutylammonium hydroxide. After vortex
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mixing for 10 sec, a 20-pl aliquot of butyl iodide was then added to the
solution. The container was capped, then vortexed for 1 min and allowed to
stand for 15 min at room temperature. After evaporation at 50°C under a
stream of nitrogen, the residue was redissolved in 20 pI of methanol, and 2-pl
aliquots were injected into the GC-MS system.

Urine analysis
Urine samples were diluted ten times and were then assayed as the serum

samples, but without undergoing the ultrafiltration step.

RESULTS AND DISCUSSION

Preliminary assays to procedure
Protein binding, The ultrafiltration of the serum is reliable, because oxy

purines are not bound to serum proteins. This was verified by reacting pronase
an subtilisin with the serum, according to the method of asselton et al. [16],
before the ultrafiltration and extraction steps. The enzymatic hydrolysis
performed at pH 8.0, for 60 min at 55°C (enzymatic preparation: 2 pg/ml of
biological fluid) never generated a significant increase in the oxypurines re
covery.

Absolute blanks. A blank was prepared by reacting each sample with
xanthine oxidase at 37°C for 1 h, prior to the ultrafiltration, spiking of [7,9
15N] xanthine, and extraction steps. The reaction was carried out by using 50 tIl
of enzymatic suspension for the serum and 10 tIl for the urine, according to the
mechanism given in Fig. 2.

x.o.

Hypoxanthine Xanthine Uric acid

Fig. 2. Hypoxanthine oxidative transformation in uric acid by xanthine oxidase (X.O.).

Derivatization. As oxypurines are polar molecules, they must be derivatized
before GC analysis. First derivatization attempts, by flash methylation with
0.2 N trimethylanilinium hydroxide in methanol, currently used with bar
biturates [17] or purines [18], were not successful for two reasons:

(1) no chromatographic conditions could be found to separate the tri
methylated derivative of xanthine (or caffeine) from endogenous stearic acid
methyl ester and

(2) the preparation of blanks, by the reaction of xanthine oxidase with the
biological fluids, revealed the presence of exogenous caffeine, leading therefore
to an important error in the xanthine evaluation; caffeine and stearic acid were
effectively identified by their mass spectra.

Derivatization by butylation, according to Greeley's method [19], modified
by Pranskevich et al. [20], eliminated these interferences.
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Mass spectra
Mass spectra obtained in the EI mode, showed that tributylated derivatives

of xanthine and [7,9-1SN]xanthine gave molecular ions with m/z of 320 and
322 respectively. Because of their relative intensity of 60% and because of the
absence of any interfering peak in thiS part of the spectrum, they were found
to be suitable for the mass fragmentographic quantitation (Fig. 3).

I" ..0 • ••• • • '. .., j. . I , .1'00
100 200 220 240 260 280 300 320 340 360 380

u
'5 100
D
o b

<l> 50
'-

220

, I 4~0

Fig. 3. Mass spectra of tributylated derivative of xanthine: (a) in CI mode and (b) in EI
mode.

Hypoxanthine gave a dibutylated derivative whose molecular ion m/z 248
(Fig. 4) has a relative intensity of about 40%. Because this mass is subject to
interference in some samples, we selected the ion m/z 231, whose relative
intensity is about 60%, for the quantitation of hypoxanthine.

A correction was made to the [7 ,9_1SN] xanthine peak evaluation, to take
into account the contribution of the xanthine peak at mass M + 2. (The M + 2
xanthine peak whose relative intensity 2.5% adds to the [7,9_1SN] xanthine
peak).

Mass spectra obtained in the EI mode were confirmed in the CI mode (Figs.
3 and 4). Fig. 5 shows a selected ion monitoring (81M) recording of xanthine,
[7 ,9_1SN] xanthine, and hypoxanthine from a serum extract.

Recovery
The extraction recovery was determined from samples of serum spiked with

[7 ,9_1SN] xanthine (1.25 J,lg/ml). In spite of an extraction recovery that ap
pears rather low (55 ± 4%) the analytical method is still worthwhile for two
reasons: [7 ,9_1SN] xanthine is practically the ideal internal standard, because
its physico-chemical behaviour, in the extraction and derivatization steps,
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Fig. 4. Mass spectra of dibutylated hypoxanthine: (a) in CI mode and (b) in EI mode.

Fig. 5. 81M recording of xanthine (X), [7 ,9-'SN] xanthine (X-'SN) and hypoxanthine (HX)
from serum extract.

is similar to that of the molecule quantitated. The lack of any significant
protein binding for oxypurines, as was demonstrated by the action of
proteolytic enzymes, such as pronase and subtilisin. The relatively low recovery
of the extraction seems to be due only to an unfavourable partition coefficient
of these substances between the fairly polar solvent used and water.

Sensitivity, reproducibility and calibration
The detection limit for oxypurines quantitation in biological fluids is 50

ng/ml, for 0.5 ml of serum and 0.1 ml of urine. The reproducibility determined
on ten replicate analyses of serum and spiked serum (two concentrations) is
given in Table I and the intra-assay coefficient of variation is about 5%.

TABLE I

REPRODUCIBILITY OF THE A88AY OF XANTHINE (X) AND HYPOXANTHINE (HX)
IN8ERUM

Concentration
(ltg/ml)
(n= 10)

Coefficient of variation
(%)

X
X
HX
HX

0.5
1.0
1.5
2.0

5.0
5.2
5.7
6.8
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Calibration curves, obtained for serum samples spiked with xanthine and
hypoxanthine, were found to be linear for concentrations ranging from 0.5 to
4.0 Jlg/ml. Correlation coefficients are greater than 0.995 for the xanthine
calibration, and greater than 0.970 for the hypoxanthine calibration. An
example is given in Fig. 6.

x
y=0.269.0439x

r=0.995
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Fig. 6. Calibration curves of xanthine (X) and hypoxanthine (HX), an example given for
subject No. 12.

TABLE II

SERUM CONCENTRATION AND URINARY ELIMINATION RATE OF XANTHINE (X)
AND HYPOXANTHINE (HX) IN NORMAL SUBJECTS

Subject Serum Urine
No. (Ilg/ml) -l.(~m~g>L:/2..c4~h~)L- _

X HX X HX

1 0.61
2 0.69
3 0.57
4 0.95
5 0.69
6 0.53
7 0.62
8 0.52
9 0.65

10 0.58
11 0.60
12 0.62
13 0.60
14 0.60
15 0.63

Mean 0.63
a 0.10

1.50
2.50
1.20
3.25
3.80
1.45
1.10
0.90
1.55
1.52
1.31
1.56
1.36
1.55
1.65

1.75
0.80

6.5 6.3
6.5 5.5
4.5 5.4

12.8 11.4
14.5 13.8

8.6 6.4
11.6 11.8

8.3 13.5
7.9 8.6
8.8 6.8
9.5 11.6

10.6 6.3
9.0 7.6
6.8 5.3
9.4 6.4

9.0 8.5
2.6 3.1
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Applications in humans
The study was conducted with 15 healthy volunteers, who were fasted over

night. Blood was collected by venipuncture (20 ml in dry tubes) and urine was
collected over the following 24 h. Serum and urine samples were stored frozen
(-20°C) until analysis. The results summarized in Table II are in good agree
ment with those obtained by HPLC [5]. In Table II, the serum concentrations
are expressed in Jlg/ml, and urinary elimination is expressed in mg/24 h. It can
be noted that the ratio of xanthine to hypoxanthine serum concentrations
ranges from 0.25 to 0.50, and that the ratio of xanthine to hypoxanthine
urinary elimination rates is about 1.0.

CONCLUSION

In comparison with the spectroenzymatic or the HPLC methods, the
GC-MS method presented here offers the advantage of combining accuracy,
sensitivity and specificity.

The different techniques used during the development of the procedure have
eliminated any interference, and have also established the reliability of the
method.

The preparation of absolute blanks was carried out by treating each urine
and serum sample with xanthine oxidase. The action of pronase and subtilisin
on the serum samples confirmed the absence of protein binding for these
oxypurines and allowed the precise determination of the extraction recoveries.
Finally, the use of [7 ,9_15N] xanthine as the internal standard allowed us to
obtain an optimal accuracy for the calibration curves. When first applied to
normal subjects, this method allowed us to obtain accurate and relatively
homogenous results, which were used to define a mean serum concentration
and a mean daily urinary elimination rate for both xanthine and hypoxanthine.
This method proved to be also extremely effective in following the develop
ment of oxypurines serum concentrations in hyperuricemic subjects, during
their treatment with allopurinol, a xanthine oxidase inhibitor.
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SUMMARY

A hyperlipidemic condition is often associated with diabetes. The possibility that specific
serum lipids (Le., individual triglycerides or cholesterol esters) may be altered in the diabetic
state was investigated. Serum lipids from both controls and streptozotocin- and alloxan
treated rats were separated into approximately twenty chromatographic fractions by
reversed-phase high-performance liquid chromatography; a number of individual triglycerides
and cholesterol esters were identified. The methodology described allowed subtle changes
in individual lipid components to be detected. Only minor variations in the cholesterol and
cholesterol ester fractions were observed between the control and diabetic samples. While
not uniform throughout, elevations in the triglyceride fractions occurred in the diabetics.
Also, differences in triglyceride content were found to exist between the groups of
streptozotocin- and alloxan-treated animals.

INTRODUCTION

Hyperlipidemic conditions which include complicated lipoprotein changes
[1-3] and enhanced triglyceride levels [1,4] are known to be implicated in
human diabetes. Their potential role in cardiovascular disease is of some
concern.

*Present address: Eli Lilly Company, Indianapolis, IN 46206, U.S.A.
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Alterations in lipid metabolism can also be observed in certain animal
diabetes models, such as streptozotocin- or alloxan-treated rats [5--7]. The
mechanism of hypertriglyceridemia, although still largely unclear, has been
extensively studied. While data of Bierman et al. [7] suggest that alloxan
treated rats derive their high triglyceride plasma levels from dietary fat, carbo
hydrates and proteins can also contribute to hypertriglyceridemia in the
streptozotocin-treated animals [8]. According to Reaven and Reaven [6], high
triglyceride levels in streptozotocin-induced diabetic rats are due to a defect in
peripheral lipoprotein removal as well as an increased hepatic production.
Transplantation of islets of Langerhans to diabetic rats can somewhat stabilize
plasma glucose, insulin and glucagon levels, but a mild hypertriglyceridemia
persists [9] .

Different metabolic causes of hyperlipidemia undoubtedly exist [10], and
various diabetic conditions could result in both qualitative and quantitative
changes in lipid metabolism. While it is usual to determine lipids as "total
triglycerides" and "total cholesterol esters", new analytical approaches now
allow profiling the individual components. As shown recently by Skorepa et al.
[11] such information is potentially important for both clinical distinction and
an improved understanding of the related metabolic conditions.

The present study utilizes a recently developed methodology [12, 13] of
reversed-phase chromatography to follow serum neutral lipid levels in rats with
experimentally induced diabetes. As expected, certain lipid fractions are
elevated in diabetic rats as compared to control animals. Treatment of serum
samples with lipase readily distinguishes triglyceride peaks from those of
cholesterol esters. Triglycerides were further characterized through hydrolysis
of the fractions trapped after liquid chromatography and determination of
their fatty acid content by gas chromatography.

Triglyceridemia of the diabetic rats appears to be of a heterogeneous nature,
i.e., elevation is different for the individual fractions. In addition, differences
exist between the groups of streptozotocin- and alloxan-treated animals.

EXPERIMENTAL AND RESULTS

Sprague-Dawley rats were used in the experiments and maintained on a diet
of normal rat chow (Lab-blox from Wayne Feeds, Bloomington, IN, U.S.A.).
The rats, all weighing between 180 and 200 g, were divided into three groups.
Control rats were intravenously injected with 1 ml normal saline solution into
the tail vein. A second group was given a single injection of 65 mg/kg
streptozotocin (a gift from Upjohn, Kalamazoo, MI, U.S.A.) in saline solution.
After a 24-h fast, a third group was intravenously injected with 40 mg/kg
alloxan (alloxane monohydrate, a product of Sigma, St. Louis, MO, U.S.A.) in
saline.

Blood glucose values, as measured with the Beckman glucose analyzer,
ranged between 102-122 mg/100 ml for the controls. The blood glucose values
were considerably higher for the diabetic animals. They ranged from 320-523
mg/100 ml and 484-545 mg/100 ml for the alloxan and streptozotocin
animals, respectively.

The animals were sacrificed exactly two weeks following the injections.
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Trunk blood was collected from decapitation of all experimental animals. The
serum samples were stored frozen until analyzed. Cholesterol, cholesterol
esters, and triglycerides as well as other lipids were quantitatively extracted
from a 0.5-ml sample with 20 volumes of chloroform-methanol (1:1, v/v),
according to a modified Folch procedure [14]. The extracts were concentrated
to 100 III prior to liquid chromatographic analysis through solvent evaporation.
A 25 cm X 4.6 mm I.D. Zorbax ODS column, particle size 5 11m (DuPont,
Wilmington, DE, U.S.A.) was used in all of the reversed-phase high-performance
liquid chromatography (HPLC) separations. The mobile phase was
isopropanol-acetonitrile (1:1, v/v or 5:2, v/v), delivered at 1.0 ml/min with a
Waters 6000 reciprocating pump (Waters Assoc., Milford, MA, U.S.A.).
Injection volumes were typically 10 Ill. The lipids were detected with a
variable-wavelength UV detector (Model LC-55, Perkin-Elmer, Norwalk, CN,
U.S.A.) set at 215 nm. Typical liquid chromatographic profiles for a control rat
and the two experimentally induced diabetic rats are shown in Fig. 1.
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Fig. 1. Reversed-phase HPLC of blood lipids from (A) control rat; (B) streptozotocin
diabetic rat; and (C) alloxan diabetic rat. Chromatographic conditions: mobile phase,
isopropanol-acetonitrile (1:1, v/v) and mobile-phase flow-rate, 1.0 ml/min. Peak numbers
correspond to Tables I and II.
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With the given chromatographic conditions, there was some overlap of
triglyceride and cholesterol ester fractions. To determine the extent of each,
the triglycerides were hydrolyzed to mono- and diglycerides and the corre
sponding fatty acids with an initial treatment of the sample with pancreatic
lipase (crude Steapsin, Sigma). The samples were incubated for 2 h at 37°C
in the presence of calcium chloride according to the procedure of Mattson
and Volpenhein [15]. The lipids were then extracted with chloroform
methanol as described above. The products of this enzymatic hydrolysis
eluted from the column early and did not interfere with either cholesterol
or cholesterol ester determinations. The blood lipid profiles of a streptozotocin
diabetic rat are shown in Fig. 2 before and after treatment of the sample with
lipase. Peaks 1,3,8,10, and 11 appear to be triglycerides.

To further characterize these triglycerides, the fractions were collected and
hydrolyzed with alcoholic potassium hydroxide. The liberated fatty acids were
then methylated with hydrochloric acid-methanol [16] and chromatographed
on a 30 m X 0.25 mm J.D. OV-101 glass capillary gas chromatographic column.

2

B

min. 0

9

30

12

:\ 13
LJ\.

60

Fig. 2. Reversed-phase HPLC of blood lipids from (A) chloroform-methanol extract of
streptozotocin diabetic rat and (B) chloroform-methanol extract of the same sample as A
after treatment. with pancreatic lipase. Chromatographic condition: same as for Fig. 1.
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The column was temperature-programmed from 90°C to 230°C at 2°Cjmin. A
modified Varian Model 1400 (Varian, Palo Alto, CA, U.S.A.) was used to
record all fatty acid profiles. The methyl esters were identified by comparison
of their retention times with those of standards. The distribution of fatty acids
in the collected fraction, for individual triglycerides or a mixture of
triglycerides, is given by the peak height ratios for the esters.

In addition to the information pertaining to fatty acid composition, the
determination of the Integral Partition Numbers (IPN) [17] of the triglyceride
fractions was considered in the structural assignments listed in Table I. The
Integral Partition Number is calculated as the total number of carbon atoms in
the fatty acid chains minus twice the total number of double bonds in the
triglycerides. In the reversed-phase mode of HPLC, the lipids elute in the order
of increasing partition numbers.

The partition numbers in Table I were established by chromatographing two
triglycerides, trilinolein (IPN = 42) and triolein (INP = 48), and oils of known
triglyceride composition. Because partial separation was achieved within a given
lPN, partition numbers for all fractions could not be unequivocally established.
Only trilinolein, peak number 3, was verified by co-chromatography with a
standard triglyceride.

Cholesterol and the cholesterol esters were identified by their retention

TABLE I

PEAK RATIOS OF DIABETICS TO CONTROLS FOR THIRTEEN CHROMATOGRAPHIC
FRACTIONS

Peak Integral Identification** (Streptozotocin/ (Alloxan/
No.* Partition control)*** control)***

Number

1 40 MMA, LLA, and/or MLA 24 (18 -32) 8.3 4.0-14)
2 cholesterol 2.3 ( 1.4- 2.9) 1.7 0.8- 3.3)
3 42 LLL 9.4 ( 6.5-12) 3.3 1.8- 4.9)
4 an unknown triglyceride 8.9 ( 3.5-11) 3.2 1.8- 5.0)
5 an unknown triglyceride 10.0 ( 3.6-16) 4.1 0.5-12)
6 44 OLL 14 ( 7.6-20) 4.7 2.2- 7.5)
7 44 PLL 13 ( 6.7-17) 4.7 1.9- 7.2)
8 an unknown triglyceride 20 ( 5.0-60) 6.0 1.0-20)
9 46 unidentified component,

not a triglyceride 0.8 ( 0.7- 0.85) 0.6 0.5- 0.9)
10 46 OOL, PPL, and/or POL 22 ( 6.2-24) 7.0 ( 3.5-12)
11 an unknown triglyceride 20 ( 3.0-70) 5.0 (10 -30)
12 cholesteryl arachidonate 0.5 ( 0.3- 0.7) 0.4 ( 0.2- 0.6)
13 cholesteryllinoleate 1.3 ( 0.9- 1.5) 1.16 ( 1.1- 1.2)
14 cholesteryl oleate
15 cholesteryl palmitate
16 I.S. (cholesteryl stearate)

*Peak numbers correspond to Figs. 1 and 2.
**Triglyceride fatty acids: M = myristic; L = linoleic; 0 = oleic; P = palmitic; A =
arachidonic.
***Average value based on four determinations each of control, streptozotocin diabetic and
alloxan diabetic animals. Range of values in parentheses.
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times. Because there was no detectable cholesteryl stearate in the samples, this
ester was used as an internal standard in the quantitative studies. Cholesteryl
linolenate and cholesteryl palmitoleate were also absent from the profiles; these
esters would appear partially resolved from cholesteryl arachidonate and
cholesteryllinoleate, respectively.

Reproducibility in the range of 4-8% (see Table II) was achieved for the
extraction and liquid chromatographic analysis of four replicate determinations
of a control blood sample. As indicated in Table I, the major quantitative
differences between the control and diabetic samples occurred in the
triglyceride fractions. This study further indicates that the elevation of
individual triglyceride fractions is not uniform. In the streptozotocin diabetics,
the triglyceride fractions are increased by a factor of 2.3 (peak 2 of Table II)
to 24 (peak 1) over the control values. For alloxan diabetics, this increase
ranges from 1.7 (peak 2) to 8.3 (peak 1). In addition, differences exist between
the groups of streptozotocin- and alloxan-treated animals. For example, frac
tion 8 is increased by a factor of 20 iii,the streptozotocin diabetics, but only
by a factor of 6 in the alloxan diabetics.

TABLE II

REPRODUCIBILITY DATA FOR THE CHLOROFORM-METHANOL EXTRACTIONS
AND ANALYSIS BY REVERSED-PHASE LIQUID CHROMATOGRAPHY

Mobile phase: isopropanol-acetonitrile (5:2, v/v).

Peak No.*

2
6, 7
9, 10

12
13

Relative standard
deviation (%)**

6.8
4.4
8.3
4.9
8.4

*Numbers correspond to Figs. 1 and 2 and Table I.
**Based on peak heights relative to cholesteryl stearate as internal standard for four
determinations of a control blood sample.

DISCUSSION

Hyperlipidemic conditions are known to occur in rats with diabetes induced
by either alloxan or streptozotocin. While the disordered lipid metabolism
has now been shown in general terms in numerous studies, attempts for
correlation with insulin, blood glucose levels, and type of diet still leave many
unanswered questions. The methodology described in this article that allows
both qualitative characterization and adequate quantitative measurements of
neutral blood lipids is highly applicable to such studies.

While this work confirms the earlier observation that triglycerides are the
major elevated fraction of blood neutral lipids in diabetic rats [5, 6, 8, 9] as
compared to cholesterol and its esters, the measured increases are not uniform
for the individual triglycerides. In fact, substantial differences exist in the
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quantitative proportions of particular triglycerides as compared to control
animals fed the same diet. Biochemical reasons for this "heterogenous
triglyceridemia" are presently unknown. Further model metabolic studies
involving diets of different composition should prove interesting. Also,
duration of a given diabetic condition and its possible effect on the individual
triglyceride fractions presents yet another unanswered question.

Both endogenous and exogenous factors seem to contribute to hyper
triglyceridemia in diabetic humans and experimental animals [6, 8] , including
decreased clearance (peripheral removal) of plasma lipoproteins, reduced
lipogenesis in adipose tissue, and "carbohydrate induced" hepatic turnover of
different biochemicals [6]. Controversies exist concerning the role of low- or
high-fat diet in such processes. The heterogeneous elevation of different
triglycerides observed in this work appears to reflect the complexity of the
above phenomena. However, a combination of isotopic studies with the
methodology described here could be helpful in elucidation of different path
ways.

This study also demonstrates certain differences in the triglyceride distribu
tion between alloxan- and streptozotocin-treated rats. Earlier observations that
the two drugs are not synonymous in their metabolic actions are those of
Mansford and Opie [18] and Schein and Loftus [19] that relate to their hyper
ketonemic effect and the depression of pyridine nucleotides. Further
biochemical studies will be needed to elucidate differences between the two
important models of diabetes.
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SUMMARY

This paper reports the development of three new ternary solvent mixtures for the liquid
chromatographic separation of metabolites of vitamin D on microparticulate silica. All
solvent systems offer reduced peak tailing and improved resolution of vitamin D compounds,
particularly of 24(R),25-(OH),D 3 , when compared to the commonly used hexane-iso
propanol mixture. The new mixtures can be substituted for hexane-isopropanol systems
presently used for preparative liquid-ehromatographic steps prior to radioimmunoassay or
competitive protein-binding assay of 24,25-(OH),D and 1,25-(OH),D in human plasma.
Hexane-isopropanol-methanol (87:10:3) mixtures are recommended where the lipid con
tent of samples is high, whereas hexane~thanol----chloroform(80:10:10) promises to be
a useful mixture for differentiating vitamin D3 metabolites from their vitamin D, analogs.
A combination of the two solvent systems permits the separate assay of both 24(R),25
(OH),D3 and 24(R),25-(OH),D, as well as 1,25-(OH),D3 and 1,25-(OH),D,.

INTRODUCTION

High-performance liquid chromatography (HPLC) on microparticulate silica
columns is becoming increasingly popular for the separation of metabolites of
vitamin D during clinical assay [1,2] . Though other solvent systems have been
suggested [3,4] ,a mixture of isopropanol and hexane (ca. 10:90) is the eluting
solvent most frequently used [5] , since it permits the partial resolution of most
of the known metabolites of vitamins D2 and D3 • Since the initial demonstra
tion of the resolving power of this solvent system four years ago [5], we have

*Mailing address: Research Institute, The Hospital for Sick Children, 555 University Avenue,
Toronto, Ontario, Canada M5G 1X8.
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applied HPLC using isopropanol-hexane to a number of problems including
ultraviolet (254 nm) assay of 25-0H-D2 , 25-QH-D 3 and vitamin D in human
serum [6], the separation of 24(R,S)(OHhD2 stereoisomers [7] and the iden
tification of products of 25-QH-D3 in an isolated kidney perfusion system [8] .
In the majority of cases, particularly where proportions of isopropanol are kept
low, this solvent system provides adequate resolution. However, in some
applications where higher solvent strengths are required and proportions of
isopropanol must be raised above 10%, severe tailing occurs. This can also occur
when anhydrous solvents are used and no attempt is made to equilibrate the
solvent with water [9]. In applications where vitamin D metabolites are
prepared for competitive protein assay [1, 2] or radioimmunoassay [10, 11],
we perceived the need to develop a solvent system able to reduce tailing of one
peak into another and to provide better resolution of vitamin D3 metabolites
from their vitamin D2 analogs. In this paper we present three new alternative
solvent mixtures and compare them to the standard isopropanol-hexane
solvent system.

EXPERIMENTAL

Solvents
All solvents except ethanol were from Burdick & Jackson Labs., Muskegon,

MI, U.S.A., "distilled-in-glass" spectroscopic grade. Ethanol was technical grade
supplied by Consolidated Alcohols, Toronto, Canada.

Vitamin D metabolites
Crystalline 25-0H-D2 and 25-0H-D3 were generous gifts from Drs. J.A.

Campbell, Jack Hinman and John Babcock of Upjohn, Kalamazoo, MI, U.S.A.
Crystalline 24(R),25-(OHhD3 and 1,25-(OHhD3 were kind gifts of Dr. M.
Uskokovic of Hoffmann LaRoche, Nutley, NJ, U.S.A. 24(R),25-(OHhD2 and
1,25-(OHhD2 were synthesized respectively from stigmasterol by a chemical
route [12] and 1,25-(OH)-D2 by a biosynthetic method [13]. The latter
product, 1,25-(OHhD2 , was purified by Sephadex LH-20 chromatography [14]
and HPLC [15] prior to identification using mass spectrometry [16].

Concentrations of solutions of vitamin D metabolites were measured by a
Model SP 1800 spectrophotometer (Pye-Unicam, Cambridge, Great Britain)
assuming e at 265 nm is 18 300.

High-performance liquid chromatography
The chromatograph used in these studies was a Model LC 204 fitted with a

Model 6000A pumping system, U6K injection valve and a Model 440 ultra
violet fixed-wavelength (254 nm) detector (all from Waters Assoc., Milford,
MA, U.S.A.). Stainless-steel columns (25 cm X 6.2 mm LD.) prepacked with
6 pm diameter microparticulate silica (Zorbax-SIL) used in most of the experi
ments were purchased from Dupont Instruments, Wilmington, DE, U.S.A. For
certain experiments indicated in the text, 25 cm X 4.6 mm LD. columns of
Zorbax-SIL (also from Dupont) or LiChrosorb SI-100, 10 pm (Brownlee
Labs., Karlsruhe, G.F.R.) were used for the separation. A Sigma-10 chromato
graphy Data System (Perkin-Elmer, Norwalk, CT, U.8.A.) was used to plot and
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integrate the chromatograms.
Resolution, B.s , was calculated using the equation

Rs=.![~ 1].JN[ X' 'J
4 a K' + 1

where N is the average number Of theoretical plates based upon two peaks of
the chromatogram and is Calculated using the peak widths' mell/iured at the
baseline (not from the peak width of a triangle drawn under the peak).

RESULTS

In extreme cll/ies, chromatography Of the principal metabolites of vitam.in
D3 (25·0H-D3, 24(R),25-(OHhD3 and 1,25-(OH)zD3) on microparticulate
silica. (in this case Zorbax-SIL, 25 crn X 4.6 mm) with the solvent system
hexane-isopropanol (85:15) can produce severe tailing effects (Fig. 1).

25·0H·D3
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Fig. 1. Severe tailing during liquid chromatography of a mixture of synthetic metabolites of
vitamin D3 . Chromatographic conditions: Zorbax-SIL, 25 cm X 4.6 mm; hexane:-iso
propanol (85:15); flow-rate 1.5 ml/min; 900 p.s.i.

Substitution of a new LiChrosorb SI-100 column (25 cm X 4.6 mm) for the
Zorbax-SIL column in this situation produced no change in the degree of
tailing under these particular conditions. It seems unlikely, therefore, that the
tailing c~ be attributed to column voids but ill solvent- Or adsorbant-related.
The possibility that 24,25-(OHhD3 was contaminated with an impurity on the
tail end of the peak was investigated by collecting subfractions of the broad
peak and re-injecting them under identical conditions. The subfractions all
gave a single peak which retained a. tail and had a retention time identical to
that of the parent peak. Extta.column mixing, eddying and other chromato
graph-related problems were ruled out when improvements were observed with
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Fig. 2. Typical separation of 25-0H-D., 24(R),25-(OH),D. and 1,25-(OH),D. on micro
particulate silica using hexane-isopropanol (85:15) as solvent. Chromatographic conditions:
Zorbax-8IL, 25 cm X 6.2 mm; flow-rate 1.5 ml/min; 600 p.s.i. Numbers above peaks are
retention times in minutes. Bar on abscissa represents ultraviolet (254 nm) response of
0.006 absorbance units.

modified solvent mixtures. In fact, as we can see from a more typical run
shown in Fig. 2 (Zorbax-SIL, 25 cm X 6.2 mm), other batches of the solvent
hexane-isopropanol (85:15) produced less extensive tailing of the peaks.
Nevertheless, as illustrated in Figs. 1 and 2, each metabolite was affected to a
different degree by the tailing effect. 25-0H-D3 and 1,25-(OHhD3 were, at
worst, only slightly broadened by hexane--isopropanol (85:15) whereas the
other dihydroxylated metabolite of vitamin D), 24(R),25-(OHhD3, was
noticeably asymmetrical.

When ternary solvent systems based upon hexane-isopropanol-methanol
(87:10:3), hexane-ethanol-chloroform (80:10:10), or hexane-methanol
methylene chloride (80:10:10) were used with the same 25 cm X 6.2 mm
Zorbax-SIL column on the same day, significant reductions in tailing occurred
and resolution of 25-0H-D3, 24(R),25-(OHhD3 and 1,25-(OHhD3 was greatly
improved (Figs. 3-5 and Table I). This improvement was in the face of no
change in flow-rate, column, primary solvent or approximate solvent strength.



31

;
il

I,

; .
!1
I'
. :

i.

~ :
. ,
, I,

;

. ;I ,
~~~'N
~f ~~ I' ~_"!I'
l'l~ r'·- "" . 1 '"
i c l ~·y·· \ ..:....: i I

l%rN.' : i~, 0:'1, co,; \ ID \ rc ~ac'~ '. !Xl
~ "J \ '\. . J' ""'- ' \.,,------', -_._-------' ."'"'-...._--

I
Fig. 3. Separation of 25-0H-D3 , 24(R),25-(OH),D3 and 1,25-(OH),D3 on Zorbax-SIL using
hexane-isopropanol-methanol (87:10:3) as solvent. Column and other chromatographic
conditions as described in Fig. 2.

There was not only a marked reduction in the tailing of the 24(R),25-(OHhD3

peak but also a sharpening of the 1,25-(OHhD3 peak.
When we examined the separation of 1,25-(OHhD3 from its vitamin D2

analog, 1,25-(OH)2D2' using these three systems, we also observed improvement
over the traditional hexane-isopropanol (85:15) mixture (Fig. 6). Whereas
hexane-isopropanol (85:15) (Fig. 6A) gave only marginal separation of 1,25
(OHhD3 (22.35 min) and 1,25-(OHhD2 (20.89 min), this was slightly
improved using hexane-isopropanol-methanol (87:10:3) (Fig. 6B) [1,25
(OHhD3 (22.35 min); 1,25-(OHhD2 (20.71 min)], and baseline resolved using
hexane-ethanol-chloroform (80:10:10) (Fig. 6e) [1,25-(OHhD3 (20.76
min); 1,25-(OHhD2 (18.54 min)] or hexane-methanal-methylene chloride
(80:10:10) (Fig. 5) [1,25-(OHhD3 (13.0 min); 1,25-(OHhD2 (11.8 min)].

Both solvent systems containing chlorinated hydrocarbons also provided the
best separation of 24(R),25-(OHhD3 from its vitamin D2 analog, 24(R),25
(OHhD2. Hexane-ethanol-chloroform (80:10:10) (not illustrated) gave
retention times of 10.19 and 11.20 min for 24(R),25-(OHhD2 and 24(R),25
(OHhD:h respectively. Hexane-methanal-methylene chloride (80:10:10)
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Fig. 4. Separation of 25-0H-D., 24(R),25-(OH).D. and 1,25-{OH).D. on Zorbax-SIL using
hexane-ethanol-chlorofonn (80:10:10) as solvent. Column and other chromatographic
conditions as described in Fig. 2.
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Fig. 5. Separation of the metabolites of vitamin D. and vitamin D. on Zorbax-SIL using
hexane-methanol-methylene chloride (80:10:10) as solvent. Chromatographic conditions:
Zorbax-8IL, 25 cm X 6.2 mm; flow-rate 2 mljmin; 900 p.s.i.
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Fig. 6. Separation of 1,25-(OH),D3 and 1,25-(OH),D, and Zorbax-SIL using (A) hexane
isopropanol (85:15), (B) hexane-isopropanol-methanol (87:10:3), and (C) hexane
ethanol-chloroform (80:10:10) as solvent. Chromatographic conditions as in Fig. 2. Only
the relevant region of each chromatogram is reproduced in the figure.

(Fig. 5) gave retention times of 8.6 and 9.1 min for these peaks with the same
order of elution. The solvent system hexane-isopropanol (90:10) only partial
ly separates 24(R),25-(OHhD2 and 24(R),25-(OH)2D3 [5].

Tables I and II summarise the chromatographic data contained in Fig. 1-6
and provide resolution and theoretical plate counts for each of the solvent
systems used. Though, as can be seen, the three new ternary solvent systems
provided improved resolution of hydroxylated vitamin D3 metabolites from
each other and from their vitamin D2 analogs, one major disadvantage was
observed. The solubility of blood lipid in the solvents hexane-ethanol
chloroform (80:10:10) and hexane-methanol-methylene chloride (80:10:10)
was much lower than for hexane-isopropanol-methanol (87:10:3) or
hexane-isopropanol (85:15). This led to the formation of a two-phase system
in the sample container whenever excessive liPid was dissolved in hexane
ethanol~hloroform (80:10:10) or in hexane-methanol-methylene chloride
(80:10:10). If the sample was injected into the chromatograph in this form,
peaks were invariably doublet in nature. The problem was not apparent with
the new ternary system hexane-isopropanol-methanol (87:10:3).
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is best achieved by rechromatography of fractions obtained after initial
chromatography using silica and hexane-isopropanol-methanol (87:10:3).
Development of separate assays for vitamin D2 and vitamin D3 analogs should
open up the possibility of testing the validity of assays which purport to
measure total 1,25-(OHhD and total 24(R),25-(OHhD in patients receiving
large doses of vitamin D2 for treatment of various mineral disturbances [21,
22]. Assays which claim to measure total 24,25-(OHhD or 1,25-(OH)2D are
under suspicion becatise~of their differential sensitivity to vitamin D;~ anaIogs
[23] or because of interference by 25,26-(OHhD2 [24,25], or calcidiol 26-23
lactone [26]. Methods described in this paper may help us to test these assays
more rigorously and perhaps offer improvements.

The use of hexane-ethanol-chloroform in conjunction with (but after)
hexane-isopropanol-methanol overcomes the only disadvantage noted for the
halogenated solvent mixtures (that they provide poor lipid solubility) by
minimizing the lipid content of the samples to be injected. Alternatively, the
solvent mixtures hexane-ethanol-chloroform and hexane-methanol-methy
lene chloride may find their usefulness in the separation of closely similar
compounds (e.g., isomers) and where exploitation of the solvent selectivity
factor, Q, is required. The imporbince of the factor ain the resolution equation
(described in Experimental) is often overlooked since most separations are
based upon increasing the theoretical plate count of the column or changing
the nature of the chromatographic surface.
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where ATP is adenosine triphosphate, ADP is adenosine diphosphate,· HK is
hexokinase, G-6-PD is glucose-6-phosphate dehydrogenase, and NAD+ and
NADH are the oxidized and reduced forms, respectively, of nicotinamide
adenine dinucleotide. The increase in NADH is measured spectrophotometrical
ly at 340 nm.

A problem that arises with this type of scheme is that the activity of CK is
somewhat dependent on the coupled reactions chosen for the assay. The equi
librium constants for reactions 1, 2, and 3 have been reported [7] as 1.4 X 108

,

1.55 X 102
, and 6.0 X 10-7

, respectively. Since the assay utilizes the more
favorable reverse reaction in the initial step, reaction 3, due to its low equilib
rium constant, may not always reflect accurately the rate of formation of ATP
in reaction 1.

The lack of agreement between optimal assay conditions has also been re
ported in the literature. Morin [8] has examined several sets of assay conditions
in addition to the presentation of his own optimum conditions. The omission
of reactions 2 and 3 in the coupled system would eliminate several of the differ
ences in reactant concentrations by completely eliminating the reactants.

The presence of adenylate kinase, which catalyzes the conversion of two
ADP molecules to 1 molecule of ATP and 1 molecule of AMP (adenosine mono
phosphate) presents a problem in real serum samples. Walter [9] has shown
that when AMP is used to inhibit this competing enzyme, it also inhibits reac
tion 3 of the CK coupled system. Elimination of reaction 3 would thus enable
the use of AMP as an inhibitor of adenylate kinase without affecting the assay
for CK.

High-performance liquid chromatography (HPLC) has been utilized for the
assay of several enzymes [10-12]. To facilitate the assay of CK, we have used
'HPLC for the rapid separation and quantitation of ATP produced in reaction 1.
The amount of ATP can be directly related to the activity of CK. Besides elim
inating the necessity of a coupled enzyme system, many of the problems stated
previously can be avoided.

EXPERIMENTAL

Apparatus
An Altex Model 1l0A high-pressure pump equipped with an Altex Model

153 UV detector, constant wavelength (254 nm), (Altex, Berkeley, CA, U.S.A.)
was used for the direct assay method. The injector used was a Rheodyne Model
7125 (Rheodyne, Berkeley, CA, U.S.A.). A 5 cm X 4.1 mm J.D. precolumn and
15 cm X 4.1 mm J.D. working column were used for the separations. The col
umns were packed with 10-Mm RP-18 LiChrosorb (E. Merck, Darmstadt,
G.F.R.) using a Micromeritics Model 705 column packer (Micromeritics,
Norcross, GA, U.S.A.) and the Altex pump. Peaks were recorded by an
Ommiscribe Model B-5000 recorder (Houston Instrument, Austin, TX, U.S.A.).
The spectrophotometric assay was performed using a Cary Model 14 spectro
photometer (Cary Instrument, Monrovia, CA, U.S.A.) equipped with a Lauda
K-2/R thermostated water bath (Brinkman Instrument Inc., Westbury, NY,
U.S.A.).
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Fig. 1. The mobility of glycosaminoglycan in th¢ electric field as a function of ·pH in the
dissociation area of the carboxylic group. (a) Hyaluronic acid (HA); (b) chondroitin sul
fate A (CS-A), chondroitin sulfate C (CS-C) and dermatan sulfate (CS-B) and (c) heparitin
sulfate (HeS) and heparin (HeP).

RESULTS

As a function of pH, the mobility rates indicate ttlat all significant varia
tions occurred below the pH range of pH 4.5 (Table I and Fig. 1). Keratan
sulfate is, however, an exception. The pH value does not seem to have any
influence on the mobility of this particular glycosaminoglycan.

The rapid rise between pH 1.6 and 4.4 indicates the ionisation of the aCidic
carboxyHc groups in the curve. The turning points of these pH jumps were
calculated by means of the least square method as the points were pH = pK,
and are listed in Table II.

In the dissociation area of the carboxylic group of HA especially, a special
form of the HA spot appeared in which the easily identifiable shadow spot
had very often migrated in the opposite direction from starting point. In
Fig. 2a there is a good. example of this effect. Fig. 2b shows the reference
migrations i:h the dissociation area where the special form of HA is also seen.
E;xamples of this kind of cleavage of HA also eDst when histidine buffer,
pH 5.70, and even barbituric acid buffer, pH 8.50, were used.
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Extraction procedures
CBZ, PB, PHT. To 1 ml of plasma or urine were added 15 pg of MPH (as an

internal marker for PB and CBZ) and/or 15 pg of MPPH (as an internal marker
for PHT), 0.2 ml of 1 N HCI and 8 ml of chloroform. To determine the calibra
tion curves, various amounts of PB (10-80 pg), CBZ (2-20 pg) and PHT
(5-40 pg) were added.

The test-tubes were shaken mechanically for 20 min, then centrifuged and
the supernatant was discarded. Six millilitres of the chloroform layer were
transferred to a second test-tube and evaporated to dryness at 65°C. The resi
due was redissolved in 100 pI of chloroform, and 1-2 pI of this solution were
injected into the gas chromatograph.

Free pOHPB. To 1 ml of urine, either 1 N HCl or 1 N NaOH was added to
bring the pH to about 5; 0.5 M acetate buffer (pH 5) was added to bring the
final volume to 5 ml. To determine the calibration curve, various amounts of
pOHPB (5-40 pg) were added.

To the buffered mixture 10 pg of MPPH (as internal marker) and 15 ml of
ethylacetate were added. The test-tubes were shaken for 15 min, then centri
fuged and 14-15 ml of the organic phase were transferred to a second test
tube. The organic phase was evaporated to dryness at 65°C with a stream of
nitrogen. The residue was redissolved in 100 pI of acetone and 1-2 pI of this
solution were injected into the gas chromatograph.

Total pOHPB. One millilitre of urine was incubated with an equal volume of
37% HCl at 100°C for 30 min. After cooling 6 N NaOH was added to it to bring
the pH to about 5; 0.5 M acetate buffer (pH 5) was added to bring the final
volume to 5 ml. The buffered mixture was extracted and analyzed by the
procedure described above.

The conjugated pOHPB was estimated by the difference between total and
freepOHPB.

Recovery
Analytical recoveries of substances were established as follows. For standards

we added known quantities of the substances to pooled drug-free plasma (PB,
CBZ and PHT) or to drug-free urine (POHPB). Aliquots (1 ml) of the plasma or
urine were taken through the extraction procedure without an internal marker
being added. After drying, the extracts were reconstituted in 100 pI of chloro
form containing 15 pg of MPH and/or MPPH; 1-2 pI of these solutions were in
jected into the gas chromatograph.

A second series of standards was prepared simultaneously by extracting 1 ml
of drug-free plasma or drug-free urine and, after drying, adding the substances
and the marker at the same concentrations as noted above.

We compared the peak area ratios of the extracted standard to the ratios ob
tained from the standard to which the compounds were added after extraction.
The analytical recoveries so measured were corrected to absolute recoveries by
the calculated ratio between the volume of chloroform added and the volume
of chloroform taken out and evaporated during the extraction procedure.

For the urine extracts, the absolute recoveries were considered to be iden
tical to the analytical recoveries because the volume of the organic phase taken
out and evaporated was the same as the volume added.
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Reproducibility
For the reproducibility studies, 24 plasma samples and urine samples (1 ml)

containing three different concentrations of every drug (PB: 5, 30, 80 /lg;
pOHPB: 2.5, 15, 40 /lg; PHT: 2.5, 15, 40 /lg; CBZ: 2, 6, 15 /lg; 8 samples for
concentration) were prepared. Samples were stored at -20°C until analysis. The
analyses were performed about once every ten days.

Biological material
Five adult epileptic patients were studied for their rate of elimination of

pOHPB. The patients had been receiving a long-term antiepileptic drug regimen
including PB, for at least six months.

A blood sample was obtained from the patients before the morning adminis
tration of the drugs (7 a.m.). Urine had been collected over the 24 h previous
to blood collection (from 7 a.m. to 7 a.m.).

Plasma samples for the determination of PB, CBZ and PHT were obtained
after separation of the heparinized blood of the patients. All specimens were
stored at 4°C until analysis.
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Fig. 1. Gas chromatographic responses obtained with: (A) 5(p-methylphenyl)hydantoin (a),
phenobarbital (b) and carbamazepine (c), after extraction of a calibrated sample; (B) ex
tracted plasma of a patient receiving phenobarbital and carbamazepine; (C) 5-(p-methyl
phenyl) 5-phenylhydantoin (b) and phenytoin (a) after extraction of a calibrated sample;
and (D) extracted plasma of a patient receiving phenytoin.
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Solvent A was a 0.01 M solution of sodium acetate and 0.005 M tetra
butyl ammonium hydrogen sulphate in distilled water, with the pH adjusted
to 4.75 by 10 M NaOH. Solvent B contained the same amounts of salts, but
included 50% (v/v) of methanol.

Solvent A was filtered through a Millipore filter type HA 0.45 Jim and
solvent B through a Millipore filter type BD 0.60 Jim (Millipore, Bedford,
MA, U.S.A.).

The internal standard solution was prepared by dissolving l3-hydroxyethyl
theophylline in methanol (50 mg/l). The extraction solution consisted of
ethyl acetate-chloroform-isopropanol (45:45:10, v/v). A buffer solution
(pH 11) used in the extraction procedure was prepared from 90 ml of 0.1 M
anhydrous sodium carbonate and 10 ml of 0.1 M sodium bicarbonate.

Procedure
A l.O-ml volume of the internal standard solution was evaporated to dry

ness in a 15-ml centrifuge tube at 35°C under a stream of nitrogen. An aliquot
(0.5 ml) of the urine to be assayed was transferred to the tube and mixed
with 0.5 ml of a 0.1 M TBA solution and l.0 g of ammonium sulphate was
added, followed by vortexing for 60 sec. A 250-JiI volume of buffer (pH 11)
was added to adjust the pH to approximately 6.0-----U.5 using pH indicator
paper.

The mixture was extracted with 10 ml of ethyl acetate-chloroform
isopropanol (45:45:10, v/v) by vortexing for at least 2 min. After centrifu
gation (5 min at 2000-3000 rpm), 5 ml of the organic layer were transferred
and evaporated to dryness at 35° C under a stream of nitrogen.

The residue was vortexed for 60 sec to dissolve it in 0.5 ml of a 0.01 M
solution of sodium acetate containing 10% (v/v) methanol adjusted to pH
4.75 by 10 M NaOH. Then a second 0.5-ml volume of a solution containing
0.01 M sodium acetate and 0.05 M TBA adjusted to pH 4.75 was added and
the vortexing procedure was repeated for 60 sec. The two-step reconstitution
procedure was adopted to ensure adequate dissolution of several of the poor
ly soluble methyl uric acid ion pairs. The concentration of TBA was neces
sary to avoid dissociation of the ion pairs which caused several split peaks in
the resultant chromatograms.

The analysis was performed by solvent gradient elution controlled by the
Altex solvent gradient programmer in which the concentration of methanol
in the elution was varied from 4.5% to 23%.

The program was started with 9% solvent B and increased by a five--step*
gradient program to a final concentration of 46% B. This was accomplished
over a 31-min period. The solvent gradient was reduced back to 9% in 2 min
and allowed to equilibrate for 15 min between automatic injections.

Quantitation of theophylline and metabolite peaks is achieved by the in
ternal standard peak area ratio method. A standard curve for each compound
was prepared by spiking blank urine obtained from a volunteer who had ab
stained for at least 48 h from caffeine-containing food and beverages (choco
late, tea, coffee, cola, etc.). The standard samples are prepared by evaporat-

*9-12% in 10 min, 12-30% in 15 min, 30-40% in 5 min, 40-46% in 1 min, 46-99% in
2 min.
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Fig. 4. Chromatograms of a standard mixture (A) and blank urine (B) run using the method
of Desiraju et al. [17]. Arrows indicate elution times for compounds in standard test mix
ture. See Fig. 1 for identification code.

in which urine was directly injected into a 30-cm Waters Bondapak CIS column
using 12% methanol in 0.05 M KHzP04 as the eluent. With this system, the
authors reported that the major endogenous urinary constituents eluted in the
first 7 min and that only the peaks for hypoxanthine and xanthine were
subject to interference since theophylline metabolite peaks eluted at longer
retention times. We have been unable to validate these results. Fig. 4A is a
reproduction of the chromatogram of a standard mixture (10 fll; 50 flgfml) in
water under the above conditions. Fig. 4B is a chromatogram of a typical
blank urine sample (10 fll) under the above conditions. The arrows indicate
the P9sitions where theophylline and its metabolites should elute. It can be
seen that interferences of the order of 10-100 flgfml are present in this region.
Similar results were obtained with other blank urine samples. Clearly, the
degree of accuracy and precision required for pharmacokinetic studies can not
be met in all circumstances.

Grygiel and co-workers [18] also reported a urinary assay which was a
modification of the plasma assay of Orcutt et al. [21]. These workers had
to extract the acidified urine with dichloromethane to assay theophylline;
however, they report being able to separate the metabolites of theophylline
by direct injection of 10 fll of urine into a 5-flm reversed-phase column (15
em) using 10 mM acetate buffer (pH 5) as the eluent. The retention times
were reported as 1-MU = 4.5, 3-MX = 10, 1-MX = 12.5, 1,3-MU = 15.5 min.
Two separate assay procedures were therefore employed to measure theophyl
line and its metabolites in urine. Fig. 5A represents the chromatogram of a
standard mixture of theophylline and metabolites under the above conditions
using a 25 em column, and Fig. 5B is a typical blank urine. The arrows once
again indicate the positions where the metabolites should elute. Elimination
of methanol from the mobile phase allows better resolution of some peaks
(e.g., 2 and 4) but interferences were still present. In addition, carry-over
peaks from previous injections, representing compounds with long retention
times, were frequently seen. Other urines gave similar results. Examination
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and mixed well on a Vortex mixer. Aliquots (10 Ill) of these solutions (equiv
alent to 20, 50, 100, 200 and 500 ng of [I] and 200 ng of [II] ) are injected to
establish an external standard calibration curve, to verify the linearity and per
formance of the HPLC system. Addition of the drug to the residue of control
plasma is necessary due to a chromatographic "enhancement effect" which
compounds [I] and [II] exhibit; Le., the peak height response is greater when
the compounds are chromatographed in the residue of biological extracts than
when chromatographed as pure standards, probably due to decreased adsorp
tion losses caused by deactivation of the column by the lipids in the extract.

The internal standard [II] is added (100 III of solution f) to all unknown
plasma or urine samples.

Assay procedure
Into a 15-ml (PTFE No. 13) stoppered conical centrifuge tube, transfer a

100-lll aliquot of solution f (equivalent to 2 Ilg of [II], the internal standard),
add 1 ml of unknown plasma or 0.5-2 ml of urine, 1 ml of saturated sodium
chloride solution and 2 ml of 0.1 N sodium hydroxide (pH 13), mix for a few
seconds very gently (at setting 2) on the Super-Mixer (Lab-Line Instruments,
Melrose Park, IL, U.S.A.). Extract the samples with 6 ml of benzene-methy
lene chloride (9:1) by shaking for 15 min on a reciprocating shaker (Eberbach,
Ann Arbor, MI, U.S.A.) at ca. 90 strokes/min. Centrifuge the samples in a re
frigerated centrifuge (Model PR-J, Rotor No. 253, Damon/IEC, Needham, MA,
U.S.A.) at 5°C for 10 min at ca. 2600 rpm (1500 g), and transfer the super
natant benzene-methylene chloride layer into a conical 15-ml glass stoppered
centrifuge tube. Extract the sample a second time with an additional 6 ml of
benzene-methylene chloride, centrifuge and combine the extracts. Evaporate
to dryness at ca. 50°C in a N-EVAP evaporator (Organomation, Worchester,
MA, U.S.A.) under a stream of dried nitrogen. Rinse the walls of the tube with
1-1.5 ml of benzene-methylene chloride (9:1) to concentrate the sample in
the tapered end of the tube. (The reconstituted sample residues may be stored
overnight at -20°C prior to subsequent analysis.) Evaporate the solution to dry
ness and dissolve the residue in 100-200 III of methylene chloride and inject a
5-10-lll aliquot for HPLC analysis.

Along with the samples, process a 1-ml specimen of control plasma or 0.5
2 ml of urine and five 1-ml specimens of control plasma or 0.5-2 ml of urine
to which 100 III of standard solution a, b, c, d or e (equivalent to 200 ng, 500
ng, 1 Ilg, 2 Ilg or 5 Ilg of [I] and 2 Ilg of [II] each per ml of plasma or urine,
respectively) are added; these samples are used to establish the calibration curve
for the direct quantitation of the unknowns.

Calculations
The concentration of [I] in the unknowns is determined by interpolation

from the calibration curve of the standards processed along with the unknowns
using peak area ratios (peak area of [I] to peak area of internal (reference)
standard [II] versus concentration). The calibration curve is linear from 200 ng
to 5 Ilg of [I] per ml of plasma or urine.



102

RESULTS AND DISCUSSION

Percent recovery and sensitivity limits
The overall recovery of [1] and [II] from plasma was 86 ± 9% and 96 ± 6%

(S.D.), respectively, over the concentration range of 0.20 to 5.0 p.g of [I] per
ml of plasma or urine. It was necessary to add the external standards to the
residue of control plasma to obtain an apparent recovery of .,;:;;100% due to the
aforementioned "enhancement" effect. The sensitivity limit of the assay was
0.2 p.g of [I] per ml of plasma. The ammonia content in the mobile phase
was critical to good chromatographic resolution, peak shape and response of
these compounds.

The HPLC system is flushed initially with methanol to remove accumulated
deposits from previous use. Fresh mobile phase is prepared before each analysis,
and allowed to recycle through the system until equilibration with the column
is attained, as indicated when a stable baseline is obtained. Several 10-p.1 ali
quots of the mixed standard solution c are then injected until a reproducible
response is obtained before the analysis of the biological samples is attempted.

It has been observed that the hi values of the compounds tended to increase
throughout the day's run, probably due to a change of the ammonia content of
the mobile phase. Prolonged use of the column will also tend to increase hi
values.

Specificity of the assay
The extensive biotransformation of compounds such as [I]' 2HCI [26] and

quinidine [II] [15,20,24] necessitates the use of chromatographic procedures
in order to ensure the specificity and accuracy of quantitation of the many
compounds present in biological fluids. Although meaningful data have been
reported on the bioavailability [27] and pharmacokinetics [28] of quinidine
[II] and of dihydroquinidine [III] [29] using non-specific spectrofluorometric
methods, more meaningful pharmacokinetic data on parent drug and metab
olite profiles and therapeutic efficacy were obtained using specific chromato
graphic methods, especially HPLC with either UV absorption [17,18,20] or
fluorometric detection [15,21-23,30]. Since therapeutic plasma concentra
tions of quinidine and its metabolites are high (p.g/ml range) and its half-life
relatively long (5-12 h), the tandem use of UV and fluorescence detection
enables quantitation in plasma over a wide concentration range (e.g. 100 p.g/ml
to 5 ng/ml), establishing HPLC as the method of choice for the determination
of this class of compounds.

Gas chromatographic behavior of [Il
Compound [I] has no intrinsic fluorescence, but its UV absorbance at

254 nm is sufficiently intense to attain a sensitivity limit of 200 ng/ml. The
trifluoromethyl group at C~ is an electron-withdrawing group which tends to
delocalize the 1r electrons in the quinoline ring, reducing its UV absorption and
any useful fluorescence. The converse is true with quinidine whose methoxy
group at C~ is electron-donating which enhances the aromaticity of the
quinoline nucleus and contributes significantly to its excellent UVabsorbance
and fluorescence emission characteristics. Efforts at improving the sensitivity
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perchloric acid. n-Hexane (4 ml) containing 1 fJ.g of aldrin as IS, was added to
the reaction solution, followed by saturating with sodium chloride and the
resulting aldehydes were extracted by mixing the solution on a homomixer. To
1 ml of the n-hexane extract in another tube, 0.1 ml of PFPH solution (3
mg/ml, 10% acetic acid in ethanol) was added and the mixture was allowed to
stand for 1 h at room temperature. The reaction solution was washed with 1 ml
of 6 N hydrochloric acid to remove any excess of PFPH, diluted five-fold with
n-hexane and an aliquot of the solution was applied onto the GC column. A
series of blanks was prepared by incubating the substrates in the absence of
the mitochondrial preparation. The enzyme source was added immediately,
followed by perchloric acid treatment, prior to extraction.

RESULTS AND DISCUSSION

The only report dealing with GC of MAO activity is that by Farris et al.
[21], who reported a microassay for the determination of MAO activity using
ECD, where m-iodobenzylamine was employed as a substrate and the oxidation
product, m-iodobenzaldehyde was extracted into cyclohexane and measured
by electron-capture GC. This technique was successfully applied to a sensitive
and specific assay for determining MAO activity in serum and platelets. The
selection of m-iodobenzylamine as a substrate for their study was based on
three important considerations. First, the aldehyde formed from the oxidative
deamination of the amine was quite stable to further oxidation; secondly, m
iodobenzylamine was a very good substrate for form-B MAO and finally, m
iodobenzaldehyde was highly sensitive to detection by ECD. However, their
method suffers from the disadvantage of being limited to the use of a halogen
containing substrate, so a procedure of derivatizing the aldehydes formed to
halogen-containing compounds which are very sensitive to ECD is general with
regard to the possibility of using various substrates. On the other hand, it
appears that most of the substrates which are attacked by MAO are of the {3
phenylethylamine type. In this study, benzylamine and {3-phenylethylamine
were chosen as one of the simplest combinations of two substrates.

3% XE-60 was chosen as a suitable column packing for the GC separation,
because it gave sharp symmetrical peaks and good separations. Aldrin was used
as the internal standard. Fig. 1A shows a gas chromatogram of a standard solu
tion containing IS.

A condensation reaction of PFPH and aldehydes in aqueous solution is
known to be an effective derivatization process [24], which gives volatile,
ECD-sensitive derivatives, extractable with organic solvents. The condensation
reaction proceeded more readily in neutral media, but in the enzyme reaction
solution, strong acidity derived by adding 0.01 ml of 60% perchloric acid and
co-existing enzyme protein seemed to remarkably disturb the condensation
reaction. A series of preliminary investigations was carried out in order to find
suitable conditons for the extraction of aldehydes and the reaction with PFPH.
n-Hexane was chosen as the solvent for extraction. Salting-out improved the
extraction yield. The reagent concentration was about 60 times greater than
that of the aldehydes and the reaction period was fixed at 1 h at room
temperature in order to obtain constant reaction yields. PFPH was used as a
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RESULTS

Fig. 1a shows the separation of a mixture of isonicotinic acid, nicotinic acid,
nicotinuric acid, nicotinamide and the internal standard, isonicotinamide
(retention times: 2.18, 2.63, 3.57, 4.60 and 6.00 min, respectively). Plasma
extracts from blank samples show a very small peak from endogenous nicotin
amide (20-50 JIg/I) [4]. Fig. 1b displays a chromatogram from a volunteer's
plasma, 40 min after the oral ingestion of 200 mg nicotinamide. Analysis time
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Fig. 1. Chromatograms of (a) mixture of isonicotinic acid (1), nicotinic acid (2), nicotinuric
acid (3), nicotinamide (4) and the internal standard isonicotinamide (5) (each 1 /lg); (b)
plasma extract after nicotinamide ingestion; nicotinamide (4) (concentration, 2.10 mg/l),
isonicotinamide (5) (concentration, 4 mg/I); 100-/l1 injection; (c) urine extract spiked with
nicotinic acid (1), nicotinuric acid (2), nicotinamide (4) (each 20 mg/I) and isonicotinamide
(5) (50 mg/I); 10-/l1 injection.

was 10-15 min per sample. The relationship, area nicotinamide/area isonicotin
amide is linear in the range 0.1-10 mg/l and the statistical regression line can
be represented as y = 0.2924x + 0.0093; r = 0.999. The recoveries of nicotin
amide and isonicotinamide in plasma at a concentration of 10 mg/l were 91.8
± 4.1% and 92.4 ± 4.1% (n ;: 4) respectively, and the same data were obtained
from aqueous solutions. Urine analyses recoveries were in the range 1-50 mg/l
with a linear regression line y = 0.0227x + 0.0275; r = 0.999; the analysis time
was 20-30 min per sample. Fig. 1c shows the chromatogram of urine spiked
with nicotinic acid, nicotinuric acid, nicotinamide and isonicotinamide
(retention times were 6.02,8.67,10.91 and 14.29 min, respectively).

The sensitivity of the method is 0.1 mg/l for plasma and 1 mg/l for urine;
precision and accuracy are shown in Table I.

The following substances showed no interference in the analysis: nicotinic
acid; isonicotinic acid; nicotinuric acid; picolinic acid, 6-hydroxy nicotinic acid;
nicotinic acid-Nl-oxide; nicotinamide-Nl-oxide; Nl-methyl nicotinamide
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pherograms through numerical suppression of the effect of noise in one- and
two-dimensional electromigration separations of protein mixtures.

The next section of the same length is devoted to capillary isotachophoresis.
In addition to instrumentation, aimed towards the increase in sensitivity of
universal detection, a new possibility of microanalysis of proteins in body
liquids appears, using the formation of soluble immunocomplexes.

A full quarter of the book is devoted to one-dimensional methods. With one
exception, it deals with gel separations. The instrumental section may also be
applied to two-dimensional techniques. The method of quantification of
proteins and DNA's at the long level is also of a more general nature. The same
is true of the interpretation of the mobilities for the determination of
molecular mass, with the accent on SDS-complexes of proteins.

The section on two-dimensional methods is obviously devoted to the
application of flat-bed polyacrylamide and/or agarose gels. The combination
of thin-layer isoelectric focusing and SDS-gel electrophoresis with crossed
immunoelectrophoresis dominates owing to its resolving power. Protein
mapping is enriched by the characterisation of pI and the molecular masses of
individual components at a very high resolving power.

Special questions on the analytical zone electrophoresis of DNA's are dealt
with in 19 pages. The technically simple urea~garose gel method yields
excellent resolution of smaller DNA species of up to 1000 base pairs. The
increasing interest in electrophoretic separation and characterisation of living
cells, for example lymphocytes, thymocytes and in general sub-populations of
cells of immunologic interest, is documented by seven reports in the cell
electrophoresis section. Laser-Doppler spectroscopy fulfils the requirement of
rapid evaluation of the distribution of mobilities or surface charge of the cells.
Some of the other articles, however, tend to follow preparative goals as well,
and they also touch on the problems of separation of cells in weightless state,
general problems of electrokinetic potential of the separation chambers. The
flow-through methods of zone electrophoresis are, of course, mainly applied
here.

As usual, preparative methods are relatively less represented in this book.
The bulk of contributions mainly concerns, and is most informative on, the
field of complex analysis of proteins, cell populations and DNA's.

Electrophoresis '78, with its spectrum of analytical methods and
applications, offers those interested in electromigration analysis in the field of
biochemistry, molecular biology and clinical analysis new stimuli and therefore
this publication can be recommended to them.

Prague (Czechoslovakia) z. PRUSIK
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