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chromatogram. Using a training set of known patterns, representing normal and
pathological profiles, an n-dimensional hyperplane, or classification surface,
was developed which classified, or linearly separated, the patterns into the two
known groups. The classification criteria were:
~ ~ ~

w . X < 0 for X representing normal profiles

~ ~ ~

w . X > 0 for X representing pathological profiles

~

where W is the weight vector, a normal vector from the classification surface.
The TLU training procedures are quite simple and have been described else
where [19]. Once developed, the validity of the weight vector was tested by
predicting, according to the above criteria, the classification of patterns not
present in the training set.

In any pattern recognition process, it is important that the ratio (R) of the
number of training patterns to the number of pattern dimensions be as large as
possible; cases where R<, 2 must be carefully interpreted [26]. As described
below, a leave-out-one algorithm was employed in this study to allow operation
with an initial R<, 2. In addition, to control the pattern dimensionality, each
pattern component was calculated as the sum of the peak areas in a small in
terval of the profile chromatogram. Such combining of peaks yields an appar
ent loss of information, in that differences in more than one peak in an interval
may partially cancel, and observed differences cannot necessarily be assigned
to a single peak. In fact, many intervals contained only one peak. Further,
once an interval was found to be significant, it was subdivided and re-evaluated.
This process can be continued until the significance can be assigned to a single
constituent.

Initially, patterns of 100 dimensions were used. The section of the chroma
togram between injection and the elution of the 6-undecanone internal stan
dard was divided into 50 intervals of equal length in time. Similarily, the sec
tion between the elution of 6-undecanone and the 10-nonadecanone internal
standard was divided into 50 uniform intervals. The 10-nonadecanone peak was
the last to elute in nearly all profiles. The program located the two internal
standards by examining an absolute retention time "window" (2 min for 6
undecanone and 3 min for 10-nonadecanone) and designating the largest peak
in the "window" as the internal standard. For this study, the designation was
also manually verified; no errors occurred.

Prior to the TLU training procedure, the pattern components were auto
scaled [23] according to the formula:

where x'ij is the autoscaled i th component of the jth pattern, xij is the initial
component, Pj the mean and OJ the standard deviation of the ith component in
all patterns. The autoscaling operation equalizes the initial weighting of the
intervals. Autoscaling improved the prediction rate of the subsequently trained
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TLUs by as much as 15%. A normalization procedure, in which each compo
nent peak area was expressed as a fraction of the total chromatogram peak area
according to:

, xij
x ij =--'-

100
~ Xij
i=l

was found to reduce prediction rates, both with and without autoscaling [27].
Training and testing of TLUs was executed with the 100-dimensional pat

terns and reduced dimension patterns derived therefrom. In each case, training
was performed with a leave-out-one algorithm [28] operated in a rotating basis.
In the leave-out-one algorithm, all available patterns except one were used to
train the TLU. The validity of the TLU was then tested by predicting the classi
fication of the omitted pattern. The pattern set was then rotated to omit a
different pattern from the training set, and the training and prediction were
repeated. The rotation was repeated until each pattern had served as the pre
diction test pattern. The percentage of the test patterns that was correctly
predicted was recorded for each cycle. A feature extraction algorithm, to des
ignate pattern components most significant in the classification, was developed
for the leave-out-one technique. Since the pattern components were auto
scaled, the components of the weight vector were indicative of the significance
of the respective components. An average weight vector was determined for a
complete rotation cycle by calculating the vector sum of each of the individual
weight vectors trained. At the condition of a rotation, the magnitude of the
components of the average weight vector where- thus indicative of the average
significance of each pattern component. A preselected number of the least sig
nificant components was then discarded and another rotation cycle was initi
ated. The program was continued until the training process was unable (in 500
iterations) to find a hyperplane that linearly separated the profile classes.

The leave-out-one algorithm offers two significant advantages, as compared
to the use of discrete training and prediction pattern sets. First, it yields a
maximum value of R for any available data set. Second, it facilitates operation
with R~ 2, provided the ratio of the number of patterns to the number of
intrinsic dimensions is greater than two. The intrinsic dimensions are defined
[29] to be those dimensions that contain information significant in the classi
fication process. In standard training studies with R ~ 2, a weight vector may
be obtained that provides a linear separation of the pattern classes, but has no
valid predictive capability. Such a separation may be based on the non-intrinsic
dimensions. The non-intrinsic dimensions can be regarded as noise mixed with
the intrinsic dimen,sions. The leave-out-one technique, in calculating an average
weight vector, effectively filters out the non-intrinsic dimensions in a manner
analogous to ensemble averaging, thus allowing the extraction of the intrinsic
pattern components.

Peak areas and retention times were recorded with a commercial chromato
graphic data system (Model PEP-2; Perkin Elmer, Norwalk, Conn., U.S.A.). All
subsequent processing was performed on a CDC 6600 computer. The training
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and autoscaling programs were developed in part from the program set AR
THUR, created by Kowalski and Drewer [30). Our programs are available
upon request.

Gas chromatography-mass spectrometry
Volatile urine constituents were sampled as described above, except that the

Tenax adsorbent was contained in a glass precolumn, rather than a platinum
microcapsule. Details of this sampling technique have been previously reported
[14]. Electron-impact spectra were obtained with a gas chromatograph-mass
spectrometer (Hewlett-Packard Model 5980A). The glass capillary column was
interfaced to the ion source with an all-glass, single-stage jet separator (Scientific
Glass Engineering, Melbourne, Australia), maintained at 270°. Identifications
were confirmed by comparison of spectra and retention indices of authentic
samples recorded with the same instrument.

RESULTS AND DISCUSSION

Two training sets were prepared. One included the entire set of 35 normals
and 29 diabetics (Data Set A), the other included the normals and only the 14
diabetics diagnosed to be free of complications (Data Set B). The results of
TLU training and feature extraction with these two data sets are presented in
Table I. Features were extracted at the rate of five or ten per cycle, as indicated
in the Table.

At the optimum number of dimensions, 92.2% of the patterns in Data Set
A and 83.7% of Data Set B were correctly predicted. These percentages are
significantly greater than the. 54.7% and 71.4%, respectively, that would be
obtained by simply classifying each pattern as a normal. With the leave-out-one
algorithm, satisfactory results were obtained despite the low ratio of patterns
to initial dimensions. The increase in prediction with decreasing number of
features substantiates the importance of the intrinsic dimensionality. As the
insignificant dimensions were discarded, there was less chance of a change in an
insignificant constituent adversely affecting the pattern classification. The im
proved prediction with increasing training set size was expected, as the weight
vector was exposed to a more complete subset of the possible profiles and was
thus more likely to be trained for the test data.

To utilize the information obtained by feature extraction, it is necessary to
associate the retained dimensions with the original profiles. In Fig. 1, a diabetic
profile (A) and a normal profile (B) are shown together with scale markings
indicating the retained intervals in the test of 35 normals and 14 diabetics
(Intervals Retained A) and in the test of 35 normals and 14 diabetics (Intervals
Retained B). To describe the two chromatograms as typical of normals and
diabetics would falsely imply that the pattern chromatograms can be general
ized. However, the chromatograms shown are not unlike others obtained from
such individuals.

The components of the average weight vector and the original pattern di
mensions corresponding to the retained intervals are given in Table II. The
initial assignment of patterns designated a negatively valued dot product of the
pattern and weight vector to be normal, and a positive dot product to be
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TABLE I

TLU PREDICTION RATE FOR DATA SETS A AND B WITH EITHER 10 OR 5 FEA
TURES EXTRACTED ON A ROTATION CYCLE

Data Set A Data Set B

No. dimensions Correct No. dimensions Correct
retained (%) retained (%)

100 67.2 100 57.1
90 70.1 90 57.1
80 71.9 80 57.1
70 71.6 70 69.4
60 79.7 60 71.4
50 81.3 50 73.5
40 79.7 40 77.6
35 84.4 35 81.6
30 79.7 30 79.6
25 84.4 25 81.6
20 82.8 20 83.7
15 92.2 15 83.7
10 DNC* 10 78.7

5 DNC*

*DNC = Did not converge after 500 training iterations, i.e., could not linearly separate the
training set data.

Int. Ret. A: \i u 'oJ uw ii~ y 11H~ Ii \ib de'

Int. Ret. B: u u 'oJ ~ ~ ULl.J u Ii u u W~. b fghi j 1 m

TemploCI [ ~5
gO Ibo i i i

~
110 150 190

i i
6

1
0

I iTime (min) 0 20 40 80 100

Fig. 1. (A) Chromatogram of the urinary volatiles of a diabetic male. (B) Chromatogram of
the urinary volatiles of a normal female. Scale markings itldicate intervals selected as signifi
cant in the distinction of normal and diabetic profiles, as reported in Tables III and IV. S=
internal standard peaks.
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TABLE II

COMPONENTS OF AVERAGE WEIGHT VECTOR AT 15 RETAINED DIMENSIONS
AND IDENTIFIED COMPOUNDS FOR DATA SETS A AND B

Data Set A Data Set B

Interval* Component Identified Interval** Component Identified
component component

a-15 2.03 4-Heptanone a-37 - 9.39
b-32 - 9.68 b-41 - 0.24
c-39 -12.96 c-45 5.51 Carvone
d-49 -13.27 d-48 7.96
e-50 6.41 Indole e-51 9.18
f-51 6.56 f-60 4.90
g-60 7.19 g-61 -10.82
h-62 8.59 h-62 7.76
i-66 - 5.78 i-63 4.29
j-81 7.34 j-66 - 9.18
k-82 11.56 k-77 9.18
1-83 - 7.97 1-82 16.33
m-85 7.19 m-85 6.12
n-93 7.66 n-97 5.51
0-97 7.03 0-99 - 8.57

*Fig. 1 Int. Ret. A.

**Fig. 1 Int. Ret. B.

diabetic. Because the pattern components were autoscaled, a given pattern
component may have either a negative or positive value. Thus, a peak of greater
than average area that occurs in an interval with a negative weight vector com
ponent is indicative of a normal profile; a peak of less than average area is in
dicative of a diabetic profile. The converse is true for positive weight vector
components. This consideration comprises an important aspect of autoscaling.
Without this pre-processing, all pattern components would have positive values,
and the presence of a given peak could indicate only one condition, regardless
of the size of the peak. Thus, autoscaling is advantageous when significant
peaks are present in both classes, but with differing areas. Autoscaling would be
disadvantageous when the simple presence of certain peaks is indicative of the
profile class.

In several intervals (15, 32, 39,41, 49, 50,63, 77, 82, 85, 93) a peak may be
recognized in the chromatograms in Fig. 1 that varies in area as predicted by
the sign of the weight vector components. Confirmation of the results in other
intervals required examination of several more chromatograms. It is of interest
that many of the significant intervals fall in the latter portion of the chromato
gram and thus involve urinary constituents not observed in the previous volatile
profile studies. -Puifher, many of these intervals involve only small peaks
which might be neglected in manual data analysis. The selection of several sets
of adjacent intervals may simply reflect the locality of several important peaks,
or may arise from certain significant peaks shifting between intervals due to
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very slight variations in relative retention times.
Due to the interaction and frequent nonspecificity of metabolic processes,

the information in certain pattern dimensions may be diagnostically equivalent.
Such redundance may result in none of the dimensions achieving a high signifi
cance in the classification until one or more is discarded. Rapid feature extrac
tion may discard a set of redundant dimensions in a single cycle, eliminating
the information completely. This is demonstrated by the improved prediction
rates obtained by slow feature extraction reported in Table III. Ten features
were extracted per training cycle for five cycles, and one per cycle thereafter;
results are given only for selected cycles. A trade-off between computation
costs and classification results is also evident.

Another example of redundance may be observed in Fig. 1. Seven intervals
(51, 60, 62, 66, 82, 85, 97) are clearly' significant, in that they are retained
in both weight vectors. The information content of the other intervals is likely
to be redundant, with respect to either the intervals retained in both vectors
or with respect to other periodically retained intervals. Because of this redun
dance, the significance of the retained and discarded dimensions must be care
fully interpreted. While profile constituents in a retained dimension are clearly
important in the pattern classification, a discarded dimension may also contain
constituents involved in the aberrant metabolism.

To investigate further the redundance in the profile data and the effect of
increasing the value of R, TLUs were trained and tested with abbreviated
patterns. Data sets were prepared that contained only twenty intervals (1-20,
21-40, etc.). On the first training cycle, only the set composed of intervals
41-60 was linearly separable. Feature extraction resulted in a maximum pre-

TABLE III

TLU PREDICTION RATE FOR DATA SET A

With 10 features extracted each of first 5 rotations and 1 feature extracted each rotation
thereafter.

No. dimensions Cycle No. Correct
retained (%)

100 1 67.19
70 4 76.56
50 6 81.25
35 21 81.25
26 30 90.63
20 36 90.63
18 38 93.75
15 41 92.18
13 43 89.06
10 46 89.06

7 49 90.63
6 50 DNC*

*DNC= Did not converge after 500 training iterations.
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diction rate of 82.8% with 13 of the original 20 dimensions retained. The
seven most significant of these dimensions were then combined with the 13
most significant intervals (as determined from the test reported in Table I)
of the remaining original 80 dimensions. Training and feature extraction with
these 20 dimension patterns resulted in a maximum prediction of 93.8% cor
rect with 11 retained dimensions. All eleven dimensions were included among
those listed in Table 1.

These results substantiate the previous conclusion that redundance exists
within the profile information, but that several dimensions contain essential
information. Further, within the range examined, the results are not signifi
cantly improved by manually selecting the initial dimensions and thus in
creasing the value of R.

Referring back to Fig. 1, several retained intervals are seen to contain more
than one constituent peak. Thus, the significance of the interval cannot be as
signed to a single constituent. To reduce this ambiguity, each of the 15 most
significant intervals (Table II) was split into two equal intervals and the result
ing 30 dimension patterns were used to train a new TLU. In the case of Data
Set A, 17 of the 30 dimensions were retained at an optimum prediction rate of
92.2%, identical to the rate prior to the breakdown. A prediction rate of 91.8%
was obtained with Data Set B with 13 of the dimensions retained. The signs of
the weight vector components following the split invariably agreed with
those corresponding to the same interval prior to the division, although the rela
tive magnitude of the weight vector components did vary. A few of the subdivi
ded intervals contained more than one constituent peak. It would be possible to
continue the division until each interval contained only one peak or until
small variations in relative retention times precluded the reliable assignment
of a peak to a given interval.

The high prediction rates achieved by the TLUs are indicative of their po
tential as diagnostic or screening aids. However, their biomedical potential is
more immediately discernable, and requires the identification of the significant
constituents. Several of the constituents found to be significant in the pattern
recognition studies have been tentatively identified, including both sulfur- and
nitrogen-containing compounds. However, only three of these compounds have
been confirmed by comparison to authentic spectra at present.

Once reference spectra can be obtained, the other identifications will be
reported. The three identified and confirmed compounds and the correspond
ing intervals are listed in Table II. The weight vector components of each of
these compounds was positive. Thus, increasing concentrations of these com
pounds were indicative of a diabetic classification. Increasing concentrations
of 4-heptanone in the urine of diabetics has been previously reported by Lie
bich and AI-Babbili [7] .

One reservation must be cited concerning the interpretation of the results of
the TLU training and prediction. All but one of the diabetic patients were
receiving various medications for diabetes and in some cases for other condi
tions. The one individual not receiving medication was misclassified in both
TLU rotations. Contraceptives were the only medication known to have been
taken by any of the normal individuals. Thus, the possibility that the pattern
distinction was based on metabolites of the medication or compounds induced
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by it rather than those related to the disease cannot be excluded. The analysis
of more diet-controlled diabetics would clarify the interpretation of the pattern
recognition results. However, the capability of the TLU technique to identify
the profile components most significant in the class distinction is not dimin
ished by this ambiguity.

CONCLUSIONS

The results of this study indicate the utility of threshold logic unit and fea
ture extraction techniques in the determination of constituents important in
the classification of urinary volatile constituent metabolic profiles. It is likely
that these techniques can be readily extended to profiles of other complex
fractions in which pathological changes cannot otherwise be distinguished from
normal individual variations. By increasing the efficiency of the 'extraction
of information from the profiles, pattern recognition techniques should en
hance the utility of metabolic profiles in many biochemical studies.
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SUMMARy

A precise and accurate gas-liquid chromatographic (GLC) method has been developed
for the quantitative analysis of the neutral sugars L-fucose (6-deoxygalactose), mannose,
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galactose, and glucose in ethanol precipitates of human serum proteins. The chromatogra
phic conditions and sample preparation resulted in short analysis times (20 min. per run) and
made routine analyses practicable (twelve samples per day). The alditol acetate derivatiza
tion yielded single derivatives for each sugar. Complete separation was achieved on a 2.0 m
X 2 mm I.D. column with 2.0% Silar-7CP on Chromosorb W AW 80-100 mesh. The results
of hydrolysis showed that the release of fucose and galactose preceded the release of
mannose. Hydrolysis with AG 50W-X8 (H+) ion-exchange resin in 0.5 N HCI at 100o for 7 h
optimized glycosidic bond cleavage with only minimal destruction of fucose, mannose and
galactose. A combination of strong cation- and anion-exchange resin columns was used to
remove chromatographic background of peptides, amino acids, amino sugars, and inorganic
ions. An average R.S.D. of less than 4% with recovery of >86% for the three sugars was
achieved. The homogeneity of the chromatographic peaks for the neutral sugars of normal
human serum glycoproteins was confirmed by GLC-mass spectrometry. Significantly
elevated ratios of fucose, galactose, and mannose to serum protein were observed for
patients with small cell lung and ovarian carcinomas.

INTRODUCTION

Glycoproteins are macromolecules with one or more polypeptide chains to
which sugars are covalently bonded. These sugars form branching chains where
the terminal sugar appears to be limited to either sialic acid or L-fucose [1].
Glycoproteins comprise a large number of compounds. They occur biologically
as enzymes, hormones, and immunoglobulins. The role of carbohydrates in
glycoproteins of the hemagglutination system, as carriers, immunoglobulins,
and in other biologically active glycoproteins, is not well understood [2]. How
ever, studies show that carbohydrates in glycoproteins from cell surfaces may
function in growth behavior of tissue cells [2] and thus be of importance in
cancer cell division.

The levels in serum for protein-bound carbohydrates have been shown to be
frequently elevated in patients with metastatic cancer [3-9] . Increases are not
common, however, early in the course of malignant disease when the tumor is
small, localized, and prior to any tissue invasion or metastases [6, 10-13].
Similar elevations of protein-bound carbohydrates have also been found in
patients with activ'e metabolic or acute inflammatory diseases [4,6, 7, 12, 14].
In view of the latter findings, the study of these compounds for diagnostic pur
poses was largely abandoned. These shortcomings, nevertheless, do not eliminate
the potential value of serum carbohydrates in the clinical management of
patients with metastatic disease who are free of such disorders. The majority of
previous investigations have involved serum fucose. Recently, studies by Rosato
and co-workers [15-17], and Barlow and Dillard [18] showed that serum
fucose levels could be used as an additional means of assessing the disease status
in patients with breast and cervical carcinoma, respectively. Evans et al. [19] in
1974, measuring serum fucose in combination with neutral hexoses, reported
that these materials had further application for determining the metastatic
status of patients with cancer. This investigation included a variety of neo
plastic diseases.

The methods for analysis of protein-bound carbohydrates [13-19,20-23]
in human sera generally have been non-specific colorimetric measurements.
Consequently, these procedures have distinct disadvantages due to mutual
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interferences by the individual carbohydrates although corrective factors can
be applied to reduce this problem [19] and/or to spurious chromogens
developed from protein degradation products. Utilizing the original method of
Rosato [15-17] modified by Evans et al. [19], we have recently confirmed
that serum fucose analysis can be useful as an aid in the clinical management of
patients with advanced breast cancer [24] . In order to circumvent the method
ological difficulties of the colorimetric procedures, Mrochek et al. [25]
developed a high-resolution anion-exchange separation method. A sensitive
cerate oxidimetric detector was coupled to the chromatographic column, and
the eluted oxidizable constituents monitored by means of the fluorescence of
Ce3 +. Serum protein-bound fucose and the neutral hexoses, mannose, and
galactose were separated and measured by this means. Modification of the
hydrolysis procedure prior to chromatography permitted the further analysis
of sialic acid (N-acetylneuraminic acid). These methods and their preliminary
application to patients with breast cancer have been reported [26]. Although
providing specificity and sensitivity, this analytical technique tended to be too
time-consuming for the routine analysis of a large number of samples obtained
sequentially at frequent intervals. In order to develop a method that could be
carried out rapidly and applied to large numbers of samples, yet retaining
sensitivity and specificity, we have turned to gas-liquid chromatography
(GLC).

GLC is desirable, due to its simplicity, speed, and sensitivity compared to
other analytical methods. Cited in the literature are several methods for the
derivatization and GLC analysis of neutral sugars [27-32], amino sugars [30,
31, 33-35], and sialic acids [36, 37]. Amino sugars and neuraminic acid
(sialiC acid) are most conveniently analyzed as the trimethylsilyl (TMS) ether
derivative of the corresponding methyl glycosides or ketosides [34]. A disad
vantage of methyl glycosides is that multiple derivatives for each component
sugar are produced as a result of anomerization, thus making quantitation diffi
cult. Serum amino sugars and neutral sugars may be determined as the alditol
acetate derivatives [28-32, 35] while serum sialic acids have been determined
separately as TMS derivatives [36, 37]. The advantage of the alditol acetate
derivatives is that one derivative is formed for each sugar (neutral and amino),
whereas the disadvantage is that the sialic acids cannot be determined as the
alditol acetate derivatives [30].

Several methods have been developed for the identification and quantitation
of sugars from glycoproteins [27--38], and all these methods were applied in
the analysis of partially purified homogeneous glycoproteins. Our investigations
showed that these alditol acetate derivatization GLC methods were not repro
ducible and low yields of neutral sugars were obtained when analyzing sugars
from human serum protein.

Our method is a further development of the procedures used by Lehnhardt
and Winzler [28]. We employed the same alditol acetate derivatization, but
different hydrolysis conditions, more rigorous cleanup procedures, and
improved GLC techniques in the analysis of neutral sugars from serum glyco
proteins. Our GLC sample turnover rate for analysis is 20 min, and twelve
samples can be processed and analyzed daily by one analyst.

The purpose of this paper is to present in detail the GLC method we have
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developed, including alditol acetate derivatization, and mixed-bed ion-exchange
cleanup, and to demonstrate its application to normal control subjects.
Included as examples are preliminary results for patients with either small cell
carcinoma of the lung or ovarian carcinoma in order to show changeS' from
normal which may be found in patients with malignant diseases.

EXPERIMENTAL

Apparatus
A Bendix Series 2500 gas chromatograph equipped with hydrogen flame

detectors was used (Bendix, Ronceverte, W.Va., U.S.A).
This instrument was interfaced with a Hewlett-Packard 3352B Laboratory

Data System with 24 K memory (Hewlett-Packard, Avondale, Pa., U.S.A) for
identification and quantitation of the neutral sugars.

Samples were analyzed on a 2.0 m X 2.0 mm J.D. borosilicate glass column
packed with 2.0% (w/w) Silar-7CP on 80-100 mesh Chromosorb W AW, The
injection port temperature was maintained at 220°, the detector at 250°'. The
column was temperature programmed from 160° to 220° at 12°Imin. A carrier
gas (nitrogen) flow-rate of 20 ml/min was used.

Chemicals
Alditol acetate standards were obtained from Regis (Morton Grove, Ill.,

U.S.A.). L-Fucose,2-deoxyribose, 2-deoxyglucose, mannose, galactose, glucose,
xylose, and arabinose were purchased from Sigma (St. Louis, Mo., U.S.A.).

Other chemicals were purchased from the following sources: chloroform,
sodium hydroxide, methanol, and ethanol AC.S. certified grade, from Fisher
Scientific (St. Louis, Mo., U.S.A); pyridine from J.T. Baker (Phillipsburg, N.J.,
U.S.A); glacial acetic acid from Mallinckrodt (St. Louis, Mo., U.S.A); acetic
anhydride A.C.S. certified grade from Aldrich (Milwaukee, Wise., U.S.A);
sodium borohydride from Sigma; anion-exchange resin AG 1-X8, 100-200
mesh (CH3COO -) and cation exchange resin AG 50W-X8, 100-200 mesh (W)
from Bio-Rad Laboratories (Richmond, Calif., U.S.A). All-glass double
distilled deionized water (d.d. H20) was used for preparing aqueous solutions.

Calibration and internal standard solutions
A stock solution of neutral sugars was prepared to give concentrations of

0.400 mg/ml of L-fucose, 2.00 mg/ml of mannose, 2.00 mg/ml of galactose and
0.800 mg/ml of glucose in d.d. H20.

A standard solution was prepared from this stock solution by diluting 20.0
ml of stock solution to a final volume of 100 ml. Therefore, the working
standard solution was composed of 80.0 Jig/ml of L-fucose, 400 Jig/ml of man
nose, 400 Jig/ml of galactose, and 160 Jig/ml of glucose. Thus, 1.0 ml of the
working solution contains similar levels of the protein-bound neutral sugars in
0.5 ml of normal serum. Three 1-ml aliquots of the standard working solution
were derivatized and used for the calibration of the GLC system.

Single internal-standard stock solutions of 2-deoxyglucose and 2-deoxyribose
were prepared to yield concentrations of 2.00 mg/ml and 4.00 mg/ml, respec
tively, in d.d. H2 0. The working internal standard solution was prepared by
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diluting 10.0 ml of each stock solution to a final volume of 100 ml.
The stock solutions were stored at -200

, and the working solutions were
held at 40 and prepared freshly every two weeks.

Representative serum samples for analytical determinations
Blood was obtained from 22 normal control male and female subjects free

of any known disorders in order to establish the normal mean and range [22]
(serum carbohydrate/protein), and from patients with histologically
documented small cell carcinoma of the lung, and from patients with
carcinoma of the ovary. The patients with cancer were included on the basis
of their known disease status or response category as determined by clinical
and laboratory parameters. The selection of disease status or response
categories was made initially in order to show both maximal differences from
normal if these occurred, and to demonstrate the subsequent changes associ
ated with response to therapy. All patients were free of other diseases and had
normal renal function. Patients with abnormal liver function were excluded
unless secondary to proven liver involvement with tumor.

Samples were obtained from three categories of patients with small cell
carcinoma of the lung: (1) prior to any therapy; (2) patients with measurable
disease who were in partial or complete remission after treatment; and (3)
patients who after treatment had recurrent disease or progressive disease.
Partial remission was defined as a reduction by at least 50% of the product of
the longest perpendicular diameters of the most clearly measurable mass lesion
with no increase (of 25% or more) in any other indicator lesion, no new
clinically apparent areas of malignant disease, and no significant deterioration
in weight «10%), symptoms or performance status. For classification as a
complete response, all clinically detectable tumors had disappeared. Progressive
disease included any of the following criteria: increase in any measurable lesion
by more than 50%, or appearance of new areas of malignant disease, along with
significant deterioration in symptoms, decrease in weight (> 10%), or decrease
of one level in performance status. Those patients whose measurable tumor
mass disappeared following treatment and who had no evidence of disease
elsewhere were considered in complete remission. Patients with carcinoma of
the ovary who were in complete remission, as defined for small cell carcinoma
of the lung, and those who had recurrent disease after therapy or progressive
disease before or after treatment were included. All patients who fulfilled the
criteria for admission to therapeutic protocol studies were considered as candi
dates for determination of serum pl"Otein-bound carbohydrates if qualified on
the basis of the disease categories under investigation. All patients with ovarian
carcinoma, prior to any treatment were staged according to the International
Federation of Gynecology and Obstetrics (FIGO) classification. Of those
with progressive disease, six had been originally classified as Stage IV, fourteen
as Stage III, and three as Stage II; of those in complete remission, nine had
been originally Stage III, one Stage II, and Three Stage 1. Anti-tumor chemo
therapy was used to treat both the patients with small cell carcinoma of the
lung and those with ovarian carcinoma. In general, this consisted of multiple
drugs given in courses at specific intervals. All blood samples were drawn prior
to therapy, and at least 14 to 28 days following the previous course of treat-
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ment. After clotting occurred, serum was separated by centrifugation in a
refrigerated centrifuge and aliquot samples frozen at -50° to --70° until
analysis.

Preparation of ion-exchange resins

Cation-exchange resin
(1) Place the resin, about 500 g of AG 50W-X8, 100--200 mesh (H+), in a

2000-ml Erlenmeyer flask. Wash the resin by addition of 750 ml of methanol
and swirling. Discard the methanol solution and repeat the methanol wash.
After discarding the methanol solution, wash the resin with 1 1 of d.d. H 20
followed by discarding the aqueous solution and repeating the H20 wash. (This
step is for new resin only.)

(2) Exhaust the resin with 1 1 of 2 N NaOH for 1 h in a water-bath, at 70° .
(3) Discard the NaOH solution, add 11 of 2 N NaOH and hold for 2 h at 70°.

Then discard the supernatant NaOH solution.
(4) Add 1 1 of 2 N NaOH containing 2% EDTA in acid form and maintain

for 3 h at 70°. (Note: steps 2, 3, and 4 should be carried out at 70° with gentle
swirling every 15-30 min.)

(5) Discard the NaOH solution and rinse resin three times with excess d.d.
H20. This can be done in the 2 1 Erlenmeyer flask or in a 2-4 1 graduated
cylinder.

(6) Add to the resin 1 1 of 6 N HCl, place in a 100° water-bath, swirl every
15 min for 1 h, discard HCl solution, and add 1 1 of 6 N HCl for 3 h at 100°.
Discard HCl solution. Add 1 1 of 6 N HCl and hold for 12 h (overnight) at
100°.

(7) Rinse resin with d.d. H20 until neutral.

Anion-exchange resin
(1) Same as step 1 for cation-exchange resin, except anion-exchange resin,

AG 1-X8, 100-200 mesh (Cl-), is used.
(2) Exhaust resin with 2 N NaOH at room temperature for 1, 2 and 3 h, as

for cation-exchange resin. Then rinse four times with d.d. H20.
(3) Add 1 1 of 2 N acetic acid for 1, 3, and 6 h, respectively, with gentle

swirling occasionally during the regeneration. (Note: all anion-exchange steps
were performed at room temperature.)

Storage of regenerated resins
Keep regenerated resins at 4°, cation-exchange resin in 2 N HCl, anion-ex

change resin in 2 N acetic acid. Before use place resin in regeneration column
and rinse with d.d. H20 until neutral.

Storage of exhausted resin
Store both types of resin at 4°, the cation-exchange resin under 3 N HCl and

the anion-exchange resin under 1 N HCl. Never allow resins to remain in the
laboratory at room temperature for long periods of time.
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Rotary evaporation system
All rotary evaporations were performed on a system assembled by our

laboratory for this method. The system consists of a Model KLRC-3 Com
pound Liquid Ring Vacuum Pump (Kinney, Boston, Mass., U.S.A.), six CaLab
rotary evaporators (CaLab, Oakland, Calif., U.S.A.), six 100-ml glass evaporator
traps with vacuum-tight PTFE plugs (Kontes Glass Co., Vineland, N.J., U.S.A.),
and two Model 1225 RS water heating baths (William Boekel, Philadelphia,
Pa., U.S.A.).

Included in the system are six pyrex Kjeldahl connecting bulbs, 100 X 45
mm O.D. (Corning 2020), which prevent cross-contamination between samples,
a vacuum gauge, and an automatic shut-down control, which allows the pump
to run for 3 min after switching the pump to the off position, thus flushing out
corrosive material.

Analytical procedure

Sample preparation for serum protein-bound neutral sugars
(1) Remove the serum sample and thaw in running warm water and allow

to come to ambient temperature.
(2) Mix sample on a vortex mixer for 15 sec. Pipet 500 J,Il of the sample with

a 500 J11 Eppendorf pipet into a 16 X 100 mm pyrex screw-cap tube.
(3) Add 5.0 ml of 95% ethanol and mix on vortex mixer. Allow sample to

stand at ambient temperature for 15 min.
(4) Centrifuge the sample for 15 min at 1500 g with a clinical centrifuge.

Carefully decant the supernatant avoiding loss of precipitate.
(5) Invert the pyrex tube on tissue paper and allow precipitate to drain dry

for 15 min at ambient temperature.
(6) Add 2.0 ml of 0.1 N NaOH to the precipitate. Let stand at ambient tem

perature with periodic vortex mixing until the precipitate is completely
dissolved (usually 1-2 h).

Hydrolysis
(7) Add 2.0 ml of dry AG 50W-X8 (H+) 100-200 mesh resin to the sample

solution. Pipet 400 J11 of 3.53 N HCl with a 200 J11 Eppendorf pipet into the
sample solution. Solution is 0.50 N.

(8) Tightly cap the tube with a PTFE-lined screw-cap and mix sample on a
vortex mixer for 15 sec.

(9) Hydrolyze the sample for 7 h in a heating block at 100±1° (Scientific
Instruments Shop, University of Missouri, Columbia, Mo., U.S.A.). Vortex
sample for 15 sec every 30 min.

Cleanup of hydrolysate
(10) Allow hydrolysate to come to ambient temperature. Quantitatively

transfer the hydrolysate onto a column (30.0 X 1.0 em LD. pyrex glass fitted
with PTFE stopcock) packed with 15.0 ml of AG 50W-X8 (W) 100--200 mesh
resin, which is in series with another glass column packed with 10.0 ml of AG
1-X8 (CH300-) 100-200 mesh resin.

(11) Wash column series with 35 ml of 50% (vjv) methanol--HzO and collect
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effluent in a 125 ml $ 24/40 pyrex-glass flat-bottomed rotary evaporator flask
(Corning 4100). Allow solutions to drain by gravity flow. The flow-rate was
about 1 ml/min.

Derivatization
(12) Pipet 1.00 ml of 2-deoxyribose solution, 200 pg/ml, (used as an internal

standard to monitor the recovery) into the rotary evaporator flask containing
the effluent. Take contents of flask to dryness on rotary evaporator (water
bath at 60°).

(13) Pipet 1.00 ml of 2-deoxyglucose, 200 pg/ml (internal standard) into the
flask. Add 1.0 ml of d.d. H20 and mix flask contents well by swirling to con
tact walls.

(14) Reduce the sugars by adding 2.0 ml of 0.22 M NaBH4 and mix by
swirling. Allow to stand for 30 min at ambient temperature [39].

(15) Add 1.0 ml of glacial acetic acid and evaporate to dryness on rotary
evaporator.

(16) Remove borate by adding 2.0 ml of HCI-methanol (1:1000, v/v) to the
dry flask, swirling, and taking to dryness by rotary evaporation. Repeat this
step two times.

(17) Acetylate the sample by adding 1.0 ml of acetic anhydride and 1.0 ml
of pyridine. With a glass stopper on the flask, mix by swirling. Heat flask in a
100° oil-bath for 30 min.

(18) Remove flask from oil-bath and transfer contents with a disposable
pipet into a disposable pipet fitted with a glass-wool plug (1/4") in the con
stricted tip end and collect the sample in a 16 X 75 mm pyrex tube.

(19) Evaporate the sample just to dryness under a gentle stream of dry nitro
gen while in a heating block at 60° .

(20) Redissolve the sample by pipetting 1.00 ml of CHCl3 with a 1000 pI
Eppendorf pipet into the tube. Cap the tube with a PTFE-lined screw-cap and
mix sample on a vortex mixer for 15 sec.

(21) Inject 5.0 pI into the gas-liquid chromatograph for analysis.

Protein analyses
The procedure used for protein determination was a semi-automated Tech

nicon System for nitrogen determination described by Wall and Gehrke [40].

RESULTS AND DISCUSSION

GLC of alditol acetates
Fig. 1 shows the separation of six alditol acetates achieved in 12 min on a

glass column packed with 2.0% (w/w) Silar-7CP on Chromosorb W AW,
80---100 mesh. An internal standard, 2-deoxyglucose, was included for accurate
quantitation of the neutral sugars.

Precision of GLC analysis with standards
Repeated injections of 5.0 pI of a standard solution (0.4-2.0 pg each) of six

neutral sugars gave relative standard deviations of 0.3-1.9% (Table I). These
data show excellent precision of the GLC analysis for standards over the range
80---400 pg of sugar per ml.
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TABLE I
PRECISION OF GLC ANALYSIS OF NEUTRAL SUGAR STANDARDS USING AN
INTERNAL STANDARD METHOD

Sugar (J.ig/ml)*

Fucose Arabinose Xylose Mannose Galactose Glucose

x 80 82 81 396 405 186
a 1.5 0.6 0.6 1.2 2.1 0.6
R.S.D. (%) 1.9 0.7 0.7 0.3 0.5 0.3

*Reference standard analyzed independently three times.

dRib Man

Gal
dGle

1.5.

Fue

Qle

....
u
w
~

0 5 10 min, , I ·c160 220 220

Fig. 1. GLC separation of alditol acetates of neutral sugars. Sample: 5 J.il ('" 1 J.ig) each. Pro
gram: from 1600 at 12°/min to 2200

• Attenuation: 1 X 10-10 Af.s. Column: 2.0% (w/w)
Silar-7CP on Chromosorb W AW, 80-100 mesh, 2 m x 2 mm glass.

Calculation of sugar concentration
Quantitation of the neutral sugars was based upon an internal standard

method using 2-deoxyglucose as internal standard (I.S.). The relative weight
respome (RWR) values compared to 2-deoxyglucose were as follows:
RWRFuc/I.S. = 1.01; RWRGal/I.S. = 0.91; RWRMan/I.S. = 0.96; RWRGlc/I.s. =
1.11. The RWR values for the four neutral sugars were determined by at least
three independent analyses of calibration standards, and remained constant
over a three-month period.

Hydrolysis of serum proteins
Hydrolysis with 1.0 N HCI at 1000 for 10 h was compared to hydrolysis with

1.0 N HCI plus 2.0 g AG 50W-X8 (W) resin at 1000 for 10 h. Both studies were
performed in triplicate.
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2-Deoxyribose was added as an internal standard after ion-exchange cleanup
to each sample and its percentage recovery was monitored. In general, higher
values for the neutral sugars mannose and galactose were obtained when hydro
lyzing with AG 50W-X8 (H+) resin than without. Better precision, lower R.S.D.
(%) values, and improved recoveries for 2-deoxyribose (mean 94%) and higher
recovery values for the neutral sugars were also obtained when hydrolyzing
with the aid of AG 50W-X8 (H+) resin (Table II).

The use of AG 50W-X8 (H+) in hydrolysis resulted in higher yieids with less
neutral-sugar destruction, and removed chromatographic interferences which
resulted in better precision. Thus, hydrolysis results with this resin gave better
precision and neutral sugar recoveries than hydrolysis without it.

The hydrolysis of ethanol precipitates of serum proteins was investigated to
determine the best conditions for maximum glycosidic bond cleavage and
minimal destruction of the neutral sugars. Aliquots of a pooled control serum
were used for this study. Different acid concentrations and times of hydrolysis
at 1000 were investigated. Samples were hydrolyzed with 1.0 N HCl for 2--14 h
with 0.5 N HCl for 4-15 h, and with 0.05 N HCl for 15-60 h. Except for
these different hydrolysis conditions, the procedure followed was identical to
the analytical procedure previously described.

The results of hydrolysis (Fig. 2) show that the release of fucose and
galactose preceded the release of mannose at each hydrolysis acid concentra
tion. A slight loss of fucose can be observed with each acid concentration at
longer hydrolysis times. The 0.5 N HCl condition gives as high or higher values
for all three sugars than does the 0.05 or 1.0 N HCl. Therefore, for convenience
samples were hydrolyzed for 7 h and routine analyses used hydrolysis with
0.5 N HCl and 2.0 g AG 50W-X8 (H+) 100-200 mesh at 1000 for 7 h.

Method linearity
Duplicate analyses of 0.10-58.0 mg ovomucoid (egg white; Sigma) hydroly

sates were performed to establish the working range of the method. A linear
relationship for mannose and galactose was obtained (Fig. 3). Precision
between duplicates was quite good, as shown by the range given on the graph.

TABLE II

COMPARISON OF HYDROLYSIS WITH CATION-EXCHANGE RESIN AND 1.0 N HCl

A and B were different pooled control sera.

10 h at 1000 with 2.0 g AG 50W-X8 (H+)
100-200 mesh and 1.0 N HCl

10 h at 1000 with 1.0 N HCl

Serum A

x
a
R.S.D. (%)
Recovery
of spike
(Mean %)

Neutral sugars (J.Lg/ml) Serum B Neutral3ugars (J.Lg/ml)

dRib Fuc Man Gal dRib Fuc Man Gal

748 38.3 365 317 615 43.5 352 310
23 2.1 2.9 3.5 86 2.9 18 19

3.2 5.5 0.8 1.1 14 6.7 5.2 6.2

94 80 89 90 77 82 76 79
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Fig. 2. Hydrolysis of serum protein with 2.0 g of AG 50W-X8 (H+) at 1000
•

Fig. 3. Linearity of GLC method.

Precision of analysis for neutral sugars in serum - Matrix-independent and
matrix-dependent

Neutral sugars were determined using 0.5 ml serum of individual samples
(matrix-dependent) and pooled control serum (matrix-independent). A chroma
togram for a matrix-dependent analysis is shown in Fig. 4.

The matrix-independent and matrix-dependent precisions for the GLC
analysis of three neutral sugars in serum protein are given in Table III. The data
for the matrix-independent samples were obtained by analyzing the same
sample of pooled control serum independently 16 times, whereas the data for
the matrix-dependent samples were obtained from 30 different serum samples
each analyzed independently twice over three months. Excellent precision of
analysis was achieved.

Recovery of neutral sugars from serum
Recoveries of neutral sugars were determined by spiking serum samples with

standards. Chromatograms for non-spiked and spiked serum samples are shown
in Figs. 5 and 6, respectively. The recoveries obtained from 30 different serum
samples are given in Table IV.

Precision and recovery of protein analyses from serum of cancer patients
The matrix-dependent precision and recovery data for the protein analyses

are given in Tables V and VI. The precision values for the matrix-dependent
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Fig. 4. GLC of neutral sugars in serum protein from breast cancer patient. Conditions as in
Fig. 1.

Fig. 5. GLC of neutral sugars in serum protein from breast cancer patient. Conditions as in
Fig. 1.

TABLE III

PRECISION OF GLC ANALYSIS OF SERUM PROTEIN-BOUND NEUTRAL SUGARS

Sugar (jLg{ml)

Fucose Mannose Galactose

Matrix-independent (n = 16)
x 42.9 374
a 2.73 13.0
R.S.D. (%) 6.4 3.5

Matrix-dependent (n = 30)*
x 68 577
a** 2.5 16.5
R.S.D. (%) 3.6 2.9

340
11.7

3.4

551
11.6

2.1

*Precision for different serum samples over three months.

**a=J :E(X 2 --x, )2

2P
where P is the number of pairs (P = 30); each pair was analyzed on
the same day.
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TABLE IV

RECOVERY OF ADDED NEUTRAL SUGARS FROM CANCER SERUM

Recoveries were from different serum samples over three months (n = 30). Added at the fol
lowing levels of /lg per 0.5 ml serum were fucose 80, mannose 400, and galactose 400.

Recovery (%)

Fucose Mannose Galactose

x-
u
RS.D. (%)

86
6.0
6.9

85
3.9
4.6

91
3.5
3.9

TABLE V

PRECISION OF PROTEIN ANALYSES FROM CANCER SERUM

Precision is for different serum samples over three months.

Matrix-dependent Protein (mg/ml serum)

n = 38
x
u*
RS.D. (%)

*u= J

73
1.4
1.9

k(X, -X2 )2

2P
where P = 38.

.1.G..~"~
II's ill'l
Fuc Glc

I
U
w

~

o
•

160

5
•220
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I

220

min

'c

Fig. 6. GLC of neutral sugars in serum protein from breast cancer patient spiked with neutral
sugars. Conditions as in Fig. 1. Spiked sugars (/lg added per ml serum): Fuc, 160; Man, 800;
Gal, 800; Glc, 320.



520

TABLE VI

RECOVERY OF BOVINE SERUM ALBUMIN ADDED TO CANCER SERUM PROTEIN

Recovery is calculated from different serum samples over a period of three months. Ten mg
of bovine serum albumin were added to each -serum sample.

Recovery (%)

n = 34
x
a
R.S.D. (%)

101
3.54
3.5

samples were obtained from 38 different serum samples analyzed independently
twice over three months, whereas the data for the recoveries for matrix-depen
dent samples were obtained by analyzing 34 spiked and non-spiked individual
serum samples. Excellent precision and recoveries were obtained.

Effect of storage temperature on the serum protein-bound sugar levels
The influence of serum storage temperature on the serum protein-bound

sugar levels was investigated. The serum was from a freshly prepared pooled
normal sample from our laboratory personnel. Fresh whole blood was taken
from two of the Experiment Station Chemical Laboratories' staff. The blood
was transferred to 30 ml Corex centrifuge tubes and allowed to clot for 15 min.
The blood was centrifuged at 5000 g for 15 min, then the serum was decanted
into a 125 ml Erlenmeyer flask. With continuous stirring, 0.5-ml aliquots of
serum were pipetted into 13 X 75 mm culture tubes. The serum was divided
and aliquots were stored at room temperature, 4° (refrigerator temperature),
- 20°, and - 70°.

Three aliquots of the freshly prepared serum were analyzed to establish the
original values for the sugars. The stored serum samples were analyzed in tripli
cate at the following specified storage times and temperatures: room tempera
ture, 2, 4, 8, and 24h; +4°, 1, 3, 7, and 28 days; - 20°, 1, 3, 7, and 28 days;
--70°, 1, 3, 7, and 28 days.

The serum-bound sugar levels in serum stored at room temperature for up to
24 h and at +4°, -20° , and --70° for up to 28 days were found to have essen
tially the same levels as freshly prepared serum.

Effects of successive freezing and thawing on the total protein and protein
bound sugar levels in serum

A pooled control serum sample was used. The frozen sample was thawed at
room temperature, and aliquots were taken for the determination of sugars and
protein. The serum sample was then frozen again for 24 h and the same process
was repeated. For each of the four freezing and thawing cycles independent
duplicate analyses were made for total protein and sugars. The average values
are presented in Table VII. The data indicate no change in the levels of fucose,
mannose, galactose and total serum protein after repeated freezing and
thawing. This information is helpful in knowing the integrity of the sample
during storage.
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TABLE VII

EFFECT OF FREEZING AND THAWING ON STABILITY OF PROTEIN-BOUND
NEUTRAL SUGARS AND SERUM PROTEIN

Sugar (JLg/ml)Freezing and
thawing cycle

Fucose Mannose Galactose

Protein
(mg/ml)

1 41.9 361 339 60
2 40,5 340 323 59
3 42.4 361 337 61
4 40.0 356 325 61

x 41.2 355 331 60
a 1.1 10 8.2 0.96
R.S.D. (%) 2.8 2.8 2.5 1.6

Analysis for free and bound neutral sugars
Investigations were then made on the levels and nature of the covalently

bound neutral sugars in serum glycoproteins, to verify and differentiate the
free and covalently bound sugars. Also, experiments were made on lipid
bound neutral sugars in the ethanol precipitates of the proteins.

Precipitation ofglycoprotein with ethanol
The protein in duplicate aliquots of a control pooled serum sample was pre

cipitated with ethanol, analyzed, and additional aliquots were precipitated with
ethanol and the precipitates washed once with ethanol. Other precipitates were
washed with ethanol two and four times, then analyzed. The results are given in
Table VIII.

The data show that fucose, mannose, and galactose are protein-bound. The
level of these neutral sugars in the protein does not significantly change after
four washings with ethanol; a decrease of about 10% was noted for mannose
and galactose. Howe':er, the level of glucose does change significantly after two
washings (>50%). Most of the glucose can be removed by washing with ethanol
and most of it is present as the free neutral sugar. Thus, during precipitation of
glycoprotein with ethanol, glucose coprecipitates or is occluded.

Dialysis of neutral sugars from serum
A pooled control serum sample was used (different from that used for the

ethanol-washing experiment). The serum was dialyzed using seamless cellulose
tubing with an average pore size of 24A. The cellulose tubing was permeable to
water and compounds of low molecular weight, but not to proteins. Serum
(15.0 ml) was pipetted into a dialysis tube (1 in. flat width X 8 in.), tied at one
end and dialyzed at 4° against 1.0 I of d.d. H20 for over 48 h. The dialysis
water was replaced with fresh d.d. H20 after 2,4,6,8,24 and 48 h. Then, ali
quots of serum were taken from the dialysis tube after each designated time
period, precipitated with ethanol, and analyzed for protein-bound neutral
sugars by GLC (Table IX).



522

TABLE VIII

PRECIPITATION OF SERUM PROTEINS WITH ETHANOL: EFFECT OF MULTIPLE
ETHANOL WASHINGS

Five ml of ethanol were added to 0.5 ml of serum, shaken vigorously, allowed to stand 15
min, then centrifuged at 1500 g for 30 min. Each value is the average of two indepen
dent analyses on a pooled control serum.

No. of Neutral sugars (/Lg!ml)
ethanol
washings Fucose Mannose Galactose Glucose

1 44.0 265 294 111
2 47.9 266 272 56.3
4 48.5 237 264 44.7

Dialysis of isolated serum glycoprotein for neutral sugars
The glycoprotein was dialyzed in seamless cellulose tubing with an average

pore size of 24 A. A pooled serum aliquot (0.5 ml) was precipitated with
ethanol, then suspended in 2.0 ml of d.d. H20 with sonication, and dialyzed
(dialysis tube: 1 in. flat width X 8 in., tied at one end) at 4° against 1.0 I of
d.d. H20 over 24 h with occasional agitation. The dialysis water was replaced
with fresh d.d. H20 after 2, 4, 6 and 8 h. Then the dialysate containing the pro-

. tein was transferred to a Virtis 150-ml flask and lyophilized to near dryness.
The lyophilized sample solution was transferred into a 16 X 100 mm culture
tube, 2.0 ml of 0.1 N NaOH were added, and the dialyzed protein was analyzed
for neutral sugars by GLC.

The results of this experiment are given in Table IX together with data from
experiments for neutral sugars in the ethanol-washed precipitates, and dialyzed
serum. The data from multiple ethanol washings of the glycoprotein, dialysis
of pooled serum, and dialysis of isolated glycoprotein are all comparable; that

TABLE IX

NEUTRAL SUGARS IN SERUM PROTEIN

Each control a different pooled serum; 0 = control.

Sugar Ethanol-precipitated serum Dialysis of Dialysis of isolated
proteins washed with neutral sugars serum glycoproteins
ethanol from serum

oWashings 4 Washings Oh 24 h Oh 24 h

Fucose
(/Lg!ml) 44.0 48.5 42.9 43.3 45.8 42.8
Mannose
(/Lg!ml) 265 237 374 378 345 335
Galactose
(/Lg!ml) 294 264 340 340 330 332
Glucose
(/Lg!ml) 111 44.7 257 55.0 263 76.0
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is, all of the fucose, mannose, galactose, and some of the glucose, in ethanol
precipitates of serum are covalently bound to serum proteins.

The levels of fucose, mannose, and galactose were not changed on dialysis
of serum or serum proteins, but the level of glucose changed significantly, and
so confirmed that about 25% of the glucose in serum is covalently bound in
serum glycoprotein.

Lipid-bound neutral sugars
Ethanol precipitates of pooled control serum were dissolved in 0.1 N NaOH

and extracted for lipids according to the Folch method [41] with chloro
form-methanol (2:1, vjv). The lipid extract was analyzed for covalently bound
neutral sugars, but none were found above the background level. Thus, the
neutral sugars are not present in serum in the form of glycolipids.

Analysis of alditol acetates by mass spectrometry
The mass spectra of high purity alditol acetates of 2-deoxyribose, L-fucose,

arabinose, xylose, 2-deoxyglucose, mannose, galactose, and glucose were ob
tained by GLC-electron-impact mass spectrometry (MS). Alditol acetates of
sugar standards and sugars from glycoproteins of serum from cancer patients
were prepared according to the previously described analytical method. The
mass spectral fragmentation pattern of the derivatized standards and samples
from cancer patients were compared with those of commercially available
(Regis) high purity neutral sugar alditol acetates. Comparison of these sets of
spectra based on spectra published by Lonngren and Svensson [42] showed
very good agreement, thus confirming the identity of the peaks of interest and
their homogeneity. A small unknown peak in glycoprotein from cancer samples
(indicated by an arrow in Fig. 6) was analyzed by GLC-MS and the elucidation
of its structure was attempted. The unknown compound showed deviations
from the characteristic fragmentation pattern of alditol acetates [42] with the
largest detectable fragment at m/e 331. High-resolution GLC-MS of the m/e
331 ion indicates a nitrogen-containing compound with the formula
C17H17N06·

Normal levels of protein-bound neutral sugars in sera
The protein and neutral sugar levels for normal non-fasting males, normal

non-fasting females, and normal fasting females were determined (Table X).
The x, a, and R.S.D. (%) values for a population of n are also presented in the
table. On comparing a group of normals analyzed by Mrochek's high-perfor
mance liquid chromatographic (HPLC) method [25] with data for our group of
normals by GLC (Table XI), no significant differences were observed. The GLC
method gave slightly higher values for all the neutral sugars. This may be attrib
uted to the difference in hydrolysis conditions.

Sugar:protein ratios in serum from ovarian and small cell lung carcinoma
In Fig. 7 are given the serum fucose:protein ratios for patients with small

cell carcinoma of the lung. Each patient is distributed in one of three disease
or response categories: (1) pre-treatment, progressive disease; (2) complete or
partial response following chemotherapy; and (3) post-treatment, recurrent, or
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TABLE X

NORMAL LEVELS OF PROTEIN-BOUND NEUTRAL SUGARS IN SERA

The R.S.D. (%) values are for the respective population.

Protein Sugar (j.lg/mg of protein)
(mg/ml)

Fucose Mannose Galactose

Non-fasting males (n = 11)
x 76 0.71 6.17 5.64
a 6.8 0.07 0.56 0.63
R.S.D. (%) 8.9 10 9.1 11

Non-fasting females (n = 11)
x 72 0.73 7.1 6.6
a 2.6 0.08 0.76 0.81
R.S.D. (%) 3.6 11 11 12

Fasting females (n = 9)
x 73 0.75 7.0 6.5
a 3.4 0.18 0.73 0.67
R.S.D. (%) 4.6 24 10 10

TABLE XI

COMPARISON OF DATA BY HPLC AND GLC FOR PROTEIN-BOUND NEUTRAL
SUGARS

The R.S.D. (%) values are for a population of n.

Sugar (j.lg/ml of serum)*

Fucose Mannose Galactose

HPLC** GLC*** HPLC GLC HPLC GLC

Non-fasting females
n 12 11 12 11 12 11
x 48 52 444 511 436 477
R.S.D. (%) 25.7 9.9 17.6 9.4 19.5 11.2

Fasting females
n 4 9 4 9 4 9
x 40 55 392 514 414 473
R.S.D. (%) 20.2 25.0 16.2 10.9 15.7 10.2

*Each value is an average for n in a population.
**Determined by Mrochek's HPLC Method [25].
***Determined by our GLC method.

progressive disease. As shown, the majority of patients with progressive disease
whether before or after treatment had elevated values. In contrast, the majority
(13/16) of those patients in complete or partial remission had fucose:protein
ratios within the normal range. Three patients had somewhat elevated values.
Whether at the time blood was drawn these patients had occult disease not
detected by the usual clinical means is not known. Similar results were found
for patients with ovarian carcinoma. Both fucose:protein and galactose:protein
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Fig. 7. Fucose levels in small cell carcinoma of lung.

Fig. 8. Galactose and fucose levels in ovarian carcinoma.

values are plotted in Fig. 8 for 23 patients with progressive disease and 13
patients considered to be in complete clinical remission.

In Table XII the results for galaetose:protein ratios are compared for serum
and malignant effusions, ascites and/or pleural fluid, obtained from five
patients with progressive ovarian cancer. As noted, the serum, ascites, and
pleural fluid tend to parallel the value for the serum for each respective patient.

In our previous study of serum fucose:protein ratios involving patients with
breast cancer [24] we confirmed that the ratio was elevated in acute metabolic
and inflammatory diseases other than cancer, and demonstrated that (a) diet
(Le. fasting or non-fasting) had no effect on the ratio; (b) the ratio was elevated
in close to 90% of the patients with metastatic breast disease; and (c) the ratio
paralleled changes in tumor mass, or progression or regression after therapy.

TABLE XII

GALACTOSE:PROTEIN RATIO IN SERUM AND MALIGNANT EFFUSION FOR
PATIENTS WITH OVARIAN CARCINOMA

Patient IJ.g Galactose per mg protein

Serum* Ascites Pleural
effusion effusion

A 15.8 16.7 16.6
B 10.7 10.6
C 11.5 10.8
D 12.2 12.4
E 17.0 14.0

.. x for normal females = 6.2 (range 4.8-7.6).
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Studies to date indicate that in general both galactose:protein and mannose:
protein ratios are lower and less frequently elevated for patients with either
breast cancer or small cell carcinoma of the lung, in contrast to the fucose:pro
tein ratios. However, for patients with ovarian cancer whose disease is progres
sing, in general we have found that both galactose:protein and mannose:protein
ratios also were elevated if the fucose:protein ratios were raised.

Small cell carcinoma of the lung spreads to other organs or tissues early in
the course of disease, with frequent involvement of liver, bone marrow and
brain. However, this carcinoma responds rapidly to chemotherapy and remis
sion rates of 50-70% have been reported. Nevertheless, the carcinoma is prone
to recur and the possibility of occult disease even when the patient is consid
ered in complete remission may be great. Carcinoma of the ovary tends to
remain confined to the abdominal cavity without distant metastases. Patients,
however, are most frequently present initially with advanced disease (stage III
and IV), and it is very difficult to assess disease status early in its course or to
determine if residual tumor remains after treatment.

It is evident that additional diagnostic information is needed in the clinical
management of patients with small cell carcinoma of the lung and ovarian
cancer. These preliminary results show the great potential of the fucose,
mannose, and galactose:protein ratios in following the course of the disease.

Comments on the method
(1) The optimum times for complete reduction and acetylation of the

neutral sugars were investigated and confirmed with literature conditions [13,
27,35] .

(2) 2-Deoxyglucose was added as internal standard for calculating the neutral
sugar concentrations.

(3) 2-Deoxyribose was added to monitor the effectiveness of sample cleanup,
and losses on evaporation of acetylating reagents.

(4) A strong cation exchange resin, AG 50W-X8 (H+), was used to remove
substances that interfered in derivatization.

(5) A strong anion-exchange resin, AG 1-X8 (CH 3 COO-), removed chroma
tographic interferences.

(6) To assure accuracy and precision of this method, thoroughly mixed
samples for homogeneity and addition of exact amounts of internal standard
are mandatory.

(7) A pooled normal control sample with pre-determined neutral sugar levels
was prepared and analyzed with each group of samples (about 20) to establish
and monitor the performance of ddy-to-day analyses.

(8) The temperature for drying samples on the rotary evaporator and in
heating blocks should not exceed 60°. After samples are taken to dryness in
the heating block they should be removed immediately. Prolonged heating
causes some loss of the neutral sugars.

(9) Each day the instrument settings, RWRs, and performance are checked
and compared by injecting a standard solution.

(10) In our laboratory the Silar-7CP column has been used for more than
400 analyses without loss of separation efficiency.
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CONCLUSIONS

The potential of the neutral sugar:protein ratios (fucose, mannose, and galac
tose) as markers for clinical cancer management has been demonstrated. Initial
results for small cell lung and ovarian carcinoma showed that more than 88% of
the patients with progressive disease had elevated fucose:protein values. In con
trast, following chemotherapy more than 81% of those patients in complete or
partial remission of disease had fucose:protein ratios within the normal range.
In. post-treatment small cell lung cancer patients with recurrent progressive
disease more than 93% had elevated fucose:protein values. Thus, our studies to
date indicate that the fucose:protein ratio is a good index for following changes
in tumor burden in small cell lung and ovarian carcinoma. In general both the
galactose:protein and mannose:protein ratios are lower and less-frequently
elevated for patients with either breast cancer or small cell carcinoma of the
lung, in contrast to the fucose:protein ratio. However, for following the
progression and remission of ovarian carcinoma the sugar:protein ratios for
fucose, mannose, and galactose serve as reliable markers. This is extremely help
ful to the physician in following response to chemotherapy; as for patients with
ovarian carcinoma it is very difficult to know the disease status early in its
course or to determine if residual tumor remains after treatment.
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SUMMARY

Analytical procedures for the measurement of testosterone by mass fragmentography
(MF) using trideuterated testosterone (testosterone-19,19,19-d,) are described. For the
calculation of plasma testosterone, peak height ratios were measured by MF performed
on the molecular ions of the TFA derivative of testosterone (mle 480) and testosterone-19,
19,19-d, (mle 483). The sensitivity of the method was judged from the lower limit of
detection of the mass spectrometer which was at 10 pg. For the measurement of the pre
cision, the inter- and intra-assay coefficients of variation (C.V.) were calculated by using a
pooled plasma sample; they were 3.15% and 1.79%, respectively. The specificity was in
vestigated by the use of 5a-dihydrotestosterone and the MF method was found to afford a
highly selective technique. These results obtained by MF have been compared with the
results obtained by a radioimmunoassay method.

INTRODUCTION

The assay of steroid hormones in body tissues or fluids has been greatly
simplified by the introduction of analytical methods involving radioimmuno
assay (RIA) [1--5], enzyme immunoassay [6-8], and the competitive protein
binding technique [9-11]. There are, however, often serious restrictions to
the use of these methods in that the preparation of the appropriate antisera or
binding proteins is relatively complicated. Cross-reactivity with other steroids
is also a serious problem in achieving acceptable specificity [12-14] . Moreover,
these methods have the inherent drawback of the non-tracer technique in that
the correction for losses of a particular substance in various biological samples
in the extraction and purification procedure can not be easily made.

The usefulness of mass fragmentography (MF) in which gas chromato
graphy-mass spectrometry with a multiple ion detector (GC-MS-MID) is
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used in conjunction with stable isotope labeling has recently been of great
interest in the measurement of trace amounts of substance in biological mate
rials because of its high sensitivity and high selectivity [15-18]. In this tech
nique stable isotope (SI)-labeled carriers serve as the ideal internal standard to
correct for losses of a substance under study in the initial isolation procedures.
This MF technique provides a sensitive, specific, and reliable method for bio
logical assays.

The MF technique reported in this paper was developed from our need for
a simple, reliable and rapid method for the determination of plasma testoster
one levels in a biological sample. As the internal standard, we used testoster
one-19,19,19-d3 (testosterone-19-d3 ), synthesized in our laboratory [19].
We compared the MF technique for the determination of male plasma testos
terone with a radioimmunoassay method used in routine work.

MATERIALS AND METHODS

Chemicals
Testosterone-19,19,19-d3 (testosterone-19-d3 ) was synthesized in our

laboratory as described previously [19]. The isotopic composition was 99.0
atom% deuterium (d3 , 97.8%; d 2 , 2.2%; d 1 , 0.0%). Non-labeled testosterone
was purchased from Tokyo Kasei Kogyo, Tokyo, Japan (reagent grade) and was
recrystallized from n-hexane-acetone before use.

Mass fragmentography
MF measurements were made with a Shimadzu LKB-9000B gas chromato

graph-mass spectrometer equipped with a Shimadzu high-speed multiple ion
detector-peak matcher 9060S. The electron energy was set to 20 eV and the
trap current to 60 JiA. The MID was focused on the ions at m/e 480 and
m/e 483 and the peak height ratio was determined. GC was performed on a
glass column (2 m X 3 mm J.D.) packed with 1.5% OV-1 on Shimalate W
(80-100 mesh). The column temperature was 2300 and the temperature of
the flash heater and the separator was 2500

• The temperature of the ion source
was 2700

• Helium carrier gas flow-rate was about 30 ml/min. The recordings
were made on a Shimadzu two-pen recorder R-12M, the chart speed being
10 mm/min.

Preparation Of calibration curve
To each of four standards containing 2-20 ng of testosterone in 20 Jil

of ethanol, 10 ng of testosterone-19-d3 dissolved in 20 Jil of ethanol were
added. After evaporation of the solvent, each standard was dried in an evacu
ated desiccator. To each sample was added 200 Jil of trifluoroacetic anhydride
(reagent grade: Wako, Osaka, Japan). After standing for 30 min at room
temperature, excess trifluoroacetic anhydride was removed under a stre.am
of nitrogen and the residue was dissolved in 50 Jil of n-hexane. A 2-5 Jil
volume of the above n-hexane solution was analyzed by GG--MS.
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in 20,111 ethanol and the plasma was allowed to stand for 30 min at room tem
perature. After adding 40 ,111 of 3 N NaOH, the plasma sample was extracted
with 3 X 3 ml of diethyl ether. The diethyl ether phase was collected, washed
with 1 ml of 5% acetic acid and then with 1 ml of water, and dried over anhy
drous sodium sulphate. After evaporating the solvent, the residue of the diethyl
ether extract was dissolved in 5 ml of 70% aqueous methanol and stored at
-150 for 1 h. After centrifugation to remove plasma lipids, the upper layer
was decanted and evaporated to dryness. The residue was then dissolved in
chloroform and subjected to thin-layer chromatography (TLC) on Kieselgel
60F254 plates (0.25 mm thickness; Merck, Darmstadt, G.F.R.). The TLC plate
was developed with chloroform-ethyl acetate (4: 1, v/v) and the UV positive
zone corresponding to standard testosterone with an RF value of 0.3 was
scraped off. Testosterone was eluted with 5 ml of chloroform and 5 ml of
ethyl acetate in turn and the organic solvents were evaporated. The residue
was dried in an evacuated desiccator. The trifluoroacetate (TFA) derivative
was formed by reacting the residue with trifluoroacetic anhydride as described
above and 2-5,111 of the sample was subjected to GC-MS.

Determination of accuracy
Testosterone in amounts of 1.93, 4.83 and 9.66 ng dissolved in 20 ,111 of

ethanol was added to 1.0 ml aliquots of pooled male plasma. The testosterone
content of the pooled plasma was 5.86 ± 0.02 (S.D.) ng/ml in triplicate deter
minations. After preparation of the sample for MF as described above, the
observed peak height ratio of mle 480 to mle 483 was determined in triplicate.

Radioimmunoassay
Plasma testosterone was determined by an RIA method using a commercial

kit from Cea Ire Sorin (Gif-Sur-Yvette, France). For the extraction of testos
terone from plasma samples, 0.05 ml of plasma was used for each sample pre
paration.

RESULTS AND DISCUSSION

The availability of MF and of testosterone-19-d3 synthesized in our labora
tory enabled us to develop a method for measuring human plasma testosterone.

Considerations for MF analysis
Preparation of TFA derivative. F~g. 1 shows the mass spectra of testosterone

19-(h and testosterone-19-d3 -diTFA. In the mass spectrum of testosterone
19-d3 (Fig. lA) the relative abundance of the molecular ion (mle 291) was
about 6.5%. In the mass spectrum of testosterone-19-d3 -diTFA (Fig. IB),
on the other hand, the relative abundance of the molecular ion (mle 483)
was as high as 33%. Therefore it would be an advantage to make the TFA
derivative for the MF analysis to obtain higher sensitivity. The preparation of
testosterone-diTFA requires only a simple derivatization step. There was only
a single peak deri~ed from the TFA derivative and no other peaks were seen
in the gas chromatogram. Furthermore as pointed out by Vestergaard, et al.
[20], the specificity of the assay for testosterone was such that TFA deriva-



532

100

~ 100 j'
~ 50

w
~

O I . I. 1iii ( j IiI i

50 100

50 100

200

(A)

200

(B)

300

16.2

300
m/e

400 500

33.2

m/e

Fig. 1. Mass spectra of: (A) testosterone-19-d 3 ; (B) diTFA derivative of testosterone-19-d
3

•

tives of possible interfering steroids such as 17-oxo steroids, dihydrotestoster
one, and epitestosterone did not interfere in the assay under the conditions
of the present assay.

For the quantitative analysis of testosterone in plasma, the MF analysis
was performed using the TFA derivatives by measuring the abundant molecular
ions of m/e 480 for testosterone-diTFA and of m/e 483 for testosterone-19
d 3 -diTFA. The peak height ratio was then measured.

Extraction and purification. In the extraction procedure of blood samples
it was necessary to eliminate lipids present in plasma, since these interfered
with the MF analysis. This required the storage of a 70% methanol solution
of the ether extract at -150 for 1 h. Under the GC conditions employed, the
retention time of cholesterol was about 30 min. A purification step by TLC
was· useful in eliminating cholesterol from the blood sample and it allowed
us to reduce the MF analysis time.

Fig. 2 shows the mass fragmentogram from the plasma extract with record
ings of the peak intensities of the molecular ions for testosterone-diTFA
(m/e 480) and testosterone-19-d3 -diTFA (m/e 483). The assay was performed
by adding about 10 ng of the deuterated internal standard (testosterone-19-d3 )

to the plasma sample. The retention times of testosterone-diTFA and testos
terone-19-d3 diTFA were the same (about 4 min) and there was no interference
in the molecular ion peaks by contributions from other materials in the plasma
extract at these masses.

Sensitivity. The sensitivity of the determination procedures described here
was judged based on. the signal-to-noise ratio. The lower limit of detection
of the mass spectrometer was 10 pg for testosterone as shown in Fig. 3.

Calibration curve. Known mixtures of testosterone and testosterone-19-d 3

were prepared so that the sample size (2-5 Ill) injected into the gas chromato
graph-mass spectrometer covered the testosterone range of 200 pg-2 ng
with a fixed amount (1 ng) of testosterone-19-d 3 • Each mixture was then
analyzed as the TFA derivative, focussing on the molecular ions at m/e 480
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Fig. 2. Mass fragmentograms of testosterone-diTFA and testosterone-19-d, -diTFA after
processing from plasma sample.

Fig. 3. Sensitivity.

for testosterone and m/e 483 for testosterone-19-d3 • There was a good cor
relation between the mixed molar ratio and the observed peak height ratio
as shown in Table 1.

The peak height ratio was plotted against the molar ratio of testosterone to
testosterone-19-d3 and a calibration curve was obtained. The curve was rectilin
ear for molar ratios 0.2-2.0. Least-square analysis of the observed ratio gave
a regression line with a slope coefficient of 0.9999.

As internal standards in the MF analysis of plasma or serum testosterone
levels, isotopically-labeled testosterones such as deuterated testosterone pre
pared by the exchange reaction with deuterium oxide [21], testosterone-4
14C [22], and testosterone-1,2,6,7-3H [20] have been used. However, the
presence of non-labeled testosterone in these labeled compounds requires
relatively complicated correction techniques for the observed peak height
ratio. The deuterated testosterone used in the present study, on the other
hand, served as the ideal internal standard for quantitative determinations
because of the absence of non-deuterated testosterone (the isotopic compo
sition of testosterone-19-d3 was 97.8% for d 3 , 2.2% for d2 , and 0.0% for d 1 ).

Therefore, the use of our deuterated testosterone has the advantage over the
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deuterated internal standard with lower isotopic purity or the commercially
available radioisotope-labeled testosterones.

The difference in mass number between the non-labeled and the labeled
testosterone (testosterone-19-d3 ) was three and this was appropriate for the
precise assay of plasma testosterone.

Accuracy. Testosterone in amounts of 1.93, 4.83, and 9.66 ng was added to
1.0-ml aliquots of pooled male plasma. The amount of testosterone in these
samples was then measured by the present method. The testosterone content
in the pooled plasma measured in triplicate was 5.86 ± 0.02 ngjml. The results
presented in Table II show that the amounts of testosterone added were in
good agreement with the amounts of testosterone measured, the relative error
being less than 2.0%.

Comparison of results by MF and RIA
The reliability of the present MF method was determined by measuring the

testosterone content in a pooled plasma sample divided into 17 aliquots of
1.0 ml. The results were then compared with those from an RIA method used
in routine work, as shown in Table III. The mean testosterone concentrations
of the pooled plasma from a healthy male were 6.22 ± 0.19 ngjml for the
MF method and 6.34 ± 0.84 ng/ml for the RIA method. These values were
essentially identical and were within the reported "normal" range of plasma
testosterone levels (3.6-11.7 ngjml) [23]. The inter-assay coefficients of
variation (C.V.) obtained with pooled plasma divided into 17 samples were

TABLE I

RELATIONSHIP BETWEEN MIXED MOLAR RATIO ADDED TO PLASMA SAMPLE
AND OBSERVED RATIO DETERMINED BY MASS FRAGMENTOGRAPHY

Mixed ratio*

0.1954
0.4886
0.9772
1.9544

Observed ratio**

0.1998 ± 0.0021
0.4912 ± 0.0085
0.9884 ± 0.0197
1.9793 ± 0.0274

*Molar ratio of testosterone to testosterone-19-d 3 •

**Mean ± S.D. of triplicate measurements.

TABLE II

ACCURACY OF MASS FRAGMENTOGRAPHY ANALYSIS OF TESTOSTERONE IN
PLASMA

Added Expected Found (ng) Relative
(ng) (ng) Individual values* Mean ± S.D. error (%)

5.88 5.86 5.83 5.86 ± 0.02
1.93 7.79 7.63 7.76 7.57 7.65 ± 0.08 -1.84
4.83 10.69 10.78 10.35 10.48 10.53 ± 0.18 -1.49
9.66 15.52 15.19 15.51 15.72 15.47 ± 0.21 -D.32

*Each individual value represents the mean of triplicate measurements.
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TABLE III

MEASUREMENT OF TESTOSTERONE IN POOLED MALE PLASMA BY MF AND RIA

No. MF*
(ng{ml)

RIA**
(ng{ml)

1 6.50 ± 0.28
2 6.07 ± 0.11
3 6.45 ± 0.06
4 5.99 ± 0.11
5 6.51 ± 0.08
6 6.14 ± 0.16
7 6.14 ± 0.03
8 6.12 ± 0.08
9 6.32 ± 0.12

10 6.06 ± 0.09
11 5.94 ± 0.07
12 6.02 ± 0.12
13 6.59 ± 0.13
14 6.13 ± 0.21
15 6.17 ± 0.09
16 6.42 ± 0.06
17 6.15 ± 0.02

Mean 6.22
inter-C.V. (%) 3.15

5.22
8.01
7.44
6.99
5.70
7.29
6.93
5.70
6.72
7.44
6.54
5.85
5.43
5.64
5.37
5.88
5.70

6.34
13.38

*Each value represents the mean ± S.D. of triplicate measurements: the mean intra-assay
C.V. was 1.79% in 17 triplicate measurements.
**Each assay was made by duplicate measurements.

3.15% for the MF method and 13.38% for the RIA method. The intra-assay
precision for the MF method, as calculated from triplicate analyses of each
plasma sample, was excellent (C.V. = 1.79%). These results confirmed the
assay reliability of the present MF method.

The inter-assay C.V. for the RIA method was about 10% higher than that
for the MF method. The main reasons for this difference may be that in the
RIA method: (1) a check on the purification yield for each sample can not be
made; (2) errors involved in the more frequent pipetting are significant; and
(3) the reproducibility of the curvilinear standard curves on repetitive assays is
relatively poor.

The usefulness of the present MF techniques is that it was not necessary
to take into account the correction for the purification yield, since deute
rium-labeled testosterone was used as the internal standard. In addition, it was
also advantageous that the calibration curve was linear and easily constructed.
The reproducibility of the curve was excellent. Moreover, identity of the
compound under study can be confirmed, not only by selecting the molecular
ion, but also by selecting other suitable fragment ions.

The accuracy of analytical procedures must depend largely on the specifici
ty of the assay. Anti-testosterone sera normally display a marked degree of
crossreactivity toward 5a-dihydrotestosterone [2--4]. The specificity of the
assay for testosterone was investigated by adding known amounts of 5a-dihy-
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drotestosterone (0.5, 2.5, 5.0, 10.0 ng) to pooled plasma. The testosterone
content in the plasma samples was then measured by the MF and RIA methods.
The results are shown in Fig. 4. It is obvious that the MF method was highly
specific in measuring plasma testosterone. In the RIA method, however, cross
reactivity toward 5a-dihydrotestosterone was significant.
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"Fig. 4. Specificity of MF (.) and RIA (6). Each value represents the mean of triplicate
measurements.

To summarize, the MF method described here afforded a sensitive and
reliable technique to measure plasma testosterone. Specificity was high because
the GC--MS system was used to separate and to detect specifically the com
pound in question. To analyze 20 plasma samples, the entire assay could be
completed in 2112 working days, requiring one working day more than in the
RIA method reported by Furuyama et al. [2]. However, pipetting is neces
sary only twice in the MF method described here and thus the practicability
of this method is comparable to that of RIA.
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SUMMARY

A gas-liquid chromatographic-mass spectrometric procedure is described for the assay
of dimethyltryptamine (DMT) in whole blood. The use of a glass capillary column in com
bination with selective ion monitoring results in an assay with a high degree of specificity
and sensitivity. 5-Methoxy-DMT is used as an internal standard and carrier in the isolation
procedure. The superior resolving characteristics of the capillary column (as compared to
previously employed packed columns) allows monitoring of the intense m/e 58 ion arising
from the DMT side-chain. A sensitivity limit of 10 pg/ml blood is realized with a 10-ml
blood sample.

INTRODUCTION

Gas-liquid chromatography-mass spectrometry (GLC-MS) is a specific,
sensitive analytical technique for determining concentrations of drugs [1, 2]
and endogenous compounds [3] in various states of health and disease [4].
The use of GLC-MS in psychiatric disorders is particularly important as en
dogenous compounds of interest are frequently present in low concentrations
and specificity is of considerable concern. This is particularly true for dimethyl-



540

tryptamine (DMT) and its potential role in schizophrenia. The indoleamine
DMT is a known psychotomimetic agent [5-7], and has been reported to be
present in human blood and urine [8-12]. Moreover, an enzyme system
capable of forming DMT has been demonstrated to be present in man [13-16].

In 1973 we reported on a GLC-MS isotope dilution assay with a sensitivi
ty of 1 ng/ml for measuring DMT in human plasma [12]. Using this assay, we
found no differences in DMT plasma concentrations between groups of nor
mals, chronic schizophrenics, acute schizophrenics, and psychotic depressives
[17]. In fact, we were unable to detect DMT in plasma at all except in one
normal and one psychotic depressive. Subsequent studies by Bidder et al.
[18] and Lipinski et al. [19] reported finding DMT in blood and urine in a
limited number of patients with psychotic illnesses. Kaplan et al. [20] ob
served that DMT blood concentrations following administration of a psycho
active DMT dose (0.7 mg/kg) to human subjects were low, peaking at less than
100 ng/ml at ten minutes post-dose (the time of the greatest subjective re
sponse) and dropping off rapidly thereafter.

One possible explanation for the failure to find a correlation between
blood concentrations of DMT and schizophrenia may be that endogenous
DMT concentrations are exceedingly small. Any differences in DMT concen
trations between normals and schizophrenics would be missed if the higher
level were still below the detection limit of the assay employed. Several refine
ments in the original assay procedure improved the detection limit to 0.05
ng/ml whole blood. Using this modified assay procedure Angrist et al. [21]
found no statistically significant differences in DMT concentrations between
psychiatric patients and control subjects. In this study 50% of the patients
and 40% of the controls gave measurable DMT concentrations. In the work
described here, the assay procedure has been modified extensively, resulting
in a practical sensitivity limit for DMT of 10 pg/ml whole blood.

EXPERIMENTAL

Internal standard
5-Methoxy-N,N-dimethyltryptamine (5-0CH3 -DMT, 99% pure; Aldrich,

Milwaukee, Wisc., U.S.A.) was used as an internal standard. A solution con
taining 100 ng of 5-0CH3 -DMT per 10 I.d methanol was prepared for intro
duction of the internal standard.

Gas-liquid chromatography-mass spectrometry
A Finnigan Model 3200 GC-MS instrument equipped with a 6110 computer

system was used. The chromatographic conditions were as follows: glass
capillary column, 18 m X 0.33 mm, coated with SE-30; oven temperature,
2000

; injection port temperature, 2600
; carrier gas (helium) flow-rate ca. 2

ml/min; retention time of trimethylsilyl (TMS) derivative of DMT, 6.8 min,
and that of 5-0CH r DMT TMS derivative, 13.7 min. The mass spectrometer
was operated using the following conditions: ionizing potential, 70 eV; emis
sion current, 0.8 mA; electron multiplier, 1800 V. Measurements were per
formed by selective ion monitoring, focusing the spectrometer upon the ions
m/e 58 for DMT and m/e 232 for 5-0CH3 -DMT.
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Extraction procedure and derivative formation
The internal standard (100 ng) was added to 10 ml of whole blood and

equilibrated with a Vibra-stirrer. Extraction with chloroform (2 X 15 ml) was
then carried out after pH adjustment with 2.5 ml of 1 N ammonium. hydrox
ide. The combined chloroform phases were filtered (Whatman No.2 paper),
reduced to 0.5 ml with a stream of nitrogen, and extracted with 1 ml of 0.5
N HCl. The aqueous phase was then washed with chloroform (3 X 1 ml),
made alkaline with 0.4 ml of 2.5 N sodium hydroxide, and extracted with
chloroform (2 X 1.0 ml). The chloroform was evaporated and the residue
transferred with methanol to a micro derivatization vessel (Pierce micro re
acti-vial or equivalent). Derivatization was effected by treating the isolate
with 10 J-LI of bis-trimethylsilyltrifluoroacetamide (BSTFA) and pyridine
(4:1, v/v) at 70° for 10 min.

Calibration standards
Calibration mixtures were prepared, each containing 100 ng of 5-0CH r

DMT and DMT levels up to 1000 pg. A working curve was. constructed by
plotting the ratio of the peak height intensities of the two ions of interest,
158 /1232 , vs. the amount of DMT present in the mixture.

RESULTS AND DISCUSSION

The mass spectrum of DMT-TMS (Fig. 1) is dominated by the base peak,
CH2 =N (CH 3 h , m/e 58. Other pertinent but much less intense ions are M-58
(m/e 202) and M (m/e 260). The internal standard for this assay is 5-0CH3 

DMT, which has a retention time (as the TMS derivative) twice that of DMT
TMS. The mass spectrum of the internal standard (Fig. 2) is characterized by
an intense m/e 58 ion (base peak) and ions at m/e 232 (M-58) and 290 (M).
The internal standard is added in relatively large amount (100 ng) to serve
also as a carrier in the isolation procedure. Monitoring of the m/e 58 ion for
both DMT and the internal standard is not possible, as the effective dynamic
range of the computer is not sufficiently great. Rather, the m/e 232 (M-58)
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Fig. 1. Mass spectrum of DMT-TMS.
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Fig. 2. Mass spectrum of 5-0CH3 -DMT-TMS.

ion from 5-0CHr DMT is used for this purpose. We found that, unlike packed
column chromatography, adsorption losses with capillary columns are mini
mal. As little as 4 pg of DMT can be detected as its TMS derivative when
monitoring the m/e 58 ion, wheras with packed column injection, at least 50
pg is required. Splitless injection is used for sample application to the capil
lary column so that the entire sample is analyzed. Aliquots of derivatized
isolates containing approximately 5-10 ng of internal standard are injected
into the capillary column for each measurement; a 30--40%
total isolation efficiency allows multiple injections of each isolate for replicate
analyses.

Ion response plots for the internal standard and a mixture of DMT and
internal standard are shown in Fig. 3. The m/e 58 ion response is monitored
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Fig. 3. Ion response plots of internal standard (top panel) and a 500 pg/IOO ng mixture
of DMT and internal standard (bottom panel).
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during the first half of the analysis (0-8 min). The computer then switches to
the m/e 232 ion for the latter half of the analysis to record the response from
the internal standard. The retention time for DMT-TMS (6.8 min) corresponds
to scan number 415; for the internal standard the corresponding values are
13.7 min and scan number 820. The response at scan number 390 observed
with these standard mixtures results from a reagent component which does
not interfere with the analysis. A linear response was obtained for up to 1000
pg DMT with the prepared standards (see Experimental section). Replicate
values on the 50-pg standard gave a coefficient of variation of 16.2% (n = 5).

To evaluate the possibility of interfering substances yielding the m/e 58
ion, several 10-ml aliquots of control blood were carried through the isolation
procedure and analyzed for DMT. Essentially no response was observed at the
DMT retention time (Fig. 4). Similar experiments with control blood spiked
with DMT gave positive results (see Fig. 5). In a related experiment, 40 ml
of control blood were spiked with 50 pg DMT per ml blood. The assay was
carried out on four 10-ml aliquots. Results are shown in Table 1.

The assay procedure has been used to evaluate DMT levels in whole blood
(both arterial and venous) from schizophrenic patients. The results of this
study for arterial and venous blood from the same patients are listed in Table

m/e 58 m/e 232

100 200 300 400 500 600 700
I

800 900 1000

Scan Number

Fig. 4. Ion response plot of control blood isolate.

m/e 58 m/e 232

100 200 300 400 500 600 700 800 900 1000

Scan Number

Fig. 5. Ion response plot of an isolate of control blood spiked with 50 pg DMT per ml blood;
the response corresponds to 42 pg{ml blood.
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TABLE I

ANALYSIS OF CONTROL BLOOD SPIKED WITH DMT (50 pg/ml)

The DMT found is the average result from two injections in each case.

Sample No.

Control (unspiked)
1
2
3
4
Mean
a
C.V. (%)

*Found < 10 pg/ml.

DMT found (pg/ml)

0*
48
48
44
56
49

5.0
10.3

II. Absolute values ranged from a high of 118 pg/ml to undetectable amounts
« 10 pg/ml) in three patients. Entry 9-A shows the results obtained with
blood samples from patient number 9 to which DMT had been added at 60 pg/
ml (blind spike). The observed values are in excellent agreement with theory.
Fig. 6 illustrates a positive result obtained with this study; for this patient a
DMT concentration of 18 pg/ml was found.

The increased sensitivity (10 pg/ml using a 10-ml blood sample) of this
assay compared with the sensitivities (1 ng/ml and 50 pg/ml) using 10-ml
blood samples) of those previously published [12,21] arises from a number of
factors. Use of a capillary column with its inherently greater resolving power
when compared with that of a packed column reduces the possibility of im-

TABLE II

ANALYSIS FOR DMT IN BLOOD FROM SCHIZOPHRENIC PATIENTS

DMT found is the average result from two injections in each case.

Patient No. DMT found (pg/ml)

Arterial Venous

1 24 40
2 84 70
3 118 103
4 0* 0
5 24 21
6 29 0
7 23 18
8 0 0
9 0 0
9-A** 61 65

*Found <10 pg/ml.
**Blood from patient No.9 to which DMT was added (blind spike) at 60 pg/ml.
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Fig. 6. Ion response plot of an isolate from a schizophrenic patient; the response corre
sponds to 18 pgjml blood.

purity interference. Sunol and Gelpi [22], for example, have employed
capillary column GLC in the analysis of several indoles. A factor of 100
is observed between the intensities of the base peak (m/e 58) and the
molecular ion (m/e 260) in the mass spectrum of DMT-TMS (Fig. 1). The
former is thus, from a sensitivity standpoint, a much more attractive ion than
the latter, which is the ion monitored in our earlier packed column assays
[12, 21]. The greater separating power of a capillary column allows the moni
toring with confidence of the intense m/e 58 ion (arising from the DMT side
chain fragmentation), even though this low mass ion could arise from a variety
of contaminants. GLC peaks from a capillary column are sharper because of
greater column efficiency; increased sensitivity is thus realized with this greater
peak height per unit mass. The combination of all these factors results in a
practical sensitivity of up to 100 times greater than those assays previously
reported [12,21] .
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AN IMPROVED AND EASY TECHNIQUE FOR POLYAMINE
DETERMINATION IN BIOLOGICAL SAMPLES
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SUMMARY

An accurate, improved cation-exchange chromatographic method using o-phthalaldehyde
and ultraviolet detection at 280 nm for the determination of free polyamines (putrescine,
spermidine, spermine) has been developed. Different samples, such as the 105,000 g super
natant of reticulocyte or heart muscle, and KCI ribosomal wash containing initiation factors,
can be analysed. The minor modification of reagents results in a good precision and sensitivi
ty, which is demonstrated by a relative standard deviation of 5-9% and recoveries of 98%.
This technique is of particular interest because it allows polyamine determination in biolog
ical samples with high concentrations of salt.

INTRODUCTION

In many situations such as heart hypertrophy, cell growth, or regenerating
rat liver, the polyamine pool increases within a few hours of either chemical
or pharmacological treatment [1, 2].

Polyamines are involved in many steps of the replication and transcription
processes. Because of their polyanionic nature they interact with DNA and
RNA and increase protein synth~sis in cell-free systems [3--6]. The stimula
tory effects occurring under such conditions could be due to a rapid accumula
tion of newly synthesized free polyamines [7] .

Therefore the relationship between these molecules and the events involved
in the regulation of cell growth or differentiation requires an improvement of
the sensitivity of the analytical and quantitative techniques for polyamine
determination in biological samples.

*Groupe U 15 de l'Institut National de la Sante et de la Recherche Medicale, Laboratoire
Associe No. 85 au Centre National de la Recherche Scientifique.
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High-speed amino-acid autoanalysers coupled with continuous fluorescence
monitoring allow a good quantitative separation [8-11]. Other methods such
as gas chromatography, mass spectrometry or radioimmunoassay [12] are fast
and sensitive. However, all these techniques require sophisticated equipment
which might not be available in all laboratories for routine analysis. Moreover,
common quantitation techniques involving butanol extraction before high
voltage paper electrophoresis or thin-layer chromatography, followed by
specific staining, are very dependent on ionic strength and might result in an
underestimation of the amount of polyamine [13] .

This paper describes a simple specific method which requires neither ex
pensive instrumentation nor many extraction steps. We have developed an easy,
efficient procedure which can be applied to biological samples of high ionic
strength, utilizing a cation-exchange chromatographic method for separation,
and o-phthalaldehyde (OPA) for detection (because of its good aqueous solubil
ity and high sensitivity), followed by detection of the reaction by their absor
bance at 280 nm.

The serisitivity of this method was sufficient to enable us to establish a rela
tionship between induction of cardiac hypertrophy induced by L-triiodothy
ronine (T3) treatment and the amount of free polyamines in different cell
compartments.

EXPERIMENTAL

Reagents
Putrescine, sarcosine, spermidine and spermine from Sigma (St. Louis, Mo.,

U.S.A.) were dissolved in water to make 10 mM stock solutions which were
kept at 4°. More dilute solutions were not stable. All reagents used for the
buffers were from Merck (Darmstadt, G.F.R.), except o-phthalaldehyde (OPA),
which was obtained from Sigma or from Fluka (Buchs, Switzerland), and fluo
rescamine which was a gift from Roche (Basel, Switzerland). Buffers for the
fluorescamine solution and reaction were prepared according to the description
of Felix et a!. [14]. The method and buffer when OPA was used, were as de
scribed in refs. 15 and 16 with some modifications.

For the assays with different buffers and pH conditions the reagent was
prepared with 1 M boric acid, adjusted to pH 10.3 with 2 M potassium hydrox
ide, then j3-mercaptoethanol was added to 1:1000, and Brij 30% to 1.5:1000.
The OPA, dissolved in a few millilitres of methanol, was diluted in the buffer
to a final concentration of 40 mg/m!. Under these conditions the pH is kept at
9.8-10.

The reaction mixture has a final volume of 2 ml; 1 ml of the reagent solution
is added to the samples of polyamines. Phosphate or pyridine buffer is, in some
cases, added to obtain the desired pH. The volume of the sample never exceeds
0.5 m!.

For chromatography and assays with Kel, OPA is at a concentration of 125
mg/ml in 0.5 M boric acid dissolved in 2 M potassium hydroxide to give pH
10.2. Brij 30% is then added at 1.5: 1000 and j3-mercaptoethanol at 1: 1000,
then 0.16 M pyridine-acetic acid buffer from a 2 M (pH 5.5) stock solution
is added to obtain a final pH of 8.65--8.7. The stability under nitrogen is very
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good for many days. After 45 min reaction, the loss of absorbancy was 2%
lower than after 25 min.

Tissue extracts, preparation of polysomes and initiation factors
Polysome and reticulocyte initiation factors were prepared as described

previously [17]. The ribosomes and soluble fractions from normal and treated
rat hearts (daily intraperitoneal injection of T 3 at the dose of 15 Ilg per 100 g)
were prepared as previously described [18], except that phosphate buffer (pH
7.6) was used instead of Hepes buffer.

The initiation factors were prepared according to the method of Heywood
and Rich [19] ; however, the ribosomes were washed for 1 h at 4°.

Polyamine extraction
The supernatant and the crude initiation factors were dialysed for 24 h at

4° against 20 volumes of distilled water. The dialysate was lyophilized and re
dissolved in water. KCl was precipitated with 1 M perchloric acid while the pH
was kept above 4.0, and removed by centrifugation at 2500 g for 10 min.
An aliquot of the supernatant was applied to a Dowex column.

Chromatography
A 0.5 X 9 cm column was packed with Dowex 50W-X4, 200-400 mesh,

from Bio-Rad Labs. (Richmond, Calif., U.S.A.). The first step of the analy
sis of the polyamines on this cation-exchange column is as described by Katz
and Comb [20] for the separation of nucleosides. The experimental procedure
is given in Fig. 1A and B. After regeneration of the column, the sample is
applied onto the column in 0.05 M HCl. The column is washed for 0.5 h with
water then with 20 roM phosphate (pH 8.0) for 0.5 h, and finally equilibrated
with 20 mM phosphate-0.5 M KCl buffer for 1 h. The polyamines are eluted
with 30 ml of a linear KCl gradient from 0.5 to 3.0 M in 20 mM phosphate
buffer. Putrescine is eluted at 1.3 M KCl, spermidine at 2.25 M KCl and sper
mine at 2.75 M KCl (Fig. 1B).

Automatic monitoring was obtained, as shown in Fig. lA, using an Isco
spectrophotometer (absorbance monitor U A4 ) with a standard flow-cell of
76 III illuminated volume and an Isco 950 digital integrator.

RESULTS AND DISCUSSION

Recovery of polyamines and accuracy
Known amounts of polyamines were loaded on the Dowex column and elu

ted. The areas under the peaks were determined with the 950 Isco integrator.
Areas and concentrations are related in Fig. 2. The standard plots in Fig. 2
were used afterwards in all the biological experiments. The relative standard
deviation is less than 9% for putrescine, 7% for spermidine and 5% for sper
mine. Recovery was between 90 and 98% and was determined by adding
known amounts of polyamines to the biological samples. Reproducibility is
good when the ionic concentration does not exceed 1.0 111, whatever the
biological fluid. Other amines such as lysine, arginine or sarcosine do not inter
fere.
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Fig. 1. Calibration experiments: chromatography on Dowex 50W-X4 with automatic moni
toring at 280 or 335 nm. (A) Experimental procedure. Flow-rates: gradient mixer (A),
9.54 ml/h; reagent (B), 19.2 ml/h; nitrogen (C), 9.54 ml/h; final effluent (D), 25.2 ml/h.
(B) Elution curve obtained by cation-exchange liquid chromatography of a calibration
mixture of 62.5 nmoles of each polyamine. Elution gradient was 0.5-3.0 M KCl in 20 mM
phosphate.
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Fig. 2. Standard curves for determination of polyamines: quantitation of putrescine (e );
spermidine ( ... ); and spermine ( • ). Peak areas (expressed in arbitrary units) were plotted
against known amounts of polyamines (in nmoles).
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Choice of reagents and wavelength
According to Benson and Hare [21], OPA in the presence of 2-mercapto

ethanol reacts with primary amines to form highly fluorescent products, the
nature of which has not yet been determined. In contrast, neither OPA nor
fluorescamine forms fluorophors with secondary amines.

We have examined the reaction of fluorescamine and OPA with three poly
amines of biological interest; putrescine, spermidine and spermine. The two re
agents have been compared for sensitivity and reaction rates when used in ten
fold excess: OPA is seven and five times more sensitive than fluorescamine
with spermidine and spermine, respectively (Fig. 3). Similar results have been
published by other authors [9,21,22] .

Fig. 4 shows that spermidine and spermine have two significant absorbance
levels, at 335 nm, used for fluorescence detection, and at 280 nm. The molar
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Fig. 3. Ultraviolet and visible spectra of reaction products of spermine 5.0 X 10-4 M with
fluorescamine ( - - - - ) and spermine 1 X 10-4 M with o-phthalaldehyde (--). Fluoresca
mine and OPA are in tenfold excess. Spectra are recorded against blanks containing reagents
alone. Equilibrium is reached immediately with fluorescamine and after 15 min with OPA.
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Fig. 4. Ultraviolet and visible spectra of the reaction products of o-phthalaldehyde with
spennine 1 X 10-4 M ( - - - - -) and spermidine 1 X 10- 4 M (---).

extinction coefficient after 20-min reaction of OPA and the three polyamines
(Table I), indicates that for spermine in particular, the sensitivity is higher at
280 nm than at 335 nm.

Kinetics of the reaction in phosphate buffer
In 50 rnM phosphate (pH 8.0, which gave a pH of 9.8 in the final reaction

mixture), with each of the three polyamines examined we observed a hypo
chromicity at 280 nm and at 335 nm, both reaching a plateau after 20---25
min (Figs. 5-7).

Kinetics of the reaction in pyridine buffer
As polyamines were isolated on a eM-cellulose column, eluted with a 0--0.5

M pyridine-acetic acid gradient, it was necessary to determine the influence of
this buffer on the OPA reaction [9]. There is still hypochromicity at 335 nm
with spermine and spermidine (~igs. 5 and 6), but a hyperchromic effect ap
pears with putrescine at this wavelength (Fig. 7). A plateau is reached faster
than in phosphate buffer.

All these results, summarized in Table I, show that the best sensitivity for
the determination of spermine in pyridine buffer is obtained at 280 nm, where
as for spermidine and putrescine there is little difference compared with
determination in phosphate buffer.

The major advantage is the better sensitivity in spermine determination,
which is the more interesting problem from a biological point of view.
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Fig. 5. Kinetics of the reaction of spermidine 1 X 10-4 M with tenfold excess of OP A. Phos
phate buffer (50 mM, pH 8.0; final pH 9.8) at 335 nm (A) and 280 nm (.). Pyridine-acetic
acid buffer (250 mM, pH 5.0; final pH 8.6) at 335 nm (6) and at 280 nm (0).
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Fig. 6. Kinetics of the reaction of spermidine 1 X 10-4 M with OPA. Phosphate buffer (50
mM, pH 8.0; final pH 9.8) at 335 nm (A) and at 280 nm (.). Pyridine-acetic acid buffer
(250 mM, pH 5.0; final pH 8.6) at 335 nm (6) and at 280 nm (0).
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Fig. 7. Kinetics of the reaction of putrescine 1 X 10-4 M with OPA. Phosphate buffer (50
mM, pH 8.0; final pH 9.8) at 335 nm (... ) and at 280 nm (.). Pyridine-acetic acid buffer
(250 mM, pH 5.0; final pH 8.6) at 335 nm (6) and at 280 nm (0).

TABLE I

COMPARISON OF OPA REACTION PRODUCTS WITH POLYAMINES IN TWO BUF
FERS AND AT TWO WAVELENGTHS

Reaction time, 20 min. Buffers: 50 mM phosphate (final pH 9.8); pyridine-acetic acid, 250
mM (final pH 8.6).

Molar absorbance index (M-' . cm-' . 10- 5 )

Phosphate buffer Pyridine buffer

335 nm 280 nm 335 nm 280 nm

Putrescine
Spermidine
Spermine

63.5
59
35

70
48
37.5

78.5
24.5
'14.5

60
31
50.5

Influence of ionic strength, pH, and nature of the ions
The ionic strength conditions are those of the chromatographic conditions

on Dowex 50W-X4, and elution by a linear 0.5---3.0 M KCI gradient (Fig. IB).
Actually, this chromatographic procedure was chosen because it was not possi
ble to use CM-cellulose without butanol extraction when analysing biological
samples.

20 mM phosphate buffer with KCl. It can be seen from Fig. 8 and Fig. 9A
that strong hypochromicity at 280 nm is accompanied by hyperchromicity at
335 nm for spermine and spermidine.
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Fig. 8. Ultraviolet and visible spectra in 20 mM phosphate buffer, of reaction products of
OPA with: (A) spermidine 1 X 10-4 M with 2.0 M KCl (---), without KCl (- - - - -); and
(B) spermine 1 X 10-4 M with 3.0 M KCl (---), without KCl ( - - - - -).
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Fig. 9. Ultraviolet and visible spectra of reaction products of OPA with: (A) putrescine, 1 X

10-4 M in 20 mM phosphate buffer, with 1.5 M KCl ( ), without KCl ( - - - - . );
(B)" pyridine-acetic acid 160 mM (final pH 8.5) (polyamine concentration 1 X 10-4 M). (0),
Putrescine with or without KCl, 1.5 M; (.), spermidine with or without KCl, 2.0 M; ( - - - ),
spermine with 3.0 M KCl; (---), spermine without KCI.
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When varying the pH with acetic acid in the above conditions, putrescine
has a higher absorbancy at a slightly alkaline pH, whereas spermine and sper
midine absorb more at a higher pH (Fig. lOA).

As the data presented above showed better results with the use of pyridine
buffer, we examined the effect of the addition of pyridine to the 20 mM
phosphate-KCI buffer.

Action of 20 mM phosphat~160mM pyridine buffer. At pH 10.0 better
reactivity was obtained at 160 mM pyridine with a good stability. When the pH
is varied in the presence of 160 mM pyridine, the maximum absorbance at 280
nm is obtained at pH 8.5 for spermine and spermidine, whereas no change
occurs with putrescine (Fig. lOB).

Under these conditions (pH 8.5, 20 mM phosphate, 160 mM pyridine---acetic
acid) large concentrations of KCI have almost no influence on the spectra, as
shown in Fig. 9B.

The decrease in molar extinction coefficient at 335 nm for the reaction of
spermine with OPA in phosphate buffer alone could be due to an influence
of secondary amino groups on the reaction with primary amino groups. The
new reaction products will be more stable in the presence of pyridine buffer
at 280 nm.

Therefore, while the three polyamines are eluted with different KCI concen
trations, the conditions determined above allowed quantitative analysis after
a simple and reproducible separation on a column of Dowex 50W-X4 ion
exchange resin.

OD

05

A OD

05

B

8.0 9.0 ~5 9.8 pH 8.0 as 9.0 ~5 9.8 pH

Fig. 10. Effect of pH on absorbance of the reaction products of OPA (at 335 nm closed
symbols, at 280 nm open symbols) with putrescine (.. ), spermidine (.), and spermine (.),
(A) in the presence of 20 mM phosphate buffer, (the pH was adjusted with acetic acid)
and (B) in the presence of 160 mM pyridine (the pH was adjusted with acetic acid or potas
sium hydroxide).
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Application to the determination of free polyamine levels in three cases
The procedure described is particularly useful for biological samples contain

ing a high salt concentration as, for example, a 0.5 M KCI ribosomal wash,
in which the polyamine concentrations have been determined successfully by
this rapid ion-exchange technique.

Reticulocyte polyamines. No free putrescine was detected in the different
cell fractions with the experimental procedure. This confirms the results of
other authors [23] (Table II). The extraction of free polyamines by dialysis
becomes quantitative when the ribosomal wash protein concentration is lower
than 20 mg/ml. If the concentration is higher, the spermidine-spermine ratio
in the dialysate is modified.

The amount of polyamines found in the initiation factors corresponds to
35 nmoles per mg of ribosomes. The results have been confirmed with biolog
ical tests in a cell-free system: the amount of polyamines needed for maximal
activity in a cell-free protein synthesis assay [6] corresponds exactly to the
amount found after dialysis of the crude initiation factors (unpublished re
sults).

This confirms that the simple technique described here is well adapted to
the determination, with a good reproducibility, of free cytoplasmic poly
amines that playa fundamental role in the control of protein synthesis.

Rat heart polyamines. No free polyamines were detectable in the crude
initiation factors, perhaps because the amount of myosin present in our prepa
rations retains some polyamines in a non-specific way. However, accumulation
of newly synthesized polyamines can be detected by this experimental proce
dure. The level of each polyamine is comparable to other published data [24]
(Table II). Spermidine-spermine ratios in the supernatants of reticulocytes
and muscle show great differences.

Polyamine levels during T 3 -induced rat heart hypertrophy in high-speed
supernatants. Just after the first injection, the level of free polyamines synthe
sized increases, then it decreases over a period of six days (Fig. 11); but the
spermidine-spermine ratio shows that the synthesis rates are different. During
treatment there is no accumulation of putrescine, and particularly at 6 and 12
h.

TABLE II

SPERMIDINE AND SPERMINE CONCENTRATIONS IN DIFFERENT CELLULAR
COMPARTMENTS

Spermidine Spermine

Reticulocyte
Initiation factors
(nmoles/mg protein)
Supernatant
(nmoles/mg protein)

Cardiac muscle supernatant
(nmoles/g)
(nmoles/mg protein)

35.2

1.5

91
3.8

3.85

0.12

50.5
1.9
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Fig. 11. Polyamine concentration in rat heart post-ribosomal supernatant during triiodothy
ronine treatment. (--), spermidine, (0---0), spermine.

It has been shown that after any cellular modifications following administra
tion of drugs the spermidine level increases more than the spermine level, and
maximal activity of the amine biosynthesis pathway is quickly reached [25,
26] .

For example, T 3 treatment produces a rapid increase of heart ornithine
decarboxylase activity and this first enzyme in polyamine synthesis has a short
half-life [27] .

CONCLUSION

The procedure developed to determine polyamines is an easy, efficient
routine cation-exchange chromatographic method, highly sensitive and repro
ducible, using a common spectrophotometer (absorbance at 280 nm) and a
common reagent, o-phthalaldehyde.

This improved technique is particularly useful in the measurement of free
polyamines from dialysed salt extracts, as for example the 0.5 M KCl ribo
somal wash and high-speed supernatant. It does not involve several tedious
isolation steps and enzymes can be studied with the same preparation.

The concentration of free polyamines in reticulocytes, cells and heart
muscle have been determined successfully by this rapid chromatographic
procedure and demonstrates the utility of the method for any biological
samples, even in the presence of high ionic-strength buffer.
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GLUTAMIC ACID AND ASPARTIC ACID IN BRAIN TISSUE AND
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SUMMARY

The thin-layer electrophoretic separation at pH 4.8 of brain extracts and a procedure for
fluorescent staining of the plates with fluorescamine are described for the ra.pid routine
determination of 4-aminobutyric acid (GABA), glutamic acid and aspartic acid in brain
extracts and in particulate fractions of brain tissue. Automated sample application, electro
phoretic separation using two chambers, and quantitation by in situ fluorescence scanning
allows the assay of 280 samples within three working days. The method is reproducible
(S.D. .;; 8% of the mean) within the range of 0.2-2 nmole per spot. The staining proce
dure can be applied to a variety of related analytical problems. The method has proved
useful for the determination of the specific radioactivities of GABA, glutamic acid and
aspartic acid in metabolic studies.

INTRODUCTION

Flat bed chromatographic methods have attracted less attention since sen
sitive automated column chromatographic methods were developed for the
routine determination of amino acids. However, the possibility of separating
many samples in parallel, together with the improvement of sensitivity by
using fluorescamine [1, 2] instead of ninhydrin as the staining reagent contin
ues to make flat bed chromatographic methods attractive for application
which demand numerous determinations of selected acids or related com
pounds.

Our study of subcellular pools of 4-aminobutyric acid (GABA) required the
assay of this amino acid in many samples of subcellular fractions, which were

*To whom correspondence should be addressed.
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obtained by density gradient centrifugation. Automated ion-exchange column
chromatography was not sufficiently available for the analysis of so many sam
ples, and this prompted us to develop the present method.

Thin-layer electrophoresis at pH 4.8 proved to be a rapid and reliable meth
od for the separation of GABA, aspartic acid and glutamic acid from all other
primary amino group-containing compounds which are present in brain ex
tracts in comparable amounts to those of the non-essential amino acid. The
staining of thin-layer plates with fluorescamine was improved. Low background
fluorescence was achieved together with good reproducibility of staining of the
amino acid spots. These methods are described in the present work.

MATERIALS AND METHODS

All usual laboratory chemicals were from E. Merck, Darmstadt, G.F .R.
Fluorescamine (Fluram) was purchased from Pierce. Rockford, Ill., U.S.A.
Sodium diatrizoate was a gift from Winthrop Labs., Newcastle-upon-Tyne,
Great Britain.

The laboratory animals (male Sprague-Dawley rats and male CD! albino
mice; Charles River, St. Aubin-Ies-Elbeuf, France) were kept under standardised "
conditions, having access to standard diet and water ad libitum.

Sample preparation
(a) The animals were decapitated and the heads immediately immersed in

liquid nitrogen. The still-frozen brains were homogenized with 10 volumes of
0.2 N perchloric acid. Aliquots of the supernatants were diluted with 10 vol
umes of dioxane. 100-pl volumes of these solutions were directly applied to
thin-layer plates in 12 mm long streaks. Alternatively, 5-pl aliquots of the ex
tracts were applied as round spots.

(b) Synaptosomal fractions were isolated according to described methods
[3-5]. The sucrose- or Ficoll-containing suspensions were mixed with one
tenth of the volume of the suspension of a 40% (w/v) solution of trichloroace
tic acid and the precipitates removed by centrifugation.

The supernatants were extracted four times with the same volume of water
saturated diethyl ether. The residual diethyl ether was removed from the
aqueous phase in a stream of air. The samples, up.to 5 ml, were then applied to
a 1 ml column of Dowex 50W-X8 (200 mesh, H+ form). The columns were
washed with 10 ml of distilled water. The amino acids were eluted using 6 ml
of a 40% (w/v) trichloroacetic acid solution. The trichloroacetic acid was re
moved from these eluants by extraction with diethyl ether, as described above.

Pre-separation on Dowex columns of up to 60 samples can be easily achieved
in parallel using the multiple column chromatographic device described previ
ously [6] .

The samples were dried by lyophilization and the residues dissolved in 0.1
ml of water and 2.9 ml of ethanol or dioxane. Usually 100 pI of this solution
were applied to a thin-layer plate for GABA determination in a synaptosomal
fraction.

The synaptosomal fraction of the sodium diatrizoate gradient was diluted to
10 ml with water. 0.5-ml aliquots were mixed with 1 ml of ethanol. The pre
cipitate was sedimented completely by centrifugation at 1000 g for 10 min.
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100-pl volumes of the supernatant were applied on thin-layer plates for sepa
ration.

Protein determination
The acid precipitates of the homogenates and the sucrose and Ficoll gradi

ents were washed twice with 0.2 N perchloric acid and dissolved in 4 ml of 1
N NaOH at 37° (2 days). The alkaline solutions were appropriately diluted
with water; aliquots were used for protein determination using the method of
Hartree [7] .

Samples (0.5 ml) of the sodium diatrizoate gradients were precipitated with
a solution of perchloric acid in methanol (0.2 N) instead of aqueous perchloric
acid, in order to dissolve diatrizoate. The precipitates were washed twice with
the methanolic perchloric acid, before they were processed further in the same
manner as described for the other samples.

Sample application and electrophoretic separation
For the electrophoretic separation 20 X 20 cm commercial silica gel covered

glass plates (silica gel 60, E. Merck; silica gel 1500, Schleicher & SchUll, Dassel,
G.F.R.) were used. Ten samples (two or three standards and seven or eight
tissue samples) were applied in 12-mm streaks at a distance of 8 cm from one
plate edge. If a suitable thin-layer scanner for in situ fluorometry is available,
samples can also be applied as spots of a diameter less than 3 mm.

The sample applicator used in this work allowed the automated application
of ten spots or lines at the same time. It was the prototype of the Autodoser
(Desaga, Heidelberg, G.F.R.), which was developed by one of us at the Max
Planck-Institute for Brain Research, Frankfurt/M., G.F.R. The automated sam
ple application with this apparatus allows the concentration of volumes up to
0.8 ml on a spot of the thin-layer surface, without affecting the quality of the
separations.

The plates were sprayed with about 30 ml pyridine acetic acid buffer pH
4.8 until they were evenly wetted.

Buffer composition: 100 ml pyridine; 75 ml glacial acetic acid, 30 g citric
acid, 2300 ml water [8] . The cooled plate thin-layer electrophoresis equipment
according to Pastuska (Camag, Muttenz, Switzerland) was used. The buffer
reservoirs were filled for each separation with 35 ml of fresh buffer. The plates
were cooled, with circulating methanol at 0°. At 600 V a current of about 70
rnA was observed under these conditions. For the separation of GABA, glutam
ic acid and aspartic acid of brain extracts 60 min runs were suitable.

Staining with fluorescamine
After completion of the electrophoretic separation the plates were dried

for 10 min at 110° in an oven with circulating air. The dried plates can be
stored for two days, before they are stained with fluorescamine and evaluated
by in situ fluorescence scanning.

Before staining, the plates were heated again to about 50°. Then they were
dipped rapidly into a bath containing an alkaline solution, which was prepared
as follows: 100 ml of saturated solution of NaOH in methanol was mixed with
100 ml of n-butanol. This solution was gradually diluted with 600 ml of
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toluene. After 30 sec the plate was removed from the bath and dried in a hori
zontal position for a few minutes at room temperature and then completely
for 10 min at 110°.

The staining solution contained 10 mg of fluorescamine in 100 ml of a mix
ture of acetone-n-butanol (1:1; vjv). A stainless-steel tank (22 X 20 X 0.7 em)
was used for dipping, containing approximately 200 ml of the fluorescamine
solution.

The plates were cooled to room temperature. They were then dipped twice
into the fluorescamine solution, with a drying period of 1-2 min. Alternative
ly, the plates can be sprayed with 20 ml of the same fluorescamine solution.
However, it should be pointed out that even spraying requires experience in
order to obtain staining as homogenous as that obtained by dipping. The plates
were stored for at least 2 h at room temperature, before they were quantitative
ly evaluated by in situ fluorescence scanning. If the plates were stored (protect
ed from dust and light) they could be evaluated even two days after staining.
However, fluorescence staining with fluorescamine is not absolutely stable.
A constant time schedule between separation, staining and in situ fluorescence
measurement is advisable.

In situ fluorescence scanning
Any commercial scanning attachment to a spectrofluorometer should be

suitable for the quantitative evaluation of the fluorescamine-stained plates.
In the present work an Aminco-Bowman spectrofluorometer with the thin
film scanning attachment has been used. Activation of fluorescence was achiev
ed at 390 nm; fluoroscence was measured at 490 nm. The recorded fluores
cence intensity was evaluated by peak height measurement.

RESULTS

Electrophoretic separation of amino acids at pH 4.8
At pH 4.8 neutral amino acids remain near the origin, acidic amino acids and

peptides move towards the anode and basic amino acids and peptides move
cathodically. As is shown in Fig. 1 none of the 25 usual amino acids co-migrate
with GABA, glutamic acid or aspartic acid. Electrophoretic separation for 60
min on a silica gel thin-layer plate, using a pyridine acetate buffer (pH 4.8)
allows an adequate separation of these three amino acids from all other fluoresc
amine-stainable constituents present in comparable amounts in brain tissue.

The 4-aminobutyrate:2-oxoglutarate aminotransferase (GABA-T) inhibitors,
4-aminohex-5-ynoic acid (RMI 71645) and 4-aminohex-5-enoic acid (RMI
71754) [9-11], are not separated from each other, but they are sufficiently
separated from GABA to allow GABA determinations in their presence. J3-Ala
nine and homocarnosine do not interfere either. Minor, but unidentified,
constituents might co-migrate with GABA or at least may yield overlapping
spots. The method is therefore not necessarily adequate for GABA-determina
tions in tissues with low GABA concentrations such as liver, muscle or kidney.

Staining with fluorescamine
Staining with fluorescamine of identical amounts of electrophoretically
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Fig. 1. Thin-layer electrophoretically-separated amino acids and brain extracts (pyridine
acetic acid buffer pH 4.8; 600 V; 60 min) stained with f1uorescamine. (Activation of fluores
cence at 350 nm). A = Mixture of the following L-amino acids: Ala, Arg, Cys, Gly, lIe, His,
Leu, Lys, Met, Phe, Pro, Ser, Thr, Tyr, Trp, Val (about 2 nmole of each). 1 = Neutral amino
acids; 2 = His + Arg; 3 = Lys. B = 4-Aminohex-5-ynoic acid plus 4-aminohex-5-enoic acid
(4). C = Arg (2); Lys (3); glutathion (5). D = Asp (6); Glu (7); GluNH, (8); GABA (9). E =
Rat brain extract (corresponding to 1 mg of fresh tissue); Asp (6); Glu (7); GABA (9).

separated amino acids under the conditions described in detail in the methods
section results in reproducibly fluorescing spots. These show a linear relation
ship between the amount of amino-acid and peak height (or peak area) of the
recorded fluorescence intensity in the range from 200 to 2000 pmole per spot
(Fig. 2). The linear correlation coefficients for the amounts of the four amino
acids and the fluorescence intensity are ;:;;, 0.996. Amounts of an amino acid
exceeding 2000 pmole per spot should be avoided, unless the amount of the
standard is closely similar and only a narrow concentration range is considered
for the measurement.

The reproducibility of the method, including pre-separation of the samples,
was tested by applying 10-nmole amounts of each amino acid on Dowex 50W
X8 columns, and by their subsequent measurement in aliquots of the column
eluates. Table I summarizes the results. It can be seen from this table that
recovery was over 90% for GABA, glutamic acid, glutamine and aspartic acid.
The standard deviation for the whole procedure was better than 8% of the
mean value. It should be noted that under the conditions of sample preparation
and sample separation glutamine is not hydrolyzed to glutamic acid.
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Fig. 2. Relationship between the amount of amino acid and peak height of the recorded
fluorescent spots of GABA, aspartic acid, glutamic acid and glutamine. After thin-layer
electrophoretic separation of standard mixtures of these amino acids, the plates were stained
with fluorescamine, as described in the Materials and methods section; the fluorescent spots
were evaluated by in situ scanning of fluorescence.

TABLE I

RECOVERY OF GABA, GLUTAMATE, ASPARTATE AND GLUTAMINE FROM DOWEX
50W-X8 COLUMNS AND REPRODUCIBILITY OF THE ASSAY

10-nmole amounts of each amino acid were applied to the columns. One tenth of each col
umn eluate was separated by electrophoresis. The figures in the Table are the means of
duplicate determinations.

Sample No. Recovery (nmole)
GABA Glutamate Glutamine Aspartate

1 9.0 9.2 8.7 10.0
2 9.4 9.3 8.7 9.7
3 10.0 9.5 10.0 10.6
4 10.0 8.2 8.9 8.3
5 10.3 8.4 9.7 9.1
6 8.3 8.1 9.0 8.9

Mean ± S.D. 9.5 ± 0.8 9.0 ± 0.6 9.2 ± 0.6 9.3 ± 0.7

Comparison of GABA determinations in brain by electrophoresis and ion-ex
change column chromatography

In order to test the practicality of the electrophoretic method, determina
tions in brains of rats with varying GABA concentrations were carried out. The
same tissue samples were also analyzed in duplicate using a Labotron amino
acid analyzer (Liquimat 2). Buffer: lithium citrate (23 gil); lithium chloride
(18 gil), pH 4.6. The o-phthaldehyde method was utilized for detection.

The increase of GABA levels in the rat brains was achieved by pretreatment



567

of the animals with4-aminohex-5-enoic acid, the enzyme-activated irreversible
inhibitor of GABA-T [11] mentioned previously. Table II shows the results of
this comparison. From these figures it appears that the two methods give re
sults which are in good agreement: 98 ± 13% (S.D.) of the GABA amount ob
tained with the ion-exchange column chromatographic method was found with
the thin-layer electrophoretic method and the two sets of data were well corre
lated (R 2 = 0.94). The average standard deviation of duplicate detenninations
of brain GABA was for the electrophoretic method ± 9% of the means, and
± 1% for the ion-exchange column chromatographic method.

Distribution of GABA, glutamic acid and aspartic acid in particulate fractions
of mouse brain cortex

The electrophoretic separation method combined with fluorescence staining
using fluorescamine was applied to the detennination of GABA, glutamic acid
and aspartic acid in fractions of density gradient centrifugations. The results
obtained for the distribution of these amino acids in sub-fractions of mouse
brain cortex homogenates are summarized in Tables III and IV.

Table III shows the results for fractionation in sucrose solutions. It appears
that the sum of GABA found in the supernatant (S2 ) and the crude synapt<!lso
mal fraction (= crude mitochondrial fraction) (P2) is somewhat larger than the
GABA amount in the equivalent amount of homogenate, but this difference is
not statistically significant. In the case of aspartic acid a similar relationship
holds, but concentrations of free glutamic acid seem to be unchanged during
tissue processing. From Table IV it appears that the concentrations of GABA
and glutamic acid in synaptosomal preparations obtained by different proce
dures are of comparable magnitude. However, at least in our hands, the yield
of synaptosomes was significantly smaller if sucrose-Ficoll gradients [4] were
used instead of sucrose [3] or sodium diatrizoate [5] gradients. The GABA
concentrations obtained in this work from synaptosomes of sucrose density
gradient centrifugations [3] were higher, and those obtained by centrifugation
into sodium diatrizoate gradients [5] were lower than those found in previous
experiments [12]. These differences are most probably due to interference by
sucrose and sodium diatrizoate with protein detenninations by the method of
Hartree [7]. In the present work these compounds have probably been re
moved more carefully from the protein precipitates.

The reason for the apparently high values of aspartate in the sodium diatri
zoate fractions is not known. Interference of an unknown impurity with as
partate detenninations cannot be ruled out. The somewhat higher yield of pro
tein in the synaptosomal fraction from sodium diatrizoate density gradient
centrifugations is in agreement with previous observations [13]. This may not
reflect higher yields of synaptosomes, but rather a larger proportion of impuri
ties (myelin fragments etc.) as was suggested by electron microscopy of the
fractions [13].

DISCUSSION

Fluorescamine as a spray reagent for the detection and quantitative analysis
of primary amines, amino acids, peptides, aliphatic or aromatic amino groups
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TABLE II

BRAIN GABA CONCENTRATIONS OF YOUNG RATS TREATED WITH 4-AMINOHEX-
5-YNOIC ACID, AN IRREVERSIBLE GABA-T INHIBITOR

Comparison of two methods, thin-layer electrophoresis and ion-exchange column chromato-
graphy. The GABA values are the Means of duplicate determinations.

Age Drug Drug Brain GABA concentration
of dose administration Ion-exchange Thin-layer electrophoreticrats (mg/kg) prior to column determination(days) sacrifice chromatogra- (nmole/mg) (Percent of value

(h) phic determi- obtained by ion-ex-
nation change column
(nmole/mg) chromatography)

3 1.03 1.09 106
1.19 1.02 86
1.30 1.10 85
1.36 1.57 115

3 200 4 1.27 1.04 82
1.39 1.09 78

500 4 1.49 1.53 103
750 4 1.34 1.35 101

3 200 16 5.39 5.46 101
500 16 6.07 6.53 108
750 16 7.30 6.74 92

5.68 6.21 109
1500 16 6.29 6.44 102

6.86 6.92 101

10 1.32 1.47 ILl
1.21 1.42 117
1.44 1.66 115

10 200 4 4.35 4.87 112
2.95 2.48 84

500 4 6.33 5.64 89
4.40 4.08 93
6.22 5.56 89

750 4 4.79 4.79 100
6.64 6.08 92
6.55 7.84 120

1500 4 6.30 6.52 103
6.32 6.93 110

10 500 16 14.41 11.33 79
750 16 15.29 13.09 86

18.52 14.08 76
18.74 14.13 75

1500 16 12.98 14.97 115

Mean ± S.D. 98 ± 13
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containing drugs or drug derivatives on thin-layer plates has been used for
several years [1, 2] . A survey of the literature shows that several modifications
of spraying techniques have been suggested from time to time [14-19] but
the procedure of Feliz and Jimenez [14] is still the most widely used, mainly
for qualitative mapping of peptides and related purposes. In a recent paper
[20] this method was compared with ninhydrin and o-phthalaldehyde staining.
It was stated, that the sensitivity obtained for amino acid determinations with
fluorescamine was no better than that with ninhydrin. In our hands this spray
ing technique was not satisfactory either: high background fluorescence and
low yields in fluorescent derivatives were obtained. Substitution of triethyl
amine by triethanolamine as base decreased background fluorescence consider
ably. Therefore, we used the method routinely for some time, although the
fluorescent reaction products developed only slowly. It was necessary to store
the plates overnight, before their evaluation by in situ fluorescence scanning
was possible. The dipping method described in this work considerably improves
staining of thin-layer chromatograms with fluorescamine. Its applicability
should be wide and its use contraindicated only for primary amino group con
taining compounds of low polarity with considerable solubility in the toluene
n-butanol mixture.

Some practical considerations: the alkaline solution should be freshly pre
pared every day and not used for more than 40 plates. The fluorescamine
solution must be prepared daily. About 15 ml of this solution are needed per
20 X 20 cm plate. Even though the staining procedure is highly reproducible,
the differences between two plates can be significant. It is therefore advisable
to run standards on each plate and to observe the precautions found to be im
portant for quantitative evaluation of fluorescent spots by direct scanning
[21]. Two or three standards are normally sufficient, so that seven or eight
tissue samples can be separated on each chromatogram.

The combination of thin-layer electrophoresis and staining with fluoresca
mine has proved, in our hands, a practical method of reasonable sensitivity.
The precision and the sensitivity of the method is influenced considerably by
instrumental characteristics and was in our case obviously limited by the scan
ning device. Both reproducibility and sensitivity could therefore be improved
with better instrumentation.

Since an equivalent of only 5-1O-p I aliquots of brain extracts are normally
applied for GABA determinations, sample application by manual methods is
feasible. In the case where samples with low concentrations of amino acids are
to be determined, the advantages of automated sample application are enor
mous. The cumbersome concentration of the samples to a few microliters is
thereby eliminated. About 800 pI of an ethanol-water mixture (3:1) can be
applied as a 12-mm streak within 30 min; 10 samples of this volume are applied
simultaneously. Automated sample application therefore makes thin-layer
chromatographic and thin-layer electrophoretic methods attractive for routine
assay procedures in biochemistry, as was exemplified by its application to
amino acid analyses in fractions from density gradient centrifugation.

An important aspect of the method described here is its rapidity. Using the
automated sample applicator and two thin-layer electrophoretic chambers, it
was possible to run at least 14 plates during a normal 8 h working day. Since
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tion of DMT [18]. Although mass spectrometry (MS) has been used for the
identification of bufotenine in the urine [2], no quantitative MF technique has
been so far presented.

In this paper we describe a quantitative isotope dilution assay for DMT and
bufotenine based on MF. Both compounds can be assayed from the same
sample as trimethylsilyl (TMS) derivatives. The deuterated analogues of the
two compounds have been synthesized for use as carrier substances and internal
standards. The isolation procedure for the dimethylated amines has been
modified by introducing the non-ionic XAD adsorbent resin for extraction of
the amines from aqueous solution. This facilitates the handling of large urine
samples and applied together with a thin-layer chromatographic step reduces
the contamination of the GC-MS instrument.

EXPERIMENTAL

DMT and bufotenine were obtained from Sigma (St. Louis, Mo., U.S.A.).
The XAD resin (type 2, particle size 0.3-1.0 mm) was purchased from Serva,
Heidelberg, G.F.R. Kieselgel G Type 60 was obtained from E. Merck, Darm
stadt, G.F.R. The thin-layer chromatographic (TLC) plates (20 X 20 cm, 0.25
mm in thickness) were prepared with a Desaga TLC Spreader and prewashed
with methanol-diethyl ether (4:1, v/v). The plates were activated at 110° for
60 min prior to use. The silylation reagents were the products of Pierce, Rock
ford, Ill., U.S.A. The deuterated analogues were prepared by an acid catalyzed
exchange reaction [19]. Morning urine samples were obtained from 26 healthy
medical students (10 females, 16 males). The samples, to which no preserva
tives were added, were frozen and kept at -18° until analyzed.

Isolation of the dimethylated amines
The internal standards (1 nmole of deuterated DMT and bufotenine) were

added to 150 ml of the sample, which was then adjusted to pH 11 with 20%
NaOH. If a precipitate was formed, it was removed by centrifugation. The ad
sorbent resin (5 g per 100 ml of sample) was added and the suspension was
stirred mechanically for 20 min. The suspension was then poured into a column
plugged with glass wool (1 cm LD.). After the urine passed through, the retain
ed resin was washed with 15 ml of water at pH 11. The amines were eluted
from the resin with 20 ml of ethyl acetate at a flow-rate of 2 ml/min. The ethyl
acetate was evaporated under nitrogen to 20-30 MI in a conical centrifuge tube
and was then applied to silica gel G plates, which were developed in toluene
acetic acid-ethyl acetate-water (16:8:4:1, v/v). An area of 1 cm 2 was scraped
around the site of application and the amines were eluted from the silica gel
with two 1-ml portions of methanol, which was evaporated to dryness under
nitrogen.

Derivatization and GC-MS
For GC-MS the amines were converted into TMS derivatives. The evapora

tion residue was reacted in a mixture of bis-trimethylsilyltrifluoroacetamide
(BSTFA), pyridine, trimethylsilyldiethylamine (TMSDEA) and trimethyl
chlorosilane (TMCS) (100:100:30:1, v/v) at 85° for 30 min [20]. The volume
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of the reagent was reduced under nitrogen to 20-25 ill and samples of 2--4
ill were injected into the GC-MS instrument.

A Varian Aerograph Model 1700 gas chromatograph coupled to a Varian
MAT CH-7 mass spectrometer was used for GC-MS (electron impact ionization,
70 eV). The column was 1% OV-101 on 80-100 mesh Gas-Chrom Q operated
at 1900 for DMT and at 2100 for bufotenine. Multiple ion detection (MID)
was carried out with an Altema AL-5 detector. For standardization three sam
ples of known composition as well as a water blank were carried through the
entire analytical procedure with each set of analyses.

Creatinine was determined from the samples using the Jaffe reaction (nor
mal values 0.9-1.7 g per 24 h).

RESULTS

Since relatively large volumes of urine had to be processed (at least 150 ml)
to achieve reliable quantification of DMT, we have used the non-ionic XAD
adsorbent resin to remove the dimethylated amines from aqueous solution. The
amines could be eluted from the resin with a small volume of ethyl acetate (20
ml per 7.5 g of resin).

The bulk of the contaminating material moved readily with the solvent in
TLC, whereas DMT and bufotenine possessed very low R F values in the solvent
selected and thus could be easily located at the site of application after the run.

The TMS derivatives of DMT and bufotenine were eluted as single, well
defined GC peaks. The mass spectra of the two dimethylated amines as TMS
derivatives are presented in Fig. 1. In the case of DMT the TMS group is at
tached to the indole nitrogen. Its spectrum has a molecular ion at mle 260 and
an intense fragment at mle 202 resulting from side-chain cleavage between the
a and {3 carbons. In the case of bufotenine the TMS groups are attached to the
indole nitrogen and to the phenolic hydroxyl group. In its spectrum the molec
ular ion is found at mle 348 and the fragment produced by the side chain
cleavage at mle 290.

> 8UFOTENINE-DI-TMS
i;i100 58 304:4~

M+ =348Z TMSD H2, H2: , CH3
~ 75 'O=:;:rC '-C -'.. N
~

I I I : ' CH3 290"" N :
w 50 73 +M~90:58
> 348
~ 25
-' 44

202w 304 333

'" 50 100 150 200 250 300 350
m/e

> DMT-TMS

I'~
58 H2, H2 , CH3 M+ =260

CCTC-:C-N, 202
"" N ' CH3

w SO 73 +M~02;58 260
~

!<i2S
uJ 44

'" 50 100 150 200 250 300
m/e

Fig. 1. Mass spectra and fragmentation pattern of DMT and bufotenine as TMS derivatives.
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When the molecular ions of both compounds were used for MID, the runs
were free from contaminating background peaks. The use of the fragments at
m/e 202 and 290 resulted in occasional background interference. The detection
limit of the assay varied slightly .from day to day depending on the condition
of the MS instrument. When the molecular ions were used for MID, DMT could
be detected at a concentration of 0.1-0.15 ngjml urine and bufotenine at
0.25-0.30 ngjml urine. At least 150 ml of sample were required to achieve the
detection limits reported above. The recovery after the entire analytical proce
dure was 40-45% for DMT and 25-30% for bufotenine. Eight analyses of a
sample containing 0.5 ngjml of DMT and bufotenine gave a coeffiecient of
variation of 4.4% for DMT and 5.7% for bufotenine.

The results of quantitative analyses of urinary DMT and bufotenine of 26
healthy students are presented in Fig. 2. DMT was excreted at an average rate
of 96 ngjg creatinine, the value being 105 ng for males and 81 ng for females.
In case of bufotenine the excretion rate averaged 950 ngjg creatinine, 990 ng
for males and 875 ng for females. If one exceptionally high value of DMT
excretion is excluded, a mean excretion rate of 88 ngjg creatinine is obtained
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for males. After this exclusion the difference in the excretion rates of either
DMT or bufotenine between the sexes becomes insignificant.

DISCUSSION

The most commonly employed isolation procedures for DMT and bufoten
ine include an initial solvent extraction step. Further purification is achieved
either by back extraction into acidic aqueous solution and re-extraction into
the organic solvent or by means of TLC. The initial solvent extraction step
either requires large volumes of the organic solvent or reduction of the sample
volume by vacuum evaporation or by lyophilization. The latter procedures,
besides being laborious, lead to low yields due to decomposition and adsorp
tion of the amines on to the laboratory ware. These problems could be over
come by employing the XAD adsorbent resin for the initial extraction of the
amines from aqueous solution.

The urinary excretion of bufotenine determined with the present method
far exceeds that of DMT. In contrast to the DMT values, which form a fairly
homogeneous group, the bufotenine values have a very wide inter-individual
variation with a majority at the lower end of the scale. Of the 26 subjects
studied, 16 excreted less than 600 ng/g creatinine with a smaller cluster between
1000 and 2000 ng. A few higher values are observed between 2000 and 5000
ng. Whether the greater excretion of bufotenine as compared to DMT is due to
differences in the synthesis of these compounds or differences in their elimina
tion from human body is not known. However, experiments with parenterally
administered DMT and bufotenine have been carried out [8, 21]. Only 0.07%
of a dose of DMT was recovered in the urine, in the case of bufotenine the com
parable figure was found to vary between 1 and 6% implying that a greater pro
portion of endogeneously synthesized bufotenine may be excreted unchanged
in urine compared to DMT.

The DMT excretion rates reported earlier using GC-MS and GC with nitro
gen detection [16, 18] are in reasonable agreement with those obtained with
the present method. In the case of bufotenine, although estimates based on
TLC techniques have been presented [1,9,13], a reliable quantitative method
has been lacking so far. In the studies published on the comparison of bufoten
ine excretion in normal subjects and mentally disturbed patients, about half
of the subjects investigated fell below the detection limits of the assays employ
ed [1,9,13] and the possible differences between the low excretors of the two
groups were consequently not detectable.

Even though the same enzymatic activity has been suggested as being respon
sible for the production of both DMT and bufotenine [5, 6], no correlation
was observed between the excretion tates of these compounds. The availabili
ty of the non-methylated substrates, in addition to differences in the degrada
tive metabolism, may explain this disparity.

Because of the low urinary recovery of the parenterally administered DMT
and bufotenine, doubts have been expressed as to whether determination of
the free amines as such can give any valid information about the metabolic sig
nificance of these compounds. However, since the metabolites of the degradative
pathway (3-indole acetate, 5-hydroxyindole acetate) are not specific for the
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N-methylated indoleamines, the determinations of these amines, in addition to
metabolic studies using labelled tracers, appear to be the only way of obtain
ing information about their quantitative metabolism in the human body.
Whether determinations of blood levels rather than the urinary excretion of
DMT and bufotenine would be more useful, is doubtful, since the mode of
release of these compounds into the circulation is not yet known. If they are
released into the circulation sporadically, as may well be the case, the blood
levels would vary greatly as a consequence and their determinations from single
blood samples would be of limited significance. Frequent or continuous sam
pling is prevented by the large volumes of plasma needed for quantitative
determinations. The urinary excretion, even though it represents only a frac
tion of the total amount of the compound metabolized, gives a summation over
a longer period and can serve as a more reliable indicator of the overall quanti
tative metabolism of DMT and bufotenine.
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The determination of nucleosides from biological fluids by the reversed
phase partition [1-6] or ion-exchange [7--12] mode of high-performance
liquid chromatography (HPLC) has been the subject of much recent research.
The direct analysis of plasma nucleosides has in our experience been especially
difficult because of the extremely low, variable, endogenous levels in the nor
mal human population, and the tendency for the compound of interest to be
obscured by other components found in plasma.

Uziel et al. [3] offered a solution to the selectivity aspects of nucleoside
analysis through the pre-treatment of urine with an affinity gel which contains
a boronate group (now offered commercially as Affi-Gel® 601). We have found
this material to be extremely useful for the pre-fractionation and concentration
of plasma nucleosides prior to injection in HPLC, thus greatly increasing sensi
tivity as well as selectivity. The normal human plasma levels of at least two
nucleosides, inosine and adenosine, were reliably measured in all subjects
examined using this boronate affinity gel. The identity and absolute quantita
tive value of these two compounds has been verified by the enzymatic peak
shift method.

METHODS

Instrumentation
A Varian Aerograph 4100 high-pressure liquid chromatography system with

a Rheodyne Model 7120 loop injector for sample introduction and a UV absor
bance detector which monitors at 254 nm was used throughout the study. A
250 X 4.6 mm stainless-steel column was packed with Spherisorb 5 Jim ODS
reversed-phase material (Spectra Physics, Santa Clara, Calif., U.S.A.). Packing
was done from a butanol slurry using a DST-100 constant-pressure pump (Has
kell Engineering, Burbank, Calif., U.S.A.) operating at a delivery pressure of
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6000 p.s.i. An LS-8000 liquid scintillation counter (Beckman Instruments,
Fullerton, Calif., U.S.A.) was used for 14 C counting.

Boronate affinity gel column
Affi-Gel® 601 (Bio-Rad Labs., Richmond, Calif., U.S.A.), a boronate affini

ty gel, was used for the batch separation. The manufacturer's specifications are
100-200 mesh, 100 mequiv. boronate per g dry wt., 6 ml settled bed volume
per g packing material. The Affi-Gel 601 (0.25 g) was weighed out and allow
ed to swell overnight in 0.25 M ammonium acetate (pH 8.8). This was poured
into a 0.7 X 4 cm column. The column was stored at 4° when not in use. After
4 months of intermittent use, the columns have shown no deterioration under
the conditions of this assay, although they have occasionally been repacked
when air spaces developed.

Sample preparation
A 5-ml volume of blood was drawn via venipuncture, and immediately

plunged into an ice-bath. The plasma was separated at 500 gat 4°, and then
ultrafiltered through a 2100 CF 50 membrane cone (Amicon, Lexington, Mass.,
U.S.A.) at 4°. Recoveries of inosine and adenosine through the ultrafiltration
were quantitative.

Plasma samples were obtained as described from five male and one female
normal subjects between the ages of 29 and 45 years. The blood samples
were obtained in the morning with no restriction on breakfast eating habits.

Chromatography
To 1 ml of ultrafiltrate, 0.1 ml of 2.5 M ammonium acetate (pH 8.8) was

added. This mixture was then applied to the top of a boronate affinity gel
column, and the sample was washed on with 1 ml of 0.25 M ammonium ace
tate (pH 8.8). The column was then washed further with 7 ml of the same
buffer. Elution of the nucleosides was carried out with 6 ml of 0.1 M formic
acid as used by Davis et al. [4] for urinary nucleoside separation using a syn
thesized boronate affinity gel.

The 6-ml solution of 0.1 M formic acid eluate was lyophilized to dryness,
and the residue dissolved in 200 III of water, resulting in a nucleoside concen
tration equal to five times that in the original plasma. Fifty to one hundred
microlitres of this solution were then injected onto the reversed-phase HPLC
system described above, using a solvent system of 0.05 M H3 P04 in water,
adjusted to pH 3.05 with sodium hydroxide.

A chromatogram of normal human plasma is shown in Fig. 1.

Reagents
Ammonium acetate (A.C.S.; J.T. Baker, Phillipsburg, N.J., U.S.A.), and for

mic acid (reagent, A.C.S.; M.C. & B., Norwood, Ohio, U.S.A.) were used in the
preparation of solutions for analysis. [8_ 14 C] Inosine was purchased from
Schwarz/Mann (Orangeburg, N.Y., U.S.A.) and had an activity of 35 mCi/
mmole. Radiopurity was assayed by thin-layer chromatography (silica gel;
n-butanol-2 N NH4 OH, 10:2) and found to be greater than 98%. [8_ 14 C]
Adenosine was purchased from New England Nuclear (Boston, Mass., U.S.A.)
and had an activity of 54.7 mCi/mmole and a manufacturer's specification for
radiopurity greater than 97%.
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Inosine (Ajinomoto Co., Japan) and adenosine (Grade A; Calbiochem, La
Jolla, Calif., U.S.A.) were dissolved in water at varying concentrations and used
in the preparation of standard curves.

Purine nucleoside phosphorylase. (EC 2.4.2.1), a product of Boehringer
(Mannheim, G.F.R.), had an activity of 25 units/mg in a suspension of 1 mg/
ml and was used for the enzymatic peak-shift measurements.

RESULTS

Fig. 1 illustrates a UV absorbance pattern of boronate-treated plasma on the
HPLC reversed-phase column. Peaks marked INa and ADO are identical in
retention time to inosine and adenosine, respectively. To verify the identity
of these peaks, duplicate injections of the sample were made and the pooled
fractions corresponding to the peaks were collected and adjusted to pH 7-7.4.
Three microliters of the purine nucleoside phosphorylase solution were added
and allowed to digest for 1 h. The fractions were lyophilized, reconstituted to
0.2 ml, and reinjected. Quantitative conversion to the corresponding base
(hypoxanthine or adenine) and complete elimination of the original peak was
found in all samples tested. Although other small peaks can be found that cor
respond to various nucleosides, the concentrations represented are too low to
allow the use of this quantitative peak-shift technique.

Six subjects were examined for normal circulating levels of inosine and aden
osine, and the results, in Jig/ml plasma, are shown in Table 1.

Precision of the assay
Sources of error in the assay may be divided into two categories. The first is

variation associated with application of the sample onto the boronate column,
and collection of the acid fraction, lyophilization and concentration. The

INO
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Fig. 1. Chromatogram of boronate-treated normal human plasma (subject J.C.); conditions
as indicated in text. Injection volume was 75 Ill, attenuation 0.04 a.u.f.s.
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second source of error is the chromatographic analysis and quantitation by
HPLC.

The Affi-Gel 601 boronate column efficiency was evaluated for both adeno
sine and inosine in plasma. Pooled, normal human plasma ultrafiltrate was
spiked with p4 C] inosine to a concentration of 0.77 .ug/ml or p4 C] adenosine
at 0.49 .ug/ml. The ultrafiltrate was treated as described under Chromatography,
applied to the boronate column and the acid fraction counted for 14 C determi
nation. Inosine and adenosine determinations were carried out in quadruplicate
with recoveries in excess of 90%, as shown in Table II.

TABLE I

NORMAL CIRCULATING LEVELS OF ADENOSINE AND INOSINE

Subject

S.K.G.
J.M.
R.N.
LV
T.G.
J.C.

Adenosine (Il g/ml)

0.052
0.034
0.030
0.087
0.018
0.149

Inosine (Ilg/ml)

0.094
0.13
0.18
0.31
0.15
0.60

TABLE II

RECOVERIES OF ADENOSINE AND INOSINE FROM THE BORONATE COLUMN

Compound

Adenosine
Inosine

Mean recovery (%) Standard deviation (%)

94.4 2.5
92.1 2.5

TABLE III

PRECISION OF HPLC ASSAY

Subject Inosine Adenosine*
Ilg/ml Mean S.D. Ilg/ml Mean S.D.

(%) (%)

S.G. 0.093 0.0936 2.2 0.052 0.052 2.2
0.092 0.052
0.096 0.050

J.M. 0.134 0.131 6.1 0.033 0.034 5.1
0.122 0.033
0.137 0.036

R.N. 0.186 0.183 2.8 0.031 0.030 12
0.186 0.033
0.177 0.026

*Concentrations are calculated to original concentration in plasma.
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The precision of the HPLC assay was estimated by three different repetitive
injections of the boronate column concentrate from three subjects. The results
of these determinations are given in Table III and demonstrate a mean standard
deviation of 3.7% for inosine and 6.4% for adenosine.

The overall precision of the assay was estimated by dividing the original plas
ma of the three subjects into two aliquots (six samples). Each aliquot was
concentrated from the boronate column and analyzed in duplicate by HPLC.
The average coefficient of variation for the inosine assay was 13% and 7% for
the adenosine assay.

DISCUSSION

Plasma levels of nucleosides are of potential interest in a number of disease
states. It has already been noted by Hartwick and Brown [1] that an increased
level of circulating adenosine is found in the plasma of patients suffering from
adenosine deaminase (ADA) deficiency. In that study [1] levels of adenosine
in normal patients were not found. This result could be explained by a lack
of sufficient sensitivity when a simple direct injection method is used. It is of
interest to note that elevated adenine levels had previously been found in the
red blood cells of ADA-deficient patients [13] .

Nucleoside levels are also of interest in the study of Lesch-Nyhan disease,
in which hypoxanthine-guanine phosphoribosyltransferase activity is severely
reduced by an inborn error of purine metabolism [14]. Various nucleosides
have been considered as possible therapeutic treatments.

Some workers [3-6] have already exploited the boronate affinity gel as a
preliminary extraction procedure for modified nucleosides in urine and serum.
Excretion patterns of these compounds are being studied as possible cancer
markers [3-5] and the patterns may also be useful in evaluating the effects of
chemotherapy on cancer [5, 6] .

The method reported here will offer an expanded range of applications
directly related to its increased sensitivity and selectivity over direct-injection,
reversed-phase HPLC column methods. Use of this procedure will enable drug
metabolism studies to be carried out since endogenous circulating levels of
nucleosides will now be detectable.
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Two procedures have been described in the literature for the determination
of the intravenous anaesthetic etomidate in plasma: (1) a gas-chromatographic
(GC) method which requires a laborious extraction procedure and is not sensi
tive enough to determine very low plasma concentrations, unless plasma
samples larger than 1 ml plasma are used [1]; (2) a mass-fragmentographic
method which requires a gas chromatograph --mass spectrometer and may
therefore not be very' suitable for routine analysis [2].

In the present communication a method for the assay of etomidate in plasma
is described, which is more sensitive and less laborious than the previously
published GC method [1] and which can be applied to pharmacokinetic
studies in man. The use of a support-coated open tubular (SCOT) column
together with a nitrogen-selective detector has proved to be very suitable in this
respect. In addition to etomidate it was found that propoxate could be
analysed equally well with this method.

EXPERIMENTAL

Materials and methods
Etomidate [(R)-(+)-ethyl-1-(1-phenylethyl)-1H-imidazole-5-carboxyl] and

propoxate [( +)-propy1-1-(1-phenylethyI)-1H-imidazole-5-carboxylate] were
kindly supplied by Janssen Pharmaceutica (Beerse, Belgium). Pentane was from
Baker (Phillipsburg, N.J., U.S.A.), redistilled; ethanol, p.a. was from Merck
(Darmstadt, G.F.R.). The analysis was performed on a dual-column 5710
(Hewlett-Packard) gas chromatograph with a N-P detector (Model 18789A).
Column: SCOT, 10 m X 0.4 mm J.D., Duran 50 glass. Support layer: Tulla-
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nox, silanized fumed silica, particle size <10 pm (Cabot Corp., Boston, Mass.,
U.S.A.). Stationary phase: Carbowax 20M. Temperatures: column 1700

,

injection port 2000
, detector 3000

• Gas flow-rates: carrier (helium) 10 ml/min,
hydrogen 3 ml/min, air 100 ml/min, auxiliary gas (helium) 15 ml/min.

Extraction procedure
To 1.0 ml plasma in a centrifuge tube were added 25 pI ethanol containing

125.0 ng propoxate as internal standard. After homogenization the mixture
was extracted once with 5 ml pentane on a Cenco whirlmixer for 15 sec. After
centrifuging for 5 min at 2500 g, the upper organic layer was removed with a
pasteur pipette and transferred to a conical evaporation tube. The solvent was
evaporated to dryness at 400 in a stream of dry nitrogen on a water-bath. The
residue was dissolved in 100 pI ethanol and 1-2 J11 of this solution was brought
on to the needle of the solid GC injection system, which was previously used for
the determination of underivatized nitrazepam in plasma [3]. After evapora
tion of the solvent the residue was injected into the gas chromatograph.

Preparation of calibration curves
The concentration of etomidate was calculated with the aid of calibration

curves prepared by adding known amounts of etomidate to 1.0 ml blank plas
ma. These standard samples were analysed by the same procedure as described
previously and the ratios of the peak heights of etomidate to internal standard
were plotted against the known concentrations of etomidate. The same proce
dure was followed for estimating the extraction yield of etomidate from plasma
at various concentrations, except that propoxate (125 ng) was used as an
external standard. The ratios found were compared to the ratios of standard
amounts of the drugs. Before analysis of a sample series, calibration was always
carried out using at least two plasma samples containing a known concentration
of etomidate.

RESULTS AND DISCUSSION

Fig. 1 shows gas chromatograms of extracts from plasma samples taken at 8
and 240 min after the intravenous injection of 17 mg etomidate to a surgical
patient, as well as the chromatogram of a blank extract. There is no inter
ference from endogenous plasma substances or metabolites and retention times
are short. Propoxate --- which is structurally very closely related to etomidate 
was chosen as an internal standard in the assay of etomidate and the two peaks
are well separated, both at low and high concentrations.

Identification of the compounds eluting from the gas chromatograph was
carried out by means of a combined gas chromatograph--mass spectrometer
(LKB-2091 with PDP-ll computer system). The mass spectra of etomidate
and propoxate show a parent peak at 244 m/e and a peak with a relative
intensity of 100% at 105 m/e, representing in both cases the removed ethylberi
zene moiety. On applying mass chromatography for the analysis of a plasma
extract containing etomidate and propoxate, peaks with m/e values of 105 and
244 coincide with the GC retention time of etomidate, and peaks with m/e
values of 105 and 258 have the retention time of propoxate (Fig. 2).
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Fig. 1. Gas chromatograms of a plasma extract obtained from a male surgical patient imme
diately before (right), and 8 min (centre; 200 ng etomidate per ml plasma) and 240 min
(left; 15 ng etomidate per ml plasma) after receiving 17 mg etomidate intravenously. E :
etomidate, p: propoxate (internal standard; 125 ng/ml plasma).

Fig. 2. Chromatogram of a plasma extract containing etomidate and propoxate. The number
on the X-axis refers to the numbers of the mass spectra,taken during the particular GC-MS
run. E : etomidate, P : propoxate.
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.Fig. 3. Peak height ratio of etomidate to propoxate (125 ng) as a function of known etomi
date concentrations. The standard curve was obtained with stock solutions of the two com
pounds. The recovery line was obtained by extraction of etomidate from plasma, using
propoxate as external standard. The calibration graph was obtained by extraction of etomi
date from plasma, using propoxate as internal standard.

It can be concluded that etomidate and propoxate both leave the GC column
unchanged, so that they are being determined in intact form. According to the
standard curve (Fig. 3) there is a linearity between the detector response ratio
(peak height etomidate:peak height propoxate) and the concentration of
etomidate between 12.5 and 375 ng/ml plasma. In Fig. 3 the extraction yields
for etomidate in the concentration range 12.5-250 ng/ml plasma are also
given. In spite of the short extraction time (15 sec) the recovery of etomidate
from plasma is satisfactory (77%) and constant over the whole concentration
range. The reproducibility of the whole procedure is reflected in the mean cali
bration curve of Fig. 3 (n = 5; S.D. 0(4.9%). It appears that the present method
permits the accurate and specific determination of underivatized etomidate and
propoxate in plasma in relatively low concentrations. The detection limit is
about 5 ng etomidate per ml plasma. The use of the capillary Carbowax 20M
SCOT column appears to be a definite improvement in the analysis of etomi
date and many samples can be analysed in a short time. A solid injection
system is required in order to prevent deterioration of the column support,
caused by organic solvents.

Preliminary results have been obtained with surgical patients [4].
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Various analytical methods have been reported for the measurement of
urinary excretion of N 1 -methylnicotinamide (1-MNA). One of the earlier
methods used the formation of a fluorescent condensation product between
1-MNA and acetone in strong alkali and the removal of interfering fluorescent
impurities by charcoal [1]. This method has been improved by various work
ers, with the removal of the impurities by ion-exchange [2, 3] or descending
paper chromatography [4] .

Recently, an improved method for the determination of 1-MNA in urine,
based on the removal of interfering substances with a single strong cation-ex
change chromatographic step, followed by quantitative high-performance
liquid chromatographic (HPLC) assay of the isolated 1-MNA was reported [5].
While this method was shorter than former methods, it also required cleanup
before the HPLC assay.

We report here a rapid quantitative method for 1-MNA in rat and human
urine by direct injection onto a reversed-phase HPLC column operating in the
soap chromatography mode.

This system employs a reversed-phase packing in combination with a hydro
philic eluent containing methanol as an organic modifier and a small concentra
tion of a detergent which forms an ion-pair with an ionized form of a solute.
To keep the solutes in the preferred ionic forms, the pH of the solution is con
trolled. This is a rather simple, rapid, and specific method for the direct assay
of 1-MNA in urine, requires no pretreatment of the sample, and has a high
degree of precision and accuracy.

EXPERIMENTAL

Materials
N1 -Methylnicotinamide chloride was obtained from Sigma (St. Louis,
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Mo., U.S.A.). Sodium dodecyl sulfate (SDS) was purchased from Bio-Rad Labs. ,
(Richmond, Calif., U.S.A.). Glass-distilled methanol (Burdick & Jackson,
Muskegon, Mich, U.S.A.) and deionized water were used.

Preparation of urine samples
Sprague-Dawley rats were placed in metabolism cages (two rats per cage)

and urine was collected for 24 h. To remove debris, collected urine was centri
fuged on a GLC-1 (Sorvall, Norwalk, Conn., U.S.A.) at 3000 rpm for 15 min,
decanted, and the supernatant stored at - 70° if not used immediately. An
aliquot of the above sample (or of fresh normal human urine) was passed
through a 0.45-pm Nalge membrane filter (Fisher Scientific Co., Silver Spring,
Md., U.S.A.) before direct HPLC analysis.

Recovery of NI-methylnicotinamide
A stock solution of 1-MNA chloride (10 pg/pl) was prepared in deionized

water. Aliquots of urine (1 ml) were spiked with 60, 150, and 300 pg of
1-MNA, and 1-MNA recoveries were determined by direct injection of a few
microliters of spiked urine onto an HPLC column.

Apparatus
All analyses were performed at ambient temperature on a Waters Assoc.

(Milford, Mass., U.S.A.) Model ALC 202 liquid chromatograph with U6K
septumless injector and a Schoeffel (Westwood, N.J., U.S.A.) Model SF-770
variable wavelength (200-700 nm) ultraviolet (UV) detector. Chromatograms
were recorded on a 10 mV full-scale Omniscribe recorder (Houston Instru
ments, Austin, Tex., U.S.A.) operated at 0.1 in./min chart speed.

A 25 cm X 4.6 mm J.D., Partisil-10 ODS analytical column (Whatman, Clif
ton, N.J., U.S.A.) was used. A 4 cm X 2.1 mm J.D. precolumn, packed with
Waters Assoc. pellicular Bondapak C l8 /Corasil (37-50 pm), was used to en
sure the stability of the analytical column. The column was eluted with a mix
ture of 0.005 M SDS, 47.5% methanol, and 0.01% H 2 S04 , at a flow-rate of
1.5 ml/min. The eluent was de-gassed by ultrasonification for 10 min before
use. Peak areas and retention times were determined with a Hewlett-Packard
(Avondale, Pa., U.S.A.) 3352-A laboratory data system linked through a Hew
lett-Packard 1865 A/D converter to the UV detector output of the liquid chro
matograph. The output from the data system was registered on a Texas Instru
ments' (Houston, Tex., U.S.A.) silent 700 thermal line printer.

RESULTS AND DISCUSSION

The recent introduction of soap chromatography [6, 7] has enlarged the
scope of HPLC application to biochemical analysis. The method has a particu
lar advantage when applied to urine analysis, since the bulk of the excreted
compounds are polar, show UV absorption and will not be retained. We' have
developed a rapid HPLC method to measure 1-MNA in urine without prior
cleanup.

The result of a direct injection of 3 pI of rat urine onto the column is shown
in Fig. 1. N I -Methylnicotinamide is separated from the interfering compounds
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under the conditions shown. Several methanol concentrations in the mobile
phase were investigated; namely, 40, 45, 47.5 and 50%. All provided adequate
resolution of I-MNA from interfering compounds in urine, and the retention
time of I-MNA was increased by lowering the methanol concentration. Lower
SDS (0.002 M) concentrations also gave longer retention of I-MNA. The
average retention time for ten identical injections (1-3 pI) was 16.4 ± 0.15%
(± S.D.) under the conditions in Fig. 1.

A standard calibration curve covering the range 0.1-0.9 pg of the I-MNA
standard showed excellent linearity (correlation coefficient 0.999). Linearity
of response of I-MNA in urine for urine injection volumes covering the range
1-6 pl"was also excellent (correlation coefficient 0.999). The method was used
to determine the I-MNA content of normal human urine, which was found to
be 56 pgjml. Recovery experiments were carried out on 1 ml of control urine
samples spiked with 60, 150 or 300 pg of I-MNA. The overall recovery and
its coefficient of variation (C.V.), as shown in Table I, was reasonable, indica
ting that the method is precise and accurate. The concentration of I-MNA in
rat urine by this method was found to be 117 pgjml, whereas the method
reported in ref. 5 gave 112 pgjml. This indicates good agreement between the
two methods. However, it should be noted that the present method utilizes
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Fig. 1. Soap chromatography of N' -methylnicotinamide in urine. Conditions: column,
Partisil-10 ODS; detection, 254 nm, 0.04 a.u.f.s.; eluent, water-methanol-SDS (52.2:47.4:
0.01, v{v{w) with 0.01 % added sulfuric acid.
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TABLE I

RECOVERY OF 1-MNA ADDED TO URINE SAMPLES

Amount of Recovery (%)
1-MNA added (J.Lg)

60 91~

105.8
104.1

150 95.5
100.5
102.7

312 99.0
97.7

103.4

Mean 100.1
C.V.*(%) 4.5

*C.V. (%) = (S.D./mean) X 100.

direct injection of urine onto the HPLC column and the analysis is effected in
less than 20 min. In contrast, the method in ref. 5 required pre-cleanup before
HPLC analysis, resulting in several hours for the overall assay.

The identity and purity of the 1-MNA peak was established by the follow
ing techniques. (A) Alteration of the SDS concentration (0.002 Mus. 0.005 M)
and methanol content (40% us. 47.5%) of the mobile phase gave identical
quantitative results for urinary 1-MNA content. (B) A UV spectrum run on col
lected urinary 1-MNA peaks was identical to that of authentic 1-MNA. The peak
effluents were combined and taken to dryness on a rotary evaporator and
reconstituted with 3 ml of deionized water for UV spectral analyses. The
reference cell and standard compound solutions were prepared from the mobile
phase (0.005 M SDS, 47.5% methanol, 0.01% H2 S04 ) and treated as above.
Both the standard and collected urinary 1-MNA peaks showed a similar UV
spectrum with a maximum at 265 nm. (C) The HPLC peak height ratios of uri
nary and standard 1-MNA were determined and compared at two wavelengths,
254 nm (a general wavelength) and 265 nm (absorption maximum for 1-MNA).
The HPLC peak height ratio for 254: 265 of urinary 1-MNA (0.65) was similar
to that of standard 1-MNA (0.66), and was also similar to the 254:265 absorp
tion ratio from the UV spectrum (0.66).

These techniques, especially the matching of ratios of both standard and
sample compound, indicates that the component of interest (l-MNA) in urine
is completely resolved from contaminants, thus the peak height ratio method
in combination with the other two could be used to obtain an accurate quanti
tative analysis. The soap chromatographic method described here is hence suit
able for assaying 1-MNA in urine, since this compound is well retained and
readily separated from other UV-absorbing components. Furthermore, the need
for tedious processes for cleanup previously required is avoided by direct in
jection of a few microliters of urine samples onto the HPLC column. Repeated
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injections of urine cause no notable deterioration in column performance. The
method can be used for a reliable quantitative assay of I-MNA for studies in
human nutrition, and NAD tryptophan metabolism associated with certain
diseases including cancer.
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Methyldopa [(8)-3-(3,4-dihyroxyphenyl)-2-methylalanine] is an effective
antihypertensive agent which has been used extensively for the treatment of
hypertension. Previous studies [1-5] have shown that the absorption, bio
transformation and incidence of side effects produced by methyldopa vary in
individual patients and may be significantly altered in patients with impaired
renal function [6]. Thus, correlating serum levels of methyldopa and its metab
olites with therapeutic. response may provide a more effective means of using
this valuable agent.

The quantitative analysis of methyldopa in biological specimens has most
commonly been carried out by fluorometric procedures which are protracted
and rather non-specific [1-5]. Other methods utilizing [14C] methyldopa in
conjunction with paper and thin-layer radiochromatography [7] or gas chroma
tography requiring derivatization procedures prior to analysis, have also been
reported [8, 9]. Recently, a technique employing high-performance liquid
chromatography (HPLC) with ultraviolet detection has been described for assay
of methyldopa in serum and urine [10, 11].

This report describes a highly sensitive and selective method for the deter
mination of methyldopa and its principal biotransformation products in serum,
utilizing HPLC with electrochemical detection. This recently developed detec
tion system [12] has proved to be extremely sensitive and specific for catechol
amines, and compounds of similar chemical structure present in biological

*A preliminary report of these investigations was presented to the Annual Meeting of the
Society for Pediatric Research, New York, April, 1978.
**To whom correspondence should be addressed.
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material [13-16]. The technique presented requires a minimum sample work
up time, making this method attractive for routine analyses.

EXPERIMENTAL

All chemicals employed were of reagent grade. Water used in the preparation
of buffers was glass-distilled over ethylene diamine tetraacetic acid (EDTA).

High-performance liquid chromatography
The apparatus consisted of a pumping system (Waters Assoc., Model 6000)

and an electrochemical detector (Bioanalytical Systems, Model LC-2A). A glass
column, 500 mm X 2 mm I.D. (Altex Scientific) was dry-packed with Vydac
SCX cation-exchange resin, particle size 30-44 tIm (Altex Scientific). The
eluent was 20 mM ammonium dihydrogen phosphate (pH 2.55) containing 0.1
mM EDTA pumped at a flow-rate of 0.4 mljmin with a column pressure of
300-350 p.s.i. The inclusion of EDTA in elution buffers of pH values less than
4.0 was shown to be necessary to suppress erratic fluctuations in the back
ground current, presumably due to electroactive materials present on the resin
or in the pump itself. The working electrode potential was set at +0.54 V
against an AgjAgCI reference electrode, and the detector operated at a sensitivi
ty of 2-20 nA f.s.d. depending on the concentration of methyldopa in the
biological specimen.

Procedure
To 1.0 ml serum, 50 tIl of concentrated (70%) perchloric acid were added.

The sample was immediately agitated on a Vortex mixer for 30 sec and kept on
ice for 15 min. After centrifugation for 15 min at 1000 g (4°), an aliquot of the
acid-extracted supernatant was filtered through a Centriflo membrane cone
(Amicon) by re-centrifugation at 1000 g. An appropriate volume (usually 10
tIl) of the ultrafiltrate was injected onto the chromatographic column and the
value obtained represented the amount of unconjugated methyldopa present.
In order to determine total drug levels, the remainder of the sample was kept in
a boiling water bath for 20 min. The hydrolyzed sample was then processed in
the same manner as the non-hydrolyzed one. Working standards of methyldopa
or its various metabolites containing 0.1-10.0 tIgjml were prepared from out
dated normal human serum and treated identically as above.

RESULTS AND DISCUSSION

A representative chromatogram demonstrating the resolution of methyldopa,
its metabolite methyldopamine and the endogenous catecholamine neurotrans
mitters, norepinephrine and dopamine, is shown in Fig. 1A. In addition, 3,4-di
hydroxybenzylamine, an exogenous catechol used routinely as an internal
standard for tissue catecholamine determinations, has also been included.
Under these conditions, serum concentrations of methyldopa in the range of
50--100 ngjml (2-5.10- 7 M) were routinely detected. A chromatogram of a
patient's serum prior to and following hydrolysis at 90° is shown in Fig. lB.
Since only the unconjugated species of methyldopa can be detected directly,



603

A SERUM STANDARDS B PATIENT <C.Sol

cx-MD

~

w cx-MD Unconjugoted Totol(f)

~z NE
0 .-J
a..
(f)

w
a: DHBA

DA
a:
0
I- cx-MD
u ~w ex-MDA
I-
W ex-MDA
0

cx-MDA

I I
10 10 20

MINUTES

Fig. 1. (A) High-performance liquid chromatogram of reference compounds in human serum.
Each peak represents 10 ng of standard compound: ",-MD = methyldopa, NE = norepine
phrine, DHBA = dihydroxybenzylamine, DA = dopamine, ",-MDA = methyldopamine. (B)
Elution profile of patient serum before (left) and after (right) hydrolysis at 90 0

• Uncon
jugated ",-MD, 0.8 J.lg/ml; total ",-MD, 3.4 J.lg/ml; unconjugated ",-MDA, 0.2 J.lg/ml; total
",-MDA, 1.0 J.lg/ml. Conditions: 500 X 2 mm I.D. Vydac SCX column, with 20 ruM am
monium dihydrogen phosphate and 0.1 roM EDTA as eluent; flow-rate, 0.4 ml/min; electro
chemical detection at +0.54 V.

the absolute quantity of sulfated metabolite present in a given specimen is rep
resented by the difference between the total (determined after hydrolysis) and
unconjugated (determined prior to hydrolysis) compounds. The decarboxy
lated metabolite of methyldopa, methyldopamine, can also be quantitatively
determined in patient serum by this method, as demonstrated in Fig. IE. Like
the parent compound, methyldopamine also appears to be present both as an
unconjugated and sulfate-conjugated species.

Standard curves for methyldopa in human serum were linear over the range
0.05-5.0 Jlg/ml. Therefore, serial dilutions of sera were routinely performed to
insure that measurements fell on the linear portion of the standard curve. The
average recovery of methyldopa added to serum when concentrations between
0.05 and 10.0 Jlg/ml were studied was 89.2 ± 4.1% (mean ± S.D., n = 35).

In a preliminary series of investigations, this method has been applied to the
quantitation of methyldopa in sera obtained from hypertensive pediatric
patients with normal renal function (serum creatinine <1.3 mg/dl). The mean
serum concentration of unconjugated methyldopa 8 h after a morning dosage
(7.5 mg/kg) was 0.63 ± 0.23 Jlg/ml, which represents 58% ofthe total methyl
dopa present in serum. This value is essentially identical to those recently
reported by Myrhe et al. [3]; however, the absolute values reported in this
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study were slightly lower. This discrepancy most likely results from the longer
interval between dosage and sampling time (8 vs. 4 h), or possibly because the
fluorescence method used by Myrhe and coworkers [3, 4] cannot distinguish
between methyldopa and methyldopamine, resulting thereby in falsely elevated
values.

Serum volumes of 1 ml were used in our investigation, but when sample size
is limited, as in pediatric applications, the whole procedure can be successfully
performed with serum volumes as small as 100 J,ll [6] .In addition, this method
for the determination of methyldopa and its metabolites in human serum has
several important advantages over those previously described. It is more rapid,
sensitive and specific than fluorometric techniques and the ultrafiltration puri
fication eliminates the alumina adsorption step [11]. Furthermore, sample
derivatization is not needed as for gas chromatographic analysis [8,9]. The use
of electrochemical detection also provides a greatly enhanced sensitivity com
pared to ultraviolet absorption [10, 11] ; this factor also enables the analysis of
much smaller volumes. In the procedure of Walson et al. [10] the lower limit
of detection was 1 J,lg/ml, using 1-ml serum samples. Mell and Gustafson [11]
processed 5-30-ml aliquots of urine for each analysis, and, moreover, the
entire procedure was more time consuming since an alumina adsorption step
was used. Both these systems analyzed only parent drug; the current procedure
enables analysis of metabolites as well. This technique should facilitate the
quantitation of methyldopa and its metabolites in biological specimens
acquired from patients on antihypertensive drug regimens.
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Simultaneous determination of diazepam and its metabolites N-desmethyl
diazepam, oxydiazepam and oxazepam in plasma and urine of man and dog by
means of high-performance liquid chromatography
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Department of Clinical Pharmacy, St. Radboud Hospital, University of Nijmegen, Nijmegen
(The Netherlands)
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(Received September 14th, 1978)

Benzodiazepine derivatives are widely used all over the world for a variety of
clinical indications [1]. Recently, it has become obvious that several drug-asso
ciated events, such as drowsiness, hangover and other CNS depressions, are
related to intrinsic pharmacological properties. Due to different pharmacokinet
ics and metabolism, a variety of active metabolites may be formed and these
may be responsible for some of the adverse effects. Knowledge of the pharma
cokinetic behaviour of diazepam, the most widely used benzodiazepine deriva
tive, is limited by the analytical assay procedure. Due to extensive biotransfor
mation and/or tissue distribution, parent drug and metabolites are present in
only trace amounts in body fluids. Several attempts have been made to deter
mine parent compound and metabolites by means of gas-liquid chromatogra
phy with electron capture detection [2-4], gas chromatography-mass spec
trometry [5, 6] , thin-layer chromatography [7, 8] and high-performance liquid
chromatography (HPLC) [9-12]. Until now, none of these methods (except
that of Kabra et al. [12]) has allowed the simultaneous determination of all
the main metabolites of diazepam. Kabra's method [12] however, requires a
large sample volume (2 ml).

The method described here affords the simultaneous determination of diaz
epam, N-desmethyldiazepam, oxydiazepam and oxazepam in 0.2 ml of sam
ple. The method has been applied to pharmacokinetic studies in dog and man
and also for routine monitoring in man, for which some results are presented.
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MATERIALS AND METHODS

Apparatus
A Spectra Physics 3500 B high-performance liquid chromatograph was used,

equipped with a spectrophotometric detector (Model 770). The detector was
connected to a 1-mV recorder (BD7; Kipp & Zonen, Emmen, The Nether
lands). A stainless-steel column, 10 cm X 4.6 mm J.D., commercially packed
with LiChrosorb RP8, particle size 5 pm, (Chrompack, Middelburg, The Neth
erlands) was used. The injection loop was 100 ,Ill size. Detection of the benzo
diazepines and metabolites was effected at 230 nm; the detection limit is 30
ngjmI.

Solvent
The solvent was a mixture of water-methanol-acetonitrile (500: 450: 50,

vjv) and the flow-rate was 1.6 mljmin, at a pressure of 250 atm.

Drugs
Diazepam, N-desmethyldiazepam, oxydiazepam (3-hydroxydiazepam), oxa

zepam, and flunitrazepam were obtained from Hoffmann-La Roche (Mijdrecht,
The Netherlands).

Animals
Beagle dogs from the Central Animal Laboratory of the University of Nijme

gen were used in this study. The benzodiazepines were administered at a dose
of about 2 mgjkg. The dogs were kept under light anaesthesia (nitrous oxide,
oxygen, halothane). Induction was achieved with pentobarbital (Nembutal®).
A constant urine flow was achieved by continuous infusion of dextrose solu
tion (5%, wjv).

Subjects
Ten subjects, all employees of the Department of Clinical Pharmacy, Nijme

gen, participated in this study. Oxydiazepam and oxazepam were administered
orally in doses ranging between 2 and 30 mg. Two volunteers took a mixture of
oxazepam and oxydiazepam. The drugs were taken orally in the morning, 1.5
h after a standard breakfast [13]. Blood samples of 0.2 ml were collected at
scheduled intervals by fingertip puncture (Microlance No. 433, Becton &
Dickinson). Spontaneously voided urine was collected for 60 h.

Sample preparation
Plasma and urine. Ten microlitres of acetonitrile, containing 400 ng of fluni

trazepam as internal standard, were added to 0.1 ml of plasma or urine and 2
ml of diethyl ether, and was mixed for 1 min. The mixture was then centrifuged
for 5 min at 4000 rpm (2600 g) in a Heraus Christ centrifuge. The ether layer
was transferred and evaporated to dryness. A 0.2-ml aliquot or the eluent was
added to the residue and 0.1 ml was injected onto the column.

Deglucuronidation of the samples. Plasma or urine (0.2 ml) was incubated
with 25 ,Ill beta-glucuronidase (100,000 unitsjml; Sigma, St. Louis, Mo. U.S.A.),
0.4 ml of KH2 P04 buffer (0.067 M) and one drop of 0.2 M acetic acid for 24 h.
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Ten microlitres of acetronitrile containing the internal standard (400 ng fluni
trazepam for plasma and 1000 ng for urine) were added together with 0.8 ml
Naz HP04 (0.067 M) buffer. The mixture was extracted with ether, centri
fuged, evaporated to dryness and treated for injection onto the column as
described above.

Recovery
The recovery of the extraction for diazepam is 96 ± 7%, for N-desmethyl

diazepam 91 ± 7%, oxydiazepam 94 ± 7% and oxazepam 89 ± 6%. The cali
bration curves were linear for the concentration range 10 ng to 10 Jig (r =
0.999). The sensitivity limit for all the derivatives was 30 ngjml.

RESULTS

Chromatography
Fig. 1a shows a high-performance liquid chromatogram for a reference sam

ple of the calibration curve extracted from human ACD plasma. Flunitrazepam
(F) is used as internal standard. There is an excellent separation between diaz
epam (D) and its main metabolites, N-desmethyldiazepam (DD), oxydiaze
pam (aD) and oxazepam (OX). Fig. 1b gives an example of an extract of a
plasma sample of a dog, 30 min after an intravenous bolus injection of 2.18

plasma dog

diazepam i.v

start a
F ox 00 DO 0

00032 A

standard plasma
400 ng/ml

start F b

start
ox

00
c

F
I 0.016 A

human urine

oxydiazepam + oxazepam p.o.

I
5

I
10

I
15 min

Fig. 1. HPLC chromatograms of diazepam (D) and its metabolites, N-desmethyldiazepam
(DD), oxydiazepam (OD) and oxazepam (OX), obtained from: (a) reference sample; (b)
dog plasma; (c) human urine. F is the internal standard flunitrazepam.
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TABLE I

RELATIVE RETENTION TIMES OF DIAZEPAM AND ITS METABOLITES

Compound

Flunitrazepam
Oxazepam
Oxydiazepam
N-Desmethyldiazepam
Diazepam
Chlordiazepoxide
Pentobarbital

Relative retention time (k' )

6.50
10.67
13.30
17.00
21.80
10.07

5.58

C
I
N-C=O

0 1 '/c
Cl::"'" C=N

6

mg/kg was given. Note the pentobarbital (P) peak just before the flunitraze
pam. Pentobarbital (Nembutal®) was used as the anaesthetic. No oxydiazepam
could be detected and only small amounts of oxazepam.

Fig. 1c is an example of an extract of human urine containing relatively
large amounts of oxazepam and oxydiazepam, after oral intake of both drugs
simultaneously. No interfering compounds are seen. The relative retention
times of diazepam and its metabolites are given in Table I. Chlordiazepoxide
(Librium®) is also well separated from the other benzodiazepine derivatives,
which may be important when measuring plasma concentrations following
ingestion of a mixture of benzodiazepines [14].

Benzodiazepines in a beagle dog
Fig. 2 shows the structural formulae of diazepam and its main metabolites.

Fig. 3 shows the pharmacokinetics of diazepam and its metabolites in a beagle
dog after an intravenous dose of 2.18 mg/kg. Note that diazepam is rapidly
eliminated (t'h = 80 min) and converted mainly to N-desmethyldiazepam. This
metabolite is relatively slowly eliminated (t'h = 10 h) by hydroxylation at the
C3 position, which results in the formation of oxazepam (Fig. 2).

H
~N-C=O

---.~ ~ 'c

CI~ ((

*d iazepam desmelhyldiazepam

r !
c •I H

~N-C~O ~N-C,O

~ /C-OH ---.~ M /C-oH

CI ::,.... 6,c=1 N C ::,.... 6c=1N

'~ ~

. * *oxydlazepam oxazepam

Fig. 2. Structural formulae of diazepam and its main metabolites, N-desmethyldiazepam,
oxydiazepam and oxazepam. * = Position vulnerable for hydroxylation.
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Diazepam may also be slowly hydroxylated at the C3 position to give 3
hydroxydiazepam or oxydiazepam, which is present in very minute concentra
tions as the glucuronide. The N-demethylation of oxydiazepam is fast and
results in oxazepam.

After deglucuronidation of the plasma samples only oxydiazepam and oxaze
pam were present as glucuronides. The formation of oxazepam glucuronide
from oxazepam is shown in Fig. 4. Oxazepam, given as an intravenous bolus
injection to a beagle dog, was eliminated slowly (t'/2 = 3 h) as the free drug,
and as the glucuronide with a tI/2 of 8 h. The drug is mainly excreted as its
glucuronide (24.5% in 7 h) and very little as the free drug (0.07%).

ngml_--DIAZEPAM IN DOG--------,

2.18 mg/kg I.v.

1000

100

10 ,
I,,,,

o 2 " 6 8 10 h

Fig. 3. Pharmacokinetics of diazepam in a beagle dog. Diazepam is rapidly eliminated (t lh =

80 min) and converted to N-desmethyldiazepam (tv. = 10 h), oxydiazepam glucuronide, oxa
zepam and oxazepam glucuronide.
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renal exer. rate fJ9Imin
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oxazepam - glue.

24.5 %

r----'
I L -r-"j
I I j--l
: I I --I
: --- j r---j

____J J :
I
I
I
I
!._---

10

0.1
t~;3 h

.......... urine flow ml/min

oxazepam
0.07 %

0 2 4 6 8 10 h

Fig. 4. Pharmacokinetics of oxazepam in a beagle dog. Oxazepam is eliminated by glucuro
nidation and renal excretion of free drug and glucuronide.

Oxydiazepam and oxazepam in man
The method of extraction and HPLC analysis of benzodiazepines can also be

applied to the pharmacokinetic study of diazepam and its metabolites in man.
Fig. 5 shows the pharmacokinetics of oxydiazepam and its metabolite oxaze
pam after an oral dose of 17.8 mg of oxydiazepam (Temazepam®). The renal
excretion rate of oxydiazepam glucuronide has a t'12 of 10 h, the metabolite,
oxazepam glucuronide, has a t'12 of 12.5 h. Less than 1% of the free drugs is ex
creted by the kidneys.

The plasma concentrations of oxydiazepam and metabolite show a much
shorter til. of about 3 h, perhaps indicating an alpha. phase in the plasma elim
ination curve. We have to remember that in plasma, oxydiazepam is measured
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100 PLASMA CONC.,ug Iml
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Fig. 5. Pharmacokinetics of oxydiazepam in man after an oral dose of 17.8 mg. The plasma
elimination curve, which shows a much shorter tlj, than that of the renal excretion rate of
both drugs, shows only the alpha phase of the elimination curve.

as the free compound while in urine the glucuronide is measured. Oxazepam,
as parent drug, is excreted almost entirely as glucuronide, with a tl/2 of 11.5
h (Fig. 6 and Table II). The renal excretion rates of oxydiazepam glucuronide
and oxazepam glucuronide are independent of urinary pH and urine flow. The
renal clearance constant varies between 20 and 60 ml/min. Table II summarizes
the pharmacokinetic parameters of oxydiazepam and oxazepam in man.
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Fig. 6. Pharmacokinetics of oxazepam in man after an oral dose of 23.6 mg. The alpha and
beta phases of the plasma elimination curve can be observed. Oxazepam is excreted almost
solely as the glucuronide.

TABLE II

PHARMACOKINETIC PARAMETERS OF OXAZEPAM AND OXYDIAZEPAM IN MAN

Compound n Percentage excreted Percentage of tv. (h) tv. of metabo-
as glucuronide metabolite ex- lite (h)

creted as glucu-
ronide

Oxydiazepam 5 86.6 ± 9.6 5.8 ± 3.8 7.7 ± 1.7 9.7 ± 2.4
Oxazepam 10 98.3 ± 10.7 7.5 ± 2.1
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DISCUSSION

The method described in this communication permits the study of the
pharmacokinetics of diazepam and its metabolites. The small amount of blood
(0.2 ml plasma) required, together with the sensitivity limit of 30 ng/ml allows
the convenient use of volunteers as subjects in these experiments. Also volun
teers are able to collect blood samples of 0.2 ml in a fashion which greatly
simplifies and facilitates the experimental design [12]. There are few papers
describing the pharmacokinetics of oxydiazepam [15, 16] and oxazepam [15,
17], probably due to difficulties encountered in analysis.

The glucuronidation of oxazepam and subsequent renal excretion of oxaze
pam glucuronide is the main pathway for elimination of the drug. Similar behav
iour is found for lorazepam [18-20], which indicates that glucuronidation
of benzodiazepines only takes place at the C3 -hydroxyl group.

Pharmacokinetic processes in man are slower than in the dog. The half-life
of diazepam in man is about 40 h [21, 22] and of N-desmethyldiazepam
about 60 h [21, 22] . These two drugs have been thoroughly investigated, and
that accumulation of the parent drug and metabolite occurs at a consumption
rate of diazepam of 5-30 mg/day has been known for about ten years [17].
In analogy to dogs, oxydiazepam and oxazepam may be present in man with a
t'h of 7-10 h from the first dose of diazepam, but, as can be seen from Fig. 3,
at a plasma concentration ten times less than that of N-desmethyldiazepam.

This HPLC method is superior to others, as it allows the determination of
the main metabolites of diazepam and requires only a small volume of blood.
Therefore it can be used in routine patient monitoring in hospitals and as a
tool to establish the clinical importance of oxazepam and oxydiazepam.
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Many therapeutic successes have been achieved with the retinoic acid anal
ogue, Ro 10-9359 [ethyl all-trans-9-(4-methoxy-2,3,6-trimethylphenyl )-3,7
dimethyl-2,4,6,8-nonatetraenoate, Fig. 1], in psoriasis patients. The compound

~COOC,H5
CH,O~,- ,- ,- '"

Ro 10-9359

~""COOH"I
CH,

Ro 10-1670

Fig. 1. Retinoid Ro 10-9359 and metabolite Ro 10-1670.

is both therapeutically effective in the mouse and prophylactically effective on
epithelial tumors [1-3]. The need to determine the bioavailability of different
oral formulations of Ro 10-9359, to monitor clinically-effective plasma levels
of patients undergoing oral retinoid therapy and to determine the pharmaco
kinetic parameters necessitated the development of a sensitive and specific
assay for the determination of Ro 10-9359 and its pharmacologically-active
main metabolite Ro 10-1670 in plasma (Fig. 1).

*To whom correspondence should be addressed at the following address: Mittlerer Rainweg
3, CH-4414 Fiillinsdorf, Switzerland.
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MATERIALS AND METHODS

All work with the retinoids and the internal standard retinoic acid must be
carried out in darkened rooms, and all glassware must be amberized to prevent
photoisomerisation of these compounds.

Reagents
All reagents must be of analytical reagent grade (>99% purity). The organic

solvents were purchased from E. Merck (Darmstadt, G.F.R.).

Columns
The columns were 0.25 m X 3.0 mm J.D. stainless steel, containing 5 pI

silica gel (Partisil, Whatman, Clifton, N.J., U.S.A. or LiChrosorb, Merck) and
generating 20,000-40,000 plates per m. The temperature of the columns was
20°.

Instrumental parameters
Pump: Milton-Roy 5000. Injector: Altex high-pressure sample injection

valve. Detector: Cecil 212 UV detector at 360 nm.

Mobile phases
The isocratic mobile phases were mixtures of: (A) hexane-tetrahydrofurane

-glacial acetic acid (98:1.5:0.6, v/v/v) and (B) hexane-methylbenzoate
propionic acid (87.5:12.5:0.35, v/v/v). The mixtures were boiled before use.

Analytical standards
All analytical standards were of pharmaceutical grade purity (> 99%). These

included Ro 10-9359 (ethyl all-trans-9-( 4-methoxy-2,3,6-trimethylphenyl)
3,7-dimethyl-2,4,6,8-nonatetraenoate, C23 H30 0 3 ), Ro 10-1670 (all-trans
9-(4-methoxy-2 ,3,6-trimethylphenyl)-3,7-dimethyl-2,4,6 ,8-nonatetraenoic acid,
C21 H26 0 3 ) and the internal standard (all-trans-retinoic acid, C20 H28 O2 ).

Preparation of standard solutions
Place 10.0 mg of the retinoids or the retinoic acid in separate 100-ml volu

metric flasks and dissolve in 100.0 ml of tetrahydrofuran to obtain stock solu
tions containing 100 ng/pl. These stock solutions could be stored without alter
ation for 3 months at - 20°.

To prepare the standard solutions, aliquots of 10.0 ml of the stock solutions
were adjusted to 100.0 ml with hexane. Volumes (10.0 ml)of these solutions
containing 10 ng/pl were diluted to 100.0 ml with hexane in volumetric flasks,
forming the standard solutions of the retinoids and the internal standard con
taining 1 ng/pl. These standard solutions could be stored undecomposed for
2 weeks at 5°.

Procedure
To a 20 ml amberized centrifuge tube, add 0.5 ml of plasma, 50 pI of the

internal standard solution (= 50 ng retinoic acid), and 4.5 ml of a 0.1 M buf
fer pH 6 solution (citrate-NaOH, Titrisol; Merck). The plasma samples thus
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prepared could be stored for 1 week at - 20°. Extract the aqueous phase with
10 ml of hexane by shaking for 10 min on a reciprocating shaker (Heidolph) at
60 rpm. Along with 10 samples, process two samples of 0.5 ml of control
plasma, containing 50 pI Ro 10-9359 and Ro 10-1670 standard solutions,
respectively (= 50 ng retinoid). Centrifuge the samples at 2000 g at room
temperature for 4 min. Transfer approx. 9 ml of the upper organic layer into
another amberized 20-ml conical centrifuge tube. Evaporate the organic layer
to dryness at 40° under a stream of clean, dry nitrogen. Dissolve the residues,
cooled to 4°, in two lOO-pl aliquots of the mobile phase and filter through a

"small swab of cotton wool into a microtube. Inject approx. 100 pI. Plasma
samples which were not analysed immediately after collection could be stored
without alteration for 3 months at - 20°.

Calibration curves
Calibration curves of the peak height ratios (retinoid:internal standard) ver

sus the concentration of the retinoids were prepared, analysing 0.5 ml of the
plasma samples, each containing 100 ngjml of the internal standard and differ
ent concentrations of the retinoids (Fig. 2).

°
°

7

6

5

2

f'9 Retinoid /
ml Plasma

Fig. 2. Calibration curves for Ro 10-9359 (0) and the metabolite Ro 10-1670 (v). Mobile
phase: mixture A.

RESULTS

The assay allows the simultaneous determination of the drug Ro 10-9359
and its main metabolite Ro 10-1670 after extraction from plasma, using their
UV absorbance at the absorption maximum of 360 nm. So far, more than. one
thousand plasma samples from rats, rabbits, dogs and humans have been ana
lysed using this assay.

Using the mobile phase A and a flow-rate of 1.2 mljmin, the retention
times of Ro 10-9359, of Ro 10-1670 and of the internal standard were 2.6,
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6.0 and 4.1 min, respectively. Under these conditions, a new metabolite of Ro
10-9359, found only in human plasma [4] after multiple dosing of Ro 10
9359, is not separated from the peak of the main metabolite Ro 10-1670 in the
chromatogram (Fig. 3).

1

2
3

o
Fig. 3. Chromatograms of the HPLC analysis of: (a) 0.5 ml control plasma and (b) 0.5 ml,
plasma containing 105 ng/mlRo 10-9359 (peak 1), 100 ng/ml internal standard (retinoic
acid, peak 2) and 210 ng/ml Ro 10-1670 (peak 3). Stationary phase: LiChrosorb SI 60
(Merck); mobile phase: hexane-tetrahydrofurane-glacial acetic acid (98: 1.5 :0.6, v/v/v)
at 360 nm.

Using the mobile phase B and a flow-rate of 1.2 mljmin, the retention times
of Ro 10-9359, Ro 10-1670 and the internal standard were 3.2, 8.1 and 4.2
min, respectively. Under these conditions, the peak of the new metabolite,
not detectable in Fig. 4, is separated sufficiently from the Ro 10-1670 peak
and appears 7 min after injection (Fig. 4).

The calibration curves for Ro 10-9359 and Ro 10-1670 were linear from 10
to 1000 ngjml of the retinoid, using the mobile phase A, and from 20 to 500
ngjml of the retinoid, using the mobile phase B.

The relative standard deviation of the whole assay ranges from ± 10 to ± 20%
for the unaltered drug and the metabolite Ro 10-1670, within the range of
concentration of 50 to 1000 ngjml and to ± 10 to ± 25% within 10--50 ngjml
of the retinoid. These relatively high values are due to bad extractability specif
ic to these substances and the low concentrations to be determined.

The concentration of each retinoid is determined from the slope of the cali
bration curves and the peak height ratio, retinoid: internal standard (Ls.) as
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3

1 2 4
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Fig. 4. Chromatogram of the HPLC analysis of 0.5 ml human plasma following multiple
dosing of Ro 10-9359, containing 80 ng/ml Ro 10-9359 (peak 1), 100 ng/ml internal stan
dard (retinoic acid, peak 2), 240 ng/ml of the metabolite Ro 10-1670 (peak 4) and an un
known amount of a new metabolite (peak 3). Stationary phase: LiChrosorb SI 60 (Merck);
mobile phase: hexane-methyl benzoate-proprionic acid (87.5:12.5:0.35, v/v/v) at 360 nm.

follows:

ngjml Ro 10-9359 = Peak height Ro 10-9359 (mm) . f
Peak height Ls. (mm)

ngjml Ro 10-1670 = Peak height Ro 10-1670 (mm) . f
Peak height i.s. (mm)

Average factors (fA) for Ro 10-9359 and Ro 10-1670, using the mobile
phase A, were 84 ngjml (S.D. = 9 ngjml) and 235 ngjml (S.D. = 31 ngjml),
respectively. Using the mobile phase B, they were 90 ngjml (S.D. = 10 ngjml)
for Ro 10-9359 and 260 ngjml (S.D. = 34 ngjml) for Ro 10-1670.

As already mentioned, along with 10 samples, two samples of control plas
ma containing 50 ng internal standard, 50 ng Ro 10-9359 and 100 ng Ro 10
1670, were analysed in order to control the calibration curves. From these
control samples the daily factors (fn) were calculated and compared with the
average factors. If the factors were within the limits given by the standard
deviation of the assay, the average factors were used for calculation. If they
were within twice the standard deviation, the actual factors were put into the
equation, and if there was a large difference between the daily and the average
factors, the assays had to be repeated.

The overall recoveries of Ro 10-9359 and Ro 10-1670 determined with
the radioactive compounds, were 75 ± 10% and 65 ± 10%, respectively.

The same recoveries were obtained when more polar organic solvents were
used, e.g. ethyl acetate, but the chromatograms contained fewer impurities
after extraction with hexane.

The limits of detection are in the order of 10-20 ngjml for Ro 10-9359
and Ro 10-1670, using a 0.5-ml aliquot of plasma.
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DISCUSSION

The retinoids Ro 10-9359 and Ro 10-1670 have a high UV absorption at
360 nm, which was utilized for their quantification in the low nanogram
range. Both compounds can be analysed either in human or animal plasma (rat,
rabbit, dog) using the same procedure and calibration curves. As was shown
in an assay with radioactive Ro 10-9359 and Ro 10-1670, the formation of
the retinoid-protein complex in plasma is reversible, and the retinoid is ex
tracted by hexane.

Adsorption chromatography was selected in preference to reversed-phase
chromatography because of better sensitivity (columns with 20,000-40,000
plates per m could be used) and the fact that the resolution of the cis-isomers
of the all-trans compounds, produced by exposure to light or by biotransfor
mation, was achieved.

The assay presented is based on the comparison of the peak heights of the
retinoid with that of an internal standard. For this analytical procedure it is
essential to use an adequate internal standard.

Retinoic acid is an ideal internal standard because of the similar chemical
and physical behaviour. Irregularities in extracting the compounds from the
plasma and the loss of compounds due to absorption on to the glass walls
are taken into account. Retinoic acid absorbs enough UV light at 360 nm, the
UV absorption maximum of Ro 10-9359 and Ro 10-1670, and is always
available in a pure form* .

The disadvantage of this internal standard is its sensitivity to light. Since .
Ro 10-9359 and Ro 10-1670 are also very sensitive to light the whole analytical
procedure has to be done in a darkened room.

Care must be taken in slowly thawing the frozen plasma samples in order
to avoid the formation of solid protein particles. After careless thawing, the
plasma might not be homogenous and, since the lipophilic retinoids are bond
ed to a great extent to these proteins, the determination can be inaccurate.

Ro 10-9359 has been shown previously [5] to be highly metabolized and
to form at least 21 metabolites. These were found in urine, bile and blood.
Most have a shortened tetraen side chain, with a UV adsorption maximum near
260 nm, and do not impair the assay.

The oxygenated metabolites of Ro 10-9359, with an intact tetraen side chain
found in rat bile and which show an absorption maximum near 260 nm, are
separated sufficiently well with this high-performance liquid chromatographic
assay to prevent their interference.

The attempt to perfect a quantitative method of determination on thin-layer
plates and a gas chromatographic assay failed because of the extreme photo
sensitivity and the thermal instability of the retinoids Ro 10-9359 and Ro 10
1670.

Application of the assay to plasma samples containing the retinoids Ro 10
9359 and Ro 10-1670

Typical plasma level curves of the drug and the main metabolite after oral

*Retinoic acid is the active principle of AIROL Roche.
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123468 12 hours

Fig. 5. Plasma levels of Ro 10-9359 (0) and Ro 10-1670 (x) after oral administration of 2
mg/kg of Ro 10-9359 to an adult male.

administration of 100 mg of the drug to an adult male are shown in Fig. 5.
The drug reaches its maximum concentration of 230 ng/ml in plasma, 3--4 h
following oral administration, showing a relatively slow absorption. After the
same period, the metabolite reaches its maximum concentration of 700 ng/ml.
Twenty-four hours after administration the concentrations declined to immea
surable amounts.
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phases in G LC. Determination of par
tition coefficients of volatile substan
ces for analysis of quantitative struc
ture-activity relationships 209

Steroids
Corticosteroid analysis in biological
fluids by HPLC 273

Steroids
Determination of plasma. testosterone
by mass fragmentography using testos
terone-19-d 3 as an internal standard.
Comparison with radioimmunoassay
529

Steroids
Direct TLC-fluorimetric quantifica
tion of pharmacological plasma con
centrations of an antiarrhythmic
steroid (Org-6001) 422

Steroids
Profiles in chronic diseases. II. Steroid
profiles in patients with Psoriasis
vulgaris 573

Sterols
Assessment of serum cholesterol by
two methods: G LC on a capillary

column and chemical ionization-mass
fragmentography with isotopic dilu
tion of [3,4-13 C]cholesterol as intern
al standard 1

Sterols
Determination of free, total, and es
terified cholesterol by HPLC 281

Stimulant drugs
Caffeine determination in rat plasma.
A comparative study of micromethods
223

Stimulant drugs
Quantitative analysis of amineptine (S
1694) in biological samples by GC
mass fragmentography 31

Structure-activity relationships
Determination of partition coefficients
of volatile substances for analysis of
quantitative structure-activity rela
tionships 209

Sugars
Quantitative GLC of neutral sugars
in human serum glycoproteins. Fu
cose, mannose, and galactose as pre
dictors in ovarian and small cell lung
carcinoma 507

Sulfapyridine
HPLC determination of aminosalicy
late, sulfapyridine and their metabo
lites. Its application for pharmaco
kinetic studies with salicylazosulfapy
ridine in man 237

Testosterone
Determination of plasma testosterone
by mass fragmentography using testos
terone-19-d 3 as an internal standard.
Comparison with radioimmunoassay
529

Tinidazole
Determination of metronidazole and
tinidazole in plasma and feces by
HPLC 117

a-Tocopherol
Simultaneous determination of retinol
and 0< -tocopherol in human serum by
HPLC 408

Toluene metabolites
Simple TLC method for the estima
tion of hippuric acid: comparison with
a photometric and GC method 234

Tranquilizers
Simultaneous determination of diaze
pam and its metabolites N-desmethyl
diazepam, oxydiazepam and oxazepam
in plasma and urine of man and dog
by means of HPLC 605



Triamterene
Rapid assay for triamterene in plasma
474

Triglycerides
GC evaluation of plasma triglyceride
composition in hyperlipidemia 177

Tryptamine
Improved selective ion monitoring MS
assay for the determination of N,N
dimethyltryptamine in human blood
utilizing capillary GC 539

Tryptamine
Longitudinal urinary trace amine ex
cretion in a human male 169

Tryptophan
Surfactant ion-pair HPLC of tryp
tophan and some of its metabolites
in biological fluids 153

Errata

637

Tyramine
Longitudinal urinary trace amine ex
cretion in a human male 169

Uremia
Quantitative analysis of methylguani
dine and guanidine in physiologic
fluids by HPLC-fluorescence detec
tion method 23

Vasodilators
Specific determination of dipyrida
mole in serum by HPLC 98

Vitamins
Simultaneous determination of retinol
and a-tocopherol in human serum by
HPLC 408

J. Chromatogr., 146 (1978) 273-281
Page 278, legend to Fig. 2 should read "Verlauf der Eichkurven fUr Aldo

steron bei Verwendung des Antikorpers gegen (.) Aldosteron-Oxim (PIH;
Plasma) und (0) Aldosteron-18,21-Disuccinat (NIH, Lot 088)".
Page 280, ref. 3 should read "B. Kliman und R.E. Peterson, J. BioI. Chern.,
235 (1960) 1639".

J. Chromatogr., 162 (1979) 237-243
Page 240, Results, 4th and 5th lines should read "with an acetylation rate

of 12 to 47%".
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NEWS SECTION

APPARATUS

N-1266

ISOELECTRIC FOCUSING AND
ELECTROPHORESIS

A new booklet by Pharmacia Fin~ Chcmic'als
describes the new nat bed system for isoelcctric
focusing and electrophoresis. In 'Tocus with
Pharmacia" details about the following products
of Pharmacia are given:

PharmalyteT]\II, a n~w s~ries of carrier
ampholytes,
the nat bed apparatus FBE 3000,
the power supply ECPS 2000/300, capabk of
delivering 300 I11A at 2000 V,
the power supply FPS 500/400. capable of
delivering 400 mA at 500 V.
Sephadex IEF, the support medium for
preparative focusing,
agarose powders for electrophoresis and
immunoelectrophoresis.

For further information concerning any of
the news items, apply to the publisher, using the
reply cards provided, quoting the reference
number printed at the beginning of the item.

N-1240

HORIZONTAL ELECTROPHORESIS CELL

Bio-Rad Labs.' "'lode! 1415 horizontal, large
capacity. dectrophoresis cell is d~signed with
interchangeable accessories for a number of
electrophoresis methods. The 125 X 430 n1l11
cooling platform accommodatcs multiple
separations. Thc entin: platform can be used
l~ngthwise to obtain high resolution. or cross
wise for preparativ~ scparations. The lid is hinged
to the unit for easy opening. and includes a con
densation coil which prevents dripping on gels or
fogging of the lid. 1111.' reversible cooling plat
form has a light colored glass surface for high
cooling efficiency and high visibility of colored
separations, and a dark plastic surface for visibil
ity of immunoprecipitates.

N-1249

SEl\ll-MICRO ELECTROPHORESIS SYSTEM

A 4-page bul1l'tin (PB 337R) from Gelman de
scribes the semi-micro electrophoresis system for
high-volume electrophoresis. With the system, I
to 32 tests can be run simultaneously using up to
four different procedures. The total
electrophoresis time is 15-30 minutes.

The bulletin also describes other Gelman
produ cts and chemicals for electrophoresis.
Prices and ordering information arc induded.



N-124l

SLAB ELECTROPHORESIS CELL FOR DNA
AND RNA SEQUENCING

100 or more DNA bases can be sequenced
electrophoretically in the new 330 X 430 mm
Bio-Rad slab cell using the chemical cleavage
method of Maxam and Gilbert or the enzymatic
method of Sanger and Coulson. The Super Slab
is also suitable for RNA sequencing, and for the
two-dimensional electrophoresis of proteins
using a 290 mm tube gel in the first dimension
and the 430 mm slab in the second. The gels are
sized for autoradiography on standard sheets of
X-ray film. The Bio-Rad Super Slab is an un
cooled, single slab cell designed to usc plain
rectangular glass plates. A precision-molded
upper buffer chamber gasket produccs a leak-free
seal without using matched glass plates. With the
Slab a comb which forms 20 wells is supplied.

N-1235

FLUORIMETRIC SUGAR ANALYSER

The new Cenco fluorimetric sugar module
(FSM) is a medium-pressure liquid chromato
graph for the separation and detection of rc
ducing and non-reducing carbohydrates with
detcction limits in thc lower nanomole rangc.
The module is available as a selfcontained unit
with provision for output directly to a mV
recordcr. Altcrnatively, the FSM may bc coupled
to a specially designed integrator-controller
terminal where the parameters are automatically

monitored and controlled by a microprocessor
system, the peaks integrated and the data dis
played on a printer. Detection of carbohydrates
is done by reaction fluorimetry in the effluent
stream. The principle of the method is the
chromatographic separation of the borate com
plexes of the various carbohydrates on an anion
exchange column. TIle reagent in an umeactive
state is part of the eluent and is activated after
the column. The fluorescent reaction products
of the sugars are passed through a flow-through
filter fluorimeter for detection.

CHEMICALS

N-1238

NEW BIOCHEMICAL SEPARATION
TECHNIQUE

A prize-winning technique, called
"hydrophobic chromatography", forms the basis
for exploratory kits and individual polymers
marketed by the Miles Laboratories Research
Products Division. This technique for isolating
and studying proteins and cells, is developed by
Professor S. Shaltiel of the Weizmann Institute
of Science in Israel and Professor J. Porath of the
University of Uppsala in Sweden. Hydrophobic
chromatography makes use of a series of water
insoluble polymers, each member of which bears
hydrophobic hydrocarbon chains of a given
length. Materials can be separated according to
their preferential binding to a particular polymer
cor:taining the 2flpropriate carbon chain.

N-1263

HPLC COLUMNS FOR CARBOHYDRATE
SEPARATION

Bio-Rad Laboratories' Carbohydrate Analysis
HPLC Columns are designed for the rapid
analysis of high fructose corn syrup, and similar
applications. Narrow, well separated peaks are
obtaincd from sugars such as maltose, dextrose,
fructose and ribose is less than 10 minutes run
ning time. The columns are packed with Aminex
Carbohydrate HPX-87 cation-cxchange resin con
sisting of a tight size range of sulfonic acid resin
which has been converted to the calcium salt
under controlled conditions to minimize osmotic
shock and particle fracturing. The columns are
packed according to an optimized procedure.



CALENDAR OF FORTHCOMING MEETINGS

April 18-20, 1979
Carlsbad, Czechoslovakia

April30-May 3,1979
Brussels, Belgium

May 7-10, 1979
Boston, Mass., U.S.A.

June 11-15, 1979
Budapest, Hungary

June 19-20, 1979
Venice, Italy

June 21-22.1979
Venice, Italy

June 17-23, 1979
Frankfurt/Main, G,F.R.

June 26-29,1979
Strasbourg, France

2nd Danube Symposium on Progress in Chromatography

Contact:
Dr. Karcl Macek, Institutc of Physiology CSA V, Budejovicka
1083, Prague 4, Czechoslovakia (Furthcr details pUblished in
Vol. 160, No. I)

27th Annual Colloquium on Protides of the Biological Fluids

Contact:
Colloquium "Prot ides of the Biological Fluids", Secretariat, c/o
Lipid and Protein Department, Institute for Medical Biology,
A1scmbergsesteenweg 196, B-1 180 Brussels, Belgium

4th International Symposium on Column Liquid Chromato
graphy

Contact:
Professor Barry L. Karger, Chairman, Organizing Committee.
4th International Meeting on Column Liquid Chromatography,
Northeastern University, Institute of Chemical Analysis, Boston,
Mass. 02115, U.S.A. (Further details published in Vol. 154, No.2)

4th International Symposium on Analytical and Applied
Pyrolysis

Contact:
Dr. L. Leisztner, c/o Research Laboratory for Inorganic
Chemistry of the Hungarian Academy of Sciences, Bedaorsi
ut 45, H-1 I 12 Budapest, Hungary

10th International Symposium on Chromatography and Electro
phoresis

Contact:
Dr. A. Frigerio, [stituto di Ricerche Farmacologiche "Mario
Negri", Via Eritrea 62,20157 Milan,ltaly

6th International Symposium on Mass Spectrometry in Bio·
chemistry and Medicine

Contact:
Dr. A. I:rigerio, Istituto di Ricerche Farmacologiche "Mario
Negri", Via Eritrea 62,20157 Milan, Italy

Achema 79

Contact:
Dechema, P.O. Box 970146, D-6000 Frankfurt/Main 97, G.F.R,

International Symposium on Affinity Chromatography and
Molecular Interaction

Contact:
Dr. J.M. [gly, faculte de Medecine, Institut de Chimie Biologique,
II. rue Humann, 67085 Strasbourg Cedex. France



August 27-31,1979
Helsinki, Finland

September 24-28, 1979
Lausanne, Switzerland

October 21-24,1979
Philadelphia, Pa., U.S.A.

October 22-25,1979
Houston, Texas, U.S.A.

October 31- November 2, 1979
Williamsburg, Va., U.S.A.

May 27 - 30, 1980
Balaton Lake, Hungary

June 30-July 4, 1980
Cannes, France

July 20-26, 1980
Lancaster, Great Britain

September 6-12, 1980
Liege, Belgium

27th IUPAC Congress

Contact:
Dr. J. Larinkari, P.O. Box 244, SF-00131 Helsinki 13, Finland

Chromatography '79. 14th International Symposium on
Advances in Chromatography

Contact:
Professor A. Ziatkis, Chemistry Department, University of
Houston, Houston, Texas 77004, U.S.A.

18th Annual Meeting of ASTM Committee E-19 on the Practice of
Ouomatography

Contact:
Tim Bradley, Spectra-Physics, 2905 Stender Way, Santa Clara,
Calif. 95051, U.S.A.

Expochem '79

Contact:
Professor A. Ziatkis, Chemistry Department, University of
Houston, Houston, Texas 77004, U.S.A.

The Society of Forensic Toxicologists Annual Meeting

Contact:
Robert V. Blanke, Medical College of Virginia, MCV Station,
Box 696, Richmond, Va. 23298, U.S.A.

4th Symposium on Ion Exchange

Contact:
Professor J. Inczedy, Organizing Committee 4th Symposium on
Ion Exchange, P.O. Box 28, Veszprem, H-8201 Hungary

13th International Symposium on Chromatography

Contact:
Groupement pour I'Avancement des Methodes Spectroscopiques
et Physicochimiques d'Analyse (GAMS), 88 Boulevard
Malesherbes, 75008 Paris, France

SAC 80

Contact:
The Secretary, Analytical Division, The Chemical Society,
Burlington House, London WI V OBN, Great Britain

International Solvent Extraction Conference ISEC '80

Contact:
Conference Secretary, ISEC '80, Department of Chemistry,
University of Liege, Sart Tilman, B-4000 Liege, Belgium
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Evaluation and
Optimization of Laboratory
Methods and
Analytical Procedures

A Survey of Statistical and
Mathematical Techniques

D.L. MASSART, A. DIJKSTRA and L. KAUFMAN.

with contributions by S. Wold, B. Vandeginste and Y. Michotte

Techniques and Instrumentation in Analytical Chemistry· Volume 1

This book provides detailed treatment, in a single volume, of formal methods f',:
optimization in analytical chemistry. It is a comprehensive and practical handbcc.f<.
which no analytical laboratory will want to be without.

All aspects of optimization are discussed, from the simple evaluation of procedur~·

to the organization of laboratories or the selection of optimal complex analytical
programmes. Quantitative discrete analysis as well as qualitative and continuous
measurement techniques are evaluated.

The book consists of 30 chapters divided into 5 main parts.The main sections are:
Evaluation of the Performance of Analytical Procedures, Experimental Optimization
Combinatorial Problems, Requirements for Analytical Procedures, and Systems
Approach in Analytical Chemistry.

This work will be of practical value not only to those involved with optimization
problems in analytical chemistry, but also to those in related fields such as
clinical chemistry or specialized fields such as chromatography. Because it
discusses the application of many mathematical techniques in analytical chemistry,
this book will also serve as a general introduction to the new field of Chemometrics.

Oct. 1978 xvi + 596 pages US $57.75/0fl. 130.00 ISBN 0-444-41743-5

ELSEVIER
P.O. Box 211,
1000 AE Amsterdam
The Netherlands

52 Vanderbilt Ave
New York, N.Y. 10017

The Dutch guilder price is definitive. US $ prices are subject to exchange rate fluctuations.
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