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The colour and fluorescence of oligosaccharides seem to be dependent not
only on the sugar component, e.g., red for galactosylarabinose (8) compared
with greenish yellow or brown for lactose (7), but also by the kind of linkage.
Melibiose (1), with a (3-1,6- bond, gave a reddish brown colour with a yellow
fluorescence, both distinctly different from the green-yellow colour and similar
fluorescence of isomeric lactose (7), with a (3-1,4- bond. Unlike other reducing
oligosaccharides, maltose and its derivatives, with an a-1,4- bond (Le., malto
triose, panose, etc.), reacted at considerably higher temperatures, developing a
weak greelli2' brown colour. This drawback was compensated for by their
highly sensitive and specific blue fluorescence at 260 nm and greenish yellow
fluorescence at 360 nm.

Application of stepwise detection in the identification of urinary sugars
. The spot of urinary glucose (6) in the final detection stage (Fig. 2, samples

7 and 10) overlapped considerably the spot of galactose (5), yet they could be
distinguished in stage I or II by the yellow fluorescence and/or colour of
uneven intensity, which are stronger with glucose. In Figs. 1 and 2, fucose,
which is always present in the urine, shared its position with ribose (11). The
latter is the fastest reacting pentose and was easily identified by the red colour
and green-yellow fluorescence in stage I, while fucose first became apparent
after heating for 10 min at 55°. Its fluorescence altered that of ribose and, after
heating for 60 min (stage III), due to the admixture of fucose, there was a pro
nounced difference between the spots of standard and urinary ribose in the
fluorescence and especially in the colour. After final heating at 110°, only an
experienced eye could discern the presence of two sugars.

Another partially overlapping group of urinary spots included xylose (10),
N-acetylglucosamine (17"), ribose and fucose (both 11, Fig. 2). The differentia
tion of N-acetylglucosamine (17") was relatively easy as it started to produce
fluorescence and a light brown colour when the fluorescence of all of the
above-mentioned sugars was extinguished. Mannose (8) and arabinose (9) (Fig.
2) were partially overlapped by the always present fructose, which reacted non
specifically with aniline citrate. [Urinary fructose is not recorded in Figs. 1 and
2. Its position is indicated by its standard (18") in Fig. 2.] In the urine, differ
entiation is facilitated by the pink colour of arabinose reacting in stage I, unlike
mannose, which appears as a yellow to brown spot in stage II. During stage IV,
arabinose and mannose lose their characteristics while fructose shows peak
fluorescence and a light brown colour of the part of its spot that does not
overlap in stage V. Apart from fructose, other ketoses such as ribulose and
xylulose also react non-specifically with aniline citrate. Both share the same
position in the solvent used (12, Figs. 1 and 2) and react in stages I and II.
Unlike neighbouring ribose and fucose, they initially display a characteristic
pale yellow colour, which in stage III turns orange-pink.

Most of the spots marked on the chromatograms as "unknown" are perma
nent features of the sugar spectrum, located predominantly in the disaccharide
region. Spot 2 in Fig. 2 and spot 4 in Fig. 3 showed typical qualities of disac
charides, yielding peak colour and fluorescence at 55° in stage IV. Its red
brown colour differs from those of standard lactose (7) and cellobiose (3) but
is similar to that of melibiose (1). In severely ill patients, the spot is usually
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general, the rate of colour development of sugar spots decreases with increasing
molecular weight in the following order: tetroses, pentoses, hexoses, heptoses,
disaccharides and higher oligosaccharides. Within a homologous series of sugars
applied in equimolar amounts, the time of colour development is roughly
proportional to the relative speed of migration of the individual member (in
non-phenolic solvents) and the fastest-moving sugar reacts first, e.g., in the pairs
ribose-arabinose, talose-galactose, mannosamine-glucosamine the second
sugar always reacts markedly later than the first. It is also apparent that other
structural properties playa substantial role, e.g., the glucose spot appears later
than the glucuronolactone spot, which shows up at the same time as that of
ribose.

The stepwise detection procedure described above is especially suitable for
Whatman No. 17 paper and a complex mixture of sugars containing some
unknown substances such as those found in urine. Its timing schedule should be
changed when thinner paper is used, as in general the reactions then proceed
faster. Simplification of the heating and timing schedule may be advantageous
when less complex or well separated mixtures are used. In this instance the
colour development at room temperature may be avoided or abbreviated. In
one of our alternative modified procedures employing Whatman 3MM paper,
the sprayed and dried sheet is maintained at room temperature for 1 h, then
heated at 37° for 3Q---60 min, at 55° for 60 min and finally at 110° for 10 min.
On other occasions, particularly when working with di- and higher oligosac
charides, the colour development at room temperature is omitted and the dried
or still damp sheet is heated at 55° for 10 or 20 min, then twice at 55° for
60 min and finally at 110° for 10 min.

The procedure is also applicable to thin-layer chromatographic plates coated
with silica gel and gives even better results with microcrystalline cellulose.
Sugars chromatographed on silica gel do not react at low temperatures or react

(300 ,ug); 8 = arabitol (200 ,ug); 9 = 1,4-d-galactonolactone (300 ,ug); 10 = glycerol (200
,ug); 11 = dihydroxyacetone (300 ,ug). Decomposition products of d-galactonolactone are
designated by the letter "d". Standard spots of ketoses (position 11 and 12): i = stachy
ose; 2 = raffinose; 3 = sucrose; 4 = mannoheptulose; 5 = sedoheptulose; 6 = fructose; 7
and 8 = tagatose; 9 = impurities of ribulose; 10 = ribulose. Urinary spots: 1 = mixture of
unknown saccharides with weak yellow-green fluorescence and light brown colour; 2 =
unknown trisaccharide with green-yellow fluorescence and light brown colour; 3 = unknown
disaccharide with green-yellow fluorescence and brown colour; 4 = isomaltose and lactose;
5 = tentatively identified as glucosylxylose; 6 = unknown spot apparently of non-carbo
hydrate nature,. with a deep purple fluorescence before and after detection; 7 = glucose and
galactose; 8 = mannose with trace amounts of allose; 9 = arabinose; 10 = unknown, always
the strongest UV-absorbing spot on the chromatogram visible before but not after detection;
11 = xylose; 12 = N-acetylglucosamine; 13 = fucose; 14 = ribose; 15 = unknown carbo
hydrate with strong yellow-orange colour and fluorescence; 16 = weak UV-absorbing spot of
non-carbohydrate nature; 17 = unknown sugar derivative with white-blue fluorescence; 18a =
unknown UV-absorbing spot seen before detection; 19 = glucuronolactone; 20 = unknown,
strong UV-absorbing spot; 21 = unknown with a pink colour developed at room temperature
with yellow-green fluorescence, after stage five, light brown colour with white fluorescence;
22a = unknown UV-absorbing spot; 23f = \.nknown with a faint pink colour with room
temperature detection, intense white-blue fluorescence after heating at 110°; 24a =unknown
strong UV-absorbing spot; 25 = unknown weak orange-brown spot; 26f = unknown with a
light fluorescence; 27a = unknown UV-absorbing spot of moderate intensity; 28 = unknown
with yellow-orange colour.
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MICRO METHOD FOR THE GAS CHROMATOGRAPHIC DETERMINATION
OF SERUM THEOPHYLLINE UTILIZING AN ORGANIC NITROGEN
SENSITIVE DETECTOR*
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Department of Laboratory Medicine, University of Washington, Harborview Medical Center,
Seattle, Wash. 98104 (U.S.A.)

(Received April 28th, 1976)

SUMMARY

A gas chromatographic micro method utilizing an organic nitrogen sentitive detector for
the determination of serum theophylline is described. The method incorporates 3-isobutyl-1
methylxanthine as the internal standard and involves extraction and off-column derivatiza
tion of theophylline and the internal standard to their pentyl derivatives. Using 50 ,ul of
serum, concentrations of 1 ,ug/ml in serum can easily be measured. The method is linear up
to 50 ,ug/ml and the precision of the method is 3.4% in the therapeutic range. No interfer
ences from endogenous compounds or from drugs commonly co-administered with theo
phylline have been encountered.

INTRODUCTION

Theophylline, 1,3-dimethylxanthine, is a bronchodilator extensively used in
the treatment of asthmatics, many of whom are pediatric patients [1]. The
serum therapeutic level of theophylline has been demonstrated to be 10-20
J,tg/ml [2]. At higher serum concentrations, theophylline toxicity is expressed
by a number of symptoms, including nausea, irritibility and convulsions; over
doses have also proven fatal [3-5]. The need for an accurate determination of
serum theophylline levels is, therefore, well established. Existing spectrophoto
metric [6--8] and gas chromatographic methods using a flame ionization de
tector require fairly large amounts of serum (1-3 ml) to achieve the desired
sensitivity and precision, an impracticality in pediatric cases. Also in particular

*Presented in part at the 171st ACS National Meeting, New York, N.Y., U.S.A., April 4,
1976.
**To whom correspondence should be addressed.
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recorder chart speed, 10 mm/min. The detector had a hydrogen flow of 1.5
ml/min, an air flow of 100 ml/min and course and fine current settings, to heat
the bead, were 3 and 550, respectively. Under these conditions, the retention
times were 1.5 min for theophylline and 1.9 min for the internal standard.

Procedure
Pipet 50 J..lI of serum or standard, 100 J..lI of acetate buffer containing the

internal standard and 6 ml of dichloromethane into a Kimax 13 X 100 mm
culture tube with PTFE-lined cap. Extract for 5 min on a wrist action shaker.
Centrifuge for 2 min at 1000 g and remove the upper aqueous layer by aspira
tion and decant the dichloromethane layer into a clean, dry 15-ml conical cen
trifuge tube with PTFE-lined cap. Evaporate the dichloromethane to dryness
by passing a stream of air into the tube placed in a 50° water-bath. Dissolve the
dried samples in 50 J..lI of N,N-dimethylacetamide, add 10 J..lI TMAH and vortex
for 1 sec to mix. Then add 10 J..ll1-iodopentane, cap the tube, vortex again and
incubate at room temperature for 10 min. Stop the reaction by adding 0.5 ml
of cyclohexane-dichloromethane (95:5) to each tube and vortex 5 sec; a pre
cipitate will form. Centrifuge at 1000 g for 2 min and transfer the cyclohexane
dichloromethane layer to a clean dry Kimax 13 X 100 mm culture tube with
a glass disposable transfer pipette. Evaporate the organic solvent to dryness by
passing a stream of air into the tube in a 50° water-bath. Redissolve each sample
by adding 50 J..lI of methanol quickly capping each tube, and vortexing. Inject
1 J..lI of this methanol mixture into the gas chromatograph. The serum theo
phylline concentration is determined from a standard curve established by plot
ting the peak height ratios of standard to internal standard against the theo
phylline standard concentration.

RESULTS AND DISCUSSION

Fig. 1A illustrates a chromatogram of a serum free of theophylline without
the internal standard added. Fig. 1B is the same serum spiked with theophylline
and the internal standard added. Fig. 1C is the same serum with caffeine, theo
phylline, theobromine, internal standard and phenobarbital added. This figure
illustrates the separation of common endogenous compounds which will be
coextracted from serum with theophylline and the internal standard.

A typical standard curve is shown in Fig. 2. The linearity of the procedure
was found to be good in the range of 0-50 J..lg/ml. The accuracy of the method
was evaluated by recovery studies. Different amounts of theophylline were
added to a theophylline free serum and the recovery calculated. Table I shows
the results of the recovery study. The average recovery was 101% with a range
of 97 to 106%.

The precision of the method was checked by analyzing 18 replicates of a
serum sample from an asthmatic patient on chronic theophylline therapy. The
mean serum concentration was found to be 14.7 J..lg/ml, with a standard devia
tion of 0.5 J..lg/ml and a coefficient of variation of 3.4%.
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Fig. 2. Standard curve for theophylline.

Urinary metabolites of theophylline include 3-methylxanthine, 1-methyluric
acid, and 1,3-dimethyluric acid [20]. In serum, however, only 3-methyl
xanthine has been detected in significant amounts [13]. Neither 3-methyl
xanthine nor uric acid was extracted under the above conditions.

With the micro method presented here, plasma or serum samples from
patients receiving theophylline can be assayed rapidly and with good accuracy
and precision.
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SUMMARY

A thin-layer chromatographic method for the simultaneous determination of five anticon
vulsant drugs is presented. The serum is extracted with toluene and the dried extract is dissolved
in chloroform and applied on to a thin-layer chromatographic plate. After development,
the plate is scanned at 215 nm without staining. The drug peaks are well defined. Most
of the interfering substances that occur naturally in serum are soluble in and eliminated
by the liquid front.

INTRODUCTION

The extraction procedure used in this work is the same as that used by
Solow et al. [1] in their gas-liquid chromatographic (GLC) method. We have
avoided the complicated staining techniques used in other quantitative thin
layer ch;romatographic (TLC) methods [2,3] by measuring directly the diffuse
light reflectance from the native drugs with a Zeiss chromatogram spectro
photometer at 215 nm.

EXPERIMENTAL

Apparatus
A BTL shaker (Baird & Tatlock, London, Great Britain), a Hamilton 50-MI

precision syringe and a Zeiss chromatogram spectrophotometer were used.

Materials
Reagent-grade sodium dihydrogen orthophosphate, toluene, chloroform,

acetone and absolute ethanol were obtained from Merck (Darmstadt, G.F.R.).
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of a Zeiss chromatogram-spectrophotometer. The result obtained from the
standard curve (Fig. 1) is multiplied by 3.33 in order to calculate the concen
tration in microlitres per millilitre of serum.

RESULTS AND DISCUSSION

One of the advantages of our TLC method compared with most GLC
methods is that derivatization is unnecessary. Some GLC assays have been
described that do not require derivatization [4,5], but in these assays diphenyl
hydantoin and phenobarbital give asymmetric peaks and a decrease in sensitiv
ity. It has also been demonstrated that unmethylated diphenylhydantoin tends
to be adsorbed on the support [6]. Another advantage of the TLC method
over GLC methods is the possibility of scanning the spots on the TLC plate
directly in the UV range in order to obtain the absorption spectrum and then
comparing this pattern with known absorption spectra for positive identifica
tion. In the TLC method, time is employed more efficiently than in GLC
methods: there is approximately 1.5 h of free time during the development
of a TLC plate, compared with 20 min of waiting for a GLC run with only
four of our drugs [7]. Our method has proved to be faster with a greater
volume of tests, even when the time of application (1.5 min) and scanning
(1.5 min) per test is taken into consideration.

The chromatographic separation shown in Fig. 2 was carried out at room
temperature (20-25°). It was found that when the tank was not lined with
paper, the time for chromatography increased from 60 to 90 min, but the
separation pattern of the drugs was improved.

As shown in Fig. 3, the wavelength of 215 nm selected does not correspond
to the absorption maxima of drugs tested. This wavelength was chosen because
below 215 nm the high attenuation gave an unsteady baseline and in the range
270-300 nm, where caffeine and carbamazepine have their maximal absorp
tion, the other drugs exhibit no absorption. Serum extracts from many of our
patients showed a peak at RF=0.22, which was found to be caffeine and was
therefore included in our working standard (Fig. 2).

In our acid extraction method we used a dilution technique which main
tains a constant buffered system by retaining the total serum volume. We found
this to be necessary when diluting serum containing carbamazepine, which is
usually extracted from an alkaline medium, in order to maintain a serum buf
fered system comparable with that employed for the standard curve. This
precaution is not necessary when diluting the other drugs, but is used to lend
uniformity to our procedure.

In over 1 year of using the method daily, we have observed few interferences
One interferent, however, is ethylphenacemide, which has the same RF value
as diphenylhydantoin. These substances can be differentiated by using
toluene--acetone (80:20). Another interferent is the antibiotic Bactrim, which
is composed of sulfamethoxazol and trimethoprim; in this instance sulfa
methoxazol has the same R F value as carbamazepine. Differentiation between
these two substances was accomplished with an alkaline extraction procedure.
In cases of patients taking mephenytoin, demethylated mephenytoin [8] has
the same RF value as carbamazepine. This presents no problem, however, as
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SUMMARY

A specific assay for therapy control purposes and the toxicology of digitoxin is described.
Digitoxin is isolated from serum (2 ml) by means of a single extraction with chloroform.
Part of the organic phase is evaporated to drynesS at 40° in a stream of dry air and the resi
due is dissolved in a small volume of chloroform. Conventional thin-layer chromatography
(TLC) is used for the separation of digitoxin and its metabolites and digoxin. Fluorescence
of the spots can be generated by treatment with hydrogen chloride vapour under the
influence of a quartz-halogen lamp. Interpolation between two reference standards gives the
concentration in the sample. Linearity is observed between 2 and 20 ng. Extensive recovery
studies in the therapeutic range of 10-50 ng/nl have been performed. The results showed an
overall recovery of 99.1% with a standard deviation of 11.2%. The sensitivity is 1-2 ng of
digitoxin when standards are applied on a conventional TLC plate with a small diameter.
The time needed for one analysis is about 4lf. h, the real time of analysis being 2% h; in serial
studies, 20-24 determinations could be made daily. Whereas in the descriptions of most
methods it is not mentioned whether digitoxin metabolites are co-determined, the present
assay separates the digitoxin completely from the other compounds in serum, and thus
enables the total fate of digitoxin in relation to the clinical effect to be studied more specifi
cally than by radioimmunoassay.

INTRODUCTION

Digitoxin is prescribed in cases of cardiac failure and has a notably small
therapeutic index. Although nowadays digoxin is used more frequently than
digitoxin, it is still not certain which of these drugs is the most useful. In dis
cussing this point [1,2] , the differences in the pharmacotherapeutic properties
of digitoxin and digoxin become important in three main areas: protein bind
ing [3], biological half-life and interactions with other drugs [4]. Digoxin seems
to be preferred in cases of heart insufficiency alone, while digitoxin is suitable
in cases of heart insufficiency combined with renal insufficiency [3]. To solve













101

=
=
~ ~ - -

: -1-'--

-~ ,,'

-1= 1=
l-

I='

~

!=
,-1=

1'" ,J:::

1=

f--

.=

-
, -

f--

I--

m

Fig. 5. Densitogram showing the results of a recovery experiment for digitoxin. For details,
see text.

It appeared that the quality of the Merck plates was not consistent and both
the reproducibility and the detection limit could be influenced to a large extent
in different charges. Therefore, control of the charge is necessary. The relative
standard deviation for 5 ng of digitoxin on one plate should not be more than
6%, when the detection limit is less than 0.5 ng.

All previous specific methods based upon chromatographic techniques are
time consuming. All other methods for use with biological materia! are based
on the affinity of digitoxin to biological receptors. Moreover, the specificity is
dependent on the quality of the biological system, which may be uncertain.
Our fluoridensitometric TLC method is principally suitable for determining
both digitoxin and digoxin in any biological material, e.g., urine, faeces, heart
tissue and muscle tissue.

Although the recoveries and the other features outlined above were accept
able, there were differences between the values obtained by fluoridensitometry
and by RIA. The results of both methods applied to 11 patients are shown in
Table III.

Since Vohringer and Rietbrock [12] found that digitoxin is the main sub
stance in the chloroform extract and all values obtained by the RIA method are
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TABLE III

DETERMINATION OF SERUM LEVELS OF DIGITOXIN IN PATIENTS BY BOTH THE
RIA AND TLC METHODS

Standard deviation 0.25 (n = 11); relative standard deviation of the mean ratio, 8 rel = 53%.

Patient RIA method [11] TLC method] 13] Ratio serum levels, TLC/RIA

1
2
3
4
5
6
7
8
9

10
11

33
48
49
56
25
25
62
17
10
33
17

11.9
14.1
16.7
20.1
21.3

2.2
24.9

5.7
9.5

18.6
10.9

0.36
0.29
0.34
0.34
0.85
0.09
0.40
0.34
0.95
0.56
0.64

Mean: 0.47

higher than those obtained by the TLC method (Table III), there must be a co
determination of other substances in the radioimmunoassay. Further, it can be
concluded from the work of VohrinKer and Rietbrock [12] that it is important
not to co-determine the main metabolites, because of changing of the ratio of
chloroform-soluble and -insoluble metabolites in the first 48 h from 8.4 to 3.3,
and because of the different half-lives of digoxin, digitoxin and their metab
olites.

In the fluoridensitometric TLC method, there is no co-determination, and
therefore this method is specific and is not influenced by structurally related
compounds. The difference between the values obtained by the two methods
(Table III) might be due to a lack of specificity in RIA or partly to a lack of
attainment of equilibrium in the fluorimetric recovery experiments, although
our recovery was almost 100% with reasonable accuracy. Hence the efficiency
of recovery of the TLC method cannot be the reason for the difference in
serum levels or for the difference in the precisions.

Any lack of specificity in the RIA method might be due to the co-determi
nation of interfering substances such as metabolites of digitoxin, structurally
related drugs and their metabolites and other structurally related substances.
When the values obtained by the RIA and TLC methods do not bear a constant
ratio to each other or there is an average ratio with a small standard deviation,
while both methods have good precision, it can be concluded that the extent
of the lack of specificity of the RIA method will be expressed by the standard
deviation of the ratio of the serum levels obtained in the two methods.

CONCLUSION

A TLC method that is not too time consuming, not too expensive, with good
accuracy and precision and specific and sensitive for the determination of digi-
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Experimental procedure
Laurell monorocket electrophoresis was carried out using 0.05 M phosphate

buffer at pH 7.4 according to the method of Drysdale et al. [5] . Electrophore
sis continued for 12 h, at a voltage of 2 V/cm across the plate.

In an important modification, high specific activity [ 1251] T4 was added to
the starter gel (Fig. 1) in a concentration of 500 nCi/ml. Antigen wells, 2 mm
diameter, were punched in the starter gel 5 mm from the starter gel-antibody
gel interface, and serum samples of 2/.Ll were added to each well.

The antibody gel consisted of either a 25% dilution of Wellcome antiwhole
hwnan serum or a 2% dilution of anti-a-globulin antiserum.

The dried electrophoretic plates were subjected to autoradiography for 12 h
followed by rapid processing in an RP-XOmat Processor, Model M 6-N [2].

RESULTS

The results of a typical assay using anti-a-globulin antiserum are shown in
Fig. 1. Use of 25 X 8 cm glass plates allowed measurement of twenty samples
and six standards in one assay.

ANTIBODY GEL

STARTER GEL--': 00 0 6 0 0 0 0 ob 0 0 0 0 0 6 0 0 0 0 0 ·0 0 0 0CONTAINS·or ..... .
1125;] '. ,', ~,' ~...
L ~T. • •• .

Fig. 1. Autoradiograph showing TBG peaks. Antibody gel contains sheep anti-a-globulin.

TBG results were expressed as a percentage of a working standard serum [5] .
In thirteen consecutive assays, measurement of a single standard yielded a mean
of 48 (±2.7 S.D.), giving a relative standard deviation of ±5.6%. The sensitivity
of the method was 5% of the working standard serum, although smaller
amounts could be measured by increasing the sample size.

DISCUSSION

The use of monorocket electrophoresis for TBG measurement has been de
scribed using both barbital [2, 3] and phosphate buffers [5] . In both systems,
serum samples were individually labelled and incubated with [ 1251]T4 before
electrophoresis. In the modified method described here, labelling of TBG with
[

1251] T4 occurs during electrophoresis, thereby simplifying the assay and re
ducing the time required for completion. The antigen wells were situated near
the starter gel-antibody gel interface, so that [ 1251] T4, which has a greater
electrophoretic mobility than TBG in the buffer system used, could flow past
the serum samples during electrophoresis. The use of a high-specific-activity
preparation of [1 251] T4 enables a reduction in the time needed for autoradio
graphy, and reduced the total time for TBG measurement to 24 h.

The assay could be performed using a commercial antiwhole hwnan serum,
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Standard solutions
Paracetamol: 100 mg was weighed and dissolved in 100 ml of absolute

methanol. Its concentration was checked by measuring its absorbance (Amax
249 nm, A~:" 897) [5]. The solution was stored at 4°.

Plasma standards: 20 mg/l, 10 mg/l, and 5 mg/l were prepared by adding
2 ml, 1 ml and 0.5 ml of the above stock solution respectively to 100 ml of
filtered plasma. These standards were divided into 2-ml aliquots and frozen.

Extraction
Samples of 0.5 ml of plasma (test, 20, 10 and 5 mg/l standards) were

pipetted into PTFE-lined screw-capped 12 X 120 mm culture tubes. To each
tube, 5 ml of dichloromethane was added and the tube was vortex mixed.
About 2 g of anhydrous sodium sulphate were added to each tube, which was
again vortex mixed. The tubes were centrifuged. Three ml of dichloromethane
extract from each tube were transferred to correspondingly labelled 16 X 100
mm disposable glass tubes, and evaporated to dryness in a water-bath at 50°.
The tubes were cooled and the residue was dissolved in 100 111 of methanol
by vortex mixing. The tubes were kept tightly stoppered to prevent evapora
tion of methanol. From each tube, 10 t.Ll of methanolic extract were applied
to a thin-layer plate (along the length edge) in this sequence: S20, SIO, S5, x,
x, S5, SIO, S20'

The plate was developed in chloroform-acetone (60 :40) up to a height of
about 8 em. The plate was dried in the fume hood for 10 min, and was sprayed
with 10% sodium carbonate followed by Folin--eiocalteu reagent, diluted 1:2
with deionized water. The plate was allowed to dry in air for about 10 min and
was then scanned in the densitometer for the measurement of colour intensity
using 650-nm filter. A standard curve for the standards of 5, 10 and 20 mg/l
versus their average peak heights was plotted. The concentration of the
unknown was determined from the standard curve and its average peak height.

RESULTS AND DISCUSSION

Paracetamol has been recovered in 50% yield in the present procedure
using a single extraction with dichloromethane. Extraction efficiency was
somewhat better (70%) in a single extraction with diethyl ether. However,
overall precision of the method was not so good when diethyl ether was used
in place of dichloromethane to extract paracetamol from plasma. There was no
improvement in recovery when the pH was lowered to 4 or 2 [6]. A number
of solvents have been described for thin-layer separation of paracetamol on
silica gel [5]. Paracetamol moves on silica gel plates without trailing in the
developing solvent selected for this procedure (RF = 0.42). Folin
Ciocalteu reagent proved to be the best visualisation agent for paracetamol
among a large number of available reagents for the detection of paracetamol
[5] . This reagent has adequate sensitivity to detect paracetamol at
therapeutic concentrations. Extracts of drug-free plasma or plasma con
taining a number of drugs that are commonly ingested in overdose (barbitu
rates, salicylates, hydantoins, methylprylon, meprobamate) do not produce
coloured spots after TLC and spraying with this detection reagent. However,
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N-926

DUAL-COLUMN GAS CHROMATOGRAPH

TIle new Varian GC 3700 is a dual-column gas
chromatograph with newly designed injectors,
detectors, pneumatics, column oven. digital
controls and automation features. The modular
design allows interchangeability and upgrade
ability of all components. TIle automatic linear
tempera ture programmer provides accura te

control over the range _990 -4200
• TIle instru

ment is available as a TCD instrument, as a dual
flame-ionization, or a dual electron-capture.
detector instrument. Also, a combination of the
TC, FI and EC detectors is available. Combined
with Varian's AutoSampler and CDS-I II
Chromatography Data System the instrument can
provide complete automation from sample injec
tion to final report.

N-932

DATA SYSTEM FOR AUTOMATED
CH ROMATOGRAPHY

The new Varian data system (CDS-Ill)
automatically integrates and calculates the data
from gas and liquid chromatographs, automatical
ly quantitating most chromatograms on its own.
'nIl' areas of simple and complex peaks can be
measured. Internal standard, external standard,
calibration factor. relative response factor, area
percent and normalized area percent methods,
separa tely or in combina tion. are used to cal
culate the results in forms such as weight percent,
mole percent or volume percent. The system
interfaces with most gas and liquid chromato
graphs. In combination with the Varian GC 3700,
the instrument can automate the whole
cluomatographic process from injection to final
teport. The latter shows the cluomatob'faphic
results, as well as GC and AutoSampler param
eters (e.g. carrier-gas flow, temperature, vial and
rack nu mber).

N-933

HARD-LAYER TLC PLATES

New England Nuclear is now manufacturing
hard-layer TLC plates that feature a silica-gel
coa ting and an inert, organic binder. The hard
layer surface can be written on without chipping.
Suitable for a wide range of analyses, the pre
scored plates are additionally designed for auto
ra diogra phil' visualiza tion.





CHEMICALS

N-965

AGARO-GELTM HYDRATED FILMS

Agaro-Gel™ Hydrated Film (Product
No. A I 266) is a water-saturated non-buf-
fered agarose gel. It is intended to be used as
a support medium for various electrophoresis
techniques such as protein, lipoproteins, hemog
lobulin and isoenzymes separations. The gel is
well suited for Sigma Procedure No. 705-EP
colorimetric (LDH Isoenzymes).

The gel size (2Y. X 4Y2 in.) is adaptable for
use with most commercially available electro
phoresis equipment.

N-930

DRUGS OF ABUSE KITS

Kits of analytical standards for drugs of
abuse (exempt from DEA regulations) are now
available from Analabs. The kits cover the
routine problem areas of opiates, morphine
substitutes and barbiturates. Each standard is dis
solved in high-purity tert:--butyl alcohol (in some
cases with a small amount of methanol added).

N-938

NEW EM LABORATORIES CATALOGUE

EM Laboratories (E.Merck) have recently issued
a new catalogue - "Products for Chromato
graphy" - listing their complete range of
sorbents, pre-coated TLC and HPLC products,
pre-packed columns, spray reagents, reference
standards and auxiliary products. Details of
Template and a listing of technical bulletins and
reprints available are also included.

PROCEDURES

N-936

CARRIER GAS PURITY EFFECT

Available from Precision Gas Products is a
technical paper outlining the effects of carrier
gas purity in gas chromatography. The paper
details results of several ex periments using
various, purposely contaminated samples and
purification techniques.

N-966

COLORIMETRIC LDH ISOENZYME
ASSAY

Following electrophoresis, the zones of LDH
isoenzyme activity are visualized after incubating
samples in a solution containing optimal amounts
of NAD, L(+)lactate, tetranitroblue tetrazolium
and phenazine methosulfate. The color reagent
is more sensitive than existing methods involving
use of nitroblue tetrazolium. Sigma Procedure
No. 705-A is for use with agarose gels, such as
Agaro-Gel™ Hydrated Film, Product No.
A 1266, while Sigma Procedure No. 705-<:: is
designed for cellulose acetate electrophoresis.

NEW BOOKS

Adverse effects of environmental chemicals and
psychotropic drugs, Vol. 2, Neurophysiological
and behavioural tests, edited by M. HOTVlith,
Elsevier, Amsterdam, Oxford, New York, 1976,
xv + 334 pp., price DO. 103.00, US$ 39.75,
ISBN 0-444-41498-3.

Pharmacological and chemical synonyms; A col
lection of names of drugs, pesticides and other
compounds drawn from the medical literature of
the world, compiled by E.E.J. Marler, Excerpta
Medica, Amsterdam, New York, 6th ed., 1976, ca.
520 pp., price DO. 195.00, US$ 74.95, ISBN
90-219-9249-3.

Amino acids, pep tides and proteins - An intro
duction, by H.-D. Jakubke and H. Jeschkeit,
Macmillan, London, 1976, 336 pp., price ca.
£ 10.50, ISBN 0-333-17886-6.

Art in biosynthesis - The synthetic chemist's
challenge, Vol. I, by D. Rangana than and
S. Ranganathan, Academic Press, New York,
London, 1976, xi + 249 pp., price US$ 11.00,
£ 6.05, ISBN 0-12-580001-0.

Fortschritte chromatographischer Methoden und
ihre Anwendung in der klinischen Biochemie
(IV. Symposium Chromatographie in der
klinischen Biochemie, Leipzig, 24. und 25. Mai
1973; Ergebnisse der experimen tellen Medizin,
Vol. 20), edited by 1. Wagner, VEB Verlag Volk
und Gesundheit, Berlin, 1976, xx + 263 pp., price
DM 30.00 (unbound).
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