Journal cf}‘ Cﬁr‘ome':*togmph}.f{ 115 {1975) 507-518
T Elsevier Scientific Publishing Company, Amsterdam — Printed in The Netherlands

CHROM. 8549

4 RAPID AND COMPREHENSIVE SYSTEM FOR THE ROUTINE IDENTI-
“ICATION OF DRUGS IN BIOLOGICAL MATERIAL BASED ON MICRO-
*HASE EXTRACTION AND DRUG COLOUR PROFILES

VILLEM J. SERFONTEIN", DEO BOTHA*" and LOUIS S. DE VILLIERS*
Jmiversity of Pretoria, Pretoria (Sauth Africa}
First received March 24th, 1975; revised manuscript received June 20th, 1975)

SUMMARY

The separation of basic, acidic and neutral drugs from propanol-2 extracts
of serum. urine and tissue homogenates at different pH values using & micro-phase
extraction technigue is described. Following preliminary screening, the various drug-
containing fractions obtained are further examined by two-dimensional thin-layer
chromatography. The drugs present are identified with reference to documented
standards with the aid of a drug colour profile system and R values relative to three
different reference standards. By means of gas chromatographic analysis of the same
extracts, semi-quantitative estimates of the amounts of drugs present, which are
sufficiently accurate for clinical emergency purposes, can be made in many instances.
The main advantages of the system are “clean” extracts with a minimum of back-
ground interference, rapidity (4-6 h for a complete analysis) and systematically
documented and visuzally presented behaviour of drugs after spraying with various
chromogenic and fluorogenic reagents, allowing the systematic identification of
unknown substances.

INTRODUCTION

A general system for the qualitative and semi-quantitative analysis of all drugs
t-at are extractable from biological fluids with organic solvents is described. The
c-iginal procedure of Ramsey and Campbell' using small volumes of chloroform
€ 1100 gl) for the extraction of drugs from aqueous solutions has been modified in
c der to separate different classes of drugs by micro-phase chloroform extraction
f >m aqueous solution at various pH values and, conversely, to separate drugs from
o zanic solvents by using “micro-phases” that consist of aqueous buffers with various
t I values. Combinations of these principles can be used injorder to separate organic
¢ mpounds from biological fuids.

<- The elimination of time-consuming concentration steps* and the fact that

“ Department of Chemical Pathology -
“* Department of Pharmacology.
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micro-phase extracts yield much “cleaner” chromatograms are among the main
advantages of this method of extraction. A possible disadvantage is that not all drugs
may be sufficiently scluble in the organic solvent used (chloroform-propanol-2} to
ensure effective extraction, and in order to overcome this problem we have included
a final exhaustive extraction with ethyl acetate. Owing to the use of preliminary
toluene extraction of the acidified extract, the final ethyl acetate extract (B, fraction)
alsc yields a relatively “clean” chromatogram with little background interference.
The appearance of a drug in a particular fraction (or the drug distribution in more
than one fraction) is used as a iditional evidence for establishing the identity of the
drug.

The various fractions obtained in this manner (see Fig. 1} are next screened,
after one-dimensional thin-layer chromatographic (TLC) separation?, for the presence
of drugs by a system of chromogenic sprays and only drug-containing fractions are
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further investigated by means of two-dimensional TLC. In the final analysis, the
wo-dimensional TLC plates (generally 6-8 plates, sufficient extract being available
to spot 10 plates) are each sprayed with a different chromogenic spray. The results
are summarized and presented diagrammatically for purposes of comparison with
pre-determined standards by entering the results of all sprays on 2 diagram repre-
senting the TLC plate with a circle drawn through the four corners of the plate
(Fig. 2}. The different sprays are indicated on the circumference of the circle and lines
(corresponding to the colour obtained with the particular spray) are drawn so as to
connect the positicn of the “spray” on the circle with that of the drug spot on the
plate. In this manner, a “drug colour profile” is obtzined in the form of various
coloured lines radiating from the position of the drug spot on the plate, which further
serves to {dentify and distinguish the particular drug from others. Also, a single visual
presentaticn and record of the distinguishing properties of a particular drug are
obtained for comparison with pre-determined standards. Edentification is further
facilitated by dividing the chromatogram into sections as previously suggested by
Hundt? and by listing Ry values in each direction relative to two internal standards,
as explained below.

The successful application of the method in practice depends on the availability
of a well documented and readily accessible record system. In our laboratory, records
¢f individual drugs that have been detected in urine and blood samples using this
method have been compiled and these list the following details (entered on specially
p-epared forms): (2} nature of sample; (b) amount detectable; (¢} fraction(s) in which
d 1g appeared (see Fig. I); (d} replica of the one-dimensional TLC plates obtained
¢ ting the screening stage; () colour proiile {see Fig. 2}; (f) relative Rp values;
(¢ section in which drug appears; and (h) position of metabolites on plates and other
ir ‘ormation regarding metabolites.

The analysis of blood and urine samples may be complicated by the presence
o one or several metabolites (often with similar chromogenic properties) and the
si iation may be further aggravated when an unfavourable conceatration ratio of
tt <'parent drug to its metabolites exists, which often occurs when samples are col-
le ted long after ingestion of the drug concerned. However, as metabolites are often
* re polar than the parent compound and therefore tend to be more water soluble
a:-3 less lipid soluble, they may not be concentrated in a particular fraction to an
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extent similar to that of the parent compound and in this respect the present meth_oid
offers distinct advantages. For example, if the parent compound is a basic, lipophilic
drug, it can be expected to appear in the B; fraction. The more water-soluble and

...... cnaliibhis maminls~lifaa Il rnd tg be carried throucsh mal-ﬂv to the B,
li:bh upiu—‘uxuutt: INETanCIItES Wiit LL[CLE :.Cuu to O€ CaArriea [S32RS7e3 - [SEL0 »5 )

fraction. Despite the advantages offered by the method described, the 1dentsﬁcat1c>a
of minute amounts of ar unknown drvg in a biological sample still constitutes a
major chalienge.

Reagents

Developing solvents (proportions by velume). Direction 1, ethyl acetate—
methanol-ammonia (85:10:5); direction 2, r-butanol-acetic acid~water (70:20:10);
screening, chioroform-acetone (9:1) and methanol-ammonia (£00:1.5}.

Reference standards. Direction 1, 10 mg each of methaqualone and pericyazine
and 25 mg of salicylic acid per 1 ml of alcohof; direction 2, 10 mg each of metha-
qualone, pericyazine and metoclepramide per 10 mi of alcohol.

Chromagenic sprays. Mercury(IT} chloride-diphenylcarbazone®, FPN¥, potas-
sinm permanoanate——su{phuric acid®, Dragendorffs, iron(tiD} chioride®, EhrlichS,
rqmy’* and furfural® Sprays were prepareq as pi“‘\'louSiY described.

Iodoplatinzate spray was prepared by dissolving 0.25 g of hexachloroplatinic
acid and 5 g of potassium iodide in 100 m! of 2 ¥ hydrochloric acid and making the
volume up to 500 m! with 2 N hydrochloric acid.

Todine-carbon tetrachloride reagent was prepared by dissolving 1 g of iodine
in 100 m! of carbon tetrachloride.

Marquis reagent consisted of I mi of formaldehyde solution in 10 mi of conc.
sulphuric acid. View under UV light after spraying; heat and note colour changes.

Mandelin’s reagent consisted of { g of ammonium vanadate dissolved in 160
mi of conc. sulphuric acid. Allow the sediment 1o settle before use.

Separation of drugs

Serum. A 5-ml volume of propancl-2 was added to 3 ml of serem in a 2¢-ml
glass-stoppered test-tube 2nd 3 g of solid ammonium sulphate were added so as to
saturate the mixture. The “sait=d—oa£” layer of propanol-2 was separated by cen-
trifugartion, & drop of acetic acid added and then the liquid was evaporated to dryness
in a rotary evaporator at 30°. The residue was dissolved in 2.8 m! of water, 0.4 m! ¢f
0.5 N sulphuric acid and 0.1 mi of ethano! were added and the acidified solution wes
extracted with 5 mi of toluene using a shaking machine. The solution was centrifuge i
if necessary in order to separate the toluene phass, which was then filiered info :
glass-stoppered nipple-tube marked “toluens” and the volume of this phase recorde. .

(i) Trectment of the aguecus phase. A 0.3-mi voiume of 1.0 N sodium hydroxic 2
sofution, 1.0 m! of phosphate buffer solution (pH 8.5}, 1.0 g of sodium hydroge1
carbonate and 1.6 g of sodium chloride were added and the mixfture was shaken un 1
saturated with respect to the added salts. After brief centrifugation, the clear aqueo: s
phase was wansferred into a2 glass-stoppered nipple-tube (Fig. 3) and 150 #f f
csior&form—procanoi—’ {9:1) were added. The inverted nipple-tube was shaken on 2
vortex mixer for 3 min, care being taken to ensure adequ&te dispersion of the orgar ¢
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Fig. 3. Nipple-tube for micro-phase extraction of drugs.

phase. The mixture was then centrifuged at 700 g for 5 min until all of the chloro-
form phase had been transferred to the narrowed portion of the nipple-tube. As much
of the supernatant liquid as possible was then transferred into a second nipple-tube
without disturbing the chioroform layer in the first nipple-tube, which was marked
“8.57. A 0.8-ml volume of 2.0 N sodium hydroxide solution was added to the agueous
phase in order to adjust the pH to above i0.5 and the micro-phase extraction pro-
cedure repeated with a further 150-4! portion of chloroform~propanol-2 (2:1), mark-
ing the organic phase “11.0” and retaining the aqueous phase.

The “8.5" and “11.0” fractions were combined so as to yield eq. 200 gl of
chloroform phase, which was marked “B,” and stored in 2 well-stoppered nipple-tube
covered with a minute Iayer of water.

Finally, the aqueous phase was extracted twice with 5-ml portions of ethyl
acetate—ethanol (20:1), once at the existing high pH value and once after adjusting
the pH to 7.0 by the addition of 0.5 mi 2.0 N hydrochioric acid. The two ethyl acetate

xtracts were combined, dried briefly over a small amount of anhydrous sodium
sulphate, filtered into 2 30-ml round-bottomed fiask and evaporated nearly to dryness
o1 a rotary evaporator at 30°. The residue was dissolved in 230 gl of chioroform and
warked “B,”. The solution was conveniently stored in 2 nipple-tube under a minute
Iz 7er of water to prevent evaporation.

(it} Treatment of the toluene phase. Exactly one fifth of the toluene phase was
e aoved and stored separately for possible quantitative GC analysis later. The
¢ aainder of the toluene phase was further worked up by adding 0.2 mlf of ethanol,
fii xring and extracting with 200 gl of 0.2 A£ borate buffer (pH 10.5) as above on the
v< tex mixer (3 min) and centrifuging in a nipple-tube. The toluene phase was
te ined, the aqueous phase (200 p!) transferred into a clean nipple tube and 50 ¢l
1.5 N sulphuric acid were added in order to acidify the extract, which was then
~acted once with 250 gl of chloroform-propanol-2 (3:1) by slowly expeiling the
from a Pasteur pipette with the tip immersed in the aqueous phase se as to ensure
ing. Most of the top aqueous layer was removed with a Pasteur pipette, leaving

HFE2e
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only a small aqueous layer to cover the chloroform phase collected in the lower,
restricted portion of the nipple-tube, which was marked “A;™.

The remaining toiuene phase was washed once with 3 mi of 5% lead acetate
solution and the organic phase evaporated to dryness. The residue was dissolved in
250 gl of chloroform and marked “A,”. As before, this fractxon was stored in a well-
stoppered mm:ﬁe—tubf* under 2 minute layer of water.

Urine. A 10-ml volume of urine was extracted with 10 mI of propanol-2 and

g of ammonium sulphate and the extract treated further as above so as to yield
fractions B,, B,, A; and A, as before.

Stomack washings. A 20-m! volume of stomach wash fiuid {preferably the first
washing) was diluted with an equal volume of water, treated with sodium hydrogen
carbonate until effervescence ceased and thern centrifuged. A 3-ml portion of the
clear supernatant liguid was then extracted as described for the extraction of serum.

Subdivision of fractions A,, 4, B, and B, for screening, confirmatory fwo-dimensional
TLC identification arnd semi-quanstitative GC analysis

At this stage, 200-x1 poertions (chloroform} of each of the above four fractions
were obtained. For further analysis, each fraction was subdivided as follows (using
suitable capillary tubes as receptacles: for sereening, 50 pl: for two-dimensional
TLC confirmation, 100 ui; and for possibie semi-quantitative GC, 50 gl

Preliminary screering

Two 18 X 5 cm thin-layer plates (Fertigplatten F254, Merck, Darmstadt,
G.F.R.} were each divided into six channels by drawing lines with 2 spatuia (Fig. ).
Fifteen microlitres of the acidic A fractions (three applications of A, and three
-applications of A,) were applied to the channels on the first plate, as shown in Fig. 1.
The basic B fractions were applied to the second plate in a similar fraction. The first
piate (acidic fractions} was developed with chloroform-acetone (9:1} solvent and
the second plate (basic fractions) using methanol-ammonia (100:1.5)%. Both plates
were developed until the solvent front had reached z position at or near the end of
the plate. After drying in an oven at 185° for 5 min, the three pairs of channels on
each plate were sprayed separately with different chromogenic sprays as indicated in
Fig. 1 (ref. 2). Suitable glass plates were used to cover the channels that were noi
being sprayed. Before spraying, the plates were viewed under UV light (254 and
360 nm} and any spots that did not appear on the documented serum (or urine) blan!’
controis were carefully marked. The three pairs of channels on the acidic plate wer-
then sprayed successively with mercury(3E) chioride-diphenylcarbazone reagent? (fo-
barbiturates and diphenylhydantoin), DragendorfT and furfur ral-hydrochioric aci'.
sprays. The last reagent revealed meprobamate and other carbamates, while th:
Dragendorif reagent was included because of the wide range of drugs that react wit .
it. The three pairs of channels on the basic plate were sprayed successively in a simila
manner with iodoplatinate, Dragendorff and Mandelin reagents. Those channe
which revealed no drugs afier spraying as above were over-sprayed with ;Jmassm: .
permanganate-sulphuric acid, icdine—carbon tetrachloride and 569 sulphuric aci !
on both plates so as to ensure that no drugs would be missed.

In this manner, the pattern of drugs and drug metabolites present is quick! "’
recognized and, after some experience, the presence of certain commeonly occurrin ¢
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drugs (and, of course, barbiturates) can be discerned at this early stage and much
time saved. Rapid confirmatory tests can then be carried out if necessary. However,
in general it wiil be necessary or desirabie to proceed to investigate the dmg-containing
fractions further by means of two-dimensional TLC, and for this purpose fractions
that obviously contain the same drug were combined. In this manner, the actual
number of fractions that were further investigated was usugzlly limited to one or two.
Although basic drugs would generally not be expected to appear in the acidic fractions
A; and A this does in fact happen owing to the slight solubility of the drug saits in
organic sclvents.

Final two-dimensional TLC separations and identification of drugs

Silica gel plates (5 X 5 cm Fertigplatten, Merck) were used. Light penci! lines
were drawn ! cm from the bottom and top and also from the left- and right-hand
sides of the plate as in the method of Hundt® (Fig. 1). Reference standard solutions
(I ul of each) and the fraction to be investigated (20 gl) were applied to each plate
as indicated in Fig. 1. The actual number of plates used and the amount of unknown
solution applied to each depend on preliminary observations made during the
screening stage and whether the fraction under investigation was obtained through
a combination of two or more fractions, but in general six to eight plates were used
per fraction examined and 10-20-g1 volumes were applied to each plate. By using a
suitable giass frame and clips that facilitated the chromatographic development
process, all plates were developed in the first direction (8 min), dried in hot air,
developed in the second direction (20 min) and finally dried in hot air.

One plate was then viewed under UV light (254 and 360 nm) and the positions
of drug (und metabolite} spots marked with reference to standard documented con-
trols obtained with drug-free samples in order to distinguish between drug spots and
serum background spots, which, in the present system, gave very littie interference.
Thereafter, one plate each was sprayed with the following chromogenic sprays,
omitting those that were observed to give negative results during the screening stage:
iodoplatinate; Dragendorff; 509 sulphuric acid; Marquis; Ehrlich; potassium per-
manganate-sulphuric acid; Mandelin: FPN; furfural; and Pauly reagents.

In our laboratory, the general policy is to spray one plate each with iodo-
platinate, Dragendorff, iodine-carbon tetrachloride and Mandelin reagents (four
tlates). The remaining plates are then sprayed with further chromogenic sprays ac-
cording to indications obtained during the screening stage. It is useful to view the
[‘ates under UV light after spraying. especially with plates sprayed with Mandelin
c1d Marquis reagents. With some sprays (Ehrlich and Marquis), the plates were
:ated for 16 min at 100° in an oven before inspection. If one or more drugs of the
irbiturate group were present, the portion of the toluene extract that was retained
r this purpose was analyzed immediately by GC'.

bty et et

by

‘entification praocedure )

This procedure is based on the comparison of the unknown drug with docu-
r ented drug records utilizing the following seven parameters: (2) R, values relative
t pericyazine, in two directions; {b) movement of the unknown compound on &
€ -10 scale relative to the two other reference standards in each direction; (c';) gc_:sztfon
¢ 1the plate (defined by the plate section}; (d) drug colour profile; (e} érug distribution
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amongst the different fractions (screening stage); (f) appearance of characteristic
metabolites; and (g) fuorescent behaviour aftér spraying with certain reagents.

(z) Re valuss relative to pericyazine standard. These values are defined for
both directions as:

Distance moved by unknown

Distance moved by pericyazine "109

(B) Movement relative te the rwo other reference standards. One slow-moving
and one fast-moving reference standard (in addition to pericyazine) were included in
the standards for each of the two directions of chromatographic development. The
position of the unknown compound was calculated in both directions with reference
to one slow-moving and one fast-moving standard on & 0-10 scale in which the posi-
tion of the slow-moving component was arbitrarily taken as zero and that of the fast-
moving component as 0.

(¢} Position on the plate (plate section). The 3 X 3 cm plate area where drugs
may appear was divided into 16 square blocks (sections) by drawing four egually
spaced lisies in each direction®. The allocation of the unknown drug to a particular
section in practice was best made by covering the plate with a transparent sheet
similarly divided into 16 sections. The allocation of all documented drugs to such
sections is particularly useful for documentation purposes as drugs can then be
documented according to the section in which they appear as well as alphabetically
and/for according to relative Ry values.

(4} Drug colour prafile. Using the sketch in Fig. 2, the position of the unknown
drug spot is marked on the central square area that has the same dimensions (5 X 5
cm) as those of the chromatographic plates used. Coloured radial lines corresponding
to the celours obtained with the various sprays are then drawa from this point to
the poinis marked for each chromogenic spray on the circumference of the circle as
indicateé. A small violet circle around the unknown drug spot is used to designate
UV absorption by the drug while a double circle is used to signify fluorescence under
UV lighs. Similar circles drawn around the spray positions marked on the circum-
ference of the circle designate UV absorption and fiuorescence after spraying with
the particular reagent. This procedure summarizes the chromogenic behaviour of
the unknown drug in 2 single graphic presentation that can be easily and rapidly
compared with the documented records.

(e) Drug distribution among the different fractions observed during the screening
stage. As stated. not 2!l basic drugs appear in the basic fractions and not all acidi
drugs appear in the acidic fractions, while many drugs appear in more than ont
fraction. The latter property can be used as a further distinguishing feature in th
identification procedure, as exemplified by methagualone, which appears typicall;
-in the A, and B; fractions. :

(f)} Drug metaboliies. The presence of metabolites may, in some instances
serve as additional confirmation of the presence of the parent drug compound, typica
examples of such drugs being the phenothiazines, methaqualone and propoxyphene

On the other hand, the presence of more than one metabolite (especially whet
more than one drug is present and when the concentrations of the metabolites an
relatively high) can be very confusing. In such instances, the first step is to identif’
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the parent compound(s} by careful comparison of all unknown spots with the records
in respect of the different parameters listed. Due consideration should be given to the
fact that metabolites are generally more polar than the parent compounds and the
chromatographic behaviour (including separation during the screening stage} must
be interpreted in the light of such expected behaviour.

Semi-quantitative evaluation

It must be appreciated that the isolation procedures and working conditions
used in this scheme were designed to cover the qualitative identification of a wide
range of drugs and that these conditions are therefore generally not ideal for the
quantitative determination of a particular drug. However, if quantitative results are
available on pre-determined standards analyzed with various drug concentrations,
upper and lower concentration limits of the drug present in a particular instance can
usually be estimated. Although such resuits may not satisfy the analytical chemist,
they may be of great significance to the clinician and such quantitative estimates
should therefore always be attempted.

In practice, the amount of drug present in an aliquot of the extract (preserved
for subsequent GC separation in a sealed capiliary tube) is determined and the total
amount of drug present in the sample is then calculated with due regard to the drug
distribution pattern in the different fractions. Occasionally, unchanged drug samples
are analyzed by GC for this purpose, but generally it is preferred to prepare a suitable
derivative (acetyl, silyl or methyl). The derivatization procedures generally used were
those described by Barrett®, and if confirmatory evidence for the presence of certain
groups of drugs was sought, his GC conditions were used. However, as a general
screening procedure and for the possible quantitative evaluation of drugs, slow
temperature programming over a wide range was preferred (150-300° at 4°/min). A
fwm x 2mm LD. column of 19} SE-30 on Chromasorb 730 was used and both free
drugs and derivatives were studied, the results being compared with those for suitable
blanks obtained by analyzing drug-free serum and urine samples.

DISCUSSION

The many advantages associated with micro-phase extraction methods™® in
¢rug separation techniques have not been fully appreciated and used in the past.
This method significantly diminishes background interference by normal blood and
v-ine constituents on gas chromatograms and on TLC plates, thus facilitating the
r cognition of the presence of drug spots and peaks and their subsequent identi-
f ation. The drug colour profile data, on the other hand, enable the observer rapidly
t. compare a visual presentation of the chromogenic characteristics of the unknown
¢ ag with those of known standards. -

In the practical application of the scheme, it is important to appreciate that
a -elatively small number of drugs (perhaps 30-40, depending on the Jocality) will
b involved in up to 90 % of the cases presented to the analyst. Successful identification
o these drugs at the screening stage is greatly facilitated by carefully charted data,
ir luding Ry values, gas chromatograms and drug colour profiles, ga.the:ed in tk_te
cc irse of personal handling of each of these drugs in the concentration ranges in
% .ich they may be expected to be present in actual samples. In addition, experience
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gained in handling actual hospital cases should be carefully documentad for future
reference, together with the above data, including gas chromatograms, and the signif-
icance of possible metabolites in the analytical scheme should be carefully noted.

Results obtained in the analysis of a number of representative drugs are listed
in Table I. Obviously, R, values are subject to variation within certain limits and
therefore also the section under which a particular drug is listed, especially in border-
" line cases. Such variations should be taken inte account in the practical application
of the system, as the colour profile and the fractional distribution of drugs may be
influenced by the amount present. The information given in Fig. I is based on results
obtained with drug concentrations in the ranges indicated. In general, the analytical
behaviour of drugs in the present system is independent of the biological source
{serum or urine} from which the drugs were taken and for this reason no distinction
is drawn in this respect in Table L.
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