
% RA@D AND COMPREHENSIVE SYSTEM FOR THE ROUTINE IDEIQTI- 
‘ICATIOM OF DRUGS IN BIOLOGICAL IMATERIAL EASED ON _M-ICRO- 
‘KASE EX-L-RAC~ON AND DRUG COLUUR PROFILES - 

?k sep~ation of basic, LX%EC ZK% neutral drugs from propanof-2 extracts 
of serum, urine and tissue homogenates at different pH values using a micro-phase 
extraction technique is described. Following preliminary screening, the various drug- 
cont.&kg 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 RF values refative to three 
different reference standards. By means of _W chromato_~phic analysis of the same 
errtracts, semi-qrzantitative estimates of the amounts of drugs present, which are 
sufkientfy accurate for clinicai emergency puqoses, can be made in many instances. 
The main advantiges of the system are ‘Wean” extracts with a minimum of back- 
ground interference, rZ@dity (J-6 h for g complete analysis) and systematic8lly 
documented and visually presented behaviour of drugs after spraying with various 
chromogenic and fiuorogenic reagents, aIlowing the systematic identi&zation of 
~mk~~own substances. 

_A general system for the qualitative and semi-quantitative analysis of aI1 drugs 
t% are extractable from biological fluids with organic solvents is described. The 
c?ginaI procedure of Ramsey and Campbelt using smafl vokmes of chloroform 
f~‘LlOO & for the extraction of drugs from aqueous solutions has been modified in 
C- 3er to separate different classes of drugs by micro-phase chloroform extraction 
f XII aqueous sdution at various pH values and, conversely, to sepamte drugs from 
c -tic solvents by using ‘knicro-phases ” that consist of aqueous buffers with various 
F -F values. Combir&ons of these principles CZSI be used iniorder to separate orgstnic 
C xpounds from biuEogical fluids. 
.z . The &n&&m of time-consuming concentration steps’ and the fact that 



m&X-phzse exEr%tts yield much ‘%fe2SIeF'" ChrOmatogams are among tile main 
advan*3~s oft& method c&extnctkn. A possibre:disad~~an*ageis t&at nGi2u drugs 
may be sufkientfy soluble in the orgairlc solvent used (cfiloroform-prapanoI-2) to 
ensure efiective extraction, and In order ZCJ overcome this problem we have incfuded 
a final exhaustive zxtracrtior; with ethyl srcetate. Owing to the use of preiltizry 
tohxeoe exraction of the acidified extract, the &x4 ethyf acetate extiact CJ3, fraction) 
&so yields a relative& ‘Wean” chromatogram with Iittle background interference. 

The ap_peaarance of a drug in a particnfar k&on (or the drug distribution in more 
than 5-p w h&on) is used 2s a:ditionai evidence t‘or establishing the ident?@ of the 
drug. 

The various fmxions obtained in this _mamer (see Fig. I) are next screened, 
after onedimensiorzal thin-layer chromato,~p’hic (TLC) separt&xS, for the presence 
of drugs by ci. system of chromogenic sprays and only drug-contzining fractions are 



f&%x izvest&ted by means of two-dimensionaI TLC. in tfre final an~Iysis, tie 
two-dlmensionai TLC pkltes (generally 6-8 plates, sufficient extract be& avaiI&Ie 
to spot i0 plates) are each sprayed with a dif?erent chromogenic sprq~. The results 
rire summarized and presented diagtammsticafIy for pm-poses of comparison with 
pre-detertied standards by enterin g the resdts of all sprays on a diagram repre- 
senting the TLC pIate with a circIe drawn through the fom- ccxners of the #ate 

(Fig. 2). The different sprays are indicated on :he circumference of the circk and Iines 
(corresponding to the coIaur obtained with the particular spray) are drawn so as to 
CO!IXIeCt: the pOsid~XI of tie “Spray” OIL the CirCk with that of the drug spot OII the 
piate. En this manner, a “drtig cofour profile” is obtained in the form of various 
coloured &es radiating from the position of the drug spot on the plate, which further 
serves to ident@ and d&in&h the particukr drtI,a from others. _41so,2 single visual 
presentation and record of the distinguishing properties of a particufar drug are 
obttid fur comparison with pre-determined standards. Edentikation is further 
facilitated by dividing the chromato_mm into sections as previously suggested by 
Hundt3 and by listing R, values in each direction reiadve to two internal standards, 
2s explained below. 

33e successful application of the method in practice depends on the avaifabllity 
of a weI1 documented and read& accessibIe record system. In our laboratory, records 
c-f individual drugs that have been detected in urine and btoad samples using this 
nethod have beea compiled and these list the foIlowing detaik (entered OR speciafiy 

p wepared forms) : (~1 nature uf sampIe; (b) amount detectable; (c) fraction(s) in which 
c.2 xg appeared (see Fig. I); (d) replica of the one-dimensiona TLC pIates obtained 
0 %ng the screeniog stage; (e) cofour profiIe (see Fig 2); (r^) relative RF values; 
(2 section in w&h drug appears; and (h) position of metaboiites oE pI=s 2nd other 

it- ‘ormation regarding metabofites. 
The adysk of b,Iood and urine sampks may be complicated by the Presence 

0 ooe or sever& met&O&S (Ofien with simitar chromogenic properties) and the 
si zXion may be further ag=qavated when an unfavourabre cOrlCe~~rhXl r&3 Of 

il~Aparemb cfr~g t0 its met&o&S exists, which often occurs when samples are coI- 
Ii-. ted Iong after ingestion of the drug concerned. However, aS metabolites as often 
ft .‘re p~far &-an the parent compound and therefore tend to be more water soIubIe 
2-A fess f&id soluble, they may not be concentrated in a particular fraction to an 



extent simik.r tc &at of the FareGf: COElpOUnd and in this respect tke present mehod 
others disti~c$ advantages. For example, if the parent compound is a b&C, @ophiliC 

drug, it can be ezqxcted to appear in the B, f’rwtion. The more mater-soluble and 
fess Lipid-solrrbfe metabolites wil$ tken tend to be carried f&rc~& matiy to the I& 

fraction. Despite the aduzntages ofFered bv the mehad described, tie identificatic& 
of &lmte amounts of an u&nown dmg-in a biological sample still COIIS~%U~~~ a 
major cka~ezge. 

Developirsg salvents (~rOF~?tlbns by r_cEuine). Directian i, ethyl acetate- 
meEEano&ammonia (85: 10 : 5); direction 2, n-butmol-acetic acid-water (70 :%I :IO) f 
screeoing,chlorofcrm-acetone (S :I)and methanol-zmmo~aflQO:I.5). 

&y%rence~~axfmds. direction I, 20n;geachof methaquafone md pericyazzirie 
2nd 25 ng of salicyiic acid per 10 ml of aIcahoS; direction 2, IO mg each of metka- 
qualone, pericyazine and metoclopramide per LO ml of alcukoL 

C&c3mqenic s~rajjs. Mercury@) ckrotide~phenyfcarbazone’~ E;PK’, potas- 
sium petianganate-sufphuric acid5, Drageeildorfff, iron@) chforidti, EkrW?, 
fauEy5 and furfuraiG sprays ~ve,re prepared as p~&ousIy described. 

Iodoplatinate spray was prepared by dissolving 0.25 g of kexachtoropfatinic 
acid and 5 g of potassium iodide iz~ 100 ml of 2 N hydrochloric acid 2nd n&kg tie 
volume up to 590 nl with 2 N kydrochloric acid. 

-Iodine-carbon tet_achloride reagent was prepared by d&x+&g I g of iodine 
ia 105 ml of carbon tetrachlotide. 

_Marquis reagelit consisted of I mi of foLnnaidekyde soh~tion in IO mE of cont. 
sufpkrrrie &id. View under UV light after spraying; heat and note coiour changes. 

Mandelin’s reagent consisted of I g of ammonium vanadate dissolved in tOO 
ml of COIIC. snfphuric acid. _4iEow the sediment to settIe before use, 



phase. The mixture was then centrifuged at 700 p for 5 min until aU of the clzIoro- 
form phase had been tmsfemd to the narrowed portion of the nippIe-tube. As much 
of the sup”~matant liquid as possible was then transferred into a second nipple-tube 
w&at& disturbing the chloroform layer in the fmt nipple-tube, which was marked 
“8.5”. A 0.8-mT v&me of 2.Q N sodium hydro_tide solution WCS added to the aqueous 
phase in order to adjust the pH to above i0.5 and tie micra-phase extraction pro- 
cedure repeated v&h a further 150-~1 portion of cErloroform_propanof-2 (9:1), mark- 
ing tie organic phase ‘<I 1.0” and retain& the aqueous phase. 

The “8.5” and “I 1.0” factions were combined so as to yield ca. 200 ~1 of 
chloroform p&se, which was marked %I” and stored In 8 welt-stoppered nipple-tube 
covered v&h a r&Me layer of water. 

minder of the tofuen~ phase was f&her worked up by addirrg Cf.2 ml of ethanol, 
:ring and extracting W%I 200 pl of 0.2 A4 borate buffer (PH 10.5) as above oil the 
?eri tier (3 IEG@ and centrifkging in a nippf e-tube. The tohxene phase was 
lined, f&e aqueous phase (XXI pi) tiansferred into a clean nipple tube and 50 yl 
3.5 N stiphrrrk acid wee added in order to &die the extract, which was then 
.-acted cmce witfr 250 $ of chloroform-propanol-2 (9:l j by sk4y expeikg the 
5o.m a Pasteur pipette with ffre tip immersed in the aqueous phase se as to ensm 

ring. Most af tile top aqueous fqer was removed with a Pasteur pipette, Ieav&% 



o&y a smafl 2~lueo’~s I2yet to cover the chloroform phase coHected in the fo\ver, 
resu-icteed port& of the nippfe-tube, which was marked “A;‘. 

Tke remaining tofrrene phase was wasEed once with 3 ml of 5% lead a&ate 
solution and tke organic Fkase evaporated to dryness. The reSidUe WZS dissolved in 

250 ,A of chforofom 2nd marked “_4,“. ,4s be fore, this fnction was stored in 2 wefl- 

stopped nipple-tube under a minute fayer of water. 
UrG?e. A IQ-ml voIume of urine was extracted wltk 10 ml of propand-2 and 

6 g of ammonium srrfphate and the extract treated further as above so as to yield 
fractions El, B,: A, azd A, 2s before. 

Sro~lia& ~cz.s~~ilz,s. A 20-mt volume of stomack wash fluid (preferably the first 
W.&kg) was diluted with an quai volume of water, treated with sodium kydrogen 
C2rbOn2te unfiI effervesCtmCe cx2Set and then centrifuged. A 5-mI portion of tke 
ciear superaatant Gqtid was thzn extracted 2s described for the extraction of serrrm. 

At this stage, X!O-pi portions (chloroform) of each of the above four fractions 
were ob%Gned. For furtker analysis, each fraction was subdivided as foElows (using 
suitable &pii!ary tribes as receptacles : for screening, 50 ~1: for &vo-dimension21 
TLC cotirmaition, h03 ,~i; and for possibie semi-quaz%itative GC, 50 FE. 

Two 10 x 5 cm thirt-layer p&es (Ferti,@atten F2-54, Merck, Darmstadt, 
G.F.R.) were Z&I divided info s% channels by dewing iices ~itk a ~p2ft.h (Fig- 1). 
Fifteen microlitrts of the acidic A fra&ons (tkree appficdons Gf A, and three 

-applications of A,) were applied to the channels OR tie first plate, as shown in Fig. I. 
The basic B fractions were applied to the second plate Irr a similar fraction. Tke l&t 
pfate (acidic f~-~tions,P was developed witk ckloroforn-acetone (9:Z) solvent and 
eke second plate (basic fractions) usicg metkanotammonia (X10:1.5)2. Both pfates 
were developed until the solvent front had reacked a position a-c or Izear the end of 
the #ate. Mer dying in an oven at 105” for 5 min, tke three pairs of channels on 
eack pIate were sprayed separately with diEerent chromogenic sprays as indicated in 
Fig. f (ref. 2). Stitab!e glass plates were used to cover tke channels that were noi 
being sprayed. Before spraying, the plates were viewed under UV Iigkt (254 ami 
350 nm) and any spots t&at did not appear on the docrtmerited serum (or urine) bIanl- 
Con&O% were C~F&XI$J m2rked. The three p&s of charm& on the acidic plate were 
then sprayed successive& witi merctlry(hE) chtoride-diphen_vIca~bazone reagent2 @- 
barbiturates arrd diphenylhydantoin), Drageendorff and fu&ral-kydrochforic a& _ 
sprays. The kzst reagent revealed meprobamaie and other carbamates, wtiie QI : 
Drageendor;T reagent was ioduded because of the wide range of drugs that react wit 
it. Tht thr~ pairs of ckannefs 00 tie basic plate were sprayed sucessive& in a simile . 
mzmer with iodoptatinate, Dragendorff and MandeEn reagents. nose change’ ; 
which revealed ~0 drugs af&r Sprzying 2s above were over-Spprzyed with poiassiur L 

~~2ng2~2~+-sulphrrric zcid, icdine-cuboc EetrachIoride and 5~ a~ s+&ic aci i 
on both plates so as EO ensure that no drugs woufd be &ssed, 



drugs (and, of course, barbiturates) can be disccmed at this early stage and much 
time saved- Rzpid contirr;latoq tests can then be carried out if necessaiy. Sowever, 
in geneaL it v3.i be necessary or desirable to proceed to investigate the drug-containing 
fractions further by mesns of two-bimensionaI TLC, and for this purpose fractions 
that O~L&XE& CCXlGk the Same drug were combined. ik this mannet*, the 2ctuaE 

number of fractions that were further investigated wzs usually Iimited ro one or two. 
_4Ithough basic drugs would gener&fy not be expected to appear in the acidic fractions 
XI and A-.. this does in fact happen owing to the slight solubihty of the drug salts in 
organic &vents. 

SiliCa gel plates (5 X 5 cm Fertigplatten, Merck) were used. Light peE& tines 
were dr%vn I cm from the bottom and top and also from the left- and right-hand 
sides of the pfate ;LS in the method of Hund? (Fig. I). Reference standard sofutions 
(I $ of eacfi) ZK! the fraction to be investigated (20 *IA) were app!ied to each plate 
as indicated in Fig. I. The actual number of plates used snd the amount of u&~owu 
solution apphed to each depend on preliminary observations made during tfie 
screening stage and whether the fraction under irnvestig2tion ~2s obtained through 
a combination of two or more fractions, but in general six to eight pIates were used 
per fraction examined and IO--20-,~1 volumes were apptied to each plate. By using 3 
suitable gkss frame and chps that facilitated the chromztographic development 
process, alI 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 pIate was then viewed under UV light (254 and 360 nm) and the positions 

of drug (and metabolite) spots marked with reference to standard documented COR- 
trols obtained w&h drug-free sampies in order to distinguish between drug spots and 
serum background spots, which, in the present system, gave very little &e_rference. 
Thereafter, one plate each was sprayed with the following chromogenic sprays, 
omitting those that were observed to give negative resuits during the screening stage: 
iodopfatinate; Dragendorff; 50 % sulphuric acid; Marquis; Ehrlich; potassium per- 
manganate-suiphuric acid; MEndelm: FPN; furfural; znd Pauly reagents. 

En our &boatory, the geneA poficy is to spray one plate each with iodo- 
$&inate, D~gendorff, iodine-carbon tetrachloride sod Mandelin reagents (four 
Flates). The rem&&g plates are then sprayed with further chromogenic spWs ac- 
t,3rding to indications obtained durin, u the screening stage. It is useful to view the 

I_ktes urider UV light after spray-n,. i D esp&ally K&II plates sprayed with Mandelin 

L-XL! Mz~c@ reageats. w$h some sprays (Ehrhch and Itfarquk), the plates were 
1 zated for 10 tin at f&Y in an oven before inspection. ff one or more drugs of the 
: irbiturate group were present, the portion of the totuene _. =xtract that was retained 

f r this purpose wits ana!yzed immediiatety by GC’. 

This procedure is based on the cumparison of the unknown drug with docu- 
r ented drug records uSzing the foUow& _ a <even parameters: (2) R, values relative 

ti pericyazine, in two directions; \ 6) movement of the unknown compound OII 3 
f, -10 sale r&five to the two other reference standards io each direction;; (C) Position 
c i lhe plate (defined by the @ate section); (d) drug colour profile; (e) drug dktr&ution 



Gistice moved by -uil.kmm;n _ fO* 

Disfane moved by perky2zine 

(cj P~siffor; ofs fhephfe (pl&esection). Tfie 3 X 3 cm plate ar~~~~~~d~iS3 
may appear was divided into 16 spare blocks (sections) by dewing four equtiy 

sp2ced ?&es io each di~ectio&. The altocation of the unk~wn drug to z p2rtlcd2r 

sectio~l in pnmke ~2s best made by cover&, c the plate with a transparent: sheet 

simiEa~& divided into fG sections. The aEocation of all dcmmerrted drugs to such 
se~tians is ~an&xlarEy useful for dociunentztion purpcrses as drugs can then be 
documented according to the section in wh:ch they appar as weIL 2~ 2lph2betidy 

ad/or according to refztiue RF vafues. 
(d) Dtmg cohrprq$~e. Using the sketch ia Fig. 2, the position of the m&no-&~ 

drug spot is masked on the cent& squ2re are2 that has the same dimensions (5 x 5 

cm) 2s &hose of the chrom2togr2#ic plates used. Colorrred iadial Eines cc~~~~p~nding 
to the cchm obtained with the ~2rious sprays 2re therr dravm frcxn &is point to 
the p~itis marked for each chromogenic sprizy on the circumference of the circIe as 

indicate& A sm& violet ci_rcle arotrnd the urzknown dnzg spot is used to designate 

UV absorption by t&e drug wbi!e 2 double circte is used to signify fluorescence rrrrder 

UV @hr. Similar ckcles drawn around the spray positions marked on the circum- 

~~REIC~ of the C~FC~Z de&ate IF{ 2bso@oa 2nd Guoreseencc after spraying with 

the particrrfar re2gent. This procedure summ2rizzes the chrsmoger&z beh2viour of 

the unkzown drug in a single gr2phic presentation that cau be easily and rapid15 

compared witi the documented records. 

(fl Drzg nretah~ises. The presence of met2boEtes m2y, in some insmnces 
seme 2s additional confirm2tion of the presence oftbe parent &g compomd, typic2 
examples of such d:u gs being the phenot%tines, metbaqualone 2nd _oropoxypherrc 

Qn the other hand, the presence of more than one met2bolite (especial& wher 

more tb2n one dmg IS p~~ent arid when the concentrations of&e meebo&es m 
-~~2~ve~Y Egb> GS be very confuting. In such instazces, he first step is to identif; 



the parat compound(s) by careful comparison of a~ rurknawn spats ~tith the retards 
in respect of the different parameters listed. IDue consideration should be given to the 
fact that metabolites are genera@ more po:ar than the parent compounds and the 
chromatographic behatiour (induding separation during the screening stage) must 
be interpreted in the Sight of such expected behwicsur. 

It must be appreciated that the isolation procedures sod 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 generauy not ideaf for the 
quantitative determination of a particular dru g. However, if quantitative results are 
available on pre-determined standards analyzed with various drug col;centrations, 

- _ 
upper and lower concentratron frmits of the drug present in a particular instance caz 
usually be estimated. Although such results may not satisfy rhe 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 a&pot of the estract (preserved 
for subsequent GC separation in a seaIed cap%ary tube) is determined and the total 
amount of drug present in the sample is then cziculated 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, silyt or methyl). The derivatization procedures generally used were 
those described by Barrett’, and if con&matory 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 evatuation of drugs, sIow 
temperature pro_- mming over a wide range was preferred (HII-300” at 4@/min). A 
! m x 2 mm f-E)_ coIrrmn of 1 oA SE-30 on Chromosorb 750 was used and both free 
drugs and derivatives were studied, the rest&s being compared with those for suitable 
blanks obtained by analyzing drug-free serum and urine samples. 

The many advantages associated with micra-phase extraction methodsL*S in 
I:ug separation techniques have not been fully appreciated and used in the past. 
T%s method sizgnScaot~y diminishes backround interference by normal bfood and 
t’ -ine constiP&ents orz gas chromatogram- c and on TLC plates, thus faciflEating the 
r :ogriition of the presence of drug spats and peaks and their subsequent identi- 
f atioa. The drug coIour profife data, OII the other hand, enable the observer rapidly 
t> compare a visual presentation of the chromogenic characteristics of the unknowr: 
~3 29 with those of known standards. 

&-I the practical application of the scheme, it is important to ap_preciate tiat 
a -efativeiy small number of drugs (perhaps 3O-40, depending on :he locality) wiH 

b involved in up to 90 % of the cases presented to the analyst. Successfut identification 
o these drugs at the screening stage is great& facilitated by cam%& charted data, 
ir h&g I?,- vahzs, gas cbromatograms and drug CO~OW proa=, gzeesd in e 
cc me of personal handEm of each of these drugs in the concentration ranges III 
9. .ich they may be expect2 to be present in actual samples. fn addition. experience 
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gained k Eandtig actuai hcxpital cases should be carefufli documented for futme 
r&mm, together ~6th the abwe data, ixfudin, r‘ F =as chronatograms, and the signif- 

icance of possiMe metabolites in the ana&tica.l ‘scheme should be careful& noted. 
Res-&s abtaked in the analysis of a number of representative driigs are iisted 

in TabEe I. 0b&3us!y, R, ualms are subject to vtiztian within certain Iitit~ and 
therefore also the section under which a particuia~ drug is listed;especiaEIy in border- 
fine czses. Such variatiom shonId be taker; into account k the practical application 
of the system, as the dour prcrfle and the fractionaE distribution of drngs may be 
influenced by &e anount present. The information given in Fig I is based on resu!ts 
ob&tied with d_nzg corrcentrations In ‘Jre ranges indicated. In general, the analykai 
behaviour of drugs in the present system is independent of the bioIo@cal souxe 
(serum or urine) fro-m which the drugs were taken and for this reason no distinction 
fs drawn irr this respect in Table E. 
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