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SUMMARY

Several different extraction techniques, each of which is well suited to large
scale sereening of urines for drugs of abuse, are prescnted. Each technique has special
advantages, depending on the needs of a clinical operation. In the paper we have
compared three hasic approaches.

(I} ifxtraction of drugs from urines by absorbing them on cation-exchange
resin loaded paper and then eluting the drugs from the paper with two consecutive
buffer-solvent systems. Sedative-hypontics are extracted at pH 1.0 using citrate
baffer, and amphetamines and opiates at pH 10.1 using NH,C1-NH,OH buffer.

(11) Direct extraction of drugs from an urine specimen first at pH 1 using HCl
for sedative-hypnotics and then at pH 10.1 using NH,CI-NH,OH for amphetamines
and opiates. When the _oal is limited to the detection of amphetamine and congeners
only, the urine is extracted at pH 12 using NaOH.

(111 Acid hvdrolvsis of urine specimens followed by direct extraction of drugs
at pH 10.1 using NH,CI-NH,OH buffer. Our standard procedure involves the use of
ion-exehange extraction technique (procedure 1y; procedure 11 is used for urine
specimens of less than 4o ml volume. Procedure 1 seems best if (a) urine collection is
to be paced at 2-3 day intervals; (b) volume of urine available is 40-50 ml or more;
(¢) pooling of ion papers of the same patient representing different urine specimens is
desired to cut down the cost of analysis and work load without dituting the sensitivity
of the test. This procedure has been compared with procedures It and 111 and some
of the relative advantages and disadvantages of each procedure are presented.

INTRODUCTION

It is now generally accepted that programs for management of drug dependent
individuals should include provisions for determining the extent of drug use by those
in the program, even if such information is used only to assess thie efficacy of the
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management technique. The ehemical analysis of urine is one approach to determine
drug taking by individuals in such programs, At present it seems to be the predomi-
nant technigque. Many methods for detecting commonly abused drugs in urine are
available! Y however, these methods vary greatly with respect to their suitahility
for use in larze scale urine monitoring programs. Amomg the eriteria by which methods
must be judged are: (1) Rapidity of analysis  the entire procedure from acquisition
of arine specimen to reporting of results should not take more than 24 hy (2) sensi-
tivity the extraction procedure and spraving techniques must be able to detect the
presence of ingested drug and/or its metabolites for at least 24 72 h following the use
of drugs at commonly used doses; (3) convenienee laboratory personnel with mini-
mal formal training should be capable of completing the entire analvsis including the
interpretation of results: (4) economy,

The direet extrastion method proposed by MULE® involved differential pli
extraction and required three separate extractions on three 15 ml aliquots of urine
at pH's 2.2, 9.3 and 11.0 for barbiturates, opiates and amphetamines, respectively,
MULE alse reported?® that the method of BECKETT AxD Rowraxn!? for the detection
' amphetamine in his hands vielded poor results. HEATON AN BrLeMBerG! de-
seribed direct extraction of barbiturates from a 5 ml aliquot of urine at pil 6 with
which they were able to detect secobarbital for 4 O days after a sinele dose of three
grains (about 195 mg). Davinow of al.® deseribed a single step direct extraction pro-
cedure for narcotics, amphetamines and barbiturates at PH 9.5 using a 10 ml aligquot
of urine but the reported sensitivity for amphetamines and barbiturates was onlyv
5 ng'ml of urine,

Dok ¢t al.7 used cation-exchange resin loaded paper to absorh the drugs from
nrine and then eluted the drugs fror the paper with three consecutive extractions
at pH's 2.2, 9.3. and 11, respectively, This method when applied by Hiatox axn
BLeMBERG! vielded poor recoveries for harbiturates and amphetamines. Similariy
MULE? using this procedure after modifications reported poor recoveries for barbitu-
rates, methadone, and amphetamines,

The purpose of this report is to present our comparison of several extraction
techniques applicable to large scale sereening programs. These extraction techniques
involve three basic approaches,

Procedure T is the extraction of drugs from urines by absorbing them on a
O bem picce of cat a-exclange resin loaded paper and then cluting the drugs
from the paper in two steps. This is a madification of the method develeped by Dow
L al?. The modification deseribed here elutes sedative-hypnotics at pH 1, and opiates
and amphetamines at pH 10.1 using NH,CI-NH,OH buffer. This procedure is used
routinely in our laboratorics for all urine specimens that require simultascous sereen-
ing of opiates and amphetamines. Urine specimens submitted for sereening of opiates
only are also extracted by this procedure, but horate buffer, pH 9.3 (ref. 7) is used.

Procedure 11 is a direct extraction of drugs from a urine specimen, and like
procedure 1is a two-step procedure (i.c. sedative-hypnotics are extracted at pH 1,
and amphetamines and opiates at pH 10.1). This procedure is a modification of single
step direct extraction procedure developed by Davinow of al®. Urine specimens of
less than 4o ml volume are monitored using provedure 11.

Procedure T involves acid hydrolvsis of urine specimens followed by a single
step direct extraction of drugs at PH 1o.1 using NH,CI-NH,OH buffer: it is a modifi-
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cation of the technique used by Kokoski ¢f al 112 This procedure is not routinely
used in our laboratorics,

MELTHODS

Procedure 1. Ton-cxchange extraction of drugs followed hv tico-step clution

A O - bem picce of Reeve Angel SA-2 cation-exchange resin loaded paper
(marked with patients” LD, number or name with lead peneil) is soaked in 4o- 50 ml
of undiluted urine (pH 5 0) with intermittent shaking. After 30 min or more, ion
paper is transferred into a plastic bag and sent to the laboratory for the desired
analvsis. To decrease the work load and cost of analysis, the routine procedure used
in the laboratory, at present, is to pool several ion papers of the same patient re-
presenting different urine specimens. The single or pooled jon papers are transferred
to 4 oz, wide mouth serew capped jars, rinsed twice with distilled water (rinsing is
important to prevent emulsion formation in the extraction procedure) and extracted
for different groups of drugs as follows:

(a) Scdative-iiypuolics, benzodiazepines, and other drugs. To each jar containing
jon-exchange paper, 15 ml cach of sodium citrate buffer, pH 1.0° and chloroform are
added (20 ml of cach are used if the jar contains more than one ion paper). After
~haking for 1o min on a reciprocating shaker, the lower organic phase is pipetted out
into a plain 15 ml conical centrifuge tube. The aqueous phase is discarded and ion
paper is saved for step (). The solvent is evay orated in an oven (65° for the first 3 b,
then 85 until drv) having horizontal air flow. The residue along the sides of the tube
is washed with 0.5 to 1 ml of methanol and methanol evaporated to dryness as above.
The residue thus obtained is redissolved in 25 30 pl of metha: ol and the entire
extract is spotted on the «hromatographic plate.

(h) Narcotic analgesics, amphetamine and congeners, and sclected psvehotropic
drugs. Ton paper left after the extraction of sedative-hypnot. s is then extracted at
pl 10.1°* by adding 15 ml cach of chloroform-isopropanol (3: 1) and NH,C1-NH,OH
buffer (zo ml of cach are used if the jar contains more than one ion paper). After
haking for 10 min, the lower organic phase is transferred to a 15 ml plain conical
centrifuge tube containing two drops (about 50 1) of sulfuric acid in methanol (0.5%,
H,S0, in methanol). The evaporation process is completed as described above (pro-
cedure Ta). Sulfuric acid is omitted if amphetamines arc not to be detected.

Drocedure T . Direet extraction of drugs from urine

As we shall point out below, ion-exchange extraction of drugs from urine
requires at least 4o ml of urine if the likelihood of detection of positives is to remain
comparsble to direct extraction. Therefore, urine specimens of less than 4o ml volume
are not analyzed by an ion-exchange extraction procedure, but instcad are extracted
divectly for various groups of drugs as desired.

(a) Sedative-hvpnotics, henzodiazepines, and other drugs. To a 15 ml aliquot of
urine in a 50 ml screw capped round bottom centrifuge tube, 5ml of 3.7% HCI
* Sodium citrate (NayC 05 211,00 206 g in water, followed by 256 ml concentrated
HCE, diluted to 2,000 ml with water (pH 1.0 | o.1).

** Gaturated solution of ammonium chloride (2,500 ml) adjusted to pH 101 1 0.1 with
concentrated ammonium hydroxide (about 2,400 mi).
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(producing pH 1) and 15 ml of bepzene chloroform (8:2) are added. The tube is
shaken gently by hand in a vertical direction for 1 min, and centrifuged for 5-7 Biin
if needed to break emulsion. I emulsion still persists after centrifuging, it is cleared
by adding 1 -2 ml of absolute ethanol. The upper organic phase is then pipetted out
into a 15 ml plain, conical centnfuge tube and evaporation process is completed as
described above (procedure la). The residual aqueous acidic phase is saved it amphet-
amines and opiates are to be tested.

(b) Single stage extraction of narcotic anaigesics, amphetamine and congeners, and
seleeted psvehotropic drugs. To the residual aqueous phase remaining after extraction
of sedative-hypnotics (procedure 1a) or to 1 15 mi aliquot of urine (if barbiturates
analysis is not desired) in a 50 ml screw capped round bottom centrifuge tube are
added 10 mi of NH,CI-NH,OH buffer (pH 10.1) and 15 ml of chloroform-isopropanol
(0:1). The tube is shaken gently for 1 min, centrifuged (if necessary), and the lower
organic phase is pipetted out into a 15 ml plain conical centrifuge tube conaining
two drops (50 zd) of sulfuric acid in methanol (0.5", H,80, in methanol). The evapo-
ration process is comipleted as deseribed above (procedure Ta). Sulfuric acid is omitted
if amphetamines are not to be tested.

(c) To extract amphetamine and congeners, and certain narcotic azalgesics other
than morphine. This method has been designed primarily for monitor~g urines for
amphetamine, methamphetamine, and phenmetrazine when it is not necessary to
screen simultaneously for morphine. The method appears to be specific, sensitive, and
reproducible. To a 15 ml aliquot of urine in a 50 ml screw capped round hottom
centrifuge tube, 10 ml of 0.75°, sodinm hvdr “.ide and 15 ml of henzene- chloroform
(8:2) are added. The process is completed as above (procedure 11b) except that it is
the upper organic phase which is pipetted out into a 15 ml plain conical centrifuge
tube containing two drops (50 pl) of H,S0, in methanol.

Procedure 111, Acid hvdrolvsis of urine specimens

Since as much as 83, of the total morphine' and 88, of the total codeine'?
may be excreted as their glucuronides, acid hydrolysis of urine specimens collected
infrequently becomes of great value. In such cases urine specimen is first hvdrolyzed
and then drugs are extracted directly at a pH 10.1 as described below,

(a) Scdative-hvpnotics, benzodiazepines, and other drugs. This group of drugs is
extracted without subjecting the urine to acid hvdrolysis as described under procedure
Ha using a 15 ml aliquot of urine.

(h) Hydrolvsis of glucuronic acid conjugate of morphine and codcine. To a 10 mi
aliquot of urine in a 50 ml screw capped round bottom centrifuge tube is added 1 ml
of conc. HCY (more than 1 ml of conc. HCl is added for specimens showing cfierves-
cence). The tube (uncapped) is placed in a boiling water bath*. After t h, the tube is
cooled, 15 ml cach of NH,C1-NH,OH baffer (pH 10.1) and chloroform-isopropanol
(9:1) are added and contents shaken gently for 1 min. After centrifuging (if necessary),
the lower organic phase is pipetted out into a 15 ml plain conical centrifuge tube
containing two drops (50 g) of sulfuric acid in methanol (0.5%, H,S0, in methanol).
The evaporation process is completed as described above (procedure Ta). Sulfuric acid
is omitted if amphetamines are not to be detected.

* Alternatively, the urine specimens may be hvdrolyzed as described by Kokoskt of al ¥
by antoclaving at 15- 18 p.si. for 15 min.
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TABLICT

SENSITIVITY OF EXTRACTION TECHNIQUES
Gelman precoated silica gel glass microfiber sheets with » layer thickness of 250 ¢ have been used
for T1.C because of the case with which they can be handled. The specific color reactions presente:d
aere may not be obtainable on glass plates coated with silica gel.
Lo (positive), - (negative), o} (trace) and o (test not performed).

Drug Drug added pev ml of urine (ng)
Sedative-hypnotics — lTon-cxchange extraction Direct extraction of

of drugs { procedure la drugs ( procedure lla

wsing 50 ml of urine)n using 15 ml of urine)®

015 1 15 2 o5 1 1.5 2

Amobarbital i 5} o o S o [3) o
Barbital sodium» - -- - - . b
Jdiphenvihivdantoin i -t o 0 : t o o
(Ditantin}
Glutethimide — i o o — I - o
(Doviden)
Pentobarbital i 0 0 v t 0 o 0
Phenobarbital : i o o . | o o
Sccobarbital 4 o ) o -+ o o o
Amphetar-ine and  Ton-exchange extrac- Durect extraction of Direct extraction of drugs
cOngeners tion of drugs ( proce- drugs (proc dure 11b (procedure 1lc using 15 ml
dure 1b using 50 ml wusing 15 ml of of urine)®
of urine)c wrine )¢
0.5 1 1.5 2 0.5 1.5 2 0.5 1 1.5 2 25
Amphetamine! -- + o o - — i 4 — Lo o o
Methamphetaminef | o o § 4 o o t { o 0o o
Phenmetrazine' - + o o -} I o o } t 3] o o
Lphedrine! - - - i - - - | - - - D
Pipradrolf — {0 0 o o - 14- o o o
Mecthviphenidatex® S o o o - to o - 0 o o
{Ritalin)
Narcotic analgesics
their adulterants,
ard miscellancous
drugs
Morphinef } 0o o o { o o o ) o o o [o)
Cadeinef ! o o o i 40 0 0 o o o o
Methadone! - o o B + o 4} — f o 0o o
Methapyrilenef | i o 0 RE ' o 0 .- o o o

{used as an adul-
terant with heroin)
COuinine! 4h 0 o o 4 0o o o 4 o o o o
(used as an adul-
terant with heroin)

Hydromorphone! - 30 0 — t o o o o o 0o o

Meperidine! [= o o o — I o 0 o o o o o
{Demerol)

Pentazocine! i o o o - o o o o o 0o o
(Talwin)

Cyclazocine! ! 0o o ) — b o 0 o 0 ) o o

Propoxyphence! - I o o -- + o o o o o o o
(Darvon)

Cocaine! { 4 o 0 - 4 o o o o o 0o o

(continued on p. 88)
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TABLET (continmed )

e Drug added pev ml of wrine (pe)
Narcotic anoleesies  Ton-exehange extrac- Diveetl cxtraction of Ireet extraction of drugs
thetr adult rants, tion of dvugs (proce-  drugs (procduie T1h ( procedure He using 15 ml
and wiscollanenis duve Ih using 50 ml wsing 15 ml of of urine)v
dies of urine)* urine )4
0.5 o1 203 [ 203 1 1.5 225
Lysergic acid-
dicthvlamidef . o o . o o o o o o o
[APSTRI
Mescalineg! . o o o o o o 0 o O
2 5-Dimethoxy. -
methvlampheta-
mine! cho ) E o 0 o O o o )
(ST DOM)
Chlordiazepoxide® ' [ . - Y T D)
{Librinm)
Chlorpromazine' . o o QO : o o o 0o o o o
{Largactil,
Thorazine)
Tritlnoperazine' o o o . 0 a o o o o o

{(Stelazine,
Eskazinge)

A Barbiturates are extracted at pll 1o using citrate huffer and chloroform. Seasitivities
presented were obtained by spraving the develojed chromatogram in suceession with detection
reagents diphenvicarbazone®, sitver acetate? and mercuric sulfate®. Sodivm barbital was deteeted
as a bluish purple spot after silver acetate. However, on application of mercuric sulfate spray,
the spot faded but reappeared within a minute as a Gint purple spot (detection Tevel 3oy pgjmi
of urine atter silver acetate). Methadone, if present in a urine specimen, wonld be oxtracted
along with the barbiturates and can be detected by overspraving the plate with the detection
reagent T, W after FIeSO spray,

" This procedure involves direct extraction of urine at pll .o using 3.7, HCHand benzene
chloroform 8- 2), Using detection technique as deseribed above, sodium barbital could be detec-
ted at a level of 223 pg/ml of urine,

This procedure is capable of extracting amphetamines and opiates simultancounsiy at
pH 1o using NTECT NHL,OH bafter and ehtoroform -isopropanol (3:1).

4 Fhis proce ture involves direct extraction of urine at pll roor nsing NHCL-NHLOTE
butter and chloroform isopropanol (9:1). Like jon-exchange extraction procedure, it is cepable
of extracting amphetamines and opiates simultanconsly .

¢ This procedure involves direct extraction of urine at plvi-r2 and has been designed
primarily for monitoring . rines for amphetamine, methamphetamine, and phenmetrazine when
1t s not neccesary to screen simultancously for morohine,

T Sensitivities presented for these drugs were obtained by spraving the developed chromatc-
sram in succession with detection reagents ninhvdrin (0,59, w/v) in #-butanol, sulfuric acid (0.5°,))
in HLO dodoplatinate’ and ammoniacal silver nitrate’, \fter ninhydrin sprayv, the following
steps have been found necessary to detect amphetamine and congeners: (i) The plate is irradiated
under short wave length for 5 min. Amphetamine may appear as a light ¢ ish spot; (it} the
plate is then heated at go for 3 min: methamphetamine, pipradrol and imethyviphenidate can be
seen at this stage: (i) re-irvadiating under short-wave length for 3 min increases the intensity
of amphetamine spot it it had appeared earlier or causes amphetamine to appear as a light grey
or grevish blne sp(yt This step is omitted if amphetamine hecomes visible after steps (i) anclior
(iby: (iv) respraving with ninhvdrin solution and heating for a sccond on a hot plate maintained
at o low temperature causes amphetamine and methamphetamine 1o undergo different eolor
changes. Sometimes methamphetamine appears only at this stage. Heating is continued for 1o
30 sec until phenmetrazine appears as a bright pink spot, sometimes it is necessary to resprav
and reheat for a few seconds to see phenmetrazine?t. Deteetion of morphine 2 ad corlvine is based
primarilv on a positive reaction to the ammoniacal sifver nitrate sprav. After applving this
sprav, the chromatogram is heated for 3o 6o see on a ot plate maintained at a medinm tem
perature. Morphine and codeine which become bleached during the application of spray reappear
as distinet dark brown or brown or black spots after heat treatment?t

2 Sensitivities presented for these drugs were obtained by spraving the developed chroma-
tocram in succession with detections reagents 1y WEY and |m|npl.|lm.m“

" Ouninine can be detected under short UV dight at a level as low as 0,05 pe/ml of unne
if the chromatogram is first spraved with o537, 1,80

b These drags were extracted as deseribed under procedures Th and 11D hut no sulfurvic acid
was added to the chlorolorm isopropanol extract.
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RESULTS AND DISCUSSION

Sensitivities found and presented in Table T are based on tests in which pure
drugs were added to control urine (obtained from laboratory personnel). Several single
blind studices were condueted on staff personnel by administering orally therapeutic
doses of amphetamine (5 mg), methamphetamine (5 6.5 mg), phenmetrazine (8 mg),
phenobarbital (29 mg), and secobarbital (6o mg). Urine specimens were collected at
varions time intervals beginning from 3.50 h through 24 h. Phenobarbital and seco-
barbital could be detected by procedure Faand Ha from 6 huntil 24 h; amphetamine
and methamphetamine by procedure T and Hib from 3.50 huntil 17-24 h, and phen-
metrazine by procedure Ih and 11h from 6 h until 14 22 h. Double blind studies on
amphetamine (0.5 and 7.5 mg), methamphetamine (4 and 5 mg). phenmetrazine (5
and 8 myg). and pentobarbital (28 mg) were also performed by administering orally
single dosage of these drugs to the clinical staff personnel. Urines were collected
within 12 h of drmgs usage and analyzed by proposed extraction techniques. M drugs
could be detected satisfactorily,

All of the extraction and thin-laver identification techniques deseribed in this
report can he satisfactorily applied in"a large scale clinieal program involving urine
monitoring of drug addicts and abmsers. Yet, which technique is optimally useful
depends on the needs of a clinical operation. Both procedures (procedure I, using
cation-exchange resin loaded paper and proceaure L, using direct extraction of drugs)
are capable of extracting different groups of dirgs in two steps. Sedative-hypnoties,
benzodiazepine compounds, some methadone” and its metabolite are extracted at
pH t (proccdures Ta and Ha); amphetamines and opiates are extracted simulta-
neoudv at pll 1o.1 (procedures Ih and 11HH),

MeLi? eluted different groups of drugs from the icn paver with three consecu-
tive extractions and reported that barbiturates could be detected at levels of 1-5
pziml of urine (phenobarbital and sodium barbital could not be detected at levels
below 5 pzfml of urine) at a pH of 2.2. He was able to detect morphine and other
narcotic analgesics at alevel of 0.5 1 g/l of urine at a pH of 9.3 (methadone at a
ievel of 5 pg/ml) and amphetamines at a level of 10 gg/ml of urine at a pH of 11.0.
However, using diveet extraction of drugs from urine specimen at the same three
pl's he was able to increase the sensitivity for barbitur.tes (except sodium barbital),
methadone and amphetamine to vield positive results at a concentration of 1 gg/ml
of urine. We found that extracting barbiturates at pH 1 and using the spraving
teehnique deseribed here (Table |, footnotes), we were ahle to detect barbiturates at
a concentration of o5 -1 gg/ml of urine (sodium barbital at a level of 2-4 pug/ml of
urine) both by using ion-exchange paper technique and direct extraction of drugs.
However, chlordinzepoxide has been found to give a metabolite that behaved like
barbiturates and interfered with the detection of phenobarbital and/or sodium barbi-
tal and still remains a problem to be solved.

* Extraction of control urines having concentration of methadone at a level of 1 pg/ml of
urine showed that methadone is completely extracted at pH o1 along with barbiturates by both
procedures, Henee urine specimens required to he monitored for barbiturates and opiates should
be checked for the presence of methadone along with barbiturates by the sprayving technig e
proposed in this report (see footnotes, Table ). The extraction of methadone at pH 1 appears to
be a specific procedure for the identification of this drug. Drugs like proposyphene (Darvon),
pipradrol, diphenhydramine (Benadryl), pentazocine (Talwin), and cocaine, which can give a false
test for methadone using thin-laver techniques, are not extracted at this pli.
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TABLE 11

COMPARISON OF SITIVITY OF TWO ALTERNATE ENTRACTION PROCEDURFS IN DETECTING BARNBI-
TURATES AND RELATED COMPOUNDS IN URINE SAMPLES ORTAINED FROM A NARCOTICS TREATMENT
PROGRAM

Nuwmber of — lon-cxchange cxtraction of drugs Direct
specimens (procedure la)n extraction
conmpared of drugs

{ procedure 1la)v

Barbiturate Barbiturale Total Barbiturate

positive positive harbiturates positive
specimens specintens positive specimens
using 25 ml nsing specimens using 15 ml
of urine Jo-30 ml usiyg ion- of urine
of urine exchangre
cxtraction
technique
122 b 4 LRI N FLE PA

A Procedure same as (a}, Table I,

" Procedure same as (b), Table I,

¢ Later investigations revealed that one of the metabolite of chlordirzepoxide (other than
lactam and open lactam) behaved like barbiturates if the developed chron. cogram is sprayed in
successicn with diphenvicarbazone, silver acetate and mercuric sulfate solutions, We have not
excluded the possibility of the presence of chlordiazepoxide in these samples.

TABLE H1

COMPARISON OF SENSITIVITY OF PROPOSED ENXNTRACTION PROCEDUVRES IN DETECTING AMPHETA-
MINES IN URINE SAMPLES OBTAINED FROM A NARCOTICS TREATMENT PROGRAM

Nwwber Ton-cxchange extraction of drugs Direct extraction of drugs  Dirvect
specimens  (procedure 1h)s extraction
compared of drugs
after acid
hydrolysis
Ampheta- Ampheta- Total Amphetam-  Amphetam- Amphetam-
mines mines amphetamines  ines ines ines
positive positive posttive positive positive positive
usivg 25 ml  using yo— using ion- using 15 ml using rsml using 10 ml
of vrine 50 ml of exchange of urine of urine of urine
urine extraction { procedure  (procedure  ( procedure
technique Tib)» Iic)e 11ih)a
120 4 3 143 7 7 7 3

A Procedure same as (c), Table 1. .
b Procedure same as (d), Table I,
¢ Procedure same as (e}, Table |.
4 Although this procedure involving acid hydrolysis is intended for the detection of total
morphine, its feasibility to detect amphetamines was assessed. Data suggest that it will be
advisable to detect amphetamines before acid hvdroly:

. Chromatogr., 60 (1971) 83-,
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In our effort to extract amphetamines and opiates in a single step by using
NH,C1-NH,OH buffer (pH 10.1), we were able to detect morphine at a level of 0.5
pz/ml of urine, codeine 0.5-1 pz/mi of urine, methadone 1 gez/mt of urine and amphet-
amines 0.5-2 gg/ml of urine. We were able to obtain these sensitivities (determined
by working with control urines to which these drugs had been added) both by ion-
exchange extraction and direct extraction procedures (procedures T and ). In fact,
concentration of morphine as low as 10 g in 50 mi of urine could be detected by
proposed ion-exchange extraction procedure and spraying techniques (same sensi-
tivity for morphine was obtained at pH 9.3).

Data presented in Tables 11, HI and 1V show that ion-exchange extraction
technique is capable of vielding satisfactory results if an adequate volume of urine
(4050 ml) is available. Direct extraction of drugs from a urine specimen (procedures
Ha, Iband He) is certainly superior if the volume of urine availableisless than goml.
When the goal is the detection of morphine only and the volume of urine available
is less than 4o ml, acid hvdrolysis on a ro ml aliquot of urine seems to be a better
¢hoice (procedure 111b). A study of morphine excretion in human urine after 15 mg
dosage (administered LM, to @ single volunteer) showed that procedure Ib (ion-ex-
change extraction procedure) is capable of detecting morphine until 72-84 h if the

TASLEILV

COMPARISON OF SENSITIVITY OF THREE ALTERNATE EXTRACTION PROCEDURES IN DETECTING MOR-
PHINE IN URINE SAMPLES O3TAINED FROM A NARCOTICS TREATMENT PROGRAM

Nmber of Ton-cxchange extraction of drugs Direct Direct

specimens (procedure Ih)n extraction extraction
compared of drugs of drugs
(procedure  after acid
1) hydrolysis
( procedure
111b)*
M ephine Morphine  Total morphine  Morphine Morphince
positive bposttive positive using positive positive
specimens using ion-cvchange using 15 ml  using 10 ml
wusing Jo-50 ml extraction of urine of urine
25 ml of of urine technique
urine
18 31 13 333y 55 64

a Procedure same as (¢), Table I

b Procedure same as (d), Table 1.

¢ This procedure involves acid hydrolysis of glucuronic acid conjugate of morphine on a
10 ml aliquot of urine followed by direet extraction of total morphine.

volume of urine used is 50 mi. Procedure I (direct extraction procedure) could
detect morphine only up to 30 h due to limitation of the volume of urire used.
Obviously the sensitivity of direct extraction procedure can be increased and
would be greater than that of the ion-exchange technique if a comparable large
volume of urine is used. However, the formation of emulsion necessitating routine
centrifugation, the use of large size centrifuge tubes necessitating repeated washings

1. Chromatogr., 00 (1971) 83-04
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are some of the problems that have to be worked out. In the procedures reported
Bere we are extracting barbiturates, opiates and amphetamines using the same 15 ml
aliquot of urine to keep the use of glassware like 50 mb and 10 ml centrifuge tubes
and pipettes ete.at a ninimum. We feel that clinical operations pacing the colieetion
of urines at 48 72 h intervals can satistactorily employ ion-exchange extraction pro-
cedure for all urines having volumes targer than go mlb. The relative advantages and
disadvantages of this procedure as compared to the direet extraction procedure are

presented in Table V.

It is suggested that cach bateh of cation-exchange resin loaded SA-2 paper

TABLE VY

COMPARISON 0}F TON-§2)

FFactor

Shipping of samples

Storage o uriaes

Pooling of different urine
specimens of the same
patient

Cost of analvsis

Minimum v ame of urine
required for analysis

Maximum  volume of
urine that can be used

Preliminary treatment of
urine

AN

Direet extraction procedure

Liquid urine shipped, preserva-
tive needed it more than 12 hare
required to reach destination.

Urines require cold storage until
analysis, Sometimes space prob-
fems do arise on a large seale
sereening program.

Not possible without  diluting
the sensitivity of the test,

As the pooling of different urine
specimens of the same patient is
not possible, the cost of analvsis
incurred per urire test per pa-
tient will be more, especially for
clinical programs where patients
are required to leave 2-3 urines
per week in the ey phase of
treatment and where a patient
population receiving treatment
is more than 1300,

1o 15 mlis adequate for testing
all three groups of drugs as the
same aligquot of urine is used for
the complete analysis, This pro-
cedure is excellent for sitnations
where urine can not he collected
in volumes more than 10 15 ml.
Maximum of 15 mlof urine using
50 ml centrituge tube can be
tested,

None, operator can proceed di-
rectly with the desired proec-
dure,

1. Chromatogr.. 60 (1971) 83
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Lowi-exchange extraction procedure

No liqquid urine to be shipped, ion-
exchange paper after treaunent
with wndilated urine at collection
station is shipped in an cavelope,
No cold storage and space proh-
lems, Thousands of ion papers can
be stored (ina refrizerator to proe-
vent fungas crowth) using mini-
mum space nntil ready to be pro-
cessed,

Several jon papers of the same
pitient representing ditferent urine
specimens can be pooled without
any los: of sensitivity.

Cost of analysis can be cut down
substantially by pooling several
ion papers representing ditferent
urine specimens of the same pa-
tient, 22

40- 50 ml of undituted urire is re-
com:aended to ackieve the best
results,

No limit, up to oo ml be

usedd,

can

AMthough plE s 6 of wrine is re-
commended  betore adding  jon
paper to urine, the phl 7 7.2 has
not shown any adverse effects for
the detection of opiates. Morphine
was athsorbed by the ion paper even
when ion paper was added to a
control urine at pll 7.2,




EXTRACTION TECHNIQUES FOR DRUGS

TABLEN (contined)
IFactos

Sensitivity

Simplicity  anedl  rapidity

of analvsis

Reproducibility and
reliability.

Direct extraction procedure

Dircet extraction procedures for
barbiturates and amphetamines
are sensitive if the volume of
urine provided by the patient is
less than goml For morphine
detection, direct extraction of
urine on a 1o ml aliquot after
acid hydrolysis is the method of
choice for urine specimens of less
than jo m! volume.

Simple and rapid, no speciai
supplies and equipment needed
except a centrifuge machine. All
chemicals and  solvents  casily
available,

Reproducible and reliable,

93

lon-cxchange extraction procedure

This investigation shewed  that
ion-exchange  extraction  tech-
nique is the method of choice for the
detection of barbiturates, amphet-
amines.  and  opiates  for urine
specimens of more  than  jo ml
volume. Acid hyvdrolvsis of urines
followed by direct extraction of
morphine necd not be adopted as
a rontine monitoring  procedure,
Using  ion-exchange  extraction
technique, urine collection can be
paced at 4872 h intervals,

Simple and rapid but dependent
upon the supply of SA-2 cation-
exchange resin loaded paper. No
special equipment needed except
a shaker. All chemicals and sol-
vents casily available.
Reproducible and reliable.

should be checked for sensitivity for amphetamines, barbiturates and opiates by
adding these drugs to control urines and then carrving through assay procedures.
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