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:wdetect
Cauni t contarns a nmenory I|brary of retention tinmes and WV absorptivity scans
-~ for known drugs, and conpares the data received fromthe detector 35 with
- “the library information as a means of establishing the identity of each
f.drug as it passes through the detector 35.  The conputer/nonitor 37 further
.integeates the 20 peaks to provide information on the relative anpunts of
{ the drugs present in the sanple. Thus, for each enmerging drug, the system
-determines its identity (by UV scan and retention tine) and its quantity
f:.(by peak integration). This information is then transmtted to a printer
.38, which provides a full printed analysis of UV- absorbing drugs which
‘have feached the detector. At the center of the system coordinating the
.entire sequence of operations is a systemcontroller 39 25 which controls
‘the sanpl e selection valve 25, and the conputer/nonitor 37. The controller
~ 39, com puter/nmonitor 37, printer 38 and detector 35 are conventi onal
equi pnment commercially available and used in the industry for the sane or
simlar functions. The follomrng iIs agsequence of events used for drug
anal ysi s -of serumor urine on the above-described prototype. In this"
description: 30 colum 1 is the PRP-1 pre-colum (elenment 15 in the -
drawi ng) colum 2 is the AM NEX col um (el enent 12)




colunn 3 is the reversed phase col um (el ement 13) colum 4 is the silica
col.um (elenent 14) solvent Ais 0.1%borate buffer, pH 8.0 35 solvent
Bis amixture of: 5 nL 1 M[err] 159’0B5d0ﬂ£8hyloctylan1ne 275 gy :
tetranethylannnnlun1ch|or|de 645 m water 40 pH adj usted to 6.75 t 0. 024
with H3P04 or KOH solvent Cis HPLC grade acetonitrile valve 1 is the 8-way!
val ve (el enent 3@ratilwe 2 | ElpheCdridittiods way _val \Eyefe|DeseripBion val ve 3 is-
t.he second 4-way val%g (elenen 32) 45 50 55 5. Co?uo 353 015. B1 Duration °

- Rlpw Condi tions 95 1nuteEve ;ﬁ%@ %f‘g?) ﬁagp 1reac$;‘viteg0‘l:$jnﬂ 1 rinsed
in Colum 1°0.5"m nut e co1 2 3akn BrBpare fggc,t,é‘yat ed to 5
Colums 2, 3 and 4 in prep®sg BOr3sgew $5%.8, 35%afphd. 1.0 sanpl e.
mL/mn. Sanple pickup in prog/ess. Saspi@ pickup Col um 1 rinsed in
Colum 1 rinsed 10 05%&’6&@335 100% A at 4.0 nlL/mn: wi th buffer

to Colums 2, 3 and 4 in PIERENE I U508y 65% B, ]'-'3‘4) C ath& JoR sanpl e.
ni/min. Sanple pp. utanueepm%sfsA étapo L/min, FCKIID
Sanpl e transferred 0.1 m nut €olumOZR! etagk 4 Ghh ef’prﬁ&e fbe f&@tum 1. sane

conditions as step 2. 20 Steép B, -35% C at QoAdi t | zasplelent i cal Colum 1
rinsed in 0.5 mnute to Stégmn. Sample pickup forward direction. Step 5
-- Val ve 1 reversed. N PIRYSFAn 1 rinsed in 1.5 minutes :'
Condi tioms otheryiges --reverssfofi. pﬁ%&hg i denti Galnid t3hEPered® Step 6

- - Val ve 2 ovi niRQEet O compldie@) Sot1digiBe 0. ZoNtdutnd 1. connect all |
four col - nobi | e phase usesamansanditDén3,as40% C at to dislodge drugs 1.0
nmL/ m n passed fr om colstrn 21 through 30 Step 7 -- 70% B. 30% C
at- 1.0 Low s & gth m)blle

nL/ mgn.
. 10 [3 lgeé%i al %k?umn 1 rinsed in
phase uséd_to COoy 5 %Hﬁu%éans %rs @‘ § forward direction.
concentrati ng drugs
Step 5 ~- Valve 1 reversed. Column 1. rinsed in
1.5 minutes Conditions otherwise reverse direction.
' identical to step 3.

25

. Step 6 -~ Valve 2 switched to High strength
0.2 minute connect all four col- mobile phase used
umns. 60% B, 40% C at to dislodge drugs .
1.0 mL/min passed from column 1. i
through. S §
30 _
Step 7 -- 70% B, 30% C at 1.0 Low strength mobile
0.6 minute mLymin. phase used to
- continue transfer
of drugs,
35 concentrating drugs
-at heads -of
analytical columns.
o - Step 8 -~ 65% B, 35% C at 1.0 Fastest drugs have
St 0.1 minute mi/min. moved from column
: 40 2 to column 3;

slowest drugs
~ moving from column
1l to column 2.

Step 9 -~ Valve 2 switched to - Remaining drugs
45 0.5 minute disconnect .columns 1 moving through
and 2. 30% B, 70% C columns 2 and 3 to
passed through column column 4. Rinse of
1 at 1 mL/min; 65% B. column 1 begins.
35% C passed through
columns 2, 3 and 4 at

50 1.0 mL/min.




_ t heads 'of _anal ytical colums. Step 8 -- - 65%B 35% C at 1.0
#istest drugs have-0.1 m nute m/mn. ' noved from

< cplum 40 EP 0 353015B1 2 to colum 3;

s] owest drugs noving fromcolum 1 to colum 2. Step 9 -- -Val ve 2
itched to Remai ni ng drugs 45 0.5 mnute di sconnect col ums

_ movi ngtep dh--and 27a1v@308,and)% C col umsg 4raiys hak/e passed
hr.ough colSw#h mimdiasm 4witddhese taf cbmfeclt M/ Migissee/otRrougtol um 1

bisgi ns 35% C passed throuwgdhin® 1 and 2 and columt® Umand22,3 and 4 at
4.0 pin. 556 EP (lisgedin@td Bblsters 10 --whldMahWQSanabélag

All drugs have 5.2 mi nuteénd 4swi tlclaadl 20 connect rinsedpassed t hrough
dolums 1 and 2 and dsicgye BOIn®.2,70% Sconnect col ums 3 which are
row bei ng 5 at laQqmi/min;aRq and 4 rinsed. receive 30%B
70% Cat 1.0 nL/nin; 3 aﬁ&%lﬁ’@@eﬁ@e@ Bs5@5% 35% C at 1.0 nl/nmin. 10 Step
]!1 -- 4 65%B, 35%C pas"s:e&' mL/@dryms 1 and 2 5 2 mnutes  through

g¢olums 1 d eing re ed 2 at nmobi | e
phase. colg% mgq nd 4 f%%% bo SL gﬁ stepcféu ep & Ed-- AII f1 ow
fat es Iomere o ru ggfﬁ ns 1t 78 1 re?@“ ibrapg

anal ysi s and printing of %ﬁg LePgf nd sanﬁPem8 &&Fs 8fPng steps 1
thoughs7 of the sub- squg@ nﬁggp zS%iE following is a representative
kist of drugs for which ggsanple o serun1o urine may be analyzed by use

"6f the schene described above. This list is merely illustrative and is not

i ntended tethp canprehengiives13¢ 3atdQ8 45we%ed5 End of runm.

o .05 minute to 0.1 mL/min.
et 20 .

Note: Data analysis and printing of the report for
i each sample occurs during steps 1 through 7 of the sub-

25 sequent sample.

The following is a representative list of drugs for which a sample of serum or urine may be analyzed by
use of the scheme described above. This list is merely illustrative and is not intended to be comprehensnve
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EP 0 353 015 Bl DETECTABLE DRUGS Eng (|n alphabetlcal order) Cblunn(s) %
Were Retained 5 al prazol am reversed phase amtriptyline .
reversed phase, silica anpbxapi ne reversed phase, silica

silica 1fp o 3bsotmBhecgoni ne

anphet am ne silica

but al bi t al ani on exchange chl ordi azepoxi de reversed
phase chl or pheniram ne silica cinetidine silica 15 l
cocai ne DETECTABLEIDRUGS silica !
desal kyl fl urazepam reversed phase desi pram ne reversed {
phase, sil Decagdi azepam reversed phase 20 di phenhydr ani ne
reversed plidgealphlabesidaleginder) Column(s) WheyerRellaphese, silica

ephedri ne silica ethclorvynol

gl ut et hi mi @dprazolam ani on excharkgvexssed|phafani ne
reversed pRB3EripLyldRs  docaine  reversed Ph%??rcﬁliéFazepam -
rever sed pﬁﬁggaP6%$ i ne rever3ed R Phas8ilifRi ca maprotiline
reversed pfgeaz 1ca silica met hadone
S|I|ca met reversed
phase norp u§ ani on

*ﬁﬁha gi
rdi ox1de sili Carn‘%’orsgé%ﬁ
exchange, S|I|ca phencycl i di ne

silica pheggﬁgggﬁ nE Q& n%entaZOC|ne ‘ﬁ?ébange phent er m ne

siliea 40 .,RGeRY% propanolanlne £a phenytoin

exchange, kg¥ghisgd phase propoxypherggil1ca silica pyrilamne
silica qui gedhlRylflurazepanm reveFspdh S Sshasé! i ca secobarbital
ani on exchaassptgmahbdam ne revdf¥éd SsiaPEASSil1sthi ca

tri pel ennadiBagepam silica so Clwaverded olsyséem for anal yzing a
bi ol &gi cal déphphhyteamtine presence afevbrspsd iphdde, foinioh ani ons, bases
and neut r aHogeppounds, said system amyersedigohd$e, sidjcaeans for purglng
sai d sanpl epbédranegani ¢ salts and pridtietans; (b) a chronmatographic col um

reversed phase

meperi diT

a .30
é ﬁ?ﬁglne sili

ani on

conbi nat i oatbohkprivynnd:

reversed phase

glutethimide anion exchange é
25 imipramine reversed phase, silica i
lidocaine silica ]
lorazepam reversed phase _
loxapine reversed phase, silica
maprotiline reversed phase, silica
50 meperidine silica
methadone silica
methamphetamine silica
methaqualone reversed phase
morphine silica
35 oxazepam anion exchange, reversed phase
pentazocine silica
phencyclidine silica
phenobarbital anion exchange
phentermine silica

40

phenylpropanolamine
phenytoin

silica
anion exchange,

reversed phase

propoxyphene silica
pyrilamine silica
quinidine reversed phase, silica f
4% secobarbital anion exchange §
thioridazine reversed phase, silica I
tripelennamine silica a
H
50 '
Claims
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1.

(a) means for purging said sample of inorganic salts and proteins;
(b) a chromatographic column combination comprising:

(i) an anion exchange medium;
(i) a reversed phase medium;

A system for analyzing a biological sample for the presence of drugs in the form of anions, bases and
neutral compounds, said system comprising: :

B sororan 4 o o < men e o



(|) an ani on exchange medium (ii) a reversed phase nedium 8
015 Bl DETECTABLE DRUGS

al phabeti cafl

order)

reversed phase amitriptyline

reversed phase,
silica butal bital

reversed phase chl or pheni ram ne

siJica 15

j ne

silica anphetam ne
DETECTRBI®N prugEgnge chl ordi dzepoxides '+

phase, %ilica diazepam
rever sed phagdpraizalam doxepi n
amitriptylinesj|jca et hcl le¥grsied phase, silicaer sed phase

ephedri ne
gl ut et hi ni de amoxapine
reversed phad@Ph&bamdae  docai ne

C L WM™

* Dru

e F.Hﬂ?ﬂHﬂllfllﬁﬁﬂﬂWSéﬂ?ne

silica cinetidine

silica codei ne
desal kyl f | ur ddgpahphabe t ircale rogel® rpha O ldwsi (r)afhesre Retained

reversed

reversed phase 20
reversed pha@eersed phase,

Sl 1C8

silica

ani on exchanﬁ@?&?seq|ﬂﬁﬁ§£ﬂlﬁéllca
silica | orazepam

reverséd phag&n nine qlphase silica maprotiline
reversed phasit 30. rreperidinémmn exchange silica nethadone

silica metha QF poxide ﬁﬁﬁh&?@ﬁ rever sed
phase ‘nor phi orphienlramine S|I|cas§ 1ca oxazepam ani on

exchange,

e\flmet eb‘hase pent azocl ne

silica pheno@%dg

silica phe”y'diéﬂs%%%‘}‘i'ﬂ'ﬁ‘r%%e pam Sili C%e%‘%@é@'p@nase

exchange

lee'ss

silica qU|n|@1@Qe am
ari.on euchanggphhhﬁ@adahh&%

silica phencyclidine
Qgpge phent er m ne

ani on

aRfiase Propoxyphene reversed phasd,! isaa iy il anine

ph3ldd ca secobar bital
refR\@ee phafRs e sidiildLa

 EP O 353 W
S—* Drug (in =

Col um(s) : V\hem:egwoum 5 al prazol am

S|I|ca

di phenhydr ami ne:

tripel ennam @@xepin silica 50 O gieRersed phase, silica
ephedrine silica
ethclorvynol reversed phase
glutethimide anion exchange
2 imipramine reversed phase, silica
lidocaine silica
lorazepam reversed phase
loxapine reversed phase, silica
maprotiline reversed phase, silica
30 meperidine silica
methadone silica
methamphetamine silica
methaqualone reversed phase
morphine silica
3% oxazepam anion exchange, reversed phase
pentazocine silica
phencyclidine silica
(s phenobarbital anion exchange
S phentermine -silica
40 phenylpropanolamine silica
- phenytoin anion exchange, reversed phase
propoxyphene silica
pyrilamine silica
gquinidine reversed phase, silica
5 secobarbital - anion exchange
thioridazine reversed phase, silica
tripelennamine silica
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Claims

1. A system for analyzing a biological sample for the presence of drugs in the form of anions, bases and
neutral compounds, said system comprising: '
85 (a) means for purging said sample of inorganic salts and proteins;
(b} a chromatographic column combmatlon comprising:
(i) an anion exchange medium;
(ii) a reversed phase medium;
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55 (b) means for automatically detecting retention times of said drugs as they emerge from said -
chromatographic column combination; a library of predetermined retention times for known drugs;
and means for automatically comparing retention times so detected with said predetermined
retention times; and
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Pat ent anspruche 1. System zum Anal ysi eren ei ner bi ol ogi schen Probe auf die
egénwart von1.ArSysten iz tAedlysidoeneineDpigiggisehenrPral auf die Begenwaytonn Appeimitieln bzRaBregen in
ind neutralen Vo yrafinigesn, Bageb id ntutplegdadindengesrabab fas[oeranite Sysiom wafelte| zum
Rei ni gen der genaf®Mitel rgReiniapp dergeeangiam Probhan aspiganisehen Sejzepuad BPRE:  (b)

i ne Chr omat ogr apM 86 Ghrenptegranhiesiuiepkembinatioa.usigegend; i ) ej n

\ni onenaust auschnedﬁ')l?fﬁA" ?T“%?“FFhUﬁﬂ%rphasennedl um 45 (iii) ein
ati onenaust auschnel "lﬂt‘g( %rfl ussigkeit; und (d) Mttel zum
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und die chromatographische Trennung schwacher S#uren auf dem genannten Anionenaustauschmedi-
um, die chromatographische Trennung schwacher Basen, hydrophober Basen und neutraler Verbindun-
gen auf dem genannten Umkehrphasenmedium und die chromatographische Trennung von Basen auf
dem genannten Kationenaustauschmedium gef&rdert werden.

85 . )
2. System nach Anspruch 1, bei dem das genannte Reinigungsmittel aus einem hydrophoben Styrol-
Divinylbenzol-Copolymerharz und einer wisserigen Pufferlsung mit einem pH-Wert von etwa 7,5 bis

etwa 9,0 besteht.




uh! di e chromat ogr aphi sche Trennung schwacher Sauren auf dem genannten _
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quat er nar en AnmySetimgeefsernch el dem day genamnte atianengisigysglredium qyg indgeiglisieder Silika
genannt e Unkehrisf&8&ennedi um derivatisierte Silika ist. 5 5. -System nach

Anspruch 1, bei_dem das genannte Katlonenaustauschrredl um aus
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der genannten A&kl ﬁrﬁr@gém&féheérﬂélb%e AbschritleGRYoH REschiB wértih. Lenken “der
génfdnnten Tragerflussigkeit zu vorher ausgewahlten schnitten der
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Aasprumh 11, dierpaasanshuieaing LSghin Bérei¢tayon éaa 10 hainkie stwe B0 8%n al@&E i vat i si erten
St yr ol - Di vi nyfiibeezsiule GopOdty-geruhdena eiikarintt eiden Koftenstffigehalt von atwma beSewPy disetwan d
das Rei ni gen tkeGewydh anohdiglie ddaanpieSinie iineiLinge imdBessinhi vge etwao®umng bis ¢tes50 mm
Bor at puf - ferafwegsn®chritt (b) das H ndurchschi cken der Bestandteil e der
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genannt e Safimethuloptwamia inyeiner Memge van ptwa 3 bis 8MaA00 BL A Lijersun ajp Tetgalkyfammoniu-
auf wei st ; (f‘i‘°f‘ "é’i"ﬁ‘@“s‘a?lf eiwa, 2,8 9 et e eglBifli Hfener Silika nit ei nem
. Kohl enst of f g’ gg %( ﬁ,ageea"@sw 268 B! bay\{o9PD. WeM SieoqHs (BReNaieR S§eRattnt e -
Saul e &ine 5"@“7‘%‘9@' a1y s\‘PSW‘eétwa 10 mn b| s etwa 50 nm aufwm st und '
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von etwa I0 :S dﬁst wobei d| gmtﬂ Lt?fté ﬁeltg g%' t,
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Di met hyl octy am in el ner nge von ‘et wa pro Liter, und
ei n Tetr ahkydicgmi u- mon mt etwa 0,1 bIS etvva 2,0 g pro Liter enthalt, ,
und (c) das Nachwei sen der genannten Arzneimttel bzw Drogen, wenn sie aus
der genanmt gpsihaiidicRtindWSandYser un SEHARMG Mabg.c&e%aredeteﬁh.hérha phERERE K GhEARSments3- '
Veerf ahr en naa 1ohie Branishl, db bass¥/er deltorBibosssHe@Re, d4QRstErhd\@mplna@er | 6sung get r agen
W rd, @i e aus(azwahoy&i poanpunset g edthap@iloh,iehesolsindiérauvotie protéigesar st e
haupt sachl i chvwecombitalsbrh dd dviohy@s atrgmatapiraphigues cawmertast :ei n° | angketti ges -
Al kyl am n, ei n Quamieudtdceangddanions ei nen Puffer und Losungsmttel enthalt. 35
Revendi cat i ons (il un Bylist &pselesrséad a anal yser un echantillon bi ol ogi que pour
det erm ner | a (ii3sariise ddenangsdie caliveait s sous forrre d' ani ons, de bases et de °
conpos8s neut Flu liagee pogier evte conpr enant : é un noyen pour purger,
de | ' echant i | Py meyss paus identifprriey mépicament @ga 198 fa6¢ aisqryge G, "‘i?é’hﬁﬁ“ﬁ%ﬂ"@on
de col onnes o?’l‘fqﬂ?Fat Bd‘ﬁ‘él%?‘{ﬁ%’set%ﬁﬂ?‘@%ﬁtet '3( F°/“b£m‘s oA 9 Eqlonesa el ’aph'que
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50’ d'anions, ‘la separatlon hroma phique des bases faibles, des bases hydrophobes et des

composés neutres sur le milieu & phase inversée, et la séparation chromatographique des bases sur
le milieu d'échange de cations.

2, Systtme selon la revendication 1, dans lequel le moyen de purge est constitué d'une résine

55 hydrophobe & base d'un copolymére styréne-divinylbenzéne, et d'une solution tampon aqueuse 4 pH
compris entre environ 7,5 et environ 9,0.
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