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SUMMARY

A gas chromatographic—mass spectrometric assay for eight opium alkaloids in human
urine following opium ingestion is described. The compounds were extracted from urine
with methylene chloride—isopropanol (7:3, v/v) at pH 9.5, evaporated, derivatized with
Tri-Sil Z and analyzed by methane chemical ionization mass fragmentography. The method
is sensitive to ca. 0.01 pg/ml for morphine and codeine and ca. 0.05 ug/m! for the other
compounds. Adsorption problems on the gas chromatography column prevented obtaining
reproducible results for the measurement of noscapine. Extraction efficiencies over the pH
range of 8—11 for the eight compounds are reported. Retention times of the opium alkaloids
were determined using five different liquid phases (3%) on Gas-Chrom Q (100—120 mesh)
and two column lengths (36 cm and 183 ecm). The 36-cm column packed with OV-210 was
selected for use in the assay. Ions were selected for monitoring for each component from
their methane chemical ionization spectrum to provide the needed sensitivity and specificity
for analysis of a multi-component mixture. The assay was used for the analysis of an “opium
eater’s”’ urine. Morphine, codeine, nomorphine, norcodeine and noscapine were detected;
however, no evidence was obtained for thebaine, papaverine or oripavine. Unconjugated
morphine (0.64 pg/ml) was present at nearly twice the concentration of codeine (0.37
pgfml) and normorphine and norcodeine were present in equal amounts (ca. 0.15 zg/ml).

INTRODUCTION

Opium, the dried exudate of the poppy plant Papaver somniferum, contains
some twenty-five or more alkaloids which are responsible for its pharma-
cological activity. The major alkaloids, morphine (MOR), codeine (COD),
thebaine (THE), papaverine (PAP) and noscapine (NQOS), account for 0.3—10%
of dry weight with the remaining alkaloids occurring in trace amounts [1].
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Numerous assays have been developed for measurement of these compounds in
opium preparations by gas chromatography (GC) [2—5] and high-performance
liquid chromatography [6—11]. Combined gas chromatography—mass
spectrometry (GC—MS) has been used for the forensic identification of opium
constituents [12]. A single report has appeared on the urinary excretion of
MOR and COD following the consumption of opium in which the compounds
were separated and measured on thin-layer chromatography (TLC) [13]. How-
ever, none of the more sensitive and specific assays for the opium alkaloids have
been applied to the study of the urinary excretion profiles of ““opium eaters”.
This report describes the use of methane chemical ionization (CI) mass frag-
mentography (MF) for the detection and measurement of opium alkaloids and
metabolites (See Fig. 1) in human urine following opium ingestion.
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Fig. 1. Structures of opium alkaloids.

EXPERIMENTAL

Drug standards

MOR, COD and NOS were purchased from Mallinckrodt (St. Louis, MO,
U.S.A.). Normorphine (NOM) and norcodeine (NOC) were purchased from
Merck (Rahway, NJ, US.A.). PAP was purchased from Sigma (St. Louis,
MO, US.A). THE and a-isocodeine (internal standard, IS) were obtained
from the Research Technology Branch, Division of Research, National
Institute on Drug Abuse (Rockville, MD, U.S.A.). Oripavine (ORI) was a gift
from McFarlan Smith (Edinburgh, Great Britain). All compounds were
analyzed by TLC and GC—MS for purity and structural verification.
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Instrumentation

Gas chromatography. Analyses were performed on a Varian Model 2700 gas
chromatograph equipped with a flame ionization detector. Glass columns
(0.36 m or 1.83 m X 2 mm I.D.) were packed with Gas-Chrom Q (100—120
mesh) coated with 3% liquid phase. The injector and detector were maintained
at 190°C and 275°C, respectively. Nitrogen was used as the carrier gas at a
flow-rate of 20 ml/min. The column temperature was programmed as indicated
in Table I. The reported retention times represent the mean of triplicate deter-
minations.

Gas chromatography—mass spectrometry. Mass spectra were obtained with a
Finnigan Model 4021 Automated GC/MS/DS system operating in the CI mode.
The gas chromatograph consisted of a glass column (0.836 m X 2 mm IL.D.)
packed with 3% OV-210 on Gas-Chrom Q (100—120 mesh). The temperature
of the injector and source were 190°C and 260°C, respectively. The GC oven
was programmed as follows: 1-min hold at 170°C; program 170°C to 260°C at
10°C/min; 3-min hold at 260°C. A venting valve was opened for 30 sec
following sample injection to allow volatiles and solvent to be diverted from
the GC—MS source. Methane was used as carrier and reagent gas at a flow-rate
of 20 ml/min. The electron energy was set at 70 eV and the multiplier voltage
at 1.4 kV. Total ion scans were collected over the range of 80—600 a.m.u.

Mass fragmentography. Quantitative analyses were performed by MF with
the same conditions as those for GC—MS. The ions selected for monitoring and
confirmation of each substance were as follows: MOR, m/e 340 and 414; COD,
m/e 282 and 372; NOM, m/e 326 and 400; NOC, m/e 268 and 358; THE, m/e
312 and 340; ORI, m/e 370 and 354; PAP, m/e 340 and 368; NOS, m/e 220
and 195; IS, m/e 372. Standard curves were prepared for MOR (0—20 ug/ml),
COD (0—10 pg/ml) and the remainder of the compounds (0—2 pg/ml). Lin-
ear relationships of peak intensity of drug to IS vs. concentration were ob-
tained for all compounds with the exception of NOS. The response for NOS
was variable and appeared to be related to the age of the column.

Extraction procedure

An aliquot (5 ml) of each urine specimen was mixed with IS (30 ug) and the
pH was adjusted to 9.5 with 2 N sodium hydroxide. Sodium chloride (1.0 g)
and 15 ml of methylene chloride—isopropanol (7:3, v/v) solution were added
and the contents were shaken for 20 min. Following centrifugation, the
aqueous layer was discarded and 13 ml of the organic phase were transferred
and evaporated to dryness under nitrogen. Tri-Sil Z (Pierce, Rockford, IL,
U.S.A)) (0.1 ml) was added and the tube was sealed and incubated at room
temperature for 1 h. From 1—3 ul were removed for analysis by GC—MS.

Extraction efficiency and pH studies

Standard buffered solutions of the opiate alkaloids (10 ug/ml) were prepared
in the pH range of 8—11. Aliquots were extracted in triplicate as described in
the extraction procedure with the IS added in the evaporation step. Following
derivatization, the extracts were analyzed by GC (36 cm X 2 mm column
packed with 3% OV-210 on Gas-Chrom Q). Comparison of peak height ratios
of extracted standards to those of unextracted standards provided percent
recoveries.
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RESULTS AND DISCUSSION

Extraction of opium alkaloids from urine

A single, one-step extraction procedure was adopted for the recovery of the
opium alkaloids from urine. Further sample clean-up by back extraction with
dilute mineral acid resulted in significant losses of THE and PAP. With the
exception of NOM, all compounds were efficiently extracted with methylene
chloride—isopropanol (7:3, v/v) from solution in the pH range of 8.5—10.5
(Fig. 2). At pH 9.5 recoveries ranged from 83% to 91%. Recovery for NOM
at pH 9.5 was 39%.
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Fig. 2. Efficiencies of methylene chloride—isopropanol (7:3, v/v) extraction of opium
alkaloids at pH 8—11.

GC separation of opium alkaloids

Resolution of the opium alkaloids [trimethylsilyl (TMS) derivatives] was
attempted by GC with five different liquid phases (3% by weight on Gas-Chrom
Q, 100—120 mesh) Two column lengths were employed; a short column (36
cm) and a longer column (183 cm) were packed with each of the liquid phases
noted in Table I (listed in order of increasing polarity). The most complete
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separation of the components was obtained on Silar-5CP, the most polar liquid
phase tested. Unfortunately, NOS did not elute from either the short or long
column with this packing, nor did it elute from the long columns packed
with OV-17 or OV-225, making these columns unacceptable for further use.
Resolution of all components was not complete on any of the other columns
examined; however, since complete chromatographic resolution was not
required for MF assay, considerations in selection of column length were given
to reduction of assay time and background bleed response. The 36-cm column
provided the shortest retention times in all cases as well as substantial redue-
tions in bleed rate. Also, resolution on the 36-cm column was almost equal to
the 183-em column, hence the short columns were used in all further assay
work.

Selection of the liquid phase was made on the basis of assay time and
resolution. The most acceptable phase was OV-210, intermediate in polarity
of the phases tested. The GC tracings for the opium components and IS on
CV-210 are shown in Fig. 3. The same sample was injected on both columns
using the indicated temperature programs. All other instrumental settings were
the same. On both columns, MOR and COD were unresolved and eluted as one
peak; likewise NOM, NOC and ORI were unresolved and eluted following the
MOR/COD peak. IS, THE, PAP and NOS were well resolved. The reduction in
retention times and bleed rates as well as an enhanced response for NOS on
the short column are apparent.
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Fig. 3. GO separation of eight opium alkaloids and internal standard on 3% OV-210. (A)
36-cm column with a temperature program of 170°C to 260°C at 10°C/min, (B) 183-cm
column with a temperature program of 220°C to 260°C at 10° C{min. All other instrumental
settings were the same for both columns.
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lethane CI—MS of opium alkaloids

Following derivatization the eight alkaloids and IS were analyzed by GC—MS
nder CI conditions with methane as carrier and reagent gas. The spectra are
immarized in Table II. Six of the nine compounds formed TMS derivatives.
1l of the components, with the exception of NOS, displayed a strong (M+1)*
n and (M+29)* ion. The most abundant ion for NOS was m/e 220 indicating
loss of the isobenzofuranone ring from the parent compound. Characteristi-
ally, the most abundant ions for MOR-TMS, were represented by the
VI—15)* ions, whereas those for COD-TMS and NOC-TMS were represented
y the (MH—90)" ions [loss of HOSi(CH;);]. The (M+1)™ ion was the most
bundant ion in the spectra of ORI-TMS, THE, PAP and IS-TMS.

[F of opium alkaloids

In the development of an assay for opium constituents in urine it was pre-
i1med that any of the eight compounds could be present in urine in varying
mounts. Since the chromatographic columns tested did not resolve all com-
onents, the specificity and sensitivity of the MF assay depended on the ions
slected for monitoring. Ideally the selected ions should be present in high
2slative abundance and be unique for each compound.

The ions selected for monitoring for the opium alkaloids were the two most
bundant ions in the spectrum for each component. Monitoring of these ions
or THE, PAP, NOS and IS at their respective retention times offered the
aquired sensitivity and specificity since the OV-210 column adequately
ssolved these from the other compounds of interest. The remaining substances
luted on OV-210 as two clusters of unresolved compounds (Fig. 3), one con-
uiining MOR and COD and the other ORI, NOC and NOM. Consequently, it
ras necessary to assess the potential interference of each member of the cluster
f compounds on the remaining members of that cluster. By injecting each
idividual compound singly followed by MF analysis of all selected ions of
iterest, it was possible to determine the relative potential interference for
ach component at its corresponding scan number (SN, analogous to retention
ime). These data are shown in Table III. For example, interference in the
reasurement of COD-TMS at SN = 42 using the ion at m/e 372 could occur
rom MOR-TMS, at SN = 43. Although the percent relative abundance (%RA)
f this interference from MOR-TMS, is only 6%, at low concentrations of
'OD-TMS and high concentrations of MOR-TMS, the interference could be
ery significant since these two compounds are unresolved. On the other hand,
ontributions to this ion from the remaining compounds at SN = 32, 48 and 52
re not potential interferences since they are well resolved from COD-TMS.
election of the ion at m/e 282 for monitoring of COD-TMS is an even better
hoice since there is no interference from MOR-TMS,. The ions of choice for
ach compound are underlined in Table III. No serious interferences were
resent for any of the compounds. The secondary ions were used for confir-
aation.

A typical MF scan of opium standards extracted from normal urine is shown
1 Fig. 4A. Peak intensity ratios of drug to IS were measured in the range of
—20 pg/ml for MOR, 0—10 gg/ml for COD and 0—2 ug/ml for the other com-
ounds. Lower limits of sensitivity for MOR and COD were ca. 0.01 ug/ml and



64

‘Russu I 043 Ut Bupiojjuow Joj pajoals asol3 sae paujopun suol ayJ, ‘(pdouspunqy uadiad) ofuty,

(ve) 282 '(e¥) 99¢ '(11) Log  (BS) TLE (oot)zLe  (L1)oov 1L8 SRR

(8) L1 '(e1) 961 ‘{00T) 038 (V1) 122 0 etv(9) vy (1) 2py 3472 SON

— (11)ege (0o1) 0vE (23)89¢ 6€e dvd

- (L) 118 (oo1) 218 (ET)OVE 118 FHL

(vg) 801 ‘(11) 89¢ (8) vae ‘(vz) 9ge  (Iv) 69¢ (00T) 0LE (L1) 868 698 SINX-1Y0

(11) v91 '(00T) 897 (61) 692 '(g1) £1€ '(ve)ave (%) L9E (09) 898  (¥1)ose 198 SWI-00N

(a1) 222 ‘(06) 93¢ ‘(91) 1L€ (00T) 0OV '(2€) 10V  (BY) 9T¥ (PL)OTY  (8B1) ¥¥¥ 4Ty 'SINI-WON

— (001)79% '(03).£8% ‘(61) 618 '(18) 998 (P6) 1LE (t9)eLe  (o1) 00V 1.6 SWI-d0D

(16)0%€ (22) 1ve '(81) 1€ (00T) v1¥ '(¥E) aTv Q1) OTF  (00) 62¥ (oL)oey (81)8gy 02y 'SINL-YON
sto} JuswBus) Juaujworg N SN 62+

JUoads rpousyloly M ‘o punoduto)

AUVYANV.LS TVNYTLNI ANV SAIOTVITY WAIJO LHOIF 0 VULOFdS NOLLVZINOI TVOINTHO ANVHLIN

I ase /a,



65

'IN9I0 [{IM 30UBXOFIBIUT AYF YOIYM 30 JOQUINU UBDG o
‘paujIapun ae uolujiguenb 10 pasn suoj ‘Suliojiuow 10] PajIR[at SUO| JO HDUBPUNYE DAIBDX JUAIIA
‘paiojiuow s punodwod a3 Yatym je (awy Uotjusjal o) Suipuodsaliod) oquinu uedg

ve 0 0 0 0 001 0 (ve) 282 (z€)
001 0 6 1 i 19 9 (0oo1) 7228 SINL-SI
0 o1 1 4 i 0 16 (e1) 0vE (99)
0 00T ? 0 g 0 0 (0o01) 778 THL
0 0 28 0 4 0 0 (38) v9e (8y)
as 0 001 0 0 at 0 (oo1) 0L€ SINITHO
g 0 0 09 0 g 0 (09) 89¢ (z9)
0 0 0 001 0 0 0 (001)89Z  SWI-OON
Lt 0 ( 0 001 91 ( (001) 00¥ (39)
0 0 (4 0 06 0 0 (06) 93¢  *SWI-WON
00T 0 6 1 v 19 9 (19) 318 (zv)
¥ 0 0 0 0 001 0 (001)%82  SWI-A0OD
0 0 0 0 11 0 00T (00T) Y1V (ev)
0 o1 1 4 14 0 16 (16)0%€  °“SWI-MOW
(28)  (99) (8%) (z9) (z29) (2%) (ev)
SINI-SI EHL SWITHO SWLOON ‘SWI-WON SWI-d0D ‘SWL-HONW »(VY) g)
suol NS
xuy(NS) spunodwod 1ayjo wosy uot Buriaziojut Jo UBPUNGE AL UL pajoateq c::om&oo
SAIOTVYHTY WNIJO

J0 STUNLXIN CIATOSTUNN 40 AVSSY OIHIVUDOLNINOVYHL SSYIN THL NI STONTUTJIUIINI TVILNILOL

11 Jave



66

02:6 00:8 Obi9 0L o00:b O
omvn 0% 002 on_ oo_
! 1

[+1-14
A

‘() sunn ,8,109u0 wnido,, pus (y) spavpuels jo sjpuIIXe Leulan Jo sJurpioddl uol Pajasfeg ‘¥ *Bla

o2l =~ AWIL

2.LE o/u

oLe /Ul

obE oW

How~

92¢ a/uw

zie o/W

2z a/u

892 9/W

02z a/W

) nmoz

anyn 5433 wnido, @ &

0
W
]

on ~NVdS

00l

(3 1)

1]}

001

Y

3ISNOdS3IN H¥012313a

oz:6 00:8 0p:9 02:¢ QO oOwid
0%t 008 062 002 Om_ oo_
4

i 1 A

0211 - AWIL
o zqum

248 9/W 5
045 9/ J\/\/\! W
1HO -~
26 00
K
obL /W
._oz. _n._u._
o
9zf a/W o
L 0o
zoz...; el X
p]
zig /W L m
v
-0
[ [ 4
0
282 /W ﬁ m
903~ o ol
892 /W ‘/\\ Jw
0H°Vee 991
022 o/l

it
r/\\|l\'\ L]
SON

o SOHYONYLS A bl



67

ca. 0.05 pg/ml for the remainder of the compounds. Plots of peak intensity
ratios versus concentration were linear with correlation coefficients (r) = 0.97.
An exception to this was NOS which gave variable responses which seemed to
be related to the age of the GC column. The strongest responses were obtained
with freshly packed columns. After several weeks of column use the response
for NOS often became erratic and weaker, an indication of probable adsorption
on active sites of the column. Retention times also varied from.column to
column as indicated by the SN for the IS (see Table III and Fig. 4). This was
not a problem, however, since relative retention times were reproducible.

MF analysis of an “‘opium eater’s® urine

Urine was obtained from a male “‘opium eater’” hospitalized for treatment of
cancer of the esophagus. The patient was ingesting approximately 1 g per day
of a dark resinous material which he identified as dross from the opium pipe
or “‘sukhteh® [14]. The urine samples were extracted as described and
analyzed by MF. Fig. 4B shows the response from an unhydrolyzed urine
extract. MOR, COD, NOM, NOC and NOS were detected; however, no evidence
was obtained for the presence of THE, PAP or ORL. The concentration of MOR
(0.64 ug/ml) was approximately twice that of COD (0.37 ug/ml), whereas NOM
and NOC were present in equal amounts (ca. 0.15 ug/ml). Treatment of the
urine sample with g-glucuronidase enzyme produced a greater than tenfold
increase in concentration for the four compounds, a finding consistent with the
extensive conjugation normally observed in opiate metabolic studies.

It is anticipated that this method could serve as a useful assay for further
metabolic studies on “opium eaters’, a large population of drug users which
have received very little attention.
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