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Separation and determination of opium alkaloids by high-performance liquid
chromatography
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High-performarice liquid chromatography (HPLC) was first used for the sepa-
ration of alkaloids in opium in 1973 by Wu e al.!, who separated four opium alkaloids
and heroin. Since then, various chromatographic systems such as ion-exchange?,
adsorption™” and normal and reverse partition chromatography'-*-°, have been
adopted. For the simuitaneous separation and determination of five or six major
alkaloids in gum opium, procedures have been reported of gradient clution from an
adsorption mode column and of isocratic elution in an ion-pair reversed-phase chro-
matography.

This paper describes a slmple and rap:d method for the routine quantitative
analysis of the six major alkaloids in gum opium by direct isocratic HPLC on a
reversed-phase partition mode column, without using ion-pair reagents.

EXPERIMENTAL

Apparatus
A Waters Model ALC/GPC 204 liquid chromatograph, equipped with a

Model 6000A pump, a Model 440 detector (254 nm) and a Model U6K injector
(Waters Assoc., Milford, Mass., U.S.A.) was used.

The columns were stainless-steel tubes (300 X 4 mm 1.D.), packed with Nu-
cleosil 10CN or Nucleosil 10C,5 (Macherey, Nagel & Co., Diiren, G.F.R.).

Mobile phase
A mixture of 1% ammonium acetate buffer (pH adjusted with acetic acid) and
acctonitrile, or a mixture of the buffer, acetonm'ile and dioxane was used.

Alkaloids standard solution ]

10 mg of morphine, 10 mg of codeine, 10 mg of cryptopine, 10 mg of thebaine,
10 mg of narcotine and 2 mg of papaverine were dissolved in methanol, and made
up to 20 mlL

Demmmﬁouofalkdaidsmgmapm
A 2-g amount of gum opium was mechanically shaken with 20 ml of 2.5%
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maadformmtﬁentﬁemmmmm&ﬁged,andﬁemmmﬁ
separated and filtered. The extraction procedure was repeated thiree times. . -
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andﬁplofthesolntxonwasmpﬂedmtothehg_mdchmmatomh. R

RESULTS AND DISCUSSION - e A eeln met L N aeieh Tnn L wAnns
Ihereteuuonumofthealhlmdsmdependentonthecompos’ﬁoﬁ'oﬂhe

mobile phase (Table I) and the pH of the buffer (Fig. l).Thesxalhlondsm
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TAEIEY - ‘
RETENTION TIMES OF ALKALOIDS . o o '_
Systems A-D: column, 300 x 4 mm LD. Nucleosil 10CN; systems E-G: columm, 300 X 4 mm LD.
Nucieosil 10C,,. Mobile phases: A, 1 %, ammonium acetate (DH 5.8)-acetonitrile~dioxane (80:10:10);
mx/mm@nswmm,cmn.wmmm@nsm-
acetopitrile (70:30); D and G, l/mm@ﬁiﬁm(wﬁ. F 1%

momm(pusw (65:35). All systemns: flow-rate, 1.5 ml/min.
Alkaloid Retention time (nin) .
A B [ of D E F.- .G

Moxrphine 4.1 ‘42 4.0 38 ' 24 23 22
Codeine 5.1 5.4 4.8 4.5 33 30 29
Cryptopine 8.1 9.6 72 56 6.5 4.7 4.1
Thebaine - 92 10.8 80 . 617 9.8 7.5 6.7

Narcotine 123 141 93 59, 426 284 157
Papaverine ~ 157 182 93 56 208 113 80
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Fig. 1. Eﬂeaﬁpuofﬁebufsmﬁemmcg)ofmm)mm
10CN (300 x 4 mm 1LD.); mobile phase, 1% ammonimm acetate buffer-acctonitrile (80:20); flow-
mate, 1.5 mi/min. (B) Column, Nucleosil 10C;s (300 x 4 mm LD.); mobile phase, 12{ ammoniun
scctate buffer-acetonitrile (65:35); Sow-rate: Umﬂml—nﬂaphim 2=codane Saaypeo-
pine; 4 = Bebaine; S = narootine; § = pepaverine.”™ =



Fig. 2. Chromatogram of six alkaloids on Nucleosil 10CN. Mobile phase, 19/ ammonium acetate
(pHSS)-mnﬂe-dmnemmm).ﬂml.Smel—Morplme 2 = codeine; 3 =
cryptopine; 4 — thehaine; S = narcotine; 6 = papaverine.

' X ® 20 24 mn .
ﬁ;!.&rmmmofnxalkabldsmNneboﬂloc.. Mobﬂepluse.l%mmmmmte
(pﬂS.S)mih(ﬁS.SS).ﬂow—nm. 1.5 mi/min. 1 = Morphine; 2 = codeine; 3 = cryptopine;
4=-thebd‘n= = papavesine; § == narcotine. )

The elnhon of the alkalo;ds t‘rom the med‘ium-polar cofumn (Nudeosi[
10CN) was. similar to that from the non-polar column (Nucleosil 10C;y). ‘The
eggm_—gggepuhngmamhsknowntobeéiﬁernormﬂ-pﬁase or revérsed-phiase,

aspective gqhmanon-golatorpohrmobﬁephase:sused.Wemdapofar
mobﬂephasetosepamtethealkalmdsbya:everwd—pbasemechamsm. .




For the determination of the alkaloids the Nucleosil 10CN column was more
suitable than the Nucleosil 10C,, column, because the separation was rapid and -
eomple&andmotpbmemsdntedfarenough&omsolventﬁ'ontW’uhtheNn-

slameil 10 _ anlnmn masnhina wras alitad vemr neae tha cnknent Snant awd
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was retained too iong to be determined simuitaneocusly.

The conditions for the separation of six alkaloids, namely, morphme,codeme.
cryptopine, thebaine, papaverine and narcotine, were studied, but other minor alka-
loids are also present in opium. It may be possible to separate simultancously
additional opium alkaloids by adopting a proper composition and optimum pH of
the mobile phase. For example, seven alkaloids, adding marceine to above six
alksloids, were successfully separated with the chromatographic conditions, shown in
Fig 4. .

Five major alkaloids in gum opium were determined by extraction with 2.5%
acetic acid and injection on the medium-polar column, but cryptopine was not
detected, since the gum opium in the present study contained an extremely small
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Fig. 4. Chromatogram of seven alksloids. Column, Nucleosil I0CN (300 x 4 mm 1.D.); mobile
phsal/mm@nﬁ}mmb-mm'lés.ﬂw-mlswmla
Narceine; 2 = morphine; 3 == codeine; 4 = cryptopine; 5 = thebaine; 6 = parcotine;.-7 = pa-
paverioe,
F&S.Wd&mﬁmmm%ﬂ“l@@x4m

ID:); mobis phase, ¥, ammoniom acetate (pH 5.8)-acetonittile-dGioxane (80:10:10); flow-mate,
1.5 mifmin. 1 == Morphine; z=ood=nr 3=W G-tl:eblme 5-=m. 6==
papawsine,




of the calibration curve for each alkaloid and measurement of the height of the cor-
responding peak in the chromatogram of the extract.
The coefficient of variation of the method by repeated analyses for the in-
dividual alkaloid was less than 1.5% (Table II).
___This method is_very convenient for the simultaneous determination of opium
alkaloids in routine analysis, as the preparation of sample is easy, the chromato-
graphic system is simple; the analysis time is short and the precision is satisfactory.

TABLE I

REPRODUCIBILITY OF THE DETERMINATION OF ALKALOIDS IN GUM OPIUM

Gum opium from India (No. 77-3, 8). n = 16. ) )
Morpkine Codeine Thebaire Narcotine Papaverine

Average 11.52% 3.507% 222% 6.64% 0.40%,
S.D. - © 0163 0.029 0.029 0.094 0.006
V. 1.4% - 0.8% 1.3% 1.4%% 15%
ACKNOWLEDGEMENTS

-‘The authors thank Dr. H. Nishimura, for his support of this work, and H.
Noguchi, for technical assistance.

Wu.S.Sigﬁu,T.RobmandR.D Washsma,dml.mm.dcm.ss(lm)B%
Knox and J. Jurand, J. Chromatogr., 82 (1973) 398.
Beasley, D. W, Smith, H. W, Zeelu-andR.L.a:arls..LAs.Oﬁc AmLCInetn..57(1974)

and A. B. Svendsen, J. Chromatogr., 100 (1974) 227.

Ziegler, T. H. Beasley and D. W. Smith, J. Ass. Offic. Aral. Chem, 58(!975)888.
Wheals, J. Ckromatogr., 122 (1976) 85.

B. F. Engelke, J. Ass. Offic. Aral. Ckem., 62 (1979) 310.

J. Ass. Offte. Anal. Ckem., 60 (1977) 103S.
OMLM&KWMNH.QWLM.,!”(MM
Wua J. J. Wittick, Anal. Chem., 49 (1977) 359.

M0
EREw

CORIONE WNm
porPERpR
joozs
i E
E

:4
.E



