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Abstract

There are three types of opiate alkaloids. First, the poppy alkaloids: morphine, codeine, thebaine, noscapine and papaverine; then, the ser
synthetic and synthetic derivatives used in therapy as antitussives and analgesics, such as pholcodine, ethylmorphine and dextromethorph
at last narcotic compounds, diacetylmorphine (heroin) and opiates employed as substitutes in treatment of addiction: buprenorphine an
methadone. For classical thin-layer chromatography (TLC) of opium alkaloids, it is necessary to use complex eluents with strong alkaline
substances to obtain a clean separation between morphinan and isoquinoline compounds. This study purposes the planar chromatograp
analysis of these substances by the automated multiple development (AMD) compared with results obtained by classical TLC method. The air
of this work was to achieve the best separation of these opiate alkaloids and derivatives by this modern technique of planar chromatograph
The AMD system provided a clean separation for each of three opiates groups studied and the best results have been obtained with univers
gradient: methanol 100, methanol—dichloromethane 50/50, dichloromethane 100, dichloromethane 100, hexane 100 for opium alkaloids an
with gradient A: 5% of 28% ammonia in methanol 100, acetone 100, acetone 100, ethyl acetate—dichloromethane 50/50, dichloromethane 1C
for antitussives and substitutes. Two reagents were used for the detection of alkaloids by spraying: Dragendorff and iodoplatinate reagen!
[17]. The detection limits with these two reagents wegeglfor ethylmorphine, thebaine, papaverine, codeine, agund fr morphine and
noscapine and other alkaloids.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction they are employed as substitutes in treatment of addiction:
buprenorphine, and methadorég. 3).

Opiates are the most powerful known pain relievers,  Automated multiple development (AMD) is aninstrumen-
they are derivatives of opium and can produce euphoria buttal technique of planar chromatograpfiy-4] which uses an
also they are used as analgesics. Opiates can be classifiedluent gradient starting from the most polar to the least polar
according to three series. The first one is constituted by [5]; the migration is performed by successive steps (15-25)
the poppy alkaloids: morphine, codeine, thebaine, noscap-and at each new development the proportions of the eluent
ine and papavering={g. 1); the second category included constituents change; so the polarity is decreasing when the
mainly semi-synthetic derivatives of morphine or synthetic distance increasefgig. 5).
compounds are used intherapy as antitussives and analgesics: Gradient development with linear eluotropic profi&
pholcodine, ethylmorphine (codethyline), dextromethorphan leads to a band re-concentration improving the separation
(Fig. 2); at last, the third class is composed of narcotic [1]. A successful separation depends mainly on the choice
compounds: diacetylmorphine (heroin), and other opiates; of the solvent components, optimisation of the shape of

the gradient, the stepwise movement of the elution front
* Corresponding author. Tel.: +33 2 47367175; fax: +33 2 47367174.  [3,7] and the repeated developments increase the resolution
E-mail addresspothier@univ-tours.fr (J. Pothier). [8].
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papaverine noscapine

Fig. 1. Structure of opium alkaloids.

dextromethorphan pholcodine ethylmorphine

Fig. 2. Structure of antitussives.

This chromatographictechnique is available for separation ties and also isomeric position compoutjii§]. In the field
of plant extract§9—-16], mainly herbal drugs which present of detection of abuses, AMD was used with success for the
an interest with therapy activity and chemical substances chromatographic analysis of cannabinditi3].
belonging to various classes as: essential oils, alkaloids, The aim of this work was to apply the performances of
resins, phenolic compounds. Besides, this method has perAMD to the separation of opium alkaloids, antitussives and
mitted to analyse various chemical classes of alkaloids andnarcotic compounds and to obtain a clean separation for each
phenolic compoundgl0—-12]with similar chemical proper-  group studied.

CH,co-0™"

diacetylmorphine buprenorphine methadone

Fig. 3. Structure of derivatives and substitutes.
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2. Experimental thebaine) and benzylisoquinoline (noscapine, papaverine)
and their chromatographic behaviour is very different; the
2.1. Apparatus and materials morphinan group presents IowR- and isoquinoline group

very high hRe. For these reasons the authors use genera-
Chromatographic separations were performed using thelly complex eluents, for example: diisopropyl ether—etha-
AMD system (Camag, Muttenz, Switzerland). nol—diethylamine (97:2:1118], chloroform—ethanol—diethy-
Plates used were HPTLC silica gekz 10 cmx 20 cm on lamine (89:10.5:0.5]19], toluene—ethyl acetate—diethyla-
glass, layer thickness 0.1 mm, Article 11764, and HPTLC sil- mine (70:20:10J17] andtert-butanol, 28% ammonia—meth-
ica gel 5410 cmx 20 cm on glass, layer thickness 0.2 mm, anol-water (20:1:2:420].

Article 5642 (Merck, Darmstadt, Germany). Sometimes, with complex eluents, thB- of some alka-
Samples were applied with a Linomat IV system (Camag, loids are near oridentical, and on the other hand, the presence
Muttenz, Switzerland). of diethylamine brings about a difficult revelation because it

All the solvents were analytical grade and purchased from is not easy to eliminate the amine from the chromatographic
Carlo Erba Reactifs (Val de Reuil, France). Before use, the plate, so, the use of eluent with ammonia is bg@éi.

solvents were filtrated through a 0.4 Millipore mem- Among eluents without diethylamine, tB&ropean Phar-
brane (Millipore, Saint-Quentin, Yvelines, France) after son- macopoeiauses toluene—acetone—ethanol-28% ammonia
ication. (40:40:6:2) for the separation of opium alkaloids. The best
All the standards were commercially pure products. results were obtained from this eluent after changing slightly
the solvent proportions: toluene—acetone—ethanol-28%
2.2. Preparation of samples ammonia (45:45:7:110].

All standard solutions were prepared by dissolving 10mg 3.2. Separation by OPLC
of reference substance with 1 mL methanol.

The opium extract was obtained by shaking 2g of raw | a previous work, OPLC had been used for the separa-
opium powdered (180) according Buropean Pharma-  tjon of opium alkaloids and analogues with only ethyl acetate
copoeia(5.0) with 20 mL hydrochloride acid (0.1 M) during  as mobile phase and aluminium oxide as sortj2at23]
5min. After filtration, the acidic solution was alkalised by This is a Significant improvement because usua”y in TLC
28% ammonia until pH 10 and extracted 3 times with 10mL and OPLC systems three or more components in the mobile
of dichloromethane. The filtrate was evaporated to dryHESSphase are required. The use of a Sing]e solvent ensures good

and the residue solved in 2mL methanol. reproducibility of the method. The procedure is also inter-
o esting because the different compounds studied are cleanly
2.3. Application separatedtLO].

Samples were applied as 20 mm bands and the vqume3_3. Separation by AMD
was 3u.L for diacetylmorphine; 4.L for morphine, thebaine,
noscapine, papaverine, dextromethorphan, pholcodine and
ethylmorphine; uL for opium extract and codeine; d-
for buprenorphine; @L for methadone.

In AMD, several parameters must be considered to obtain
the best separation: choice of solvents, eluent gradient and
number of steps.

In the first experimentation, the universal gradient: meth-
anol 100, methanol, dichloromethane 50/50, dichlorome-
thane 100, dichloromethane 100, and hexane 100 during 20
steps Table ) was used; the term universal characterizes
a gradient which performs a separation of a mixture with
a large polarity scalg9]. This gradient permitted a very
clean separation of the major alkaloids from opium extract:
morphine, codeine, thebaine, noscapine and papaverine.
This one shows zones corresponding to these of the standard

2.4. Detection

Two reagents were used for the detection of alkaloids by
spraying: Dragendorff according to Munier and Macheboeuf
and iodoplatinate reagents/].

The detection limits with these two reagents wepagfor
ethylmorphine, thebaine, papaverine, codeine, ang for
morphine and noscapine and other alkaloids.

. . Table 1
3. Results and discussion AMD universal gradient for opium alkaloids
. . . . Starting with step no. 1 2 6 11 16
3.1. Separation of opiate alkaloids by classical TLC Bottle no. 1 2 3 4 5
Methanol 100 50
The classical thin-layer chromatography analysis of op- Dichloromethane 50 100
ium alkaloids is not easy because these alkaloids belonga'Chloromemane 100 100
exane

to two different groups: morphinan (morphine, codeine and
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Fig. 4. HPTLC chromatogram by AMD of opium extract and standard alkaloids of opium: (1) morphine; (2) codeine; (3) thebaine; (4) papaveringii(t&);nosca
(6) opium extract; eluent used was universal gradient: methanol 100, methanol—-dichloromethane 50/50, dichloromethane 100, dichloromietixane 100,
100; derivatization by Dragendorff reagent.

solutions, orange-red or red with dragendorff or other the best results were obtained with the eluent: methanol

colours with iodoplatinate reagent$able 3 Fig. 4). 100, methanol-acetone 50/50, acetone 100, ethyl acetate 100,
The other alkaloids studied (antitussives and deriva- ethyl acetate—dichloromethane 50/50, dichloromethane 100

tives) have not been able to be separated, thereforefor the separation of semi-synthetic and antitussives deriva-

hexane, no polar solvent, was deleted and replaced bytives.

dichloromethane. Some new gradients were established with: ~ With this eluent, it was not possible to have a good

methanol, acetone, ethyl acetate and dichloromethane andseparation of the other opiate derivatives because these

100 —

40

12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

B Methanol saturated with Ammonia O Aceton B Ethyl Acetate O Methylene Chloride B Migration dist. [mm)]

Fig. 5. AMD gradient for antitussivess, opiate derivatives and substitutes: This graphic which represent the solvent settings is slightlyvitiffénen
composition of the solvent mixture in the tank, at each step. As the new solvent is mixed up with the remaining solvent from the previous stepr, there is fo
instance a little portion of the first polar solvent still down to the 10th step.
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Fig. 6. HPTLC chromatogram by AMD of antitussives: (1) pholcodine; (2) dextromethorphan; (3) ethylmorphine; (4) codeine; (5) noscapine ;@) mhigtur
five standards; gradient used was gradient A: 5% of 28% ammonia in methanol 100, acetone 100, acetone 100, ethyl acetate 100, ethyl acetateadehlorome
50/50, dichloromethane 100; derivatization by iodoplatinate of potassium.

Table 2 AMD presents numerous advantages: a good resolution,
AMD gradient A for opiate antitussives and substitutes a migration without oxidation because the chromatographic
Starting with step no. 1 2 6 1 16 20 micro-chamber is saturated with methanol under a nitrogen
Bottle no. 1 2 3 4 S 6 atmosphere. The fully automated development of the plates
M‘::fr‘r']’gr'];at“rated 100 (preconditioning time, automated eluent gradient, dry time)
Acetone 100 100 determines a good reproducibility of the analysis and the
Ethyl acetate 100 50 accurate mixture eluent for each step permit a sharper sepa-
Dichloromethane 50 100 ration in well defined experimental conditions with no spot

diffusion in the adsorbent and also reproducilblié values

compounds are more polar so, for antitussives and sub-[5]. The slight diffusion observed in the loaR- is decreas-
stitutes, the gradient used was: 5% of 28% ammonia in ing until the top of the plate while in classical TLC and in
methanol 100, acetone 100, acetone 100, ethyl acetate 100QPLC techniques, the diffusion spot is increasing with the
ethyl acetate—dichloromethane 50/50, dichloromethane 100migration, this character is a limiting factor especially in the
(gradient A,Table 2 Fig. 5). case of analysis by densitometry.

With this eluent, a clean separation was obtained with ~ With this method, there is no manipulator effect and it
antitussives Kig. 6) and opiate derivatives and substitutes is possible to operate automatically outside working hours
(Fig. 7); thehRr values obtained by AMD are listedTiable 3 without watch.

4

Fig. 7. HPTLC chromatogram by AMD of opiates, derivatives and substitutes: (1) morphine; (2) codeine; (3) diacetylmorphine; (4) methadorendb) bupr
phine; (6) mixture of the five standards; gradient used was gradient A: 5% of 28% ammonia in methanol 100, acetone 100, acetone 100, ethyl aegitate 100, et
acetate—dichloromethane 50/50, dichloromethane 100; derivatization by iodoplatinate of potassium.
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Table 3 development of the plates. AMD permits the analysis on very
hRe and colours with iodoplatinate reagent of opiate alkaloids, antitussives gmg]| quantities and obtains sharper separations because the
and substitutes absence of diffusion in the adsorbent at the ugpRy; this

Compound hR= AMD Colour with iodoplatinate  mgakes it a very interesting method for densitometry.

Opium alkaloids “universal gradient’ AMD has proved to be an efficient planar chromatographic
'(\:"Oéph'”e 22% 2‘?‘9'5’ t?"l‘et technique that provides increased separation for compounds
e - e et with neighbouring structures. Opium alkaloids, derivative
Papaverine 52 Light pink compounds and also antitussives and substitutes are cleanly
Noscapine 57 Pink brown separated.

Opiates and analogues (gradient A) (iodoplatinate) _Thi_s AMD technique can be applied not_ only to the det_er-
Morphine 42 Deep blue mination of poppy constituents but also in pharmaceutical
Codeine 45 Pink violet analysis for antitussives, and above all in the field of abuses
Diacetylmorphine 64 Deep blue in toxicology.

Methadone 84 Pink violet
Buprenorphine 98 Pink violet

Antitussives (gradient A) (iodoplatinate) References
Pholcodine 23 Blue violet
E;Xt{;r:ftgﬁfha” 3258 VBk';I’:tV'O'et [1] K. Burger, Fresenius Z. Anal. Chem. 318 (1984) 228.
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