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Abstract

Background Heroin is a well-known drug of abuse that is usually administered intravenously. However, smoking heroin has gained popularity
in many parts of the world since it was first described in Shanghai in the 1920s. Material and method- A total of 6 exhibits were examined in
laboratory, New Delhi for research work and the physical appearances were noted for the samples as a part of the preliminary examination. The
samples were received in sealed transparent plastic containers for qualitative analysis of heroin and its excipients. Result-Out of 16 systems, 11
systems are capable of resolving opium and its alkaloids, 9 systems are capable of resolving opium alkaloids in illicit heroin and 8 systems are
capable of resolving opium alkaloids and adulterants in illicit heroin. Conclusion In our study the best solvent systems are Ethyl acetate: benzene:
acetonitrile: ammonia (25:30:40:5) and Toluene: acetone: ethanol: ammonia (20:20:3:1) for separation of opium alkaloids and adulterants.

Keywords : Heroin; Thin layer chromatography; Opium alkaloids; Adulterants.

Abbreviations : TLC: Thin Layer Chromatography; DAM: Diacetylmorphine; MAM: Mono Acetyl Morphine.

Introduction

Historically, and more recently it has been a common
practice that illicit drugs such as heroin typically contain other
disturbances in addition to the purported active ingredients that
can have serious adverse health consequences or even cause
premature death [1]. Heroin is a well-known drug of abuse that
is usually administered intravenously. However, smoking heroin
has gained popularity in many parts of the world since it was
first described in Shanghai in the 1920s [2]. In a procedure
called “chasing the dragon” addicts typically inhale heroin
fumes resulting from heating heroin powder on aluminum foil
with a cigarette lighter until it melts and evaporates. Heroin is
administered in several ways. These include sniffing or snorting,
smoking, subcutaneous injection and intravenous injection [3].

The great advantage of heroin, from the point of view of
illicit traffickers, is that it seems capable of almost unlimited
dilution with other substances, while still the addict obtains f

from it some gratification for his desire [3]. Nearly every small
peddler who resells heroin first mixes his supply with at least an
approximately equal amount of lactose or powdered sugar. As
his heroin is usually highly adulterated and diluted even before
he gets it, it frequently reaches the final user containing no more
than five per cent of the actual alkaloid, or even sometimes as
little as one per cent [4]. An illicit heroin sample may contain
a number of natural and synthetic opiate alkaloids as well as
adulterants and diluents. Additional substances may be added
to bulk, dilute, complement or enhance the effects of the drug
or mimic the effects of illicit drugs or that will facilitate the
administration of the illicit drug such as caffeine in heroin
and in cocaine to facilitate smoking. Diluents are chemicals
added to controlled substances that are used as fillers like
lactose, mannitol, corn starch, dextrose, sodium
bicarbonate, sodium carbonate, magnesium sulphate, sodium
chloride, caffeine, etc [4]. Adulterants commonly encountered

sucrose,
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in heroin include quinine, procaine, acetaminophen, caffeine,
diphenhydramine, aspirin, Phenobarbital, strychnine, diazepam,
methaqualone and lidocaine and quinine, procaine [4].

Mono-acetyl morphine and morphine remain from imperfect
acetylation as consequences of impurity of manufacture.
Codeine, papaverine and meconic acid prove that their presence
is a result of crude process being used not only to manufacture
but for purification of heroin as well [4]. Chemical examination
of narcotic and psychotropic substance requires the use of
instruments as confirmatory techniques. After preliminary
examination, we switch on to instrumental techniques with
thin layer chromatography (TLC) being the most convenient
and rapid method of separation & identification followed by
HPTLC which minimizes the chances of human error caused
by evaluating TLC. The use of sophisticated instruments like
GC, GC-MS, and UV permits high accuracy and efficient results
and are the last resort of identifying compounds in an unknown
sample. In examining a “Heroin” sample the primary necessity
is to identify the diacetylmorphine with complete certainty,
or to identify the narcotic substances present [3]. The present
study was to determine best solvent systems for the separation
of diacetylmorphine (Heroin) along with other opium alkaloids
and adulterants present in samples of illicit heroin by using
chromatographic techniques.

Material and Methods

A total of 6 exhibits were examined in the laboratory, New
Delhi for research work and the physical appearances were noted
for the samples as a part of the preliminary examination. The
samples were received in sealed transparent plastic containers
for qualitative analysis of heroin and its excipients. The samples
were weighed. The weight of each sample was 10gm approx. Each
of approximately 0.5gm of each sample was taken for analysis in
test tubes which were marked with sample number. Pre-coated
plates were obtained from Merck (20 x 20 cm aluminum backed;
silica gel 60 GF 254; 0.2 mm layer thickness). Developed plates
were visualized under UV at 254nm and with spray reagents
(Dragendorff reagent, lodoplatinate reagent, Marquis reagent,
Froehde reagent, Liebermann’s reagent & Potassium Ferro
cyanide +ferric chloride).

The individual standards were dissolved in methanol to a
concentration of 1 mg/ml. The mixture was prepared by mixing
equal volumes of the standards. A spotting volume of 2 pl was
applied. The TLC tanks were pre-equilibrated with the solvent
system 15 minutes before use. Spray reagents were prepared
according to E. C. G. Clarke [5-17].

Standard Drugs- opium, heroin, mono acetyl morphine,
narcotine, thebaine, codeine, acetyl codeine,
lidocaine, caffeine, diphenhydramine, nitrazepam, diazepam,
paracetamol, methadone, dexmetorphan, alprazolam

papaverine,

Chemicals-
acetate,

Cyclohexane, Benzene,
methanol, Ammonia,

Diethyl
Acetone, Toluene,

amine, Ethyl

Ethanol,

Methanol, Chloroform, Diethyl ether, Diethyl amine, Ethyl
acetate, Acetonitrile, n-butanol( HPLC Grade, purchased from
Merck & Spectrochem)

Method for processing TLC plates

a) The TLC tanks were pre-equilibrated with the desired
solvent system one hour before use, and were made up to
50ml, thoroughly mixed and then left for equilibration.

b) The individual standards were dissolved in methanol
to a concentration of 1 mg/ml. The mixture was prepared by
mixing equal volumes of the standards.

c¢) The spotting line of the TLC plate was kept 1.5cm from
the bottom of the plate.

d) A spotting volume of approx. 2 pul was applied 1.5cm
from the edge of the plate to overcome edge effect and 2mm
in diameter approximately. The spreading of spots was
restricted to the maximum.

e) The distance between subsequent spots was fixed to
lcm.

f)  The plate was allowed to run for a distance of 10cm
from the starting line of the plate.

g)  After the complete run, the plates were taken out of the
chamber and air dried.

h) Developed plates were visualized under UV light and
spraying with chromogenic reagents

TLC systems

Table 1: listing the solvent systems to be evaluated for thin layer
chromatograph.

S . No. TLC System References

I Cyclohexane: benzene: diethyl amine 6

(70:25:10)-

1 Ethyl acetate: methanol: 7

ammonia(85:10:5)-

1 Toluene: acetone: ethanol: ammonia 3

(20:20:3:1)

v Cyclohexane: chloroform: diethyl 8

amine(70:25:10)

\% Benzene: acetone: ammonia(50:50:2) 8
VI Benzene: ethanol(4:1) 9
VIl Ethyl acetate: benzene: acetonitrile: 10

ammonia (25:30:40:5)
VIII Cyclohexane: toluene: diethyl amine 8
(70:25:10)
IX Benzene: methanol (4:1) 11
X Diethyl ether: acetone: diethyl amine 12
(85:8:7)-
XI Diethyl ether (water saturated): acetone: 13
diethyl amine(85:8:7)
X1l n-butanol: acetic acid: water (35:3:10) 14
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XIII Chloroform: diethyl ether: methanol: 8

ammonia (75:25:5:1)
Benzene: ethyl acetate: methanol: ammonia
X1V (80:20:6.5:0.1) 14
Chloroform: methanol: diethyl amine

XV (16:3:1) 15

VI Glacial acetic acid: water: methanol: ethyl 16
acetate (1:15:20:80)

Anumber of TLC systems have been described in professional
literature, but for the purpose of this assessment 16 TLC systems
have been selected from the available publications which are
presented in table to assess the best separation of opiates as well
the most commonly encountered adulterants present in heroin
samples. The systems were prepared in the prescribed ratios
and were evaluated (Table 1).

Factors which may affect the Rf values [17]

Nature of Adsorbent: Different adsorbents will give
different Rf value for same solvent system because of their
different adsorbing phenomenon. It is also affected by the
substance on which the adsorbent is coated. For e.g. - plates
coated using glass plates and commercially available plates give
different values for the same solvent system

The Mobile Phase: The purity of solvents and quantity
of solvent mixed also affect Rf value. The chemicals should be
always of HPLC grade for proper separation. If the solvent is too
old or has gained colour due to chemical reaction, it will lead to
improper results.

Activity: Temperature and storage conditions of adsorbent
also affect Rf value. Adsorbents should be placed in cool
environment and should be protected from unwanted vapors of
lab as it may cause contamination

Thickness of Layer: The layers may be of higher or lower
thickness which also varies Rf value. Thickness should be
fixed=0.25mm. Thicker plates usually alter Rf values and spots
don’t come up properly as the compounds are unable to move

Equilibrium: Equilibrium of chamber used for development
is important in TLC and hence saturation of atmosphere with the

solvent vapor is important. The appropriate minimum time for
saturation is 30min, more time would lead to better saturation
and hence better results.

The Temperature: Constant temperature must be maintained
to carry out separation in order to avoid changes in solvent
composition. The solvent chambers must be kept in cool
environment; as higher temperature leads to change in
composition of Rf values. Thus room temperature should be
ambient.

Loading: Loading of sample must be small and appropriate
about 10 micro grams. If loading is more the spreading of spot
and tailing may occur which leads to increase in Rf.

Dipping Zone: Distance of starting point from the solvent
surface is also an important factor. Leave 1.5cm from the bottom
of the plate to ensure correct dipping of the plate

Side Effect: Plates should be marked by leaving 1.5 cm from
both the edges of the plate to eliminate side effect which leads to
shifting of Rf values.

Development Distance: 10cm is minimum run required for
aplate to be developed effectively as within this distance all spots
can be easily visualized. The appropriate ratios of solvent system
are another important step that affects the Rf of a compound.

Observation & Result: The following observations were
made from the study undertaken in which colour tests were
performed as a part of preliminary examination for indicating
the presence of the alkaloid group (Table 2) and (Figure1-3).

Table 2: Showing color tests performed for the samples.

SAMPLE'’s MARQUIS FROEHDE'’s
SAMPLE A +VE(purplish- red) +VE (olive green)
SAMPLE B +VE(dark purple) +VE (olive green)
SAMPLE C +VE (Purple) +VE (olive green)
SAMPLE D +VE (Orange Red) +VE (dark green)
SAMPLE E +VE(purple) +VE (green)
SAMPLE F +VE(dark purple) +VE (green)

Ve

Figure 1: showing frohede’s test for sample.
\
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Figure 2: showing marquis test and frohde’s test.
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Figure 3:developed plates under UV (cyclohexane: toluene: diethyl amine ).
\

Table 3:Shows Rf values of opium alkaloids with its adulterants using pre- coated TLC plates (Rf X 100).

S.No
of
TLC MOR | MAM | DAM | COD | A.COD | NAR | PAP | THE | CAFF | DPH | NITRA | DIAZE | LIDO | PCM | ALPREX | MET | DEX
Sys
tem
I 2 7 18 7 27 29 13 32 5 68 - - 85.3 0 - 55 40
II 20 65 16 35 54 80 69 71 71 - 83.7 72 73.1 70 - 49 45
1 21 48 48 33 56 85 72 53 61 72 82 72 65 57 - 78 -
IV 5 18 18 41 56 62 54 50 32 71 - 80.4 84 0 - 74 -
\Y% 8 19 19 20 48 80 |77.5]| 50 67 - 75 87.5 94 64 3 - -
VI 11 40 40 23 50 89 76 48 57 80 74 88 - 47 - 87 -
VII 6 14 14 24 59 82 73 59 54 - 74.1 - - 43.6 - - -
VIII 6 40 40 37 58 62 57 48 15 - 72.8 81.4 - 50 - - -
IX 9 19 19 8 25 82 74 48 55 88 - - - 21 - - -
X 10 25 25 43 52 96 80 87 62 96 73 84 - 45 4 - -
X1 18 57 57 45 82 70 58 70 35 - - 86 95.1 - - -
XII 20 57 57 48 69 80 64 69 42 - - - - - - -
X1 11 15 15 10 20 58 58 23 40 - - - - - - -
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XIV 5 22 22 15 40 75 70 40 48 - 76 82 84 52 - - -
XV 37 47 47 50 55 85 83 58 90 - - - - - - - -
XVI 5 34 46 60 50 95 93 88 82 - - - - 95 - -

** MOR = morphine MAM= mono acetyl morphine DAM=diacetylmorphine COD= codeine A.COD= acetyl codeine NAR= narcotine PAP=
papaverine THE= thebaine CAFF=caffeine DPH=diphenyl hydramine NITRA= nitrazepam DIAZ=diazepam LIDO=lidocaine PCM=paracetamol

ALPREX-alprazolam MET= methadone DEX=Dexmetorphan

Table 3 shows the Rf values of 16 systems exploited for
the best separation of opium and its alkaloids, opium and its
alkaloids in illicit heroin and opium alkaloids and its adulterants
in commercially available heroin are listed in Table: The table
shows Rf values obtained by performing the assay of separation
using combinations of different solvent systems in different
ratios. The rf values of system have been reported in the above
table which show that DAM & MAM can be easily separated
in system L. System X and XV is good for caffeine as it comes
at a higher Rf value which is beneficial as caffeine is the most
encountered impurity in heroin. System II is suitable for PCM
(Acetaminophen). Dexmetorphan is the new class of adulterant
found in heroin these days and can be separated in system II
along with opium alkaloids. Alprex can be separated with opium
alkaloids in system XVI. Diphenyl hydramine can be separated in
system X but with interference of narcotine.

Table 4 shows system II1, V, VIIl and X are capable of resolving
opium and its alkaloids, opium alkaloids in illicit heroin and
opium alkaloids and adulterants in illicit heroin, however TLC
system VIl and XVI are only capable for of resolving opium and its
alkaloids. Out of 16 systems, 11 systems are capable of resolving
opium and its alkaloids, 9 systems are capable of resolving opium
alkaloids in illicit heroin and 8 systems are capable of resolving
opium alkaloids and adulterants in illicit heroin.

Table 4:showing TLC systems capable of resolving opiate alkaloids
and few adulterants listed in table

pame | : :
I - + + + 4+
II - ++ +++
11 + ++ +++
v - -
\% + ++ +++
VI + - +++
VII + -
VIII + ++ +++
IX - -
X + ++ +++
XI + ++
XII + -
XIIT + ++
XIV - - +++
XV + ++
XVI + -

**A= {+} = capable of resolving opium and its alkaloids, B= {++} =
capable of resolving opium alkaloids in illicit heroin, C= {+++} =capable

of resolving opium alkaloids and adulterants in illicit heroin

Discussion

The study undertaken is divided into two parts, with the first
aimed at resolving the best solvent systems for the separation of
opium alkaloids in crude opium samples, separation of opium
alkaloids in illicit heroin samples which are commercially
viable and separation of opium and its alkaloids along with its
excipients in commercially available diacetylmorphine(heroin)
samples. The separation of opium and its alkaloids was best seen
in Ethyl acetate: benzene: acetonitrile: ammonia (25:30:40:5),
which is in accordance to literature cited by John A Steele [10],
who also mentions, separation of 5 opium alkaloid is achieved
in this solvent system. Next second system is Benzene: ethanol
(4:1) which is also in accordance to the literature cited by Mary&
Brochmann [18] Benzene: ethanol (9:1) is the best binary
solvent system which separates all 5 alkaloids simultaneously is
also seen as mentioned by Nagaraj R. Ayyangar, Sujata S. Biswas
[9]. Butanol: methanol: acetic acid (70:20:10), showed marked
distinction between morphine & codeine, which is in accordance
with the literature cited in Clarke [5]. While resolving alkaloids of
opium in heroin, the main problem encountered is the separation
of acetyl codeine & DAM, which have almost same coinciding Rf
values in almost all solvent systems, to overcome this problem-
Chloroform: methanol (9:1) is used, in which Diacetylmorphine
(DAM) & Acetyl codeine have different Rf values. According to
literature, chloroform: methanol (9:1) is good for the separation
of morphine, codeine, thebaine, which is in accordance with the
result obtained [18,19].

Another problem encountered while separating alkaloids
of opium is the separation of papaverine and narcotine, for
resolving this issue, an attempt to use the solvent system -
Toluene: acetone: ethanol: ammonia (20:30:3:1), was made,
which came out to be successful i.e papaverine and narcotine
come at different Rf’s. Benzene ethanol (4:1) can also be used for
the separation of papaverine, narcotine, which is in accordance
with Nagaraj RA et al study [9]. Narcotine gave red colour in
all benzene systems when sprayed with iodoplatinate spray
reagent, thus this differentiation of colour in iodoplatinate
proved beneficial for the identification of papaverine and
narcotine. Thebaine, though present in invariably small amounts
also pose as a problem while separating opium alkaloids,
thus a system exclusively for thebaine was also found out-
cyclohexane: chloroform: diethylamine, (70:20:10) ,Monoacetyl

morphine(MAM), diacetylmorphine = (DAM) papaverine,
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narcotine are not found in the surrounding of thebaine. The
entire focus of the experimental study was to isolate a solvent
system which enables best separation of diacetylmorphine from
monoacetylmorphine(MAM) and morphine which was achieved
by using the solvent system - Cyclohexane: benzene: diethyl
amine (70:25:10). This system can be used to separate the
three most important components of an illicit heroin. Benzene:
ethanol (4:1) also separates DAM & MAM.

The separation of opium alkaloids in heroin along with its
diluents and adulterants i.e. Illicit heroin, which is the most
common type sent to forensic labs for analysis in case of a
narcotic seizures. Paracetamol (PCM) & caffeine are the most
commonly used adulterants in illicit heroin due to similar
effects produced as by the drug. For confirming the presence of
caffeine,-Chloroform: methanol (9:1) should be used as caffeine
moves up with the solvent phase and can be distinguished as it
alone moves up in the system.

Benzene: acetone: ammonia (50:50:2) can be used to resolve
the adulterants along with Toluene: acetone: ethanol: ammonia
(20:20:3:1) which is in accordance with the literature [20].
Dexmetorphan is the new class of adulterant found commonly
in heroin samples these days. To separate dexmetorphan, a
two system approach proved beneficial namely-Cyclohexane:
benzene: diethyl amine (70:20:10) & Ethyl acetate: methanol:
ammonia. (85:10:5). Cyclohexane: benzene: diethyl amine
(70:25: 10) makes a total little over 100 and hence an attempt
to reduce its ratio to (70:20:10) was made, and it turned out
to be futile as all the spots remained on the bottom line and
refused to travel up with the mobile phase showing more
affinity towards the stationary phase. lodoplatinate is the only
spray reagent that reacts with nitrogenous bases present in the
alkaloids to give different colors while dragendorf is a universal
reagent used to confirm the presence of alkaloid in a sample
[11]. Dragendorff gives bright orange spots on reacting with a
nitrogenous base present in the alkaloids. It was observed that
using 0.1 N ammonical silver nitrate solutions on Dragendortff,
enhances the intensity of colors produced by spray. A new spray
reagent, 1% (w/v) aqueous solution of ferric chloride, was used
which has been developed for the detection and identification
of heroin (diacetylmorphine) [21]. A red spot was observed for
heroin when the high-performance TLC plate was sprayed with
the reagent and heated at 100°C. Similar spots were observed
for morphine, codeine, and the baine (opiates containing the
phenanthrene group) which is in accordance with the result
obtained. It did not react with papavarine and narcotine
(opiates containing the benzo isoquinoline group). The reagent
was specific, sensitive, and can be used for the detection and
identification of heroin in forensic samples [21].

In our study we found that narcotine gives red colour in
iodoplatinate spray reagent, lidocaine gives a yellow colour in
iodoplatinate, these two make marked difference while spraying
plates and thus make identification easy thereby making spraying

reagents an important step. Paracetamol (Acetaminophen)
reacts with none of the above mentioned reagents and thus
Ferric chloride + Potassium Ferro cyanide is used to identify
paracetamol. It gives blue spots on white background. Similarly
we also observed that PCM does not run in system I & system
IV. Adulterants are added very meticulously so as to feign
the same effects as that of a molecule and also reducing the
effective cost and serving same or more benefits than the parent
compounds. They are added as to the convenience of the illicit
drug manufactures to increase the volume and benefit delivered
to them. Lidocaine is an important adulterant that is added in
illicit heroin as it mimics the effects of heroin and sometimes
shows, much stronger effects. Caffeine, another important
diluents is added as it vapourises at the same temperature as
heroin.1 Procaine is added as it emits the same anesthetic
activity as morphine derivatives, thus keeping the sanctity of
the compound. Paracetamol is added because of similar boiling
point to heroin, and also produces same analgesic effects. The
percentage of heroin that is vaporised also depends on the
presence and type of impurities (e.g., the alkaloid impurities
noscapine and papaverine) and added compounds like
pharmacologically inactive diluents or cutting agents such as
sugars, or pharmacologically active adulterants such as caffeine)
as given in literature [20].

Only 4 adulterants were used in heroin base sample seized
from 2002-2003, while 11 adulterants were used in 1992-1993.
Usage of the two most common heroin adulterants, caffeine and
paracetamol increased in frequency from 78% to 99% and from
62% to 97% respectively [22]. Approximately 50% of heroin base
samples confiscated from 1992-1993 were diluted with sugar,
however only 5 % of the samples from 2002-2003 contained
sugar (mannitol & sucrose), that is low in concentration over
the years, which can be seen in the present study samples also.
Nothing can be commented about the origin of country while
dealing with narcotic and psychotropic substances because until
and unless the standard of that particular region is present, it
cannotbe ascertained whetheritbelongs to that particular region
or not, though as per UNODC, heroin synthesized in Afghanistan,
typically contains caffeine, chloroquine phenolphthalein &
paracetamol [8].

Dexmetorphan is a new class of adulterants belonging to
benzodiazepines like compounds which is added these days
in drugs to cause a sedative effect as it belongs to antitussive
class. It gives black colour in Liebermann’s reagent and orange
colour in marquis [5]. In our study we were able to successfully
identify dexmetorphan in cyclohexane: benzene: diethyl amine
(70:25:10) system. New solvent system glacial acetic acid:
water: methanol: ethyl acetate (1:15:20:80) was also found to be
useful for the separation and identification of alprazolam from
diacetylmorphine along with other opium alkaloids as mentioned
in literature [16]. Amidst all the odds, dealing with so many
classes of adulterants, and also resolving opium alkaloids inillicit
heroin along is a tedious job & is a major concern of narcotics
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laboratory, but using the results of the study, success could be
achieved. The adulterants and opium alkaloids were successfully
separated and identified on thin layer chromatography. Almost
all kinds of adulterants can be separated and identified with the
aforementioned solvent systems.

Conclusion

TLC has an important role to play in the screening and
analysis of opiate compounds, particularly in less-developed
countries. For many applications, this approach is more cost-
effective than the analysis of samples directly on multi-column
GLC or HPLC. In the experimental study following conclusions
are drawn:

L. The best solvent systems for the separation of opium
and its alkaloids are -5,7 Benzene: acetone: ammonia & Ethyl
acetate: benzene: acetonitrile: ammonia

II.  The best solvent systems for the separation of opium
alkaloids in illicit heroin-1,8,10 Cyclohexane: benzene:
diethyl amine Cyclohexane: toluene: diethyl amine, Diethyl
ether: acetone: diethyl amine

[II. The best solvent system for the separation of opium
alkaloids along with its adulterants in illicit heroin-2,3,6
Ethyl
ethanol: ammonia, Benzene: ethanol

acetate: methanol: ammonia, Toluene: acetone:

IV.  Best solvent system for DAM- 1 Cyclohexane: benzene:
diethyl amine, no acetyl codeine or adulterants are seen in
the surrounding.
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