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ABSTRACT

Objective: To determine the delta-9-tetrahydrocannabinol (THC) content of cannabis
seizures in Egypt.
Methods: Unheated and heated extracts of cannabis seizures were prepared from the
dried flowering tops and leaves (marijuana) or from the resin (hashish) and subjected to
analysis using high performance liquid chromatography (HPLC).
Results: The heated resin extract had the peak of THC in a relative ratio of 31.34%,
while extracting the resin directly without heating contained only 18.34% of THC. On the
other hand, marijuana showed minimum percentage of THC at 11.188% on heating and
9.55% without heating.
Conclusions: These results indicate the high potency of the abused cannabis plant in the
illicit Egyptian market.
1. Introduction

Cannabis (from the female plant of Cannabis sativa L; family
Cannabidaceae) is the major trafficked drug across the world
according to the 2014 World Drug Report [1], and the most
abused drug in Egypt [2]. About 2.7%–4.9% of the population
aged (15–64) years have used cannabis at least once in their
life time [1]. It is prevalent among the Egyptian youth and
drivers for its recreational properties and the belief it is
harmless [3]. Seizures usually presented to the criminal
laboratories are either the raw plant material itself (marijuana)
or the resin of the cannabis plant (hashish). Marijuana
seizures, commonly referred to as ‘bango’, are either internally
cultivated in Egypt or externally imported. However, hashish
is generally imported from different countries and smuggled
across the northern coasts or western margins [4,5]. Cannabis
contains over 400 compounds [6], of which the D9-
tetrahydrocannabinol (THC), cannabidiol (CBD), cannabinol
(CBN) are the most common [7]. The psychotropic effects of
cannabis are mediated by THC. The latter is the main
constituent in herbal cannabis and hashish [8]. However, CBD
and CBN have gained attention as they have pharmacological
properties in addition the former might antagonize some of the
effects produced by THC [9].

Determination of cannabis constituents is of great value both
to authorities as well as researchers as there is evidence of
changing THC concentration and consequently psychotropic
potency across time since the eighties and nineties [10,11]. Up to
our knowledge, there are no research reports from Egypt
discussing the potency of abused cannabis, despite of its
abundance and popularity among drug abusers in Egypt.
Therefore, this study aimed to investigate the available market
products to explore the potency trend in the local market and
shed the light for medical guidance in Egypt.

2. Material and methods

2.1. Cannabis seizures and chemicals

Cannabis seizures of either the herb (marijuana) or the resin
(hashish) were obtained officially from Forensic chemistry
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laboratories, Ministry of Justice, Egypt. The seizures were
confirmed morphologically using a simple light microscope and
preliminary color test. Standard THC was a generous gift from
the Forensic Labs of Ministry of Justice, Egypt. The organic
solvents used were of high performance liquid chromatography
(HPLC) or analytical grade and purchased from Sigma (St.
Louis, MO, USA).

2.2. Extraction of cannabis

Dry extract of cannabis seizures was prepared from the dried
flowering tops and leaves (marijuana) or from the resin (hash-
ish). The method of extraction followed that described by Turner
and Mahlberg [12] with modification. In brief, 10 g of each
sample of dried cannabis (marijuana or hashish) was divided
into small pieces, well-grounded, either heated in a glass baker
in boiling water at 100 �C for 2 h [13] or used without heating.
Then, unheated and heated samples were extracted with
chloroform overnight to yield 2 g of dry extract and were
protected from light and heat (stored at 4 �C, and protected
from light by placing in an aluminum-covered container). This
provided the dry extract as residue. The residue of unheated and
heated marijuana or hashish extracts was then subjected to the
analytical procedures.

2.3. Analysis of cannabis constituents

2.3.1. Column chromatography
Two grams of dry extract residue were re-dissolved in

20 mL methanol. Twenty gram of silica gel was added to the
prepared solution and the whole mixture was evaporated in
vacuum to ensure the adsorption of THC on surface of silica
gel. The solid mixture was placed on a top of 200 g of silica gel
in chloroform column separated with a layer of sea-sand.
Another sea-sand layer was placed on the top of the column.
The column was eluted with chloroform–methanol (5%). The
fractions were examined by TLC and those that contained the
same compound were collected together, evaporated in vac-
uum, each fraction was tested with a specific test for canna-
binoids (Fast Blue B salt). The fractions that showed positive
reaction were further identified by 1H-NMR. The pure canna-
binoid compound collected, weighed (yield 0.3 g), and the TLC
indicates that there is only one cannabinoid compound.

2.3.2. High performance liquid chromatography
The dried residue was reconstituted in 2 mL chloroform and

filtered over membrane filter (Whatman, pore size 0.45 mm)
then 5 mL were injected manually. Standard THC was prepared
in methanol and filtered over membrane filter (Whatman) and
5 mL were injected. HPLC profiles were acquired on a Schi-
madzu SCL-10Avp (Japan). HPLC system consisting of LC-
10AD vp pump, DGU-14A degasser, and UV–vis (SPD-10A
vp) detector. Full spectra were recorded in the range of (200–
400) nm. A LiChrospher RP-18 analytical column
(4.0 × 250.0 mm, 5 mL) was used. The mobile phase consisted
of 2.5 M sulphuric acidified water:acetonitrile (17:83), pH 1.8 at
isocratic elution. The column was re-equilibrated under initial
conditions for 4 min. Flow rate was 1 mL/min and total runtime
was 60 min. All determinations were carried out at ambient
temperature.
3. Results

3.1. Column chromatography

Fractions collected at MeOH:CHCl3 gradient (1:9) contained
purely THC that was identified by Fast Blue B color test. Those
fractions were collected and served as pure reference material in
the proceeding analysis.

3.2. High performance liquid chromatography

The THC standard profile showed THC peak at Rt 8 min.
The heated resin extract revealed the peak of THC in a relative
ratio of 31.34%, while extracting the resin directly without
heating contained only 18.34% of THC. On the other hand,
marijuana leaves showed minimum percentage of THC at
11.188% on heating and 9.550% without heating. Charts are
displayed in Figure 1.

4. Discussion

In this study, seized samples of marijuana and hashish were
extracted and its THC content was determined using HPLC. The
results indicated a high content of THC in the sampled plant
material reaching 30% in the heated resin and 11% in the heated
marijuana. Cannabinoids are the main bioactive constituents
found in the plant cannabis. Over 80 of these terpenophenolic
compounds have been identified so far [14] with the most
important one being THC, the ingredient that mediates the
psychotropic properties of recreational cannabis [8]. The highest
concentrations of cannabinoids can be found in the flowering
tops and in the plant resin [15]. Cannabinoids exist in the plant
cannabis as carboxylic acids and these are converted by
heating into their corresponding neutral acids. Decarboxylation
(loss of CO2) of delta-9-tetrahydrocannabinolic acid (THCA)
achieved by heating will thus result in the formation of THC.
Further degradation of THC will result in CBN or delta-8-THC
[16,17]. The higher content of THC in the heated compared with
the unheated plant material is thus an expected finding. The
cannabinoid content of the resin is also higher than that of the
flowering tops and leaves [15]. In this study, the highest
concentrations of THC are thus found in the heated resin and
marijuana extracts. Decarboxylation was found to be best at
100 �C for 2 h [13] which was implicated in the present study.
Chloroform is also known to be a suitable solvent for the
separation of THC from the other major neutral cannabinoids,
such as CBC and CBD [13].

In this study, cannabis resin or hashish that is available on the
illicit market in Egypt has shown a great potency compared to
the worldwide reported concentrations of THC. In addition, the
most widely abused form, marijuana, has shown a higher THC
content than we expected based on the world drug reports.
Several studies reported marked increase in THC content of the
cannabis plants and resins over the past decade [18]. ElSohly
et al. [11] found that the potency (concentration of THC) of
illicit marijuana samples in USA increased from <1.5% in
1980 to 3.3% in 1983 and 1984 reaching 4.2% in 1997.
Stefanidou et al. [19] reported THC concentrations that ranged
from 0.08% to 4.41% in samples of illicit herbal cannabis in
Greece. The reported THC content of herbal cannabis and



Figure 1. HPLC charts of heated cannabis resin extract, unheated resin extract, heated marijuana extract and unheated marijuana extract.
(A) Heated resin extracts showing the peak of THC at Rt 7.9 and resembling 31% of total peaks. (B) Unheated cannabis resin extract showing the peak of
THC at Rt 7.88 and resembling 18% of total peaks. (C) Heated marijuana extract showing the peak of THC at Rt 8 and resembling 11% of total peaks. (D)
Unheated marijuana extract showing the peak of THC at Rt 8 and resembling 9.5% of total peaks.
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resin seized in England in 2004/2005 was 2.1% and 3.5%,
respectively. The median THC content of the indoor-grown
unpollinated female cannabis (‘sinsemilla’) was 13.9% [20]. An
analysis of cannabis seizures in Australia showed high mean
THC + THCA content of 14.88% [21]. The highest THC
concentrations reported were that of cannabis resin made from
Dutch marijuana (Nederhasj) that contained 30.0% THC
(compared with 18.2% in imported hashish) [12,22]. On the
other hand, Zamengo et al. [23] found large variation in THC
content of samples of cannabis products analyzed during
2010–2012 in Venice area (Italy). The THC content, ranged
from 0.3% to 31% for cannabis resin and from 0.1 to 19% for
herbal cannabis. The increase in THC content of cannabis
preparations can be explained by the introduction of hybrids
with higher potency [24].

Cannabis abuse is a worldwide problem that seems on the
rise [25–27]. Studies indicate increased cannabis use [27] and
increased emergency department visits for the users of
cannabis-only and cannabis-polydrug [28]. THC is known or
its negative impact on the motor and cognitive functions e.g.,
verbal learning, memory, attention, risk taking behavior
and psychological disorders, such as schizophrenia [29–31].
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Increased THC content in available illicit cannabis could thus
imposes a risk for driving problems and psychological health.
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