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Thin layer chromatography in the analysis of cannabis and its components and
synthetic cannabinoids

Joseph Shermaa and Fred Rabelb

aDepartment of Chemistry, Lafayette College, Easton, PA, USA; bChromHELP, LLC, Woodbury, NJ, USA

ABSTRACT
Cannabis has been used as a medicinal plant for thousands of years. There are now over 700 vari-
eties of cannabis that contain hundreds of compounds, including fatty cannabinoids that are the
main biologically active constituents and volatile terpenes that have distinct odors. This is a select-
ive review that includes important examples of the analysis and study of cannabis and its compo-
nents and synthetic cannabinoids by thin layer chromatography (TLC) related to its medical and
recreational uses. The TLC methods described in this review complement the more expensive and
difficult to perform and sustain high performance liquid chromatography (HPLC), HPLC/mass spec-
trometry (HPLC/MS), gas chromatography (GC), and GC/MS methods. These TLC methods are espe-
cially valuable and often sufficient for use in resource-limited countries. Since this is apparently
the first review devoted only to the TLC of cannabis in the literature, even earlier TLC references
have been included for completeness.
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Introduction

Cannabis has been used as a medicinal plant for thousands
of years. There are now over 700 varieties of cannabis that
contain hundreds of compounds, including fatty

cannabinoids that are the main biologically active constitu-
ents and volatile terpenes that have distinct odors. The two
most prevalent and commonly known cannabinoids in the
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cannabis plant are D9-tetrahydrocannabinol (D9-THC) and
cannabidiol (CBD). THC is rapidly distributed to fatty tissue
like the brain, and it is metabolized by the cytochrome P450
system to psychoactive 11-hydroxy-THC. Cannabis and can-
nabinoids have been used to treat a variety of medical condi-
tions and are legal in many states in the United States for
this purpose. A summary of the history, pharmacology, and
medical uses of cannabis has been published.[1] This is a
selective review that includes important examples of the ana-
lysis and study of cannabis and its components and synthetic
cannabinoids by thin layer chromatography (TLC) related to
medical and recreational uses, which are also becoming
increasingly legalized in many states in the United States and
in other countries, as well as use of illegal products. This is
the first review devoted only to the TLC of cannabis in
the literature.

Cannabis is a genus of flowering plants in the
Cannabaceae family, which consists of three primary species:
Cannabis sativa, indica, and ruderalis. Hemp is a term used
to classify varieties of Cannabis that contain 0.3% or less
THC content by dry weight, which are generally non-toxicat-
ing and are harvested to produce a variety of industrial, food,
medicines, and other products. Marijuana (also spelled mari-
huana in many publications) is used to classify varieties that
contain more than 0.3% THC and can induce psychotropic
or euphoric effects in a user. Hemp-derived CBD is legal if it
contains 0.3% of THC or less, while CBD derived from mari-
juana is illegal and classified as a controlled substance regard-
less of the percentage of THC; the molecular structure and
associated pharmacology of CBD derived from both sources
are identical.[2] Marijuana and hashish have been differenti-
ated as plant material derived from dried pieces of the canna-
bis plant, mainly flower buds, for the former and from
compressed resin of flowers of the plant for the latter. Male
and female Cannabis sativa varieties are usually defined as
pollen producing or bud producing, respectively.

TLC is a well-known technique currently used for cannabis
analysis,[3] and the methods described in this review comple-
ment the more expensive and difficult to perform and sustain
high performance liquid chromatography (HPLC), HPLC/
mass spectrometry (HPLC/MS), gas chromatography (GC),
and GC/MS methods. They are especially valuable and often
sufficient for use in resource-limited countries.[4] Advantages
of HPTLC as listed by Badyal et al.[5] include capability to
analyze crude samples containing multicomponents; easy sep-
aration and detection of colored compounds; parallel analysis
of several samples on the same plate resulting in high output,
speed, and low cost; two dimensional (2D) separations are
easy to perform; different modes of evaluation, allowing iden-
tification of compounds having various light absorption char-
acteristics or colors; and minimized exposure risk of toxic
organic effluents and reduction of disposal problems and
environmental pollution.

Extraction methodology and techniques of TLC

Citti et al.[6] reviewed reported uses of solid-liquid extrac-
tion, cloud point extraction, and supercritical fluid

extraction for recovery of cannabinoids from plant material.
Extraction from biological samples by liquid-liquid extrac-
tion and solid phase extraction was covered in this review.
TLC was discussed for qualitative/semiquantitative deter-
mination of cannabinoids in plants, and the validated
HPTLC method published by Fischedick et al. (discussed
below, ref. 42) for accurate and precise quantification. It was
noted that identification is based on Rf values compared to
authentic standard compounds, aqueous fast blue B solution
applied to a developed plate by dipping or spraying is a
selective reagent for cannabinoids, and polar silica gel and
nonpolar C18 (octyldecylsilyl) reversed phase (RP) bonded
silica gel plates (usually Merck RP-18) are used to obtain
complementary opposite elution orders for confirmation of
target analyte identity. RP-18 plates have been reported for
many analyses as the optimum stationary phase for the
required separation of samples, e.g., for the detection of
THC, cannabidiol (CBD), cannabinol (CBN), and cannabi-
chromene (CBC) in commercially available cannabis oils
using acetonitrile mobile phase with basic fast blue B spray
reagent.[7] Glass microfiber sheets (ITLC) were used for very
sensitive screening 11-nor-D9-tetrahydrocannabinol-9-car-
boxylic acid in urine by development with chloroform-
methanol-concentrated ammonium hydroxide (85:15:2) and
detection by spraying with fast blue BB solution [0.5% in
methanol-water (1:1)] to give a pink spot that can be seen
on both sides of the sheet at very low levels.[8] The ITLC
product was rather fragile, being a microfiber sheet impreg-
nated with silicates, and is no longer marketed.

Use of fast blue BB rather than fast blue B and spraying
with diethylamine were shown to give chromatograms that
had brighter spot colors and could be preserved for a longer
period of time.[9] Di-o-anisidine tetrazolium chloride has
been reported as an alternative spray reagent to fast blue
salts for detection of cannabinoids.[10] In another study,
diazotized dapsone reagent was described as a spray for
detection of cannabinoids as standards and from cannabis
chloroform extract on 0.25mm layers of silica gel G with n-
hexane-acetone (85:15) or n-hexane-diethyl ether (8:2); LOD
for CBN was 600 ng for CBN compared to 10 ng for fast
blue salt B, and characteristic colors were different to aid in
spot identification.[11] Other visualization reagents reported
in cannabis analysis include 3-methyl-2benzothiazolinone
(MBTH) and ceric ammonium sulfate.[12]

Single ascending mobile phase development is predomin-
antly reported for TLC analysis, but double[13] or triple[14]

mobile phase development has been used in certain cases
improve sample resolution. 2D TLC[15] on silica gel G plates
developed with heptane-dichloromethane-butan-2-one
(83:5:12) and with n-hexane-acetone (86:14) after 90

�
rota-

tion separated 47 different cannabinoid spots from an acidic
chloroform extract of the flowering tops of Cannabis sativa
L.; five were identified as D9-THC, trans-D8-THC, CBC,
CBN, and CBD using authentic controls based on migration
distances in the two directions and characteristic colors
when the plate was viewed under 254 nm UV light and then
sprayed with 0.1% fast blue B salt in 45% ethanol. The
authors favorably compared their method to the use of
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amine-treated plates, thermo-micro TLC, multiple develop-
ment, and layer impregnation [e.g., silica gel G impregnated
with dimethylformamide (DMF)-carbon tetrachloride (6:4),
and petroleum ether-diethyl ether (4:1) mobile phase].[16]

However, silver nitrate impregnated silica gel plates have
been successfully applied to cannabinoid separations in sev-
eral studies cited below.[12]

TLC for the study of biological activity of cannabis

Cell suspension cultures of Cannabis sativa L., fam.
Moraceae, were examined along with seeds and leaves of
intact plants for active cannabinoids and other metabolites.
No large amounts of any of the major cannabinoids were
found in extracts of cells, but TLC demonstrated spots of
other phenolic compounds having significant antimicrobial
activity against Bacillus magaterium, Staphylococcus aureus,
and Escharichia coli. TLC systems used for analysis of pet-
roleum ether extracts were kieselguhr-carboxymethylcellu-
lose plates impregnated with N-methylformamide/
cyclohexane mobile phase, silica gel-silver nitrate impreg-
nated plates/benzene, and silica gel G/hexane-diethyl ether
(4:1) for petroleum ether extracts, and alumina G/acetone-
methanol (1:1) or ethyl acetate-methanol-glacial acetic acid
(84:24:3) and silica gel/chloroform-diethylamine (9:1) for
basic and neutral fractions. Reagents applied to detect spots
included fast blue B, Gibbs, vanillin, Nile blue, and potas-
sium iodoplatinate.[17]

The antimicrobial activity of Cannabis sativa against
methicillin-resistant Staphylococcus aureus MRSA was
studied using methanolic extraction of leaves and evaluation
of the presence of bioactive compounds using HPTLC fin-
gerprinting. Quercetin, gallic acid, and catechin were identi-
fied and quantified on Merck silica gel 60 F (F designates
the presence of a fluorescent phosphor in the layer) alumi-
num plates developed with n-butanol-glacial acetic acid-
water (80:6:20) mobile phase. A CAMAG Linomat 4 was
used for standard and sample solution application, and
densitometric determination was carried out after derivatiza-
tion with anisaldehyde-sulfuric reagent by scanning at 350,
289, and 270 nm, respectively. It was found that leaf extract
of Cannabis sativa had potential for control of both hos-
pital- and community-based MRSA.[18]

The article by Schurr et al. (ref. 59) in the PTLC section
below is another example of published studies of biological
activity of cannabis.

Analysis of male and female cannabis
sativa varieties

Qualitative and quantitative analysis of male and female
plants of Cannabis sativa were performed by TLC, GC, and
MS. Four parts of each sex were compared: flowering tops,
small upper leaves surrounding the flowers, large leaves
from the lower part of the stem, and lower parts of stems.
Cannabinoids were extracted with light petroleum by grind-
ing with a pestle in a mortar, extracts were separated on sil-
ica gel G plates impregnated with 20% DMF in acetone by

developing with the mobile phase 20% diethyl ether in light
petroleum, and spots were detected by spraying with 0.2%
fast blue B in 2M aqueous sodium hydroxide. Male and
female cannabis were shown to contain similar amounts of
D1-THC and CBD in similar ratios.[19]

TLC separation, detection, and identification
of cannabis

A report was published on the TLC qualitative determin-
ation of cannabis constituents present in plant material and
quantitative analysis of urine by GC.[20] Rf values with 11
mobile phases on 0.3mm silica gel G layers and colors and
sensitivity of detection using 14 different reagents were tabu-
lated for D1-THC, D6-THC, CBN, cannabinolic acid
(CBNA), and D1-THC acetate.

Silica gel plastic sheets impregnated with silver nitrate by
dipping in an ethanolic solution and one dimensional (1D)
development with isooctane-pyridine (8:2) in a closed,
mobile phase vapor equilibrated tank separated six charac-
teristic spots from a cannabis chloroform macerate, includ-
ing D1-THC, CBN, and CBD, that were detected with 0.1%
fast blue B salt in 70% ethanol. 2D TLC in an open tank
with toluene mobile phase in both directions and exposure
of the sheet to ammonia vapors before the second run gave
increased resolution showing 19 separated spots from the
extract.[21] The following year, the same author published a
1D method with toluene mobile phase for analysis of canna-
bis constituents on silver nitrate impregnated sheets that he
characterized as simpler, more rapid, and much more sensi-
tive [limits of detection(LODs) 1-5 ng] than other available
TLC procedures.[22]

The geographical origin of cannabis plants (hemp) were
shown to be related to the occurrence in different parts of
the plant of D9-THC, CBD, CBN, and other components.
Material from the plants were extracted by stirring with pet-
roleum ether, and the extracts were subjected to 1D TLC
using silica gel plastic sheets developed with toluene or
xylene mobile phase or 2D TLC with a second development
using toluene-diethylamine (98:2). Fast blue B salt spray
reagent [0.1% in water-methanol (1:3)] gave orange, violet,
and scarlet spot colors that were used with Rf values com-
pared to reference standards for compound identification.[23]

The RIM (Rutgers Identification for Marijuana) test com-
bines histochemical and TLC chromatography techniques
and eliminates the need for a separate extraction step to
obtain a suitable sample for TLC. Clear sample from the
microscopic histochemical test was spotted onto a Merck
0.25mm thick silica gel G layer with a micropipet, followed
by development with benzene mobile phase and spraying
with fast blue B reagent (0.2 g in 80% ethanol).
Confirmation that a sample contains marijuana was appear-
ance of spots of D9-THC, CBD, and CBN with characteristic
colors and Rf values relative to reference standards run on
the same plate.[24] A total of 526 non-marijuana plant sam-
ples representing 427 different plant species were subjected
to the RIM test, and although a few samples gave fast blue
B reactive spots by TLC they were easily distinguishable
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from marijuana cannabinoid spots, and no false positive
results were exhibited.[25]

The dried flowering and fruiting tops of Cannabis sativa
from eight different regions of northern India were analyzed
qualitatively for CBN, CBD, and D1-THC by TLC on silica
gel G layers impregnated with DMF. Samples were extracted
repeatedly with chloroform, and cannabinoid acids were
decarboxylated by heating the extract in boiling toluene for
20min. The mobile phase was diethyl ether-petroleum ether
(1:4), and cannabinoids were detected using a 0.5% aqueous
solution of fast blue B followed by 0.1M sodium
hydroxide.[26]

Silica gel plates were developed twice up to 15 cm with
benzene-n-hexane-diethylamine (25:5:0.5) for separation of
THC, CBD, and CBN extracted using methanol in a blender
from Cannabis sativa L. A 0.1% aqueous solution of fast
blue B salt provided red, yellow, and violet spots, respect-
ively. Content of the components was obtained by scraping,
elution with ethanol, and visible absorption spectrometry.[27]

TLC was used for separation and identification of canna-
bis constituents from smoke. Cannabis smoke was produced
in a specially designed chamber and passed through a series
of nonpolar to polar organic solvents and urine, saliva, and
water samples.[28] Samples of the organic solvents were
applied directly and ether extracts of aqueous samples to
Merck neutral and alkaline (impregnated with 0.1M aque-
ous sodium hydroxide solution) silica gel G plates that were
developed with toluene-diethylamine (20:1) and n-hexane-
ethyl acetate (9:1) respectively. Spots were detected with
0.2% brentamine (o-Dianisidine) fast B salt in 0.1M NaOH
solution (for developing neutral chromatograms and 0.2%
aqueous brentamine fast B salt solution (for developing alka-
line chromatograms) and identified by comparing migration
to that of standard spots on the same plate.

Seventeen 17 different cannabinoids were successfully
separated from chloroform extracts of cannabis plant leaves,
flowering tops, and resin on 20 � 20 cm 0.25mm silica gel
G layers using n-hexane-acetone (87:13) mobile phase. Four
spots were identified as D9-THC, CBC, CBN, and CBD
based on detection by viewing under 254 nm ultraviolet
(UV) light and spraying with a solution of 0.1% fast blue B
salt in 45% ethanol, which gave more compact, characteris-
tically colored spots than an aqueous solution of
the reagent.[29]

It was shown that laboratories without GC-MS technol-
ogy can accurately identify D9-THC, CBD, and CBN by
TLC, HPLC-UV, and GC with a flame ionization detector
(GC-FID) in cannabis samples. The TLC procedure included
extraction by ultrasound mixing with hexane-chloroform
(9:1), development of Merck silica gel 60 F plates with hex-
ane-chloroform-dioxane (89:8.75:2.25), and measurement of
spectra of separated spots by scanning from 200-300 nm
with a CAMAG Scanner 2.[30]

The following TLC methods were described in detail for
identification of cannabis products: 1D normal phase (NP)
TLC on silica gel G plates with 0.25mm layer developed
with benzene, benzene-n-hexane (6:4),or benzene-n-hexane-
diethylamine (70:25:5) mobile phase; 2D TLC on silica gel

with n-heptane-dichloromethane-butan-2-one (83:5:12)
development followed by n-hexane-acetone (86:14) after 90

�

plate rotation; RP TLC on Merck RP-18 HPTLC plates
developed with acetonitrile-water (9:1); 45mg of fast blue B
salt dissolved in 20mL 0.1M sodium hydroxide or 0.5 g in
10mL water-acetone (1:9) color spray reagent; and extrac-
tion of cannabis oil, resin, and plant samples
with toluene.[31]

Separations of cannabigerol monomethyl ether (CBGM),
CBD, cannabidivarol (CBDV), cannabidolic acid (CBDA),
cannabigerol dimethyl ether (CBGD), cannabicyclol
(CBL), D8-THC, D9-THC, D9-tetrahydrocannabivarol (D9-
THCV), cannabigerol (CBG), and CBN on precoated silica
gel G plates was reported for the mobile phases methanol-
dioxane-hexane (1:2:7), hexane-ethyl acetate (4:1), petroleum
ether-diethyl ether (4:1), and hexane-diethyl ether (4:1).
Spraying with 0.5% fast blue salt B followed by 0.1M aque-
ous sodium hydroxide gave characteristic yellow, red,
orange-violet, and violet colors that aided compound
identification.[32]

The advantages and disadvantages of HPTLC, automated
multiple development (AMD), and overpressured layer chro-
matography (OPLC; JC Scientific Co. Ltd, Hong Kong) were
presented for the separation and identification of cannabis
components as standards and in hexane extracts of resin
and Indian hemp. Merck silica gel 60 F plates with hexane-
diethyl ether (8:2) mobile phase, a Desaga MAT chamber,
and fast blue salt B detection reagent were chosen as opti-
mal conditions for HPTLC separation of D8-THC, D9-THC,
CBN, and CBD. A 20-step mobile phase gradient with acet-
one, diisopropyl ether was used with the CAMAG AMD
device, and isooctane-diethyl ether (9:1) mobile phase for
analytical OPLC and hexane-diethyl ether (8:2) for semipre-
parative OPLC with collection of components by elution
rather than the usual layer scraping and elution of bands.[33]

TLC data were collected for eight neutral and eight acidic
major cannabinoids from Cannabis sativa plant material as
well as two human metabolites of D9-THC using an RP sys-
tem [Merck C18 bonded silica gel F plates with methanol-
5% acetic acid (19:1) mobile phase] and a polar system
(Merck silica gel F with chloroform-methanol (19:1)]. Plates
were developed in a saturated chamber, and general visual-
ization of compounds was done by spraying with anisalde-
hyde-sulfuric acid and selective visualization with 0.5% fast
blue B salt in water followed by 0.1M sodium hydroxide.
HPLC, GC, UV spectrometry, infrared (IR) spectrometry,
and MS data were also presented.[34]

A manual of TLC methods for cannabis and its products
for use in national drug analysis laboratories was published
by the United Nations (UN).[35] Ultrasonic extraction of
herbal cannabis, resin, and oil using petroleum ether was
specified for neutral and free cannabinoids and toluene or
chloroform for cannabinoid acids. Silica gel plates spotted
with extracts and appropriate standards were developed with
petroleum ether-diethyl ether (8:2), cyclohexane-di-isopropyl
ether-diethylamine (52:40:8), or n-hexane-dioxane-methanol
(7:2:1) in a tank conditioned with mobile phase vapor for
30min with paper on one side. Visualization was made by
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spraying with fast blue B salt solution (50mg/20mL 0.1M
sodium hydroxide or with diethylamine followed by fast
blue B salt solution (50mg/1mL water þ 20mL methanol).
Plates were documented by storing in clear plastic bags or
by densitometric scanning or photography.

Active pharma ingredients Cannabis sativa, Embleia ribes,
Myristica fragrans, and Piper longum present in the ayur-
vedic herbal formulation Jatiphaldya were separated and
identified by TLC on silica gel G layers with the micellar
mobile phase 5% aqueous sodium dodecyl sulfate (SDS)-
methanol (7:1) in a vapor saturated CAMAG twin trough
chamber. Ethanol-water (4:1) extracts were spotted with a
micropipet, and the detection reagents were iodine vapor,
1% vanillin in methanolic sulfuric acid, and anisaldehyde-
sulfuric acid.[36]

The analytical monograph Cannabis flos flowers included
a TLC identification method.[37] Flowers were ground and
extracted by homogenization with ethanol. Merck silica gel
60 F plates were developed with petroleum ether (40–60 �C)-
diethyl ether (4:1) in a saturated chamber, and the spray
reagent was fast blue B aqueous ethanol solution. Bedrocan,
Bedrobinol, Bedica, and Bedropuur varieties gave a red tet-
racannabidiolic acid (THCA) spot, and Bedolite and Bediol
gave an orange spot of CBDA; the Rf values of all of these
characteristic spots in sample solutions matched the Rf val-
ues of reference extracts chromatographed on the
same plate.

HPTLC combined with image analysis was used for simi-
larity assessment of 70 medicinal herbs, including Cannabis
sativa L. hemp seeds. Silica gel 60 F plates, ethyl acetate-
methyl ethyl ketone-98% formic acid-water (5:3:1:1) mobile
phase, and Liebermann-Buchard and anisaldehyde detection
reagents were employed. Image analysis based on Cannys’
method was used to determine the spot sizes of each
HPTLC image. A similarity search algorithm was capable of
calculating spot size and Rf values. Similarity values were
75–96% for the selected herb chromatograms with those of
the same herb in the database. It presented better results
than principal components analysis (PCA), classification and
regression trees (CART), and partial least squares discrimin-
ant analysis (PLS-DA). The extraction method was sonic-
ation-maceration with methanol, and a CAMAG TLC
Sampler 4 (ATS 4), Automatic Developing Chamber (ADC
2), and TLC Visualizer were employed to carry out HPTLC
and record chromatograms.[38]

The HPTLC Association website[39] contains NP and RP
separations of cannabis suitable for fingerprinting. Herbal
cannabis was sonicated with methanol-hexane (9:1) (NP) or
methanol (RP) to prepare test samples chromatographed
with reference standards. NP HPTLC was on Merck Si 60 F
silica gel, the mobile phase was n-heptane-diethyl ether-for-
mic acid (75:25:0.3), and fast blue salt was specified for
spray or dip derivatization. RP HPTLC was on Merck Si
60 RP-18 F stationary phase with methanol-water-acetic acid
(70:15:15) mobile phase and vanillin-sulfuric acid derivatiza-
tion reagent. Figures 1 and 2 illustrate the NP and RP chro-
matograms, respectively.

TLC-densitometry quantification

TLC-densitometry methods were given for analysis of aut-
opsy tissues (liver, kidney, spleen, stomach, and intestine) in
a case of fatal poisoning by D9-THC. n-Hexane extracts
were chromatographed on 0.25mm thick silica gel G layers
by development with n-hexane-acetone (87:13) in a satu-
rated chamber, and D9-THC was identified by spraying with
0.1% fast blue salt B in 45% ethanol. Amounts found by
scanning spots with a photoelectric densitometer were 3.75,
4.2, 1.2, 0.8, and 0.2mg/100 g, respectively.[40]

Cannabinoids were separated, isolated, and quantified
from methanol-chloroform (9:1) extracts by OPLC on
Merck 60 F silica gel sheets with sealed edges. The pump
was set to supply the toluene-dioxane (60:1) mobile phase at
0.3–0.7mL/min resulting in linear velocities between 0.8 and
1.5 cm/min. Samples were applied by a CAMAG Linomat 3,
and bands were visualized under UV light and with fast
blue B reagent. The neutral cannabinoids were identified
and quantified using a Shimadzu CS-920 scanner at 215 nm
by comparison to standard compounds. On-line OPLC of
Cannabis satvia L. extract with UV detection isolated frac-
tions from which cannabinoid identity was confirmed by
GC-FID.[41]

In an attempt to improve the sensitivity of quantification,
a method for fluorescent dansyl derivatization of cannabi-
noids prior to separation on silica gel by development with
isooctane-ethyl acetate-glacial acetic acid (30:20:1) was
devised. The components could be observed after spraying
with Triton X100-chloroform-n-hexane (1:20:80) and quan-
tified by fluorescence densitometry at 340 nm. The method
was applied to plasma samples using reference compounds,
and LOD were estimated as 13, 20, and 40 ng/mL for CBD,
D9-THC, and CBN, respectively.[12]

An HPTLC-densitometry method was developed and
validated according to International Conference on
Harmonization (ICH) guidelines for quantification of D9-
THC with the use of pure cannabinoid reference standards
and two medicinal cannabis cultivars. Accuracy was deter-
mined by comparing results with those obtained from a vali-
dated HPLC method. The method was also useful for
qualitative screening of the main neutral cannabinoids found
in cannabis cultivars. Merck 20 � 10 cm silica gel 60 alumi-
num plates, chloroform mobile phase in CAMAG twin
trough chamber, and a CAMAG ATS 4 applicator and TLC
Scanner 3 controlled by winCATS software version 1.4.3
were employed.[42]

OPLC separation of D9-THC, CBD, CBN, CBG, and CBC
was achieved on silica bonded amino (NH2) F plates using
dichloromethane single component mobile phase.
Employing bidirectional development (from both ends to
the plate to the center), 30 samples were analyzed on a 10 x
20 cm plate within 4min. Evaluation was performed by
densitometry at 200 nm with a Desaga CD slit scanner.
Plant samples were ultrasonically extracted with methanol-
chloroform (9:1), and extracts and standards were applied
with a 1 mL Hamilton syringe as 2mm bands. OPLC with
optimized, consistent mobile phase velocity can provide
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Figure 1. NP fingerprints of cannabis standards (Tracks 1–4), Cannabis sativa inflorescences (5–9), inflorescence decarboxylated (10), and fiber (11).

Figure 2. RP fingerprints of cannabis standards (Tracks 1–8) and inflorescences (9–12).
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improved selectivity compared to capillary flow ascending
plate development in some applications.[43]

THC, CBD, and CBN were quantified in marijuana seized
by Chilean police using a HPTLC-densitometry procedure
validated according to the UN Office on Drugs and Crime
(UNODC).[44] Acetonitrile plant extracts and standard solu-
tions were applied to Merck silica gel 60 F plates with a
CAMAG ATS 4 Automatic Sampler, and development with
mobile phase n-hexane-diethyl ether (8:2) was carried out in
a CAMAG ADC 2 Automatic Developing Chamber without
saturation. Areas of bands on dried plates were measured by
absorption densitometry with a CAMAG TLC Scanner 4 at
206 nm, and the in situ spectrum of each peak was recorded
in the 190–400 nm range. THC content in 15 extracts ranged
from 4.8 to 26% (w/w).

TLC-Bioassay

Bioactivity profiling of hemp, flax, and canola seed cakes
was performed by HPTLC combined with a group of bioas-
says, namely, 2,2-diphenyl-1-picrylhydrazyl (DPPH�) scav-
enging, acetylcholinesterase (AChE) inhibition, planar yeast
estrogen (pYES), and antimicrobial Bacillis subtilis and
Aliivibrio fischeri assays. These directed non-targeted analy-
ses allowed discovery of previously unknown bioactive com-
pounds in these oilseed cake extracts, which were
characterized by TLC-ESI (electrospray ionization)-MS via
the CAMAG elution head based TLC-MS interface. The
demonstrated bioactivity of these compounds can guide
their isolation for production of functional feed/food supple-
ments. Extraction of polyphenols from defatted seed cake
flours was by methanol-acetone-water (7:7:6) in an ultra-
sonic bath. Extracts were applied in bands to HPTLC silica
gel 60 F plates using a CAMAG Automatic TLC Sampler 4
(ATS 4), and plates were developed with toluene-ethyl acet-
ate-formic acid-water (15:30:5:3) in a CAMAG Automatic
Development Chamber (ADC 2). The pYES bioassay was
performed on Merck RP-18 W F plates (W designates a
water tolerant layer) with n-hexane-toluene-ethyl acetate
(8:3:2) mobile phase. Optional derivatization for detection of
separated bands was performed by dipping the plate into
0.005 g/mL natural product reagent in methanol followed by
5% methanolic polyethylene glycol (PEG)-400 solution.
Chromatograms were documented in daylight and under
254 and 366 nm UV light with a CAMAG TLC Visualizer or
DigiStore Documentation system.[45]

Forensic analysis of cannabis

TLC was employed to attain detailed information on the age
and origin of cannabis samples with significance in forensic
analysis.[46] The absence of CBD and, if present, its ratio to
THC in petroleum ether or chloroform extracts were the
most useful criteria in origin assignment, and the apparent
CBN content reflected the sample age. TLC on
Chromogram silica gel polyester sheets with toluene mobile
phase in a non-equilibrated tank allowed reproducible single
sample analysis in 10min and two six sample analyses in

under 2 h. 2D TLC involving development of one sample
spotted in a corner of a plate with a second mobile phase
providing a complementary separation mechanism [toluene-
diethylamine (98:2)] at a right angle was used to obtain
extra resolved diagnostic spots for confirmation of sample
origin. For even better sample resolution, the unique
method “doubled 2D TLC” comprising application of one
sample at one bottom plate corner, development of the plate
to a center line of the plate with the first mobile phase,
application of a comparison spot at the corresponding
opposite bottom corner, turning of the plate through 180�

and development of the second spot up to the same central
line, then turning the plate back through 90

�
and develop-

ment of both spots in their second dimension with the
second mobile phase. Mobility of analytes was also changed
for better resolution in 1D and 2D TLC by impregnation of
silica gel plates with silver nitrate and DMF. Chromogram
was the brand name given to the Kodak prepared flexible
TLC plates with an especially thin layer (100mm). This TLC
plate worked best with sandwich chamber development,
which is rarely used today. Kodak no longer manufacturers
this plate, but this reference was kept in to demonstrate the
TLC techniques described for use with other available
TLC plates.

Dental deposits obtained using a toothpick covered with
a cotton swab soaked in a few drops of petroleum ether or
chloroform were analyzed to prove the consumption of can-
nabis. The swab was mechanically shaken for 30min. in the
presence of 5–10mL of benzene, and the extracts were
cleaned up on a microcolumn of Florisil eluted with ben-
zene. TLC was on silica gel layers impregnated with DMF
using cyclohexane mobile phase, and spots were located and
differentiated by spraying with 0.5% fast blue B in water-
acetone (1:1).[47]

A study to allow forensic chemists to know if materials
obtained from local plants were able to produce false posi-
tive results for cannabis when examined by TLC and fast
blue salt B visualization was carried out by analysis of pet-
roleum ether extracts of leaves, flowers, and stems prepared
from 118 species of plants indigenous to North Dakota
USA. The TLC system consisting of silica gel G developed
with chloroform-petroleum ether (6:4) produced chromato-
grams with no red, violet, or orange spots characteristic of
cannabis, so these plants did not produce a false posi-
tive reaction.[48]

Analysis with no required detection reagent and fewer
interferences in chromatograms was reported based on deri-
vatization of cannabinoids prior to TLC. Derivatization was
done by oxidative coupling of cannabinoids with 3-methyl-
2-benzthiazolinone hydrazine in the presence of acidic ceric
ammonium sulfate as the oxidant. Chloroform extracts of
the reaction mixture were spotted on Merck silica gel 60
plates that were developed in an unsaturated tank with ben-
zene-methanol (98:2) Characteristic colored patterns were
obtained for cannabis and standard cannabinoid derivatives
of D9-THC, CBN, CBD, and CBG in daylight. Certain spots
were also detected as fluorescent spots under 254 and
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366 nm UV light. Substances like henna, mace, and nutmeg
did not interfere.[49]

Lillsunde and Korte[50] devised a simple and selective
comprehensive system using TLC screening and GC-MS for
confirmation. It was used in the National Public Health
Institute, Department of Biochemistry, in Helsinki, Finland,
for screening yearly about 2,000 urine samples in misuse,
impaired driving, poisoning, and other forensic cases. About
300 drugs can be simultaneously detected, including 11-
nor-D9-carboxylic acid, which was extracted from urine with
n-hexane-ethyl acetate (7:1) after glucuronide hydrolysis.
TLC was carried out on Merck silica gel 60 aluminum plates
developed with n-hexane—1,4-dioxane-methanol (35:10:5)
and detection using 1% fast black K salt in water followed
by 1% aqueous sodium hydroxide.

Recording of morphological features plus two thin layer
chromatographic systems were used to determine cannabi-
noids present in forensic cannabis samples.[51] Merck silica
gel 60 F plates developed with hexane-ethyl ether (4:1) or
hexane-acetone (4:1) and detection with fast blue 2B in
methanol-water (1:1) provided separation and identification
of D8-THC, D9-THC, CBC, CBD, CBG, and CBN.

TLC and GC-MS MSD (mass selective detector) methods
were devised to allow criminalists to confirm the presence
of salvinorin A in a submitted plant material suspected to
be the psychoactive herb Salvia divinorum. Thirteen other
Salvia species and Cannabis salvia L were analyzed to test
the methods. Methanol-chloroform (1:1) extracts and stand-
ard salvinorin A standard were applied onto Whatman K6
60 F silica gel plates (Miles Scientific equivalent: Catalog No.
43911) and separated by development with ethyl acetate-
hexane (1:1) mobile phase. Salvinorins were detected as
pinkish-purple spots and D9-THC as a blue spot upon
spraying with vanillin reagent.[52]

A TLC method was designed for analysis of herbal can-
nabis (marijuana), resin cannabis (hashish or charas), and
liquid cannabis (hashish oil) for CBN, CBD, THC, and
THCA by forensic chemists. Sample extraction was by stir-
ring with petroleum ether, development of extracts and
standards was with petroleum ether-diethyl ether (8:2)or
cyclohexane-diisopropyl ether-diethylamine (52:40:8) on sil-
ica gel plates, and visualization of spots by spraying with
fast blue B salt reagent (50mg in 0.1M sodium hydroxide
solution). Quantification was by GC-FID with an OV-17,
SE-30, or OV-1 column.[53]

Optimum mobile phases for detection of THC, CBD, and
CBN in Cannabis sativa L on Merck silica gel 60 F 0.25mm
layer thickness glass plates were found to be petroleum
ether-diethyl ether (8:2), n-hexane-toluene-diethylamine
(15:5:1), and n-hexane-dioxane-methanol (7:2:1). Cannabis
plants were extracted by shaking with toluene or petroleum
ether, extracts and standards were applied with an autosam-
pler, and bands were detected by spraying with fast blue B
salt in 0.1M sodium hydroxide. GC separation of the three
compounds was also studied.[54]

The products of the colorimetric test reaction between
fast blue BB salt and D9-THC were identified by ESI(þ)-FT-
ICR-MS (positive mode electrospray ionization Fourier

transform ion cyclotron resonance MS), CID-ESI(þ)-MS/MS
(collision induced dissociation tandem MS), and UV/visible
(Vis)spectrometry. Silica gel TLC plates developed with
cyclohexane-toluene-diethylamine (75:15:10) mobile phase
and detection with fast blue BB salt revealed D9-THC, CBN,
and CBD as the three main cannabinoids in the forensic
marijuana samples analyzed. A mechanism was proposed to
justify the specificity of the colorimetric test for cannabinoid
identification.[55]

An inexpensive, reliable, and fast cyclic voltammetry
method was described to confirm TLC identification of illicit
marijuana. Hexane ultrasonic extracts of marijuana samples
and other fresh and dry leaves were applied to Sigma-
Aldrich flexible backed silica gel F plates; development with
hexane-acetone (9:1) separated D9-THC, CBD, CBN, and
other cannabinoids and components present in the plant
matter; and fast blue B reagent detected the spots that were
identified by comparison of Rf values to reference standard
spots on the same plate. D9-THC spots were scraped from
plates and eluted with DMF for investigation by voltammet-
ric analysis.[56]

Other papers cited in earlier and later sections of this
review describe TLC analyses that were applied to samples
that potentially can be of forensic interest.

Preparative thin layer chromatography (PTLC)

Cannabivarichromene, a new cannabinoid with a propyl side
chain in Asian hashish extract, was separated from other
cannabinoids by PTLC prior to determination of structure
by GC-MS. Extracts were applied to Merck silica gel G F
plates with 0.25mm layer thickness that were developed
with benzene in a chamber that had 10mL of 25% ammo-
nium hydroxide in a trough at the bottom. Alternatively,
cyclohexane was the mobile phase for DMF impregnated
plates. Visualization was under 254 nm UV light or by
spraying with fast blue salt B solution. Chromatograms
showed two unusual, intense cannabinoid spots besides the
major components D9-THC, CBD, and CBN.[57]

A quantitative analysis procedure for CBDA, cannabi-
chromenic acid (CBCA), THCA, and cannabigerolic acid
monomethyl ether (CBGAM) was established using PLC
and GC for a study of leaf age, season and sex of Cannabis
sativa L. plant material. Benzene extracts were applied to
Merck 20 � 20 cm silica gel PLC plates that were developed
with benzene mobile phase. Bands were scraped, and the sil-
ica gel powder was eluted with methanol to recover the sep-
arated compounds prior to their GC analysis.[58]

A study using PTLC suggesting the presence of cannabi-
noids within cannabis extract capable of inhibiting mito-
chondrial monoamine oxidase of human brain and liver,
especially the deamination of 2-phenylethylamine and ben-
zylamine, emphasized the potential of cannabis as a source
of therapeutically active agents. Silica gel G F PTLC plates
were used with toluene-chloroform-methanol (100:10:1)
mobile phase, and detection of separated fractions to be
scraped was made by viewing under 254 nm UV light.
Chloroform-toluene (10:1) eluents of the scraped fractions
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were developed on silica gel G F analytical plates with the
same mobile phase, and the presence of cannabinoids was
confirmed as purple spots produced by spraying with black
K salt ethanolic 1mg/mL solution.[59]

The section below on designer drug analysis contains
additional applications of PTLC.

Tlc-ms

TLC-MS using an Advion Plate Express extraction device
and Compact mass spectrometer was shown to be applicable
for cannabis detection in contraband material, detection and
quantification of pesticide contaminants, and characteriza-
tion of major cannabis components to provide adequately
labeled products that informed consumers can choose from
where it is legal to do so. Sample extracts were separated on
Merck silica gel 60 F plates with petroleum ether (60–80 �C)-
dioxane (8:2) mobile phase. The extraction device was
operated with a 200mL/min flow of methanol-formic acid
(99:1) and an extraction head area of 1 � 2mm.[60]

Analysis of urine

Marijuana use was determined by detecting D9-tetrahydro-
cannabinol-11-oic acid in urine by employing double devel-
opment TLC for identification based on its characteristic Rf

value and color after spraying the plate with fast blue salt B.
Sample preparation comprised enzymatic hydrolysis, extrac-
tion with anhydrous diethyl ether, and purification by treat-
ment with NaHCO3, followed by TLC in an alkaline and
acidic mobile phase sequence. Analtech silica gel G plates
were developed in turn with acetone-chloroform-triethyl-
amine (80:20:1) and petroleum ether-diethyl ether-glacial
acetic acid (50:50:1.5).[61]

A qualitative method developed for identification of the
urinary metabolite 11-nor-D9-tetrahydrocannabinol-9-car-
boxylic acid involved extraction onto a selective solid phase
extraction material (Bond Elute-THC) and TLC. Urine sam-
ples were hydrolyzed with sodium hydroxide, extracted by
SPE with elution using acetone, and treatment of the extract
with dichloromethane and hexane to remove water prior to
application with a capillary tube onto Merck silica gel 60 F
plates. The mobile phase was ethyl acetate-methanol-water-
concentrated ammonium hydroxide (12:5:0.5:1), and spots
were visualized following spraying with 0.5% fast blue BB in
methanol-water.[62] This SPE-TLC method [also called BPA
(bonded phase adsorption)-TLC], together with RIA (radio-
immunoassay) and GC-MS, was used to confirm the positive
cannabinoid results of 100 samples analyzed by EMIT
(enzyme multiplied immunoassay technique).[63]

Use of TLC for screening of abused drugs in urine was
reviewed, including cannabinoids such as D9-THC.
Advantages cited were low equipment cost, rapid analysis,
and simultaneous determination of several drugs and metab-
olites. Preliminary identification by TLC was confirmed
using more specific analysis by GC-MS.[64]

Anys Technologies developed the Toxi-Gram THC II-
Plus system for urine analysis in which a sample is applied

to a disc type SPE column located in a hole in a TLC plate
that is developed in n-heptane-acetone-glacial acetic acid
(50:50:1), Visualization is achieved by dipping the plate into
fast blue BB salt solution (0.1% in dichloromethane) and
then exposing the plate to ethylamine vapor. Using this
method, the THC metabolite 11-nor-D9-tetrahydrocanna-
binol-9-carboxylic acid was identified in urine.[12]

Duquenois-Levine, fast blue B salt, and p-dimethylamino-
benzaldehyde standard color tests were applied to the urine
of 102 male patients suspected of cannabis abuse, and the
results were confirmed by HPTLC. Extraction of urine was
done with ethyl acetate-isopropanol (85:15) after alkaline
hydrolysis at 60 �C and adjustment to pH 4 for 11-nor-D9-
tetrahydrocannabinol-9-carboxylic acid and with alkaline pH
maintained for CBD and CBN. A CAMAG Linomat band
applicator applied standard and sample solutions onto
Merck silica gel HPTLC plates, and a CAMAG Automated
Development Chamber (ADC) was used with ethyl acetate-
methanol-concentrated ammonium hydroxide (85:10:5) or
petroleum ether-diethyl ether (9:1) mobile phase. All tracks
on the plate were scanned at 278 and 350 nm with a
CAMAG TLC Scanner to obtain Rf values that were com-
pared against the on-plate standard compounds and the
built-in drug library in the scanner software to identify can-
nabinoid bands. Cannabis abuse was detected in 64 of the
patients. The HPTLC method was shown to be high
throughput, sensitive, reproducible, and cost effective com-
pared to available commercial kits, and it could easily be
adapted for quantitative analysis of the three target
cannabinoids.[65]

Analysis of hair

Hair samples of marijuana users were qualitatively analyzed
by TLC and quantitatively by GC-MS. Samples were
extracted three times for 2min each by sonication with
methanol-2-propanol (1:1), and the combined extracts were
spotted onto silica gel G F layers with a micropipet.
Separation was made by development with n-hexane-toluene
(1:1), and spots of D9-THC, CBD, and CBN were visualized
using fast blue B salt reagent and identified by comparison
to co-spotted standards. Amounts of the cannabinoids in
hair ranged from 0.25-2.82 ng/mg according to the validated
GC-MS method.[66]

TLC in the analysis of synthetic cannabinoids

Designer drugs, which are also termed new psychoactive
substances (NPSs), include compounds that are produced to
mimic the effects of cannabis. This section covers the appli-
cation of TLC in their analysis.

The cannabimimetic aminoalkyl napthoyl indole deriva-
tive JWH-018 was identified as an adulterant in an herbal
product being sold in Japan for its narcotic effect after isola-
tion by PTLC on Merck silica gel 60 preparative plates with
2mm layer thickness. Methanol extraction of the herbal
product was carried out by ultrasonication, and the mobile
phase was hexane-acetone (4:1). The detected zone was
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scraped from the plate and eluted with chloroform-methanol
(2:1) to give fraction 1. Repeated PTLC of this fraction with
hexane-chloroform (1:20) isolated JWH-018 as an off-white
solid that was identified by GC-MS, ultra-performance col-
umn liquid chromatography (UPLC)-ESI-MS, direct analysis
in real time (DART)-time of flight (TOF)-MS, and nuclear
magnetic resonance (NMR) spectrometry.[67]

Merck silica gel PLC plates with 2mm layer thickness
were also used in the identification of the phenylacetyl
indole JWH-251 and the naphthoylindole JWH-081 as
designer drugs in illegal herbal products with the use of GC
and UPLC coupled with MS and NMR spectrometry. The
mobile phase was hexane-ethyl acetate (4:1) for separation
of chloroform ultrasonic extract, and the portion of silica gel
layer containing the target compound was scraped and
eluted with chloroform-methanol (3:1) to obtain fractions 1
and 2. Each fraction was further purified by recycling pre-
parative HPLC to give the two compounds for analysis.[68]

The separation and identification of synthetic cannabi-
noids in herbal incense blends available in the U.S. (called
“K2”) was accomplished using methanol and combined
acid/base extraction of dried and crushed plant material
(flowers, stems, and leaves); Whatman silica gel 60 LK6DF
laned preadsorbent plates with 0.25mm layer thickness; and
toluene-diethylamine (9:1) and ethyl acetate-dichlorome-
thane-methanol-concentrated ammonium hydroxide mobile
phases. All 21 standard compounds studied exhibited UV
absorption at 254 nm (fluorescence quenching), and some
fluoresced white or yellow at 366 nm. In addition, the detec-
tion reagents fast blue B, fluorescamine, ninhydrin, 10% sul-
furic acid, iodoplatinate, 50% nitric acid, mercuric sulfate,
and 4-diethylaminobenzaldehyde were used to compare
standards to zones in sample extract chromatograms. HPLC,
HPLC-MS, and GC-MS applied to analysis of various com-
mercially available products identified the synthetic cannabi-
noids JWH-018, JWH-019, JWH-073, JWH-081, JWH-200,
JWH-210, JWH-250, CP47,487 (C¼ 8; cannabicyclohexanol),
RCS-4, RCS-8, AM-2201, and AM-694, along with other
noncannabinoic drugs including mitragynine (Kraton).
Whatman plates are no longer available commercially, but

plates equivalent to LKD6F are sold by Miles Scientific as
Catalog No. 44911.[69]

Spice is an herbal mixture with added synthetic cannabi-
noids that is smoked for euphoria. Three cases of “Space”
brand Spice use in the military were described, with TLC
used for urine analysis in two of them giving negative
results. Details of the TLC methodology were not given, but
its value for forensic analysis was made clear.[70] Figures 3
and 4 show chromatograms of spice on HPTLC silica gel
60 F plates developed with toluene-acetone-diethylamine
(85:10:3) mobile phase in a saturated (with filter paper, 33%
humidity) CAMAG ADC 2 Automatic Developing Chamber
and viewed under 254 and 366 nm UV light.

A research microcrystalline chemical advertised as the
cannabimimetic compound [(N-methylpiperidin-2-
yl)methyl]-3-(1-naphthoyl)indole (AM 1220), purchased via
an internet trading platform, assayed as pure AM 1220 by
GC-MS. However, when it was tested for purity by TLC,
two zones were obtained, and after isolation by PTLC and
high resolution MS and NMR spectrometry analysis, the
azepane isomer of AM 1220 was confirmed to be present.
Later, both substances were detected in several herbal mix-
tures purchased from different German internet shops. The
crystalline drug substance was dissolved in ethanol, and the
herbal mixtures were extracted by vortexing with ethanol.
Purity testing of extracts was carried out on Merck silica gel
60 F aluminum plates developed with cyclohexane-diethyl-
amine (9:1). Zones were detected after dyeing with iodopla-
tinate reagent. Isolation was done on Merck silica gel 60 F
glass plates with the same mobile phase followed by scraping
of zones detected on side lanes and elution with ethanol.[71]

The same PTLC layer, mobile phase, and detection
method were used in the structural characterization of the
synthetic cannabinoid 3-(1-adamantoyl)-1-pentylindole
found in several herbal incense products purchased from a
Dutch internet shop.[72] Samples were vortex extracted with
ethanol, and the major band after PTLC of the extract was
scraped and extracted for analysis by NMR spectrometry,
high resolution MS, and GC-MS/MS. It was found that the

Figure 3. Spice sample chromatograms viewed under 254 nm UV light.
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compound was mis-identified by GC-MS before applying
techniques that provided more structural information.

A study was carried out to isolate and identify any syn-
thetic cannabinoid disguised in claimed-to-be herbal scent
bags known as “Funky Green Stuff”, which are commercially
available in Kuwait. Potential synthetic cannabinoids were
extracted via percolating the content of the bag in methanol
followed by filtration. The extract was chromatographed on
Miles Scientific (formerly Analtech) 5 � 10 cm silica gel F
plates with 0.25mm layer thickness using the mobile phase
toluene-methanol-diethylamine (80:15:5). The main separated
compound was detected as an orange zone after spraying
with Dragendorff reagent. Flash silica gel column chromato-
graphic separation isolated this compound, and UV, IR, and
NMR spectrometry identified it as AB-FUBINACA.[73]

Chromatograms of some synthetic cannabinoids are
shown in Figures 5 and 6 on HPTLC silica gel 60 F plates
developed with n-hexane-dioxane-methanol (7:2:1) (as above
UN Solvent C[35]) viewed under 254 and 366 nm UV light

Summary and future prospects

AOAC International has launched the Cannabis Analytical
Standards Program (CASP),[74] a program dedicated to
developing standardized method performance requirements
(SMPRs) for cannabis testing. So far, four SMPRs have been
completed: cannabinoids in plant material, plant extracts,
and chocolate (edibles), and pesticides in cannabis plant
material. The Program will fully support the cannabis ana-
lytical community, including reference materials, proficiency
testing, education, training, and ISO (International
Organization for Standardization) 17025 accreditation as
applies to the analysis of cannabis and its constituents, as
well as hemp. The United States government still considers
cannabis a Schedule 1 controlled substance at the federal
level, but more than 30 individual states have been on their
own in crafting regulatory cannabis analysis systems for
medical programs or a recreational market. CASP is aimed
at harmonizing state cannabis analytical standards and
methods and developing globally-accepted consensus-based

standards and testing methods that are established and as
uniform as possible for use if the federal government moves
to legalize cannabis. It is expected that TLC methods will be
developed in the future to meet the AOAC SMPRs needed
for use in the cannabis and hemp industries not only in the
United States but worldwide, as well as the consensus meth-
ods being developed by organizations such as AOCS
(American Oil Chemist’s Society), USP (United States
Pharmacopeial Convention), and ASTM International work-
ing with scientists and stakeholder communities.[75]

Sampling and sample processing procedures that ensure
homogeneity, accuracy, and reproducibility will be required
for these developed analytical methods. The mechanisms for
sample processing were examined and compared for the opti-
mum preparation techniques for targeted analytes in cannabis
analysis, and cryogenic grinding was found to be one of the
best methods for the preservation of volatile compounds.
Further studies will be required to meet SMRP requirements
of different cannabis determinative methods.[76]

TLC will continue to be used in conjunction with column
chromatographic and spectrometric methods to identify new
cannabinoids found in extracts of cannabis[e.g.,77] and to
determine cannabis components or metabolites in urine as
confirmation of legal or illegal usage.[e.g.,78,79] 11-nor-D9-
THC-9-carboxylic acid is the major urinary target metabolite
analyzed by TLC to show cannabis usage, most often after
an alkaline hydrolysis at 60 �C prior to acidification and
extraction with solvents such as hexane-ethyl acetate or
by SPE.[80]

Terpenes (terpenoids) present in cannabis affect the fra-
grance and flavor attributes of a product, which may be
important in consumer preference. Other attributes of ter-
penes in cannabis products, including medicinal properties,
have not yet been assigned.[81] TLC has been widely used to
analyze terpenes in many types of plants used in traditional
natural medicines, e.g., phytochemical secondary metabolites
with potential to treat Alzheimer’ disease.[82] However, only
one TLC study of the analysis of terpenes in cannabis has
been published, i.e., chloroform extraction, separation on
silica gel 60 F plates with cyclohexane-acetone (1:1) mobile

Figure 4. Spice sample chromatograms viewed under 366 nm UV light.
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phase, and detection with vanillin reagent providing specific
colors for different compounds.[83] Many more papers are
expected to be published in the near future on cannabis ter-
pene TLC analytical methods comprising separation, deter-
mination of biological properties by coupled effect EDA
(TLC-direct bioautography), and identification of structures

by online spectrometric methods such as TLC-MS mostly
using commercial elution head interfaces as exploration of
their contributions to flavor, scent, health, and nutrition val-
ues of cannabis plants and products accelerates.[84] Figures 7
and 8 show chromatograms of terpenes and terpenoids in
fresh Cannabis sativa blossoms extracted by steam

Figure 5. Synthetic cannabinoid chromatograms viewed under 254 nm UV light.

Figure 6. Synthetic cannabinoid chromatograms viewed under 366 nm UV light.
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distillation, separated on silica gel 60 F plates using toluene-
ethyl acetate (95:5) mobile phase with chamber saturation
and 33% relative humidity, derivatized with anisaldehyde,
and viewed under white light and 366 nm UV light,
respectively.

Cannabis flavonoids (flavones, flavonols, flavanones, fla-
van-3-ols, isoflavones, and anthocyanidins) also affect flavors
and aromas, but no TLC analyses of them have been
published. Like terpenes, much analytical activity for their
separation, identity, and biological activity is expected.

Figure 7. HPTLC chromatograms of terpenes and terpenoids viewed under white light after derivatization with anisaldehyde reagent. Left to right: track 1 linalool,
track 2 mycene, tracks 3-9 Cannabis sativa blossom samples grown with different conditions.

Figure 8. The plate shown in Figure 7 viewed under 366 nm UV light.
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Chromatograms of flavonoids extracted with methanol from
dried Cannabis sativa leaves, separated on silica gel 60 F
plates by development with ethyl acetate-formic acid-water
(80:10:10) with chamber saturation and 33% relative humid-
ity, and detected with Natural Product reagent (2-amino-
ethyl diphenyl borate; NP) followed by a PEG overspray (as
discussed above, where now the PEG is sprayed on, an alter-
native to dipping the plate; such subsequent treatment is
used to either stabilize the visualization reaction or make it
more intense) are illustrated in Figure 9.
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