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ABSTRACT

AIMS: In recent years, the field of identifying and quickly determining the number of narcotics,
including morphine, has grown significantly. This research aimed to provide a cheap, simple,
and fast method for the quantitative identification of morphine in street samples and biological
samples.

MATERIALS AND METHODS: This experimental research was conducted in the laboratory
of the Narcotics Department of the University of Police Sciences in the spring and summer of
2021. In this study, powder samples and urine samples containing morphine were tested to
measure the amount of morphine by scanning the densitometry of TLC plates. Silica thin layer
chromatography plates 60G F254 (Merck) and mobile phase including acetonitrile, methanol,
and ammonia (1:2:17) for performing TLC tests, chloroform, and -2 propanol with a ratio of
9:1 for extraction, Camag TLC Scanner 3 device with software WinCATS 1.4.2.8121 was used
for qualitative and quantitative analysis.

FINDINGS: This method showed a distinct and separated band for morphine at RF equal to
16.2 mm. The calibration curve with a correlation coefficient of 0.9887 showed a favorable
linear relationship between the area under the peak of morphine and the concentration of
spots in the range of 1-6 pg/spot. This method showed an acceptable detection limit, precision,
and accuracy for measuring morphine in street and urine samples.

CONCLUSION: Scanning densitometry thin layer chromatography is a rapid and inexpensive
screening method for the qualitative and quantitative analysis of morphine in the street and
urine samples.
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INTRODUCTION

In the past years, simple, cheap, and fast screening
methods to identify and measure illegal substances
have become very popular, especially the methods
that use fewer solvents in terms of less damage to
the environment. By reducing the consumption of
carcinogenic solvents or replacing them with less
dangerous types, green analytical methods are
safe for the people involved in the experiment and
the environment [1, 2]. Some important areas of
green analytical methods include sample
preparation, miniaturization of analytical
instruments and reduced generated waste, and
use ofappropriate methods for waste management.
Therefore, nowadays, methods that require small
amounts of solvents for sample preparation and
also allow for their miniaturization are of great
interest. Despite their figures of merit for real
samples with complex textures, gas or liquid
chromatography methods are time-consuming
and expensive and require highly skilled users.
The thin-layer chromatography (TLC) method can
be a suitable alternative when we need a fast,
simple, and cheap separation. Thin-layer
chromatography plates have good resolution and
reproducibility for material identification and by
simultaneously analyzing a group of samples on
paper can reduce the cost of testing and save time
and consumption of chemicals. In thin-layer
chromatography analysis, sample preparation is
simple, and it is possible to analyze dirty,
suspension, and cloudy samples directly. This
technique can also be used for the simultaneous
measurement of multicomponent samples.
Compared to the qualitative application, the
quantitative applications of TLC are limited. This
is partly due to the difficulties in collecting the
analytical signals of standards and samples for
calibration curves [3, 4]. However, with the
advances in the field of image-based detections [5,
6], the processes of using this technique have
increased in recent years. Densitometry can be
used to increase sensitivity and quantitative
measurements. This way, the chromatogram of a
sample and the UV spectrum of each of the
revealed peaks will be available. Due to the
cheapness and availability of thin-layer
chromatography analysis for small laboratories,
TLC imaging techniques can be used for
quantitative measurements with high accuracy
and precision. The general process for quantitative
use of the thin-layer chromatography technique
involves the separation of analytes on commercial
TLC plates, the detection of separated spots by UV
light irradiation or chromogenic reagents or
digital cameras, and the use of imaging software
(usually based on the RGB system) for each spot to

obtain an analytical response. [7, 8]. The following
examples illustrate the utility of thin-layer
chromatography for quantitative measurements.
TLC densitometry method and TLC image analysis
were studied to measure the amount of
sibutramine in slimming herbal products, and the
detection limit of 190 ng/band and 634 ng/band
for sibutramine was reported, respectively [9].
Measuring the amount of sibutramine in plant
samples with both methods has shown that the
thin-layer chromatography image analysis method
and the thin-layer chromatography scanning
method are comparable. TLC densitometry
method for measuring remdesivir and favipiravir
drugs in pharmaceutical products as well as
human serum has been reported with a detection
limit of 0.12 pg/band and 0.07 pg/band,
respectively, and according to the indicators of
solvent consumption, reagents, and energy and
the amount of bypass and potential risks has been
introduced as a green analytical method [10]. Also,
this method for measuring the amount of
loratadine in pharmaceutical samples with a
detection limit of 61 ng/band has been reported
as a sensitive, reproducible, and selective method
in the presence of loratadine degradation products
[11]. The chemiluminescence reaction of morphine
with potassium permanganate reagent after
separation from the sample on thin layer
chromatography paper and its analysis using a
smartphone camera has been used to detect
morphine and make a cheap and simple sensor
quantitatively. To perform a chemiluminescence
reaction, potassium permanganate reagent has
been used on morphine stains on thin layer
chromatography paper and recorded light emitted
by a smartphone camera and the test factors
affecting the method’s sensitivity have been
optimized [12]. The sensitive and selective method
of thin layer chromatography along with the digital
imaging process has been wused for the
simultaneous measurement of catecholamines
such as  dopamine, epinephrine, and
norepinephrine in related medicinal products. To
study the desired compounds quantitatively, after
chromatographic separation, the plates were
sprayed with a 0.02% solution of 2, 2- Diphenyl
-1-picrylhydrazyl radical (DPPHe) in ethanol, and
then, the scanner tool of thin layer chromatography
plates have been used for quantitative detection of
chromatogram spots [13]. Thin-layer
chromatography combined with paper spray
ionization mass spectrometry has been used to
analyze cocaine and its additives (caffeine,
benzocaine, lidocaine, and phenacetin). Sensitivity
and selectivity have been optimized by studying
different detergent phases. To improve these
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figures of merit, TLC spots have been identified by
paper spray ionization mass spectrometry. Due to
its high sensitivity, selectivity, and speed, the
method can be used in quantitative legal analysis,
especially for synthetic substances such as LSD,
the dosage of which is verylow [3]. For quantitative
purposes, using the thin layer chromatography
method, the use of plates made by industrial
processes is recommended because they show
more accuracy in inhibition factors, and the color
intensity of the resulting stains is obtained by
using them repeatedly. These factors lead to better
analytical efficiency. However, ready-made thin-
layer chromatography plates can be expensive,
depending on the nature of the analysis. On the
other hand, laboratory-made chromatographic
plates do not meet the requirements for efficient
quantitative detection [14]. Morphine, as the main
opium alkaloid, has toxic and medicinal properties
and affects the central nervous system by acting
on opioid receptors, and as it is widely used for
treatment, it is also abused. Morphine is also
known as one of the metabolites of heroin.
Although morphine is widely used as an analgesic
drug, on the other hand, it has a high addictive
potential, and its use can lead to psychological and
physical addiction. Also, consuming too much of it
may cause poisoning. According to the findings,
the two important principles of the amount of
substance remaining in the body and the time of
the test are very important for the quick and
accurate diagnosis of drug abuse [15]. Morphine
consumption usually results in the excretion of
morphine (often in conjugated form), possibly
with a small amount of codeine, which results
from the methylation of morphine in the metabolic
process. Street morphine contains some codeine
powder; morphine is extracted from opium, which
contains 10 percent morphine and half percent
codeine. Therefore, the consumption of street
morphine can lead to the excretion of morphine
and codeine in the urine. In addition, the use of
codeine in the form of a medicinal product in
addition to codeine (conjugated) can lead to the
excretion of morphine in the wurine as
O-demethylation is one of the proven metabolite
pathways of codeine to morphine. Therefore,
morphine may also be in the urine of codeine
users. Therefore, although morphine and codeine
can be in the urine of a person who has consumed
medicinal morphine, street morphine, and
medicinal codeine, measuring the amount of
morphine and codeine in a person’s urine sample
can determine which substance was consumed
[16]. Therefore, it is very important to choose
analytical methods that can identify and measure
morphine in pharmaceutical and biological
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samples or illegal substances quickly and with the
necessary accuracy and sensitivity.
Radioimmunoassay methods are one of the
common methods to identify morphine.
Although, these methods can determine the
concentration of morphine in the ng/ml range,
but they have less selectivity. Modern analytical
methods generally include chromatographic and
spectrometric  techniques. High-performance
liquid chromatography [17], electrophoresis-
mass spectroscopy, and gas chromatography [18,
19] have been applied to analyze opium alkaloids,
including morphine, in biological and non-
biological samples. Despite the high sensitivity
and resolution, these methods are costly, time-
consuming, and require highly skilled users.
In addition, various methods have also been
presented as rapid tests. Although these methods
are fast, they produce false positive results in
the case of impurity in street samples or drug
interference in biological samples. For this reason,
the positive result of these methods should be
confirmed by chromatographic methods [20].
As mentioned, the instrumental methods of
chromatography and mass spectrometry are
costly. Therefore, simpler methods, such as thin-
layer chromatography, can be suitable options.
Considering that the morphine samples seized
by the police have various impurities, a TLC
densitometry scan is a simple and cheap method to
determine the amount of morphine in them. Also,
this method can be used to measure the amount of
morphine in biological samples such as urine for a
definitive diagnosis of morphine abuse. Therefore,
the aim of this study was a rapid quantitative and
qualitative analysis of morphine in the street and
biological samples using densitometry scan of thin
layer chromatography.

MATERIALS & METHODS

The current research, using the experimental
study method of laboratory type, dealt with
the rapid qualitative and quantitative analysis
of morphine in the street and biological
samples using densitometry scan of thin layer
chromatography*. This research was done in the
spring and summer of 2021 in the laboratory of
the Narcotics Department of the Police University.
Chemicals (methanol, ammonia, acetonitrile) with
analytical degree of purity were purchased from
Merck Company. Standard morphine, codeine,
acetaminophen, and caffeine were obtained from
Temad Pharmaceutical Company, and its standard
solution was prepared with a concentration
of 5 mg/ml in methanol. Solutions with lower
concentrations were prepared daily by diluting
the standard solution in methanol to draw the
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calibration curve. Silica thin layer chromatography
plates 60G F254 in dimensions of (10x20) cm
were prepared from Merck Company. Sampling
of standard solutions and samples was done on
paper by NANOMAT4 Camag. Sampling on the
screen was done by spotting etude. The distance
from the bottom edge of the paper as well as the
distance between the spots, was considered 10
mm. In this way, 19 samples were placed on each
paper. The paper was placed at room temperature
in a glass tank with a metal lid (Camag) containing
ammonia, methanol, and acetonitrile in a volume
ratio of 17:2:1, which was saturated with the
mobile phase for 20 minutes [21]. Investigations
showed that this volume ratio is the most
appropriate ratio of the mentioned solvents for
separating opium alkaloids. After advancing the
solvent by 9 cm, the paper was removed from
the tank and dried at room temperature for 15
minutes. Under these conditions, the spots related
to opium alkaloids, including morphine, codeine,
noscapine, and papaverine, and additives such
as caffeine and acetaminophen were separated
on thin chromatography paper. Densitometry
scanning of chromatography papers was done
using Camag TLC Scanner 3 with WinCATS
1.4.2.8121 software. The spots were scanned by a
scanner with a wavelength of 290 nm. The scanner
was used for optimal maximum light with a length
0f 3.00x0.30 mm, scanning speed of 20 mm/s, and
data resolution of 100 um/step. The spectrum of
each peak was recorded in the range of 190-400
nm, with gap dimensions of 6.00x0.30, scanning
speed of 100 nm/s, data resolution of 1 nm/step,
and a reference spectrum of x=24mm and y=8mm.
The UV absorption spectrum of morphine using a
TLC scanner is shown in Figure 1.
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Figure 1) UV absorption spectrum of morphine
using a TLC scanner for a concentration of 5 pg/spot

Preparation of urine sample for morphine
measurement: The International Institute on Drug
Abuse has announced the limit of measuring morphine
in urine at 300 ng/ml [22]. Therefore, the method
should have a practical detection limit for measuring

this concentration in urine. To measure morphine
in urine by scanning thin-layer chromatography,
an extraction step was performed to prepare and
concentrate the sample. For this purpose, the hydrolysis
of 40 ml of urine sample was done by adding 4 ml of
hydrochloric acid and placing it in a boiling water
bath for one hour, and then the pH of the sample was
adjusted by adding sodium hydroxide to reach pH=8.5-
9, and then extraction was done in the decanter using
40 ml of the combination of chloroform and -2propanol
(1:9) solvents. After drying, the extract (organic phase)
was dissolved in 0.5 ml of methanol, and then spotting
was done from this solution [23]. Four samples were
prepared in the concentration range of 400 to 600 ng/L
to draw the calibration curve by adding morphine to
the urine sample. The sample preparation steps for all
standard samples were done similarly. After spotting
with a volume of 10 microliters, separation was done
on thin-layer chromatography plates and according to
the conditions mentioned earlier, the scanning plates
and the inner morphine peaks were drawn based on the
concentration of morphine in the standard samples.
Ethical Permissions: Ethical permissions were
followed at all levels of the research. All the
experiments were done in the same standard
conditions, and there was no interference from the
researchers in the stages of the research.
Statistical Analysis: After separation with thin
layer chromatography plates and densitometry
scanning, the results were analyzed with WinCATS
1.4.2.8121 and Excel 2013 software.

FINDINGS

RF values were obtained using the morphine
standard (16.2 mm). Morphine standard solutions
with a concentration of 500 pg/ml were made
from the initial standard solution in methanol.
For the calibration curve, 500 pg/ml standard
solution from 2 to 12 pl was spotted on the
chromatography paper to obtain a concentration
range of 1-6 pg/spot of morphine. Each standard
solution was spotted three times on the paper,
and the calibration curve was drawn in terms
of the average area with the inner peaks and
different concentrations of standard spots (ug/
spot). A good correlation was observed between
the concentration of morphine and the peak. The
regression equation y=4049.21+238.65x with a
correlation coefficient of 0.9887 was obtained for
the standard spotted sample (Figures 2 and 3).
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Figure 2) The spectrum of morphine in the RF range
of 12 to 19 mm on a thin layer chromatography plate
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Figure 3) The spectrum related to the separation of morphine
in the RF range of 12 to19 mm and codeine in the RF range of
23to 31 mm on the thin layer chromatography plate

The accuracy of the TLC scanning method for
the measurement of morphine was investigated
by conducting reproducibility studies for three
different concentrations in the linear range of the
calibration curve and RSD of less than 6% was
obtained with three repetitions (Table 1). Also,
the accuracy of the TLC scan analysis method was
checked by measuring the samples added with
morphine in three different concentrations, and
the recovery percentage was obtained from 96.9 to
104.5 (Table 2). The method’s detection limit was
calculated according to the slope of the calibration
curve of 0.2 pg/spot. Investigations showed that
the presence of codeine, acetaminophen, and
caffeine in the samples does not interfere with the
measurement of morphine because their bands
are well separated from morphine on a thin layer
of chromatography paper. A mixture of codeine,
acetaminophen, and caffeine powder was used to
prepare samples similar to street samples. Then
morphine standard was used to add morphine
with different concentrations to them. The

EfteKkhari et. al.

samples were dissolved in methanol, and after
making up to volume, they were again diluted
with methanol to fall within the range of the
calibration curve and the spotting, separation, and
scanning steps were performed similarly to the
standards. Finally, the amount of morphine was
calculated according to the calibration curve and
the dilution rate. The recovery rate of morphine
for the added sample similar to the street sample
was 95% with a standard deviation of 5.9%.
Morphine measurement in urine sample: To
measure morphine in the urine sample, samples
were prepared in the concentration range of 400
to 600 ng/ml according to the mentioned method.
The findings showed that the calibration curve
with a correlation coefficient of 0.9796 shows
an acceptable linear relationship between the
concentration of morphine in standard samples
and of that in the under-peak area related to
morphine. The RSD for three replicates of the
standard sample with a concentration of 500 ng/
ml was less than 7%. The urine sample containing
morphine (500 ng/ml) was calculated according
to the test method of standard test samples and
using the calibration curve based on which the
recovery percentage was 94.6%, with a relative
standard deviation of 5.8%.

Table 1) Checking the accuracy of the method by determining
the amount of morphine in different concentrations with3
repetitions

i 0,
Sample number By RS

(ug/spot) n=3

1 1 4.6
2 5.0

3 4.9

Table 2) Checking the accuracy of the method by measuring
morphine in standard samples with specific concentration

Average recovery

Sample Density Recovery
number (na/spot) percentage [PERECTIETS
(M+SD)
1 96.9
2 2 102.8 101.4+5.8
3 3 106.7
DISCUSSION

This study aimed to use the TLC densitometry
method for qualitative and quantitative
identification of morphine. Compared to
chromatographic methods, which have higher
sensitivity and are more efficient for measuring
morphine in lower concentrations [24, 25],
the densitometric thin-layer chromatography
method is considered cheap and fast. Because
gas chromatography or high-performance
liquid chromatography methods, especially
when coupled with mass spectrometry, have
lower detection limits but are expensive and
time-consuming. The densitometry scan of thin
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layer chromatography method has been used
to quantify morphine in herbal drug containing
opium. In this method, the detection limit of
0.498 ug/spot and the recovery percentage of
99% for morphine have been obtained [26],
which is comparable to the results obtained
for the measurement of morphine in samples
similar to street samples in the present research.
In another study, high-performance thin-layer
chromatography with a diode array detector along
with an optical fiber was used to simultaneously
identify morphine and other analytes, which is a
very suitable method for the rapid screening of
samples. However, quantitative measurement of
morphine was not done [27]. The findings showed
that with this method, it is possible to measure
morphine in urine in the concentration range of
300 ng/ml with appropriate reproducibility and
an RSD of less than 7%. Although the thin-layer
chromatography method is used for qualitatively
detecting morphine in some addiction diagnosis
laboratories, the amount of morphine in the
sample can also be measured using a densitometry
scan of thin-layer chromatography. It is also
possible to simultaneously analyze morphine and
codeine, and also other opium alkaloids. In this
method, the amount of RF for codeine is 26.9, and
the peaks related to the TLC densitometry scan are
not identical to the peak of morphine; therefore,
a simultaneous measurement of morphine and
codeine is easily possible. Densitometry scan of
thin layer chromatography can be used at low cost
as a suitable confirmatory method for samples
that are positive in strip tests. Also, due to the
sensitivity of the study method, it can be used as a
simple and quick method to measure the amount
of morphine in the samples recorded by the police
and urine samples. It is suggested that this method
be used to determine the profile and classification
of street morphine and opium samples in future
research. Due to the illegality of buying and
selling morphine, there were limitations on the
preparation of morphine street samplesand ethical
considerations in the preparation of biological
samples containing morphine for analysis.

CONCLUSION

Substance analysis using thin-layer
chromatography is one of the cheapest and
simplest laboratory identification methods that
can be used to identify morphine in police samples,
biological samples as well as pharmaceutical
products, especially in laboratories with low
equipment facilities.

Clinical & Practical Tips in POLICE MEDICINE:
In this study, an attempt has been made to use

the TLC densitometry technique for simple, cost-
effective separation, capable of analyzing several
samples simultaneously and in parallel that
this technique, in addition to quick and simple
detection (qualitative), can measure the amount
of morphine (quantitative) in biological and police
samples.
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