Journal of Advanced Sciences and Engineering Technologies (2021) Vol 4 No1,23 -30

ISSN: 2617-2070 (Print) ; 2617-2070 (Online)
Journal of Advanced Sciences and Engineering Technologies
Available online at: http://www.jaset.org

Simultaneous HPLC estimation
of Amphetamine and Caffeine
abuse drugs in Iraqi human
addicts

Rulla Sabah
Mustansiriyah University/College of
Science/Chemistry Departmen/Iraq
Email*: Rulla_sabah_2004@yahoo.com ,
rulla_sabah77@ uomustansiriyah.edu.iq

Copyright © 2018 by author(s) and This work is
licensed
under
the
Creative
Commons
Attribution
International
License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

Open Access

Advanced Sciences and Engineering

DOI:http://dx.doi.org/10.32441/jaset.04.01.02

Journal of

Article history:
Received
01.March 2021
Accepted
01.April 2021
Available online 01 May 2021

Advanced Sciences and Engineering Technologies

ARTICLE INFO

Journal of

Caffeine, HPLC
Simultaneous determination.

Technologies

Keywords
Abstract
The main aim of this research is to establish and validate a high
performance liquid chromatography (HPLC) process for the
separation and estimation of Amphetamine (AM) and Caffeine
(CAF) in its illegal formula and in sera of addicts. This method is
established on the HPLC separation of the two drugs on the
ZORBAX ODS column (250×4.6×5µm particle size). The mobile
phase contained 1% ortho-phosphoric acid 85% and 1%of diethyl
amine 99%, acetonitrile and methanol ratio was 85:10:5 v/v/v.
The flow rate is 1.2 mL.min-1, buffer value pH of 2.5 via isocratic
elution also UV detection at 210 nm. The retention times for the
two drugs AM and CAF were obtained at 4.425 and 6.456 min,
respectively. The calibration curves founded that the linear
regression analysis data gave a good linear relationship for the
concentration range 1 to 100 µg.mL-1 for AM and CAF. The values
achieved for correlation coefficient, slope and intercept were
9999, 8104.2 and 5012 for AM and 0.9999, 9698.5 and 6342.9 for
CAF, whereas the LOD and LOQ was 0.51, 1.64 µg.mL-1 for AM and
0.60, 1.32 µg.mL-1 for CAF
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1. Introduction
Amphetamine (AM)-Methyl benzeneethanamine
Fig.1 has a stimulant effect on the central nervous
system (CNS) and it also a stimulant of the
phenethylamine type. Amphetamine is a synthetic
original drug that includes dextro-amphetamine
(dexies), methamphetamine which called crystal
or meth and it can be taken by smoking and
injection [1, 2]. These drugs, which have the same
effects are obtained as powder, tablets also
capsule that can be used orally [1]. Caffeine (CAF)
1,3,7-trimethyl-1H-purine-2,6
(3H,7H)-dione,
Fig.2 is a stimulant for the central nervous system
and used medically to get back mental alertness
when drowsiness occurs or unusual weakness.
The 200 mg/day dose caused raised focus also a
feeling better [3, 4 and 5]. The effective material
in each drug was differed in their weight and
structure; furthermore, their action and the
primary illegal drugs are opiates, primarily
heroin, cocaine, cannabis as well as amphetamine
type stimulants like amphetamines and
methamphetamine[6]. The world's most widely
used drugs include nicotine, caffeine and alcohol,
which are considered recreational drugs because
they are used for pleasure and enjoyment rather
than medicinal purposes. [7, 8] Common opiates
such as morphine, cocaine and heroin are either
fully synthetic or semi-synthetic alkaloids to
imitative the action of a natural alkaloid opiate
CAF has been determined using, LC,
spectrophotometric and HPLC [9, 10, 11]. Abuse
drugs can be detected by several analytical
techniques such as ultraviolet, visible,
fluorescence spectrophotometry [12, 13, 14],
mass spectrophotometry (MS), TLC, NMR, gas and
liquid chromatography with different detectors
which apply to a broad range of compounds of
interest
to
toxicologists,
pharmaceutical,
environmentalists and clinicians.[15,16,17]

Figure1: (a) chemical structure for AM,
(b) chemical structure for CAF

2. Chemicals and materials
2.1. Addicts biological life specimens
The application of this study were performed
on a 60 addicts samples with an age ranged
between 25-45 years selected from Ibn
Rushd Hospital-Baghdad city, all were heavy
smokers, which are divided into three groups,
each group consisting of 30 addicts to 30
healthy as a control group. Addicts groups
were classified to AM addicts (30 samples)
and CAF addicts (30 samples). The blood
samples were transferred into a gel tube left
at room temperature for clotting, then
centrifuged the samples at 3000 rpm for10
min in order transferred the serum samples
to a sterile tube, they stored at -20°C until
assayed time.
2.2. Buffer Preparation
The buffer solution contains water and 1%
diethyl amine 99%, 1% ortho-phosphoric
acid 85%, then adjusts pH to 2.5[18].
2.3 Mobile phase Preparation
A mixture of buffer and mobile phase is
prepared: acetonitrile: methanol in the ratio
85: 10: 5 v/v/v. Then the mobile phase was
filtered by using 0.45µm nylon filter.AM and
CAF stock solutions Preparation The 100
µg.mL-1 concentration of AM and CAF
standard stock solution was immediately
prepared via dissolving 10 mg of AM or 10 mg
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of CAF into a 100 mL volumetric flask, then
the volume was competed with methanol. The
standard mixture which contained 10 μg.mL-1
of each drug was prepared also by mixing,
then completing the volume with methanol.
2.4 Instrument and Chromatographic
conditions
A Shimadzu, Kyoto, Japanese HPLC system is
used, the analytical column was ZORBAX
ODS (250×4.6×5µm particle size), Solvent
reservoirs of 1000 mL capacity constructed
from glass bottle were used. The HPLC
system is equipped with a Shimadzu
injection valve for manual sample injection
with a 10 internal capacity sample loop.).
The mobile phase containing Buffer
(pH2.5): Acetonitrile: Methanol the ratio
was 85: 10: 5 v/v/v., was filtered using a
nylon filter membrane of 0.45µm pore size
with isocratic elution mode at flow rate of
1.2 mL.min-1 and 10µL injection volume at
column temperature of 25°C and using the
UV-detector at wavelength 210 nm, the run
time was about 8 min. In order to prevent
the foreign particles to go through the
column which may cause damage to the
pump, also the active sites in the column
might be pollute and decreases the column
lifetime, a 0.45µm mesh pore size sterile
syringe filters were used which give an
important advantage that the analysis not
requires the difficult and so complex step of
pre-extraction of the drugs in the biological
samples which may cause an errors in the
result, also it needs several solvents and
2.5 Optimization of HPLC method
The two drugs AM and CAF were tested for
chromatographic analysis by using different
stationary phases, mobile phases with
different pH and different flow rates. The
retention time change, sensitivity and

selectivity of each drug needed to change the
ratio of mobile phase, pH, flow rate, and
stationary phase. Methanol and water were
used in diverse ratios but the peaks
separation was incomplete notice, then
acetonitrile and water were tested as a
mobile phase in different ratios but low AM
and CAF sensitivity were noted. The
acetonitrile: methanol with buffer containing
1% phosphoric acid 85% and diethyl amine
99% at special pH were tested to get the best
separation, pH 2.5 was showed the best
results at different ratios of Acetonitrile:
Methanol: buffer which give the best
separation, symmetrical peaks, a good
resolution, selectivity and sensitivity were by
using the ratio 85:10:5 v/v/v of mobile phase
at 1.2 mL.min-1 flow rate Figure. 4.
3. Discussion of the results
3.1.Validity of the HPLC method
Proving the validity of the HPLC
optimization method was achieved with the
following parameters
3.1.1. Precision and Accuracy
Asymmetrical peak without tailing also at
constant tR was obtained via repeated three
more times off on research analysis. The
HPLC optimization method accuracy was
achieved by estimating the values of percent
relative error, RE % and precision was
estimate by calculated the percent relative
standard deviation RSD % values of each AM
and CAF studied drug. Three replicate
analyses for each AM and CAF drug at
concentrations of 4, 8, 15 and 25 µg.mL-1 were
tested which these concentrations were
within the range of linearity for each
drug.The results mention a suitable accuracy
also precision of this developed method [19].
Standard solutions were measured and
tested; calculate the practical drugs
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concentration then comparing with the initial
values added. The obtained results for the
estimation of accuracy and the percentage
recovery showed in Table 1. The analytical
merit data was obtained by using linear
regression first order equation for the
calibration curve, which represents the
relationship between analytic concentrations
µg.mL-1 versus peak areas [20].
The calibration curve for a series of standard
drugs solutions was prepared within the
eight different concentrations a range of 1 to
100µg.mL-1 for AM and CAF, Figure 2, 3 .
Moreover, the estimated of the accuracy
represented by percent relative standard
deviation RSD% and precision represented
by standard deviation S.D for this method
was achieved by examining three replicate
linearity data were recorded in Table 1, The
analytical data for the determination of AM
and CAF were showed in Table 2
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Table 2. Analytical data
determination of AM and CAF

for

Parameters

AM

CAF

Dynamic range, µg/mL
Regressionequation

1-100
y = 8104.2x +
5012
0.9975
0.9999

1-100
y = 9698.5x +
6342.9
0.9994
0.9999

8104.2
5012
829.3

9698.5
6342.9
935.7

0.307

0.289

1.023

0.964

Correlation R2
Correlation coefficient,
r
Slope, b
Intercept, a
Standard deviation of
Y-residual, Sy/x
limit of detection, LOD,
µg.mL-1
Limit of quantification,
LOQ, µg.mL-1

the

Table 1. : Precision and accuracy of
standard AM and CAF solutions via HPLC
method
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Figure 2. Calibration curve for AM using
the developed HPLC method
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Figure 3. Calibration curve for CAF using
the developed HPLC method
3.3 Chromatographic functions:
A symmetrical peak without tailing also at
constant tR was obtained via repeated three
more time off on research analysis. The
chromatographic functions calculated [21];
resolution, Rs, 4.513 and separation or
selectivity factor, α, 1.727 refers to acceptable
values via completely separation, Table 3,
Figure 4.

Table 3: Chromatographic parameters
obtained via HPLC method
Chromatographic parameters

AM

CAF

Retention time, tR min

4.425

6.456

Corrected retention time, tR' min

2.795

4.826

Number of theoretical plates, N

1958.06

1852.22

Effective number of theoretical

1388.80

1035.12

HETP, or H

0.1276

0.1349

Effective Height Equivalent to

0.1801

0.2415

Resolution, Rs

4.513

4.513

Separation factor, α

1.727

1.727

Figure 4: Chromatogram of AM and CAF
drugs mixture at 50µg.mL-1
3.4. Addicts’ samples analysis:

The developed HPLC method was applied
for AM or CAF estimation via 60 human
addicts in serum specimens collected
from Ibn Rushd Hospital patients, so this
method was effectively applied for
identifying the addictive persons on their
drugs and for follow up the addictive
person who under treatment, this
appeared
significant
peaks
also
concentrations for AM and CAF, as well as
other peaks for unknown compounds
found in these serum specimens, Figure 5.

plates, Neff

Theoretical Plates, Heff

Figure 5: Chromatogram of AM and CAF
drugs at addicts’ serum specimens
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The concentration of drugs in serum
specimens was calculated via the regression
equation of the calibration curve of each drug
which gives a highly significant increase for
the level of each drug AM and CAF either in
the serum specimens according to increasing
the mean of the dose taken by addicts, Table
4
Table 4: Analysis of AM and CAF in sera of
Iraqi addicts .
Dose

Mean ±SD

of

for conc of

P

AM in

value

CAF,
mg

serum

0.0001

250

26.11±2.75

AM
mg

serum

250

28.56±4.265

Dose

Mean ±SD

of

for conc

P

of CAF in

value
0.0001

9
500

86.50±5.981

0.0001

500

76.33±5.27

0.0001

9
1000

137.00±14.2
6

0.0001

1000

97.14±4.01

0.0001

8

CONCLUSION
This developed method gives good results
for simultaneous amphetamine and caffeine
estimation which combined together in any
matrix either in the pharmaceutical dosage
forms or in biological specimens. The
concentration of AM and CAF can be
estimated from serum specimens of addicts
and
determination
qualitative
and
quantitative of these drugs from biological
specimens
obtained
from
addicted
individuals taking different doses of these
drugs by a new simultaneous HPLC method
will be a benefit for developing new
treatments for AM and CAF addiction and
ensure compliance the addicts with medical
treatment during clinical therapy. Finally, It is
the potential to develop anther methods for
other drugs by using the RP-HPLC method.
This method with about 8 min runtime was
good for the estimation of AM and CAF with a
good resolution between each drug with high

accuracy and precision with less than 2%
RSD. The method is simple, accurate, precise,
rapid and can readily use for routine work in
any formulated form tablets, capsules and
powder and in biological samples.
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