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ABSTRACT
Objective: The main objective of current study develop and validate HPLC method, rapid, precise, accurate and specific for the separation and
determination of paracetamol (PAR), theophylline (THE), amphetamine (AM), methamphetamine (MAM) and caffeine (CAF) in pure form and in
illegal formulations.
Method: This method is based on HPLC separation of the five drugs on ZORBAX ODS column (250×4.6mm, 5µ). The mobile phase was prepared by
mixing buffer (containing 1% of orthophosphoric acid 85% and 1% diethylamine 99%, pH 2.6), acetonitrile and methanol in the ratio 85:10:5 v/v/v.
The flow rate is 1.5 ml/min, with isocratic elution and UV detection at 210nm. The retention times of paracetamol, theophylline, amphetamine,
methamphetamine and caffeine were found to be at 3.67, 4.27, 5.44 6.72 and 8.40 min, respectively.
Results: The linear regression analysis data for calibration plots showed a good linear relationship over a concentration range of 0.39-100 µg/ml
for paracetamol, 0.78-100 µg/ml for theophylline, 1.5-100 µg/ml for amphetamine, 1.25-100 µg/ml for methamphetamine and 0.39-100 µg/ml
caffeine respectively. The mean values of the correlation coefficient, slope and intercept were 9996, 36.540 and -10.164 for paracetamol, 9999,
37.324 and -19.787for theophylline, 9998, 14.688 and -12.797 for amphetamine, 9995, 13.355 and 14.013 for methamphetamine and 1, 35.229 and
0.048 for caffeine. The method was validated as per the ICH guidelines. The limit of detection (LOD) and limit of quantification (LOQ) was 0.18 and
0.53 µg/ml for paracetamol, 0.21 and 0.63 µg/ml for theophylline, 0.788 and 2.365 µg/ml for amphetamine, 0.717 and 2.15 µg/ml for
methamphetamine and 0.22 and 0.66 µg/ml for caffeine.
Conclusion: The developed and validated HPLC method and the statistical analysis showed that the method is repeatable and selective for
estimation of the five studied drugs.
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INTRODUCTION
Paracetamol (PAR) (acetaminophen), N-(4-hydroxyphenyl)acetamide (Fig. 1) is one of the most popular and widely used drugs
for the treatment of pain and fever. It occupies a unique position
among analgesic drugs. According to a recent update of the
American College of Rheumatology (ACR) guidelines for
osteoarthritis, PAR remains a first-line therapy because of its cost,
efficacy and safety profiles [1]. Unlike non-steroidal antiinflammatory drugs, it is considered to have an anti-inflammatory
activity and does not produce gastrointestinal damage [1]. Unlike
opiates it is almost ineffective in intense pain and has depressant
effect on respiration [2]. PAR determined in combination with other
drugs by HPLC methods [3,4,5,6,7,8].
Theophylline (THE) has maintained an important role as a potent
and useful bronchodilator and used to treat asthma [9]. Chemically
name as 1,3-dimethyl-2,6-dione as shown in (Fig. 2). THE
determined alone or in combination with other drugs by HPLC
[10,11,12,13]. Amphetamine (AM) α-Methylbenzeneethanamine
(Fig. 3) is a potent central nervous system (CNS) stimulant of the
phenethylamine class) and is synthetic stimulant. The original drug
is called amphetamine but the group includes dextroamphetamine
(dexies), methamphetamine (, crystal, meth), and smokeable
methamphetamine (ice). These drugs, all of which have similar
effects, are available as tablets and capsules that can be taken
orally[14].
Methamphetamine (MAM) )-N,α-Dimethylbenzeneethanamine (Fig.
4) is a synthetic stimulant drug used for both medicinal and illicit
purposes. Like most stimulants, MAM may induce strong feelings of

euphoria and can be addictive. MAM is a popular recreational drug.
It increases alertness and energy, and in high doses, can induce
mental/emotional, enhance self-esteem, and increase sexual
pleasure[15].
AM and MAM were determined together or with another drugs by
Chromatographic
methods,
GC-MS
[16,17,18],
LC-MS
[19,20,21,22,23] and HPLC [24].
Caffeine (CAF) 1,3,7-trimetyl-1H-purine-2,6(3H,7H)-dione (Fig. 5) is
a central nervous system stimulant which is used both recreationally
and medically to restore mental alertness when unusual weakness
or drowsiness accurs. Dose of 200mg/day result in increased focus
and better general body coordination [25]. CAF has been determined
using, LC-spectrophotometer [26], spctrophotometric [27,28] and
HPLC [29,30,31,32,33].
According to our detalied literature survey as on date, there are no
HPLC methods avaliable for simaltenous determination of
amphetamine, methamphetamine, caffeine, paracetamol and
theophylline combination togther in any matirx either in formulation
dosage forms or in biological fluids. Thus, it is essential to develop a
suitable HPLC method, rapid, precise, acuurate, linear, a convenient
HPLC method and validiated according to ICH guidelines [34].

Fig. 1: Chemical Structure of Paracetamol (PAR)
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Preparation of standard stock solutions
The standard stock solution of PAR (100 µg/ml), THE (100 µg/ml),
AM (100 µg/ml), MAM (100 µg/ml), and CAF (100 µg/ml). were
prepared by transferring 10 mg of PAR, 10 mg of THE, 10 mg of AM,
10mg of MAM or 10 mg of CAF into 100 ml volumetric flask
containing 40 ml of methanol, sonicated for 5 min; and cooled to
room temperature. The volume was made up to the mark by
methanol to give 100 µg/ml to each standard as individual. The
stock solutions were stored at 2-8°C.
Fig. 2: Chemical Structure of Theophylline (THE)

Preparation of sample solution
Weight of ten tablet seized as group, were accurately weighed,
transferred to a clean and dry mortar and ground to fine powder. A
weight of the powder equivalent to one tablet content was
accurately weighed, then transferred to a clean 100 ml volumetric
flask, 40 ml of methanol was added, the mixture was then sonicated
for 10 min; and diluted to the volume with methanol. This solution
was filtered through 0.45µm pore size nylon filter membrane.
Instrument and Chromatographic conditions

Fig. 3: Chemical Structure of Amphetamine (AM)

HPLC system consists Agilent HP 1100 system equipped with an
auto sampler (Waldbronn Germany), quaternary pump, auto
injector, column compartment and photodiode array(PDA) detector
was used. The analytical column was ZORBAX ODS (250mmx4.6mm4µm), the mobile phase was (Buffer: Acetonitrile: Methanol in ratio
85: 10: 5 v/v/v). The mobile phase was filtered through 0.45µm
pore size nylon filter membrane with the flow rate was 1.5 ml/min,
isocratic elution and injection volume 10µl. The column temperature
was at room temperature, the UV- detection was at 210 nm
wavelength and the run time was 10 min.
Optimization of HPLC method

Fig.4: Chemical Structure of Methamphetamine (MAM)

Fig. 5: Chemical Structure of Caffeine (CAF)

All drugs were subjected to chromatographic analysis using mobile
phases of different pH, flow rate and different stationery phases. The
changes in the retention time, sensitivity and selectivity of all drugs
were noted as a function of changing mobile phase, pH and
stationary phase.
Initially methanol : water in different ratios were tried but
incomplete separation of peaks were observed, then acetonitrile :
water in different ratio was tried but splitting of CAF peak and low
sensitivity of AM were observed. Later acetonitrile and methanol
with buffer as (1%phosphoric acid 85% + diethylamine 99%) in
different pH were tried, the best results found at pH 2.6 then the
different ratios of buffer: Acetonitrile: Methanol were tried until get
the best separation, resolution, peak symmetry, selectivity and
sensitivity were in the ratio 85:10:5 v/v/v of mobile phase with flow
rate 1.5 ml/min on ZORBAX ODS column (250×4.6mm - 5µm) as
shown in (Fig. 6).
RESULTS AND DISCUSSIONS

MATERIALS AND MTHODS

Validation of the method

Reagents and Chemicals

Validation of the optimized HPLC method was carried out with
respect to the following parameters.

All solvents were of HPLC grade and Chromatographic-grade water
was produced by a Milli-Q system (Millipore, Billerica, MA). The
reference standards of PAR, THE were obtained as gift samples from
Saudi Food & Drug Authority and AM, MAM and CAF were obtained
from Lipomed AG, CH-4144 ARLESHEM, SWITZERLAND. Illicit
seized tablets obtained from Poison Control and Medical forensic
Chemistry center, Riyadh, KSA.
Preparation of buffer
The buffer solution consist of water containing 1% of
orthophosphoric acid 85%, 1% diethylamine 99% and adjust pH to
2.6.
Preparation of mobile phase
The mobile phase was prepared as mixture of buffer: acetonitrile:
methanol in the ratio 85: 10: 5 v/v/v. The mobile phase was filtered
on 0.45µm nylon filter.

Linearity and range
Linearity of the method was studied by injecting six concentrations
of drug prepared in the mobile phase in concentration range from
0.39 –100 µg/ml for PAR, THE and CAF and from 1.5- 100 µg/ml for
AM and from 1.25- 100 µg/ml for MAM in triplicate into the HPLC
system keeping the injection volume constant. The peak areas were
plotted against the corresponding concentrations to obtain the
calibration curves and the linearity data as recorded in (Table 3).
Precision
The precision of the method was verified by repeatability and
intermediate precision studies. Repeatability was performed by
analysis of three different concentrations six times on the same day.
The intermediate precision of the method was checked by studying
two different analyst on three different days [34] results were
recorded in (Table 1).
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Table 1: Results of precision for standard drugs
Drugs
PAR
THE
AM
MAM
CAF

Concentration
( µg/ml )
10
20
60
10
25
100
25
50
100
25
50
100
15
30
75

Repeatability (n = 6)
R.S.D%
0.119
0.179
0.411
0.226
0.219
0.107
0.975
0.415
0.379
0.983
0.401
0.222
0.296
0.196
0.204

Accuracy
Accuracy of the method was verified by studying recovery at three
different concentration for PAR, THE, AM, MAM and CAF, by
replicate analysis (n = 3). Samples of known concentration

Intermediate Precision (n = 6 )
R.S.D%
1.696
1.249
1.025
1.790
1.156
1.011
1.465
1.520
1.285
1.375
1.520
1.169
1.660
1.045
0.769

(reference standard solutions) were analyzed and the measured
values, from the respective area counts and calculate the measured
concentration of drugs and compared with the true values. The
results obtained from the determination of accuracy, expressed as
percentage recovery, were recorded in (Table 2).

Table 2: Results of accuracy for standard drugs
Drugs

Amount added (µg/ml)

PAR

25
50
100
10
25
100
10
20
60
15
30
75
25
50
100

THE
AM
MAM
CAF

Limit of detection(LOD) and limit of quantification(LOQ): The
LOD and LOQ were separately determined on the basis of standard
calibration curve. The residual standard deviation of the regression
line or the standard deviation of y-intercepts of regression lines was
used to calculate LOD and LOQ.

Amount found
(µg/ml)
24.60
50.50
103.00
9.90
25.15
101.00
10.20
20.20
58.80
15.08
30.06
75.75
25.5
49.00
97.00

Recovery %
98.40
101.00
103.00
99.00
100.60
101.00
102.00
101.00
98.00
100.50
100.20
101.00
102.00
98.00
97.00

Sensitivity of the proposed method was estimated in terms of Limit
of Detection (LOD) and Limit of Quantitation (LOQ). LOD = 3.3 SD/S
and LOQ = 10 S.D/S, where S.D is the residual standard deviation of
regression line and S is the slope of the line. The results of LOD and
LOQ obtained for studied drugs were recorded in (Table 3).

Table 3: System Suitability Parameters
Parameters
Linearity
Regression
equation
Correlation
coefficient
Retention time
Resolution

PAR
0.39-100 µg/ml
y = 36.54x- 10.16

THE
0.78-100 µg/ml
y = 37.33x-19.79

AM
1.5-100 µg/ml
y = 14.69-12.79

MAM
1.25-100 µg/ml
y = 13.36 + 14.013

CAF
0.39-100 µg/ml
Y = 35.23 + 0.05

R2 = 0.9996

R2 = 0.9999

R2 = 0.9998

R2 = 0.9995

R2 = 1

3.698

4.292
2.1

5.444
3.46

13439.80

13597.85

9959.53

18583.16

0.1451
0.734
0.21
0.63

0.1866
0.784
0.79
2.37

0.2694
0.627
0.98
2.95

0.2459
0.852
0.20
0.60

Theoretical
12814.54
plates*
Peak width
0.1309
Symmetry
0.791
LOD
0.18
LOQ
0.53
*Tangent Line Method

6.724
2.84

8.406
3.26
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CONCLUSION

Robustness of the method
The robustness of the proposed HPLC method was assessed by the
ability to remain unaffected by small changes in experimental
conditions. Change in flow rate by ± 0.2% and small changes in
mobile phase organic strength and in pH by ±2% has no significant
effect on chromatographic resolution.
Specificity
The specificity of the method was accessed from the chromatogram
where complete separation of PAR, THE, AM, MAM and CAF was
achieved. The peaks obtained were sharp, well separated at the
baseline as shown in (Fig. 6) and the resolution for all peaks more
than 1.5 as recorded in (Table 3).

RP-HPLC method of 10 min runtime was successfully developed for
the simultaneous determination of five drugs with good resolution
between all drugs more than 2 and shoes heigh degree of accuracy
and precision with less than 2% RSD. The method is simple,
accurate, rapid, precise and can easily use for routine analysis of the
five drugs in any formulated forms(tablets, capsules and powder)
and matrix.
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