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A B S T R A C T   

A novel and highly sensitive high-performance thin-layer chromatographic (HPTLC) method was developed and 
validated to quantify a combination of five pharmaceutical mixtures spiked to human plasma. The compounds 
comprised Amlodipine (AML) along with five angiotensin II receptor antagonist drugs (AIIRAs), namely Olme
sartan (OLM), Telmisartan (TLM), Candesartan (CAN), Losartan (LOS), and Irbesartan (IRB). HPTLC was per
formed on silica gel 60 F254 plates using a mobile phase of Toluene: ethyl acetate: methanol: acetone: acetic acid 
(6:1.5:1:0.5:1, v/v/v/v/v). In a pioneering move, a reflectance/fluorescence detection mode was employed to 
identify two concurrently administered drugs at different pH levels for the first time. This method utilized the 
same chromatographic system, incorporating a specific measurement for AML at a neutral medium to achieve its 
maximum fluorescence at a 360 nm excitation wavelength, and measuring emission using a 540 nm optical filter. 
The process involved obtaining a very low fluorescence response from AIIRA. Subsequently, to enhance AIIRA’s 
fluorescence, the plate was sprayed with perchloric acid to transition to a strong acidic medium, ultimately 
attaining the maximum fluorescence of AIIRA using various excitation wavelengths and a 400 nm emission filter. 
Through this strategic process, we could optimize the fluorescence signals of both drugs, thereby elevating the 
sensitivity of detection for this drug combination. AML demonstrated a linear range of 18–300 ng/band, while 
AIIRAs drugs exhibited a linear range of 6–150 ng/band. The method satisfied the International Conference on 
Harmonization (ICH) criteria for recovery, precision, repeatability, and robustness, showcasing exceptional 
sensitivity. The approach was successfully applied to quantify AML and AIIRAs drugs in both bulk drug and 
plasma samples, achieving high recovery percentages and minimal standard deviations.   

1. Introduction 

Hypertension is a leading contributor to cardiovascular disease and 
premature death on a global scale [1]. Various risk factors, including 
obesity, alcohol consumption, physical inactivity, high sodium intake, 
low potassium intake, and unhealthy diets, contribute to hypertension 
[1]. The treatment of hypertension primarily involves five main classes 
of medications: calcium channel blockers, angiotensin II receptor an
tagonists (AIIRAs), angiotensin-converting enzyme inhibitors, beta- 
blockers, and diuretics [2]. AIIRAs, such as Losartan (LOS), were 

introduced in the late 1990s and quickly followed by Irbesartan (IRB), 
Valsartan, Candesartan (CAN), Telmisartan (TLM), and Olmesartan 
(OLM) [2]. AIIRAs represent a significant advancement in hypertension 
management, and they are recommended as the first-line treatment 
according to World Health Organization (WHO) guidelines due to their 
low side effect profile, patient compliance, and therapeutic effective
ness, especially when compared to angiotensin-converting enzyme in
hibitors [3]. Calcium channel blockers (CCBs) are widely used in 
hypertension treatment and are considered the second-line treatment 
after AIIRAs [4]. CCBs are known for their lower side effects compared 
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to other antihypertensive medications and their effectiveness in 
reducing blood pressure [5]. 

Combining antihypertensive drugs can enhance overall treatment 
tolerance, especially when the pharmacological characteristics of one 
medication counteract the side effects of another [6]. This study focuses 
on the management of severe and resistant hypertension, including 
pseudo-resistance, secondary forms of hypertension, and appropriate 
pharmacological drug combination therapy [7]. Combining AIIRAs such 
as OLM, TLM, CAN, LOS, and IRB with CCBs like Amlodipine (AML) has 
been shown to effectively reduce and control blood pressure [8,9]. 
AIIRAs mitigate the risk of increased heart rate associated with AML and 
reduce peripheral edema, a common side effect [10]. The AIIRAs studied 
in this work contain tetrazole and imidazole rings, as well as an extended 
conjugated biphenyl moiety, responsible for their native fluorescence 
[11].While several analytical techniques, including spectrophotometry 
[12–17], spectrofluorometry [18–21] and square wave voltammetry 
[22–25], have been employed to determine these drugs, they were pri
marily applied to dosage forms rather than biological fluids. Chro
matographic techniques, specifically HPLC [26–30] and GC–MS 
[31–33], were explored for the simultaneous detection of AIIRA and 
AML mixtures. Despite their potential, HPLC methods involved 
cumbersome sample preparations, including solid-phase extraction 
[34,35]and liquid–liquid extraction [36,37]. In parallel, GC methods 
introduced complexity with intricate derivatization steps [38], compli
cating the analytical process. 

High-Performance Thin-Layer Chromatography (HPTLC) emerged as 
a promising alternative for drug analysis. Its exceptional resolution 
capability facilitated precise separation of complex mixtures, ensuring 
accuracy. HPTLC’s efficiency, cost-effectiveness, and simultaneous 
analysis of multiple compounds on a single plate heightened its appeal in 
pharmaceutical applications. Certain reports utilized HPTLC to detect 
mixtures of AIIRA with AML, employing Reflectance Absorbance mode 
for detection [39–43] and the application was limited to dosage forms, 

Notably, HPTLC in fluorescence mode exhibited remarkable sensi
tivity, allowing for the detection of drugs in biological fluids such as 
plasma with high sensitivity. This advantageous characteristic elimi
nates the necessity for complex sample treatments typically employed in 
HPLC when working with plasma samples, underscoring the practical 
utility of HPTLC in in-vivo analysis and pharmacokinetic studies[44,45]. 
The fluorescence intensity of the investigated AIIRA drugs reached its 
peak in a strong acidic medium. However, these stringent conditions, 
necessary for employing a fluorescence detector in their determination, 
cannot be applied in HPLC due to the potential damage they inflict on 
the stationary phase. Furthermore, the disposable stationary phase in 
HPTLC allowed for the use of drastic conditions, such as a strong acidic 
medium, enhancing method response and sensitivity—a capability ab
sent in HPLC. The Reflectance/Fluorescence mode was employed for 
individual AIIRA detection in plasma [46,47]. However, there was a 
great need for simple HPTLC method for simple simultaneous determi
nation of AIIRA with AML. 

The challenge stemmed from the unique fluorescence characteristics 
of the two drugs in the mixture, each reaching optimal intensity at 
different pH levels. AML showed maximum fluorescence in a neutral 
medium but underwent quenching in an acidic environment. On the 
other hand, AIIRA, the companion drug typically co-administered with 
AML, displayed peak fluorescence in a strong acidic medium but expe
rienced quenching in a neutral environment. This inherent divergence 
made achieving simultaneous detection under consistent conditions 
particularly challenging. 

However, we capitalized on a distinctive feature of HPTLC: its non- 
destructive nature. Unlike HPLC, where compounds are discarded in 
waste after separation and entering the detector therefore both com
pounds should be measured under the same pH conditions. Preserving 
the separated samples on the TLC plate allowed us to address the chal
lenge of measuring both compounds in the mixture at different pH 
conditions required to attain maximum fluorescence of each compound. 

This study aimed to develop and test a new fluorescence densitom
etry High-Performance Thin Layer Chromatography (HPTLC) system for 
their simultaneous determination for the first time. Unlike previous re
ports, which limited use to pharmaceutical formulations, the high 
sensitivity obtained from this current method allowed detection of the 
studied drugs in plasma samples. Time, solvents, effort, and expense are 
all advantages of the existing process. The conditions impacting the 
fluorescence of the studied drugs were investigated and optimized. Ac
cording to ICH criteria, the proposed approach was validated. 

2. Experimental 

2.1. Apparatus 

Data was collected using Camag-HPTLC system with a Linomat V 
auto-sampler and TLC Scanner III, as well as winCATS version 
1.4.4.6337 software (CAMAG, Muttenz, Switzerland). The source radi
ation for the reflectance/fluorescence scanning was high-pressure mer
cury vapor lamp. For the sample application, the Linomat was used in 
conjunction with a 100 mL Hamilton very precise syringe (Hamilton, 
Bonaduz, Switzerland) and a mild stream of nitrogen to allow the sol
vent to evaporate fast. The scanner’s slit dimensions were set to 3 0.45 
mm, and the scanning speed was set to 20 mm/s. The plates were 
developed in twin-trough chamber (27.0 x 26.5 x 7.0 cm, length x 
height x width; respectively Sigma-Aldrich, St. Louis, MO). The samples 
were prepared using an ultrasound bath device (Cole-Parmer, Chicago, 
IL) and Andreas Hettich GmbH centrifuge (Tuttingen, Germany). 

2.2. Chemicals and materials 

Olmesartan medoxomil was graciously provided by Chemipharm 
Pharmaceutical Co. (6th of October, Egypt). Telmisartan was sourced 
from Sigma Pharmaceutical Company in Qewaisna, Egypt. Candesartan 
cilexetil, losartan potassium, and amlodipine besylate were generously 
supplied by Global Napi Pharmaceutical Co. (6th of October, Egypt). 
Irbesartan was kindly supplied by Memphis Pharmaceutical Co. (Cairo, 
Egypt). 

The purity of the investigated drugs underwent testing through TLC 
measurements, yielding results exceeding 98.00 %. Toluene, ethyl ace
tate, methanol, acetone, and acetic acid were procured from El-Nasr 
Pharmaceutical Chemicals in Abo-Zaabal, Cairo, Egypt. 

2.3. Standard solution preparation 

A 1.0 mg/ml concentration of the analyzed drugs (OLM, TLM, CAN, 
LOS, IRB, and AML) was prepared by accurately weighing 10 mg of each 
drug. The drugs were then placed into a 10 ml volumetric flask con
taining 8 ml of methanol, followed by a 10-minute sonication. The 
remaining volume was completed with methanol to reach a final volume 
of 10 ml. Subsequently, stock solutions of each drug were diluted with 
methanol to create working standard solutions: (2, 4, 8, 15, 35, and 50 
µg/ml) for the studied AIIRAs drugs and (7, 14, 25, 40, 70, and 100 µg/ 
ml) for AML. 

A syringe was employed to apply a 3 µL aliquot of the prepared 
working solutions to the silica gel plate, resulting in final concentrations 
of (6, 12, 24, 45, 105, 150 ng/band) for the studied AIIRAs drugs and 
(21, 42, 75, 120, 210, 300 ng/band) for AML. 

2.4. Plasma samples preparation 

In an Eppendorf centrifuge tube from Hamburg, Germany, 150 µL of 
plasma sample was combined with 150 µL of a specific concentration of 
the investigated AIIRAs drugs and 150 µL of a particular concentration 
of AML standard solutions. Subsequently, the mixture underwent vortex 
mixing for 2 min. Following this, 300 µL of acetonitrile was added, and 
the mixture was vortex-mixed for 5 min. The final step involved 
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centrifugation at 14,000 rpm for 15 min at – 4 ◦C. The clear supernatant 
from each centrifuge tube was withdrawn and analyzed in accordance 
with the proposed method outlined under “Chromatographic condi
tions.” This procedure was repeated in six replicates for each concen
tration, employing three different concentrations to cover the linear 
range of each drug. 

2.5. Chromatographic conditions for the separation of the studied 
mixtures 

The mobile phase employed to separate the analyzed mixtures con
sisted of 10 ml of Toluene: ethyl acetate: methanol: acetone: acetic acid 
(6: 1.5: 1: 0.5: 1, v/v/v/v/v), saturated for 20 min at room temperature. 
AML was initially detected based on its maximum fluorescence, 
observed upon excitation at 360 nm and using a 540 nm emission optical 
filter. 

In contrast, the studied AIIRAs drugs exhibited their maximum 
fluorescence under strong acidic conditions, necessitating the plate to be 
sprayed with 0.2 M perchloric acid. Excitation wavelengths of 250, 300, 
260, 260, and 262 nm were applied for OLM, TLM, CAN, LOS, and IRB, 
respectively. A 400 nm emission filter was utilized to measure the 
emitted fluorescence. 

3. Results and discussion 

The studied AIIRAs and AML were effectively used in the manage
ment of hypertension, Fig. 1. As all the documented HPTLC methods for 
the simultaneous determination of the studied AIIRA with AML were 
with UV detection, there is a pressing need to create a new HPTLC 
method with fluorescence densitometry for the determination of the 
studied mixtures. This current work provides a simple, quick, and sen
sitive method for simultaneous determination of AML and the studied 

Fig. 1. Chemical structures of the studied drugs.  
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AIIRAs “using fluorescence detection” in spiked human plasma. The 
present method is highly sensitive since all of the reported HPTLC 
methods relied on the reflectance/ absorbance mode and thus were only 
applied in pharmaceutical dosage forms, but not biological samples. 

The use of mobile phase of Toluene: ethyl acetate: methanol: 
acetone: acetic acid (6: 1.5: 1: 0.5: 1, v/v/v/v/v), gave well-separated, 
compacted and highly resolved bands for all the studied drugs. 

AML had Rf value of (0.22 ± 0.002), and (0.50, 0.40, 0.62, 0.69 and 
0.73 ± 0.001) for OLM, TLM, CAN, LOS and IRB, respectively. 

AML exhibits fluorescence due to the presence of its dihydropyridine 
nucleus [48], and the analyzed AIIRAs demonstrate fluorescence due to 
various fluorescent functional groups, known as fluorophores, within 
their chemical structures. These groups include tetrazole, biphenyl, 
and/or imidazole [19]. 

Given that AIIRA and AML are administered together, there is a 
significant need to develop a sensitive method enabling their simulta
neous detection in plasma after co-administration. The sensitivity 
attributed to the fluorescence detection mode facilitates their determi
nation in plasma after optimizing conditions to attain maximum fluo
rescence intensity for both AIIRA and AML. While AML exhibits 
maximum fluorescence in a neutral medium, AIIRA has very low fluo
rescence intensity in a neutral medium, resulting in AIIRA not emerging 
in the chromatogram immediately after development, as shown in Fig. 2 
a, illustrating the chromatogram for AML after development of the plate. 

The literature distinctly affirms that the Relative Fluorescence In
tensity (RFI) of AIIRA should be evaluated in acids or acidic media to 
optimize the detection of the inherent fluorescence of these drugs with 
maximum sensitivity. The acidic nature of these drugs, influenced by the 
presence of the tetrazole ring (with a pKa around 5), governs their acid- 
base characteristics. The respective pKa values for OLM, TLM, CAN, 
LOS, IRB are 4.14, 4.45, 6.0, 3.15, 4.70 [49]. Hence, an acidic medium is 
essential to ensure protonation and complete non-ionization of the tet
razole ring. This condition enables the localization of the proton over the 
four nitrogen atoms through resonance, consequently enhancing fluo
rescence intensity [50]. AIIRAs’ fluorescence intensity in an acidic 
media is at least five times more than in water [51]. 

Apart from possessing a 1,4-dihydropyridine ring structure, AML 
features two ester groups with four oxygen atoms in its configuration, 
capable of forming hydrogen bonds in a neutral medium. This 

safeguards the lowest excited singlet state of the fluorophore from non- 
radiative or potential quenching processes, resulting in a substantial 
increase in fluorescence intensity. However, in acidic solutions, there is 
a clear reduction in its fluorescence intensity due to the drug’s instability 
in acidic environments. As a consequence, the two drugs in each of the 
five studied mixtures exhibit maximum fluorescence at distinct pH 
conditions, with neutrality favoring AML and strong acidity favoring 
AIIRA. The optimal conditions for enhancing the fluorescence of one 
AIIRA lead to the quenching of AML, and vice versa. 

HPTLC offers the advantage of scanning the plate multiple times 
under different reaction conditions. This unique capability allows for the 
high-sensitivity measurement of AML under its optimal conditions, 
which differ from those required for the quantification of the studied 
AIIRAs. After determining AML under the mentioned conditions, the 
plates were sprayed with acid to achieve the pH required to obtain 
maximum fluorescence of AIIRA. We tried several acids to enhance the 
fluorescence intensity such as acetic, phosphoric, hydrochloric, and 
sulfuric acids. Perchloric acid yielded the best results with minimal 
destructive effects on the stationary phase as shown in Fig. S1. 

We utilize specific excitation wavelengths to determine each drug in 
the mixture, employing incident light from a mercury lamp. We utilize 
emission filters of 540 nm for AML and 400 nm for AIIRAs to eliminate 
interference from the excitation light and capture only the emitted light. 
Fluorescence detection enhances sensitivity compared to the previously 
reported UV detection methods [40,43,49,50]. We detect AML by 
excitation at 360 nm and using 540 nm as an emission optical filter. 
After that the plate was sprayed with 0.2 N perchloric acid and thor
oughly dried. Subsequently, they were scanned at the specified excita
tion wavelength for each AIIRAs drug mentioned above and at 400 nm 
as the optical emission filter. By providing the necessary conditions for 
maximum AIIRA fluorescence, the peaks of the studied AIIRAs became 
clearly visible, as illustrated in (Fig. 2b). The HPTLC densitogram 
illustrating the determination of AML in mixture with CAND, IRB, LOS, 
and OLM are displayed in Fig. S2a, S3a, S4a, and S5a. Additionally, 
Fig. S2b, S3b, S4b, and S5b shows the densitogram of CAND, IRB, LOS, 
and OLM respectively after spraying with perchloric acid. 

The high acidity conditions required for determining the studied 
AIIRAs to enhance their fluorescence are not feasible with HPLC, as it 
may damage the stationary phase. In contrast, the disposable nature of 
the stationary phase in HPTLC allows for the detection of these drugs 
under such severe and challenging circumstances. 

3.1. Method development 

Several solvent compositions had been tried, for the best separation 
of the studied mixtures. (Table S1). All of the samples were evenly 
distributed throughout the plate. All the targeted AIIRAs have a weakly 
acidic nature. The mobile phase used in the proposed method requires 
the addition of an acid to convert the tetrazole ring to its non-ionized 
form. This step ensures the formation of compact spots at suitable Rf 
values for effective separation of the co-administered drugs. It’s crucial 
because the ionized form of the tetrazole ring may interact with the 
polar silanol groups present in the silica gel of the HPTLC plates, leading 
to band tailing and very low Rf values. The solvent system of Toluene: 
ethyl acetate: methanol: acetone: acetic acid (6: 1.5: 1: 0.5: 1, v/v/v/v/ 
v) was utilized as mobile phase for the quantification of the studied 
mixtures, which had an Rf value of (0.22 ± 0.002) for AML, and (0.50, 
0.40, 0.62, 0.69 and 0.73 ± 0.001) for OLM, TLM, CAN, LOS and IRB, 
respectively, as shown in Fig. 2 using mixture AML – TLM as a repre
sentative example. This solvent system provided compacted and highly 
characterized bands with well separation between the studied drugs and 
AML. The volume of all solvents in the solvent system had a significant 
effect on the Rf value and separation as illustrated in (Table S1). The 
HPTLC plates were thoroughly dried using a hot-air drier after devel
opment. AML was detected first by scanning at 360 nm excitation 
wavelength and 540 nm emission optical filter. While the studied AIIRAs 

Fig. 2. HPTLC densitogram of mixture of AML (120 ng/band) and TELM (50 
ng/band) (a) before (b) after spraying with 0.2 M perchloric acid. 
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drugs show maximum fluorescence by excitation at 250, 300, 260, 260 
and 262 nm for OLM, TLM, CAN, LOS and IRB, respectively and 400 nm 
emission filter after spraying the plates with 0.2 M perchloric acid. 

3.2. Validation of the method 

The method was validated using ICH criteria for validating analytical 
processes, and all findings were reported as percentages in terms of 
linearity, accuracy, precision, limits of detection, limits of quantification 
and robustness. The statistical analysis was carried out with the 95 % 
confidence level. 

4. Linearity 

The peak area response and the corresponding concentration were 
used to create a calibration curve. For each concentration of the studied 
mixtures, three measurements were constructed. The calibration curve’s 
linear regression data revealed an acceptable linearity for the relation
ship between peak area and the corresponding drugs concentrations in a 
range of (18–300 ng/band) for AML and (6–150 ng/band) for the 
studied AIIRAs drugs (Fig. 3 a, b), as shown in (Table 1). The correlation 

coefficients were in the range 0.9974–0.9996, indicating good linearity 
of the proposed method. The calibration curve was carried out in spiked 
plasma samples and the drugs show good linearity (Table S2) over the 
ranges of (42–120) for AML and (12–105) for AIIRA. 

5. Detection and quantification limits 

The proposed method utilizes fluorescence detection to concurrently 
analyze five AIIRAs alongside AML. Previous approaches for their 
simultaneous determination relied on reflectance absorbance mode for 
detection [42,43], which exhibited significantly lower sensitivity. To the 
author’s knowledge, there is no existing HPTLC method for the simul
taneous determination of the co-administered AIIRAs and AML utilizing 
fluorescence detection. Reflectance/fluorescence mode was solely 
employed for determining angiotensin II receptor antagonists individ
ually in plasma samples[47]. The method’s sensitivity was assessed by 
determining the limit of detection (LOD) and the limit of quantitation 
(LOQ) using the standard deviation of the intercept’s response and the 
calibration curve slope (LOQ). The LOD and LOQ were calculated based 
on the formulas LOD = 3 Ϭ/ b and LOQ = 10 Ϭ/ b, where Ϭ represents 
the intercept’s standard deviation, and b is the calibration curve slope. 
The calculated LOD and LOQ values, as presented in Table 1 for syn
thetic mixture of the standard drugs. The Calculated LOD and LOQ 
values in spiked plasma are given in Table S2. 

6. Accuracy 

Six replicate measurements of three different concentrations of each 
drug were assessed to determine the accuracy of the proposed HPTLC 
method. The results were expressed as a percentage of recovery ±
standard deviation. (Refer to Table 2) The proposed method’s great 
accuracy was demonstrated by the close agreement of percent recoveries 
to 100 % with minimum values of standard deviation. The percentage 
recoveries ranged from 97.23 % to 102.55 % which indicated good ac
curacy of the proposed HPTLC method. 

7. Precision 

Repeatability and intermediate precision were used to evaluate the 
precision of the suggested approach in terms of Intra-day and inter-day 
precision. The repeatability of the proposed HPTLC method was assessed 
by analyzing three different concentrations of each drug six times intra- 
daily. The intermediate precision of the proposed methodology was then 
examined by repeating the previously mentioned steps six times in three 
different days. The precision of the recommended technique at the two 
examined levels was expressed as relative standard deviation (RSD) and 
the results were given in (Table 3). For all concentration levels of each 
drug, the RSD didn’t exceed 2.88 % which indicating good precision of 
the proposed HPTLC method. 

8. Robustness 

Robustness means an analytical procedure’s capacity to remain un
changed by minor changes in optimum technique parameters without 
altering quantitation. The mobile phase composition, excitation wave
length, saturation time, and perchloric acid concentration were chosen 
as the four essential factors to be checked in the robustness testing to 
determine the method’s robustness. The outcomes are displayed in 
(Table 4). It was discovered that none of these variables had a sub
stantial effect on the drug determination. The suggested HPTLC 
approach is considered robust as a result of this indication of the pro
posed method’s reliability. 

8.1. Application of the proposed HPTLC method in spiked human plasma 

This novel HPTLC approach has a high sensitivity, allowing 
Fig. 3. 3D graph of the calibration of AML (21–300 ng/band) and TELM 
(6–150 ng/band) (a) before and (b) after spraying with. 
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verification of the examined drugs in spiked human plasma in a very 
simple and low-cost method. Due to the difficulty in obtaining blood 
from hypertensive patients who had been treated with the studied drugs, 
we opted to test our proposed approach on spiked human plasma sam
ples to establish its potential to identify residual levels of the studied 
drugs after delivery in human plasma. The usefulness of this current 
methodology for studying these anti-hypertensive drugs in spiked 
plasma, was confirmed by the high estimated mean percent recovery 
(Table 5). Three different concentration spiking levels were analyzed of 
each mixture according to the proposed method described above. The 
obtained recovery percentages ranging from 93.35 to 107.08. The 
retrieved data’s standard deviation was within the range of 0.56–2.73 
for all the studied mixtures within the analytical methods allowed limits. 
These figures demonstrated the minimal effect of matrix, instrumental 
and personal errors contributed to the low variability Fig. 4a. The results 
obtained in Table 5 demonstrate that the suggested approach can reli
ably calculate AML and the studied AIIRAs drugs in human plasma while 
avoiding any substantial interference from the matrix of plasma (Fig. 4 
b, c). 

9. Conclusion 

The suggested HPTLC approach with fluorescence detection is 
speedy, simple, affordable, and sensitive for simultaneous determination 
of AML and the studied AIIRAs drugs with high accuracy and precision. 
There is no reported HPTLC method which is general for the 

Table 1 
Statistical data for the simultaneous HPTLC determination of some AIIRAs – amlodipine mixtures.  

Parameters OLM – AML TLM – AML CAN – AML LOS – AML IRB – AML 

OLM AML TLM AML CAN AML LOS AML IRB AML 

Linear range (ng/ 
band) 

6–150 21–300 6–150 21–300 6–150 21–300 6–150 18–300 6–150 18–300 

Correlation 
coefficient, r 

0.9980 0.9987 0.9993 0.9989 0.9996 0.9983 0.9992 0.9991 0.9982 0.9974 

Determination 
Coefficient, r2 

0.9960 0.9975 0.9986 0.9979 0.9992 0.9967 0.9985 0.9982 0.9963 0.9948 

Slope ± SD (a) 57.509 ±
1.819 

11.684 ±
0.287 

95.114 ±
1.716 

11.313 ±
0.256 

49.812 ±
0.676 

10.840 ±
0.309 

49.135 ±
0.754 

10.30 ±
0.176 

73.33±
2.229 

9.78 ±
0.286 

Intercept ± SD (a) − 407.883 ±
7.58 

10.223 ±
7.097 

556.687 ±
16.726 

72.679 ±
8.62 

883.356 ±
11.56 

211.047 ±
9.493 

108.325 ±
6.37 

92.00 ±
3.933 

142.564 ±
22.45 

98.83 ±
6.80 

Rf 0.50 ± 0.001 0.22 ±
0.002 

0.40 ±
0.001 

0.22 ±
0.002 

0.62 ±
0.001 

0.22 ±
0.002 

0.69 ±
0.001 

0.22 ±
0.002 

0.73 ±
0.001 

0.22 ±
0.002 

LOD (ng/band) 0.44 2.00 0.58 2.51 0.76 2.88 0.43 1.26 1.01 2.29 
LOQ (ng/band) 1.32 6.07 1.76 7.62 2.32 8.75 1.30 3.82 3.06 6.95 

(a) Average of three determinations. 

Table 2 
Evaluation of the accuracy of the proposed HPTLC method for simultaneous determination of the studied AIIRAs– amlodipine mixtures.  

Studied mixtures AIIRAs 
OLM, TLM, CAN, LOS, IRB 

AML 

Conc. (ng\band) Amount found (ng/band) % Recovery (a) ± SD Conc. (ng\band) Amount found (ng/band) % Recovery (a) ± SD 

OLM – AML 18  17.66 98.14 ± 0.39 42  41.24 98.21 ± 1.16  
60  58.34 97.23 ± 0.87 120  122.07 101.72 ± 2.26  
150  152.55 101.70 ± 0.46 300  299.47 99.82 ± 1.19 

TLM – AML 12  11.73 97.72 ± 0.55 42  41.04 97.72 ± 1.34  
45  46.14 102.52 ± 1.93 120  120.71 100.59 ± 1.61  
105  104.76 99.77 ± 1.30 210  215.35 102.55 ± 0.55 

CAN – AML 12  12.26 102.16 ± 2.34 75  74.63 99.50 ± 2.29  
45  45.28 100.62 ± 0.97 210  210.78 100.37 ± 1.70  
150  149.63 99.76 ± 1.77 300  296.58 98.86 ± 0.99 

LOS – AML 18  18.05 100.25 ± 1.84 30  29.99 99.97 ± 2.07  
60  60.76 101.27 ± 1.91 150  152.50 101.66 ± 2.64  
150  149.30 99.53 ± 1.78 300  296.17 98.72 ± 1.44 

IRB – AML 9  9.07 100.82 ± 2.15 60  60.24 100.40 ± 2.28  
60  59.85 99.76 ± 0.84 90  90.71 100.79 ± 1.68  
105  105.71 100.68 ± 1.66 210  209.52 99.77 ± 0.80 

(a) Average of six determinations at each concentration level. 

Table 3 
Precision of the proposed HPTLC method for simultaneous determination of the 
studied AIIRAs– amlodipine mixtures at the intra- and inter-day levels.  

Studied 
mixtures 

AIIRAs 
OLM, TLM, CAN, LOS, IRB 

AML 

Conc. (ng 
\band) 

Intra- 
day 
RSD % 
(a) 

Inter- 
day 
RSD % 
(b) 

Conc. (ng 
\band) 

Intra- 
day 
RSD % 
(a) 

Inter- 
day 
RSD % 
(b) 

OLM – 
AML 

18  2.79  2.14 42  1.66  2.73  

60  1.05  0.58 120  2.04  2.12  
150  0.48  1.60 300  1.54  1.86 

TLM – AML 12  1.78  2.20 42  1.12  2.11  
45  1.11  1.21 120  0.84  1.17  
105  1.06  1.88 210  0.62  1.36 

CAN – AML 12  2.32  2.34 75  1.89  1.66  
45  1.80  2.21 210  1.50  2.16  
150  2.17  1.18 300  1.02  0.95 

LOS – AML 18  2.25  1.74 30  2.35  2.15  
60  2.88  2.28 150  1.10  1.64  
150  2.56  1.46 300  1.57  0.48 

IRB – AML 9  1.62  2.52 60  2.21  2.30  
60  0.82  2.50 90  1.49  1.99  
105  0.50  2.88 210  1.19  0.76 

(a) Average of 6 determinations at each concentration level. 
(b) Average of 18 determinations at each concentration level over three distinct 
days. 
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simultaneous determination of AML with different members of AIIRAs. 
As with all prior HPTLC procedures, the reflectance/absorbance mode 
and the dosage forms were used instead of biological fluids. To obtain 
good separation, the mobile phase Toluene: ethyl acetate: methanol: 

acetone: acetic acid (6: 1.5: 1: 0.5: 1, v/v/v/v/v) was used. After 
development and AML detection, spray the chromatogram using 0.2 M 
perchloric acid to increase the fluorescence of the studied AIIRAs drugs. 
In the present study, the reflectance/fluorescence mode used for 

Table 4 
Results for the investigation of the robustness of the proposed HPTLC method for simultaneous determination of the studied AIIRAs– amlodipine mixtures.  

Parameters OLM – AML TLM – AML CAN – AML LOS – AML IRB – AML 

OLM AML TLM AML CAN AML LOS AML IRB AML 

Optimum parameters 101.70 
± 0.46 

99.82 ± 
1.19 

99.77 ±
1.30 

100.59  
± 1.61 

100.62  
± 0.97 

100.37 
± 1.70 

99.53 ± 
1.78 

99.97 ± 
2.07 

99.76 ± 
0.84 

100.40  
± 2.28 

Composition of the mobile phase Toluene: 
ethylacetate: methanol: acetone: acetic 
acid (5.8: 1.7: 1: 0.5: 1, v/v/v/v/v) 

99.15 ± 
1.45 

100.75  
± 2.24 

102.13  
± 1.68 

98.44 ± 
0.75 

97.92 ± 
2.17 

99.46 ± 
1.59 

100.36  
± 1.48 

101.44 ± 
2.29 

99.28 ± 
1.55 

100.57  
± 1.38 

Toluene: ethylacetate: methanol: acetone: 
acetic acid (5.8: 1.5: 1.1: 0.5: 1.1, v/v/v/ 
v/v) 

100.39  
± 1.54 

99.46 ± 
1.82 

99.62 ± 
1.77 

102.32  
± 2.36 

98.85 ± 
1.79 

101.34  
± 1.49 

98.70 ± 
1.38 

100.30 ± 
1.57 

101.44  
± 0.67 

99.60 ± 
2.34 

Toluene: ethylacetate: methanol: acetone: 
acetic acid (6: 1.5: 0.8: 0.7: 1, v/v/v/v/v) 

98.26 ± 
1.39 

100.65  
± 2.07 

101.72  
± 1.88 

99.36 ± 
1.69 

97.87 ± 
0.98 

99.16 ± 
1.57 

99.54 ± 
2.34 

102.25 ± 
1.56 

98.42 ± 
1.83 

99.79 ± 
2.67 

Scanning wavelength, 360 nm  98.39 ± 
1.46  

100.66  
± 1.23  

99.76 ± 
1.22  

98.59 ± 
0.94  

101.12  
± 1.56 

358 
362 

– 
– 

100.79  
± 1.28 

– 
– 

99.49 ± 
1.73 

– 
– 

98.48 ± 
1.34 

– 
– 

98.68 ± 
2.13  

100.45  
± 0.78 

248 100.78  
± 1.59          

252 101.14  
± 0.78 

– – – – – – –   

298   99.28 ± 
1.54        

302 – – 98.96 ± 
2.26 

– – – – – – – 

258     101.36  
± 2.07  

99.24 ± 
1.53    

262 – – – – 100.61  
± 1.89 

– 98.58 ± 
1.25 

– – – 

260         101.39  
± 1.77  

264 – – – – – – – – 99.68 ± 
1.65 

– 

Concentration of perchloric acid           
0.19 M 99.37 ± 

1.56 
98.68 ± 
2.18 

99.55 ± 
1.33 

100.57  
± 2.11 

101.72  
± 1.80 

98.78 ± 
2.46 

97.68 ± 
0.69 

102.21 ± 
1.43 

99.30 ± 
1.41 

98.52 ± 
1.70 

0.21 M 99.10 ± 
1.25 

100.40  
± 1.17 

98.86 ± 
1.51 

100.39  
± 0.75 

102.09  
± 1.26 

99.66 ± 
1.40 

99.67 ± 
2.35 

100.25 ± 
1.90 

99.71 ± 
0.86 

100.47  
± 1.63 

Saturation time           
18 mins 100.39  

± 0.57 
101.02  
± 1.60 

99.58 ± 
1.49 

97.83 ± 
1.20 

99.34 ± 
1.55 

102.30  
± 1.42 

98.46 ± 
2.59 

99.52 ± 
0.73 

97.86 ± 
1.40 

100.56  
± 2.03 

22 mins 99.40 ± 
1.92 

100.37  
± 1.60 

98.76 ± 
1.23 

98.96 ± 
2.48 

101.32  
± 1.11 

100.62  
± 0.88 

98.78 ± 
2.44 

102.07  
± 1.38 

98.69 ± 
0.97 

99.08 ± 
1.50 

(a) Average of six determinations. 

Table 5 
Application of the proposed HPTLC method for simultaneous determination of the studied AIIRAs– amlodipine mixtures in spiked human plasma.  

Studied mixtures AIIRAs 
OLM, TLM, CAN, LOS, IRB 

AML 

Conc. (ng\band) Amount found (ng/band) % Recovery (a) ± SD Conc. (ng\band) Amount found (ng/band) % Recovery (a) ± SD 

OLM – AML 12  11.20 93.35 ± 1.82 21  21.51 102.43 ± 1.96  
45  43.38 96.39 ± 2.33 42  44.36 105.61 ± 2.57  
105  106.54 101.47 ± 1.45 120  121.66 101.38 ± 1.69 

TLM – AML 24  24.31 101.28 ± 2.68 42  44.23 105.30 ± 1.24  
45  44.41 98.68 ± 2.72 75  72.67 96.88 ± 0.83  
105  112.03 106.70 ± 1.35 120  117.05 97.54 ± 2.73 

CAN – AML 12  11.53 96.09 ± 0.96 42  42.71 101.69 ± 1.54  
24  23.31 97.11 ± 1.07 75  78.09 104.12 ± 1.38  
105  100.38 95.60 ± 1.58 120  128.50 107.08 ± 0.56 

LOS – AML 18  18.84 104.65 ± 1.36 30  31.12 103.74 ± 0.79  
60  58.21 97.01 ± 0.78 60  61.22 102.03 ± 1.22  
105  110.49 105.22 ± 2.16 90  93.26 103.62 ± 1.79 

IRB – AML 9  8.58 95.33 ± 2.47 60  58.76 97.94 ± 1.26  
45  43.70 97.11 ± 1.29 90  93.62 104.02 ± 1.48  
60  61.60 102.67 ± 0.68 120  122.92 102.43 ± 0.89 

(a) Average of six determinations at each concentration level. 
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analytes detection for the first time. The constructed approach was able 
to analyze AML and the studied AIIRAs drugs in the human plasma due 
to the proposed method’s high sensitivity and the selectivity and 
simplicity of HPTLC. Because of the excellent recovery of the studied 
drugs from plasma, this method is suitable for their determination 
without interference from various plasma constituents and can be 
employed in pharmacokinetic studies. 
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