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ARTICLE INFO ABSTRACT

Keywords: A novel and selective High Performance Thin Layer Chromatographic (HPTLC) method was developed for the
Triamterene simultaneous determination of triamterene (TRM) and losartan (LOS) in their pure forms and spiked human
Losartan plasma using fluorescence detection. The challenge of differing optimal pH values for maximum fluorescence in
?lzzl;ecscence TRM and LOS detection was addressed by devising a strategy for detection in various pH media. TRM was
Plasma measured in a neutral medium and achieved maximum fluorescence at 540 nm upon excitation at 365 nm, with a

66.7-fold sensitivity increase compared to previous methods. LOS, which exhibited weak fluorescence in a
neutral medium, showed maximum fluorescence in a strong acidic environment. After perchloric acid treatment,
LOS achieved maximum response at 400 nm after excitation at 260 nm, with an 83.3-fold sensitivity increase.
Pre-coated silica gel 60-F254 was used as the stationary phase, with a mobile phase of toluene: ethyl acetate:
methanol: acetone: ammonia (6:1.5:1.5:0.9:0.1, v/v/v/v/v). Rf values for LOS and TRM were 0.16 and 0.32,
respectively. The method exhibited good linearity for TRM (3-150 ng/band) and LOS (6-150 ng/band), with
LODs of 0.70 and 1.41 ng/band and LOQs of 2.13 and 4.26 ng/band. The technique demonstrated excellent
compliance with ICH guidelines for accuracy, precision, repeatability, and robustness. The method achieved high
recovery percentages and low standard deviations in analyzing both bulk drug and plasma samples. The current
work is a valuable tool for routine clinical laboratory use, enabling efficient monitoring of TRM and LOS from a
single sample preparation.

1. Introduction (AIIRAs) [3]. Its hypotension action results from inhibition of the

binding of angiotensin (AT) II to the AT1 receptor in vascular smooth

Hypertension is a long-term, chronic, pathological illness charac-
terized by increased blood pressure which can raise morbidity and
mortality and harm bodily organs [1]. For the treatment of hypertension
and its related pathologic diseases, such as edema and congestive heart
failure, first-choice medications include diuretics, calcium channel
blockers, angiotensin-converting enzyme inhibitors, and angiotensin
receptor antagonists [2].

Losartan potassium (LOS), chemically named as 2-butyl-4-chloro-1-
[p-(o-1H-tetrazol-5-ylphenyl) benzyl] imidazole-5-methanol monop-
otassium salt, is a member of angiotensin II receptor antagonists

muscle [4]. LOS is particularly beneficial for individuals who suffer from
cough related to angiotensin-converting-enzyme (ACE) inhibitors and
has also been trialed for the treatment of myocardial infarction and
heart failure [5].

Triamterene (TRM) (6-phenyl-2,4,7-triaminopteridine) is a natri-
uretic drug that is used to treat a number of illnesses including nephritic
syndrome, cirrhosis of the liver, idiopathic and drug-induced oedema,
and oedema related to congestive heart failure [6]. It belongs to the
potassium-sparing family and acts directly on distal tubular cells to
decrease potassium ion release and to prevent the re-absorption of
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Fig. 1. Chemical structure of the studied drugs

chloride ions [7]. After oral administration, TRM is absorbed and
metabolized by hydroxylation and subsequent immediate conjugation,
resulting in its main metabolite hydroxy triamterene sulfate. Since TRM
is not very effective as a treatment for hypertensive, it is typically used in
conjunction with stronger diuretics (thiazide, anthranilic acid or AIIRAs
like Losartan) to lessen their potassium-wasting effects. This combina-
tion has a synergistic impact that increases both diuretic and hypoten-
sive effects [8,9].

Medical studies and reviews indicate that combined therapy, such as
the administration of TRM and LOS together, has produced very suc-
cessful results with fewer side effects and cheaper health treatment costs
than monotherapy [10]. When used in concert, they effectively treat
hypertension and lower the primary causes of cardiovascular morbidity
and mortality [11].

According to the literature, various analytical techniques have been
utilized to determine TRM including spectrophotometric methods
[12,13], spectrofluorimetric method [8] and TLC with UV detection
[12,14,15]. However, the sensitivity of these techniques is insufficient to
detect TRM in biological matrices. Only one HPTLC method using
fluorescence detection has been described for the single measurement of
TRM in spiked plasma [2].

Moreover, TRM has been previously determined using electro-
chemical [16], UPLC [17] and HPLC techniques [10,18,19]. Notably, a
voltametric technique has been used to measure TRM and LOS concur-
rently in urine and pharmaceutical formulations [20]. Even with their
high sensitivity and selectivity, these techniques are not practical for
quick or on-site TRM assays. They are expensive, time-consuming, and
necessitate extensive extraction procedures prior to analysis, which
make them less feasible for rapid testing particularly during Olympic
competitions.

The determination of LOS in biological fluids or pharmaceutical
formulations has been accomplished using a variety of analytical tech-
niques, such as spectrophotometry [21,22], Spectrofluorimetry [23,24],
HPLC [25,26], HPTLC [27,28], capillary electrophoresis and capillary
electrochromatography [29].

On the other hand, due to its advantages of using less solvent,
cleaning up analysis, and being cost-effective, high-performance thin-
layer chromatography (HPTLC) is a valuable analytical technique
[28,30-36]. According to the aforementioned review of the literature,
until now, there is currently no published HPTLC method for the
simultaneous determination of TRM and LOS (Fig. 1) that uses either UV
or fluorescence detection. Therefore, the goal of this work is to establish
an HPTLC method that is easy to use, sensitive, selective, and depend-
able for the simultaneous measurement of TRM and LOS in their syn-
thetic combination and in human plasma that has been spiked using
reflectance/fluorescence mode. Since obtaining blood samples from
patients undergoing the investigated drug therapy was challenging, we
opted to conduct the analysis using human plasma samples spiked in
vitro with TRM and LOS. This approach allowed us to systematically

assess the method’s performance under controlled conditions, ensuring
accurate evaluation of sensitivity, selectivity, and reproducibility.
However, we acknowledge that the use of spiked samples may not fully
replicate the complexity of real patient samples, particularly regarding
the presence of metabolites. Future studies will focus on validating the
method using real clinical samples to further assess its applicability and
reliability in therapeutic drug monitoring and pharmacokinetic studies.

2. Experimental
2.1. Apparatus

WinCATS version 1.4.4.6337 software (CAMAG, Muttenz,
Switzerland) and a Camag-HPTLC system with a Linomat V auto-
sampler and TLC Scanner III were used to acquire the data. A high-
pressure mercury vapor lamp served as the source of radiation for the
reflectance/fluorescence scanning. A 100 pL Hamilton syringe (Hamil-
ton, Bonaduz, Switzerland) and a gentle stream of nitrogen were utilized
in conjunction with the Linomat for the sample application in order to
facilitate the solvent’s rapid evaporation. The scanning speed was set to
20 mm/s, while the scanner’s slit dimensions were set to 3 x 0.45 mm.
The twin-trough chamber (27.0 x 26.5 x 7.0 cm, length x height x
breadth; Sigma-Aldrich, St. Louis, MO) was used to develop the plates.
An ultrasonic bath (Cole-Parmer, Chicago, IL) and Andreas Hettich
GmbH centrifuge (Tuttingen, Germany) were used during samples
preparation.

2.2. Chemicals, standards, and samples

AL-Kahira Pharmaceutical Company (Cairo, Egypt) cheerfully pro-
vided triamterene, while Global Napi Pharmaceutical Co. (6th October
City, Egypt) kindly provided losartan potassium. TRM and LOS both
demonstrated a purity of at least 98.00 % according to routine TLC
analysis. El-Nasr Pharmaceutical Chemicals in Abo-Zaabal, Cairo, Egypt,
supplied solvents such as toluene, ethyl acetate, acetone, and ammonia
and acids as perchloric acid. HPLC methanol was obtained by Fischer
Scientific Company (Loughborough, UK). Fresh human plasma samples
were obtained from Misr hospital (Sohag, Egypt) and immediately
frozen at —20 °C until further processing.

2.3. Preparation of standard solution

A weight equal to 10.0 mg of each drug were dissolved in 7 mL of
HPLC methanol, sonicated for 10 min, and then the volume was
completed to 10 ml using the same solvent to get 1.0 mg/mL of TRM or
LOS stock solutions. In order to get standard working solutions con-
taining 1, 3, 10, 20, 30, and 50 pg/ml of TRM and 2, 4, 8, 15, 35, and 50
pg/ml of LOS, specific quantities of both medications were combined
and diluted with HPLC methanol. A 3 pL aliquot of each drug’s
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Fig. 2. HPTLC chromatogram of 24 ng/band of LOS and 30 ng/band of TRM (a) before and after (b) spraying with 0.2 M perchloric acid and measured by

reflectance/fluorescence mode.

previously stated working solutions was applied to the HPTLC plates,
resulting in final concentrations of 3, 9, 30, 60, 90, and 150 ng/band for
TRM and 6, 12, 24, 45, 105, and 150 ng/band for LOS.

2.4. Preparation of plasma samples

Spiked human plasma samples were prepared by mixing 200 pL of
fresh human plasma with 150 uL of TRM standard solution, and 150 uL
of LOS standard solution. After that, 300 Ayl of acetonitrile and 700 Aul
of HPLC methanol were added and mixed for 4 min by vortexing. The
mixture was centrifuged at 14000 rpm and —4° C for 15 min. Six rep-
licates were conducted for each concentration using the supernatant
according to the stated chromatographic conditions and finally the re-
covery and standard deviation were calculated.

2.5. Chromatographic conditions

Various aliquots of standard solutions of TRM and LOS were applied
to the precoated HPTLC plates, previously washed with HPLC methanol,
following the preceding instructions. The plates were developed, dried,
and scanned using the reflectance/fluorescence detection. HPTLC plates
(Merck, Darmstadt, Germany) had a stationary phase thickness of 200
um and a particle size of 5 um. They were pre-coated with silica gel 60
Fas54. Plates were cut into 20 x 6 cm sections. The optimum mobile phase
composition was toluene: ethyl acetate: HPLC methanol: acetone:
ammonia (6: 1.5: 1.5: 0.9: 0.1, v/v/v/v/v). The development compart-
ment was filled with 10 ml of mobile phase and allowed to saturate with
the mobile phase vapor for 20 min at room temperature. Before fluo-
rescence measurements, the plate was developed, allowed to dry in the
air for 10 min, and then put into the TLC scanner using a 540 nm
emission optical filter and excitation wavelength of 365 nm. TRM was
first identified at neutral medium (HPLC methanol) which gave its
maximum fluorescence. However, highly acidic conditions were

required for LOS detection by spraying the developed plate with 0.2 M
perchloric acid. The emitted fluorescence was measured using an
emission filter set at 400 nm and excitation wavelength of 260 nm.

3. Results and discussion

The primary objective of this work was to develop a simultaneous
HPTLC method for the determination of LOS and TRM, with enhanced
sensitivity to enable its application in human plasma samples. A sig-
nificant challenge in this process was the distinct fluorescence behaviors
of LOS and TRM, as each drug exhibited maximum fluorescence under
different pH conditions. TRM showed maximum fluorescence intensity
in methanol at neutral pH and is therefore amenable to analysis in the
medium. However, LOS demonstrates low fluorescence in a neutral
medium with maximum fluorescence occurring in a very acidic medium.
Plates were therefore should be sprayed with 0.2 N perchloric acid in
order to provide for maximum fluorescence of LOS. The technique
provides effective detection and quantitation of both compounds under
optimum conditions. Therefore, a novel and innovative strategy was
developed to detect each drug at its optimal pH, ensuring maximum
fluorescence for each, thereby enabling their concurrent detection and
quantification with high sensitivity. This proposed method introduces
the first HPTLC strategy to simultaneously measure TRM and LOS in
both pure mixtures and spiked human plasma. It offers high sensitivity
and selectivity, while being easy to apply, cost-effective, and time-
saving. TRM exhibits strong native fluorescence in HPLC methanol
(neutral medium) and is directly detected after plate development at a
365 nm excitation wavelength (Fig. 2a). At such conditions, LOS dis-
plays weak fluorescence and does not initially appear in the chromato-
gram (Fig. 2a). However, protonation significantly enhances LOS
fluorescence. To achieve this purpose, the plates were sprayed with 0.2
M perchloric acid, allowed to dry, and then re-scanned at a 260 nm
excitation wavelength. Consequently, the LOS peak becomes clearly
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Fig. 3. Three-dimensional graph showing recorded intensities against Rf values for (3-150 ng/band) for TRM before spraying with 0.2 M perchloric acid, measured

by reflectance/fluorescence mode.

detectable, as shown in (Fig. 2b).

The acidic nature of LOS is primarily due to the presence of the
tetrazole ring, with a corresponding pKa value of 3.15. [37]. An acidic
medium is necessary to convert the tetrazole ring of LOS to the fully non-
ionized form. In this state, resonance allows the proton to delocalize
over the four nitrogen atoms, thus enhancing the fluorescence intensity
[38]. The intensity of LOS‘s fluorescence in acidic solutions is at least
five times that of water [39].

It should be noted that these strong acidic conditions required for
enhancement of LOS fluorescence cannot be applied in HPLC as they
lead to destruction of the column (stationary phase). However, the
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stationary phase in TLC is disposable, which enables the determination
of LOS under drastic conditions.

Using this method, it was possible to analyze two different medica-
tions at different pH values simultaneously, which increased the selec-
tivity of the method. Compared with the previously published
researches for HPTLC technique, the proposed method increased the
sensitivity of TRM by ~ 66.67-fold [12] and by nearly 83.33-fold for
LOS [40].
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Fig. 4. Three-dimensional graph showing recorded intensities against Rf values for (6-150 ng/band) for LOS and (3-150 ng/band) for TRM after spraying with 0.2 M

perchloric acid, measured by reflectance/fluorescence mode.



A.A. Khorshed et al.

Table 1
Statistical data of some analytical parameters of the proposed TLC-fluorescence
method for simultaneous determination of Triamterene and Losartan.
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Table 2
Assessment of the accuracy of the proposed TLC-fluorescence method for
simultaneous determination of Triamterene and Losartan.

Parameter Losartan Triamterene
Linear range (ng/band) 6-150 3-150

Slope + SD (a) 44.73 £ 0.48 20.84 £ 0.78
Intercept + SD (a) 67.20 + 19.05 192.07 + 4.44
Correlation coefficient, r 0.9997 0.9972
Determination Coefficient, r? 0.9995 0.9943

Re 0.16 0.32

LOD (ng/band) 1.41 0.70

LOQ (ng/band) 4.26 2.13

(a) Average of three determinations.

3.1. Chromatographic conditions optimization

Numerous attempts have been made to find an appropriate mobile
phase that could effectively and selectively separate TRM from LOS.
Thus, a wide range of mobile phases with different polarities, compo-
sitions, and ratios were tested, including dichloromethane: methanol:
acetic acid resulted in band tailing of TRM and migration of LOS with the
solvent front. Toluene: methanol: acetic acid gave no separation be-
tween the investigated drugs. A huge tailing of TRM was obtained when
using a mobile phase that consisted of toluene: ethyl acetate: methanol:
acetic acid. There was no discernible migration of TRM from the base-
line when a mixture of toluene: ethyl acetate: acetone: acetic acid was
used as a mobile phase. Likewise, band tailing of TRM occurred with
toluene: ethyl acetate: methanol: acetone: acetic acid, and finally the use
of toluene: ethyl acetate: methanol: acetone resulted in acceptable
separation between the two concurrently investigated drugs but band
tailing of TRM still present. Tailing of TRM could occur because the
highly polar primary amine groups of TRM are attracted to the nega-
tively charged silanol groups of silica [41]. Making the mobile phase
alkaline may lessen the ionization of this amine group and thus reduce
its polarity, promoting band separation and reducing tailing. Concen-
trated ammonia solution was added to the mobile phase mixture with
varying volumes, and the results showed clearly separated and distinct
bands of both TRM and LOS.

The final mobile phase composition was toluene: ethyl acetate: HPLC
methanol: acetone: ammonia (6: 1.5: 1.5: 0.9: 0.1, v/v/v/v/v). which
gave Rf values of 0.16 for LOS and 0.32 for TRV, as illustrated in Fig. 2a
and b.

3.2. Method validation

The suggested method for the simultaneous determination of TRM
and LOS was validated in terms of linearity, detection and quantitation
limits, accuracy, precision, and robustness by adhering to the Interna-
tional Conference on Harmonization’s (ICH) 2005 recommendations for
bioanalytical method validation [42]. The 95 % confidence level was
used for the statistical analysis of the data using Excel 2019 (Microsoft,
Richmond, WA).

Linearity

In order to get calibration plots, peak areas were plotted against the
matching drug concentration (ng per band). Correlation coefficient
values were 0.9972 for TRM and 0.9997 for LOS over the concentration
ranges of (3-150 ng/band) for TRM (Fig. 3) and (6-150 ng/band) for
LOS (Fig. 4). The results of peak purity ensure the specificity, which
indicated that no impurities or degradation products were coeluted
(Table 1).

Limit of detection and quantitation

The sensitivity of measurements of TRM and LOS was estimated in
terms of the limit of quantitation (LOQ). The smallest amount that can
be detected for each drug was also calculated under the chromato-
graphic conditions in terms of the limit of detection (LOD). LOQ and
LOD were calculated by the use of the following equations: LOD = 3.3 x

Drug Conc. of drug (ng/  Amount found (ng/ % Recovery (a)
band) band) + SD

Losartan 12 12.16 101.31 + 2.09
45 45.02 100.04 + 1.79
105 104.71 99.73 £ 0.93

Triamterene 9 8.84 98.26 + 2.71
60 60.57 100.95 + 2.52
90 87.95 97.72 + 1.00

(a) Average of six determinations.

Table 3

Evaluation of the precision of the proposed TLC-fluorescence method for
simultaneous determination of Triamterene and Losartan at the intra- and inter-
day levels.

Drug Conc. of drug (ng/band) Intra-day Inter-day
%RSD (a) %RSD (b)
Losartan 12 2.11 2.62
45 2.38 1.80
105 2.85 2.08
Triamterene 3 2.97 1.98
60 2.98 2.14
90 2.57 2.67

(a) Estimated from six determinations at each concentration level.
(b) Estimated from 18 determinations at each concentration level over 3 days.

Table 4
Investigation of the robustness of proposed TLC-fluorescence method for
simultaneous determination of Triamterene and Losartan.

Parameter Losartan Triamterene

Optimal parameters 100.04 +1.79 100.95 + 2.52
Composition of the mobile phase Toluene: ethyl acetate: methanol: acetone:
ammonia

(6:1.5:1.7: 0.7: 0.0.1, v/v/v/v/v) ~ 98.56 & 1.44 99.37 £ 2.09
(5.8:1.7: 1.5: 0.9: 0.1, v/v/v/V/V) 101.32 £ 2.51 97.68 + 0.94
Concentration of perchloric acid

0.19M 102.25 +1.81  101.64 + 0.68
0.21 M 99.04 + 1.67 98.91 + 1.82

(a) Average of six determinations.

SD/S and LOQ = 10 x SD/S, where SD is the standard deviation of the
intercept, and S is the slope of the corresponding calibration plot. LOQ
and LOD for TRM were found to be 2.13 and 0.70 ng/band, respec-
tively, and for LOS the values were 4.26 and 1.41 ng/band, respectively
(Table 1).

Accuracy

The accuracy of the recommended HPTLC approach was assessed
using three different concentration levels for each drug under study (9,
60, and 90 ng/band for TRM and 12, 45, and 105 ng/band for LOS). For
each concentration level, six measurements were taken. The method
used was highly accurate, as evidenced by the proximity of recovery
values to 100 % (Table 2).

Precision

Analysis of standard solutions of TRM and LOS with concentrations
covering the whole linearity range allowed for the evaluation of preci-
sion. Each solution was analyzed six times on the same day in order to
establish the method’s precision at the level of intraday variation using
concentrations of (3, 60 and 90 ng/band) for TRM and (12, 45 and 105
ng/band) for LOS. These solutions were also analyzed on three separate
days to assess the interday precision. Table 3 displays the precision study
findings showing that RSD is below 3, confirming a good precision of the
proposed HPTLC strategy.

Robustness
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Fig. 5. HPTLC densitogram of a blank plasma sample without TRM and LOS spiking (a, c), and a plasma sample spiked with 30 ng/band of TRM and 12 ng/band of

LOS (b, d).

Table 5
Application of the proposed TLC-fluorescence method for simultaneous deter-
mination of Triamterene and Losartan in spiked human plasma.

Drug Conc. of drug (ng/  Amount found (ng/ % Recovery (a)
band) band) + SD

Losartan 12 12.64 105.37 £ 1.92
24 22.04 91.83 +2.33
45 43.09 95.75 + 1.75
105 108.55 103.38 + 2.24
150 148.03 98.68 + 2.27

Triamterene 3 2.89 96.18 + 2.81
9 8.59 95.47 + 2.55
30 34.02 113.40 £ 2.73
90 104.01 115.56 + 1.91
150 151.91 101.27 + 1.59

(a) Average of six determinations.

By estimating the effect of minor changes to particular experimental
parameters, such as the composition of the mobile phase and the con-
centration of perchloric acid, on the analytical performance, the degree
of robustness or method dependability was evaluated. The results shown
in Table 4 indicate that these minor changes had little effect on the
method’s performance because the recovery percentage remained high.
Specifically, the percentage recovery consistently ranged from 97.68 +
0.94 to 102.25 + 1.81 percent. This outcome demonstrates the
outstanding robustness and reliability of the recommended approach for
determining TRM and LOS.

3.3. Application to spiked human plasma

The high sensitivity of the described approach enabled the analysis
of the cited drugs in human plasma. As shown in Fig. 5 and Table 5, the
results demonstrate the method’s ability to estimate the examined
medications in human plasma without interference from plasma
components.

The blood levels of the drugs being studied after co-administration
are extremely important to know. Since it was difficult to get blood
samples from patients receiving the drug therapy under investigation,
we chose to perform the analysis using human plasma samples that had
been in vitro mixed with TRM and LOS.

An aliquot of plasma sample that had not been tampered with the
targeted drugs was analyzed as a method blank, as illustrated in Fig. 5a

and c. The drugs‘ mixture under investigation was added to the plasma
samples, and analyzed by the proposed method and resulting chro-
matogram is illustrated in Fig. 5b and d. The percentages of recovery
ranged from 95.47 + 2.55 to 115.56 + 1.91 for TRM and from 91.83 +
2.33 to 105.37 £ 1.92 for LOS, demonstrated the strong selectivity and
dependability of the suggested approach (Table 5).

4. Conclusion

This study presents a rapid, accurate, and reproducible HPTLC
densitometric method for the simultaneous estimation of triamterene
(TRM) and losartan (LOS) using reflectance/fluorescence mode for the
first time. To overcome the challenge of differing optimal pH conditions
for the maximum fluorescence of each drug, we developed a novel and
innovative approach to detect each drug at its respective optimal pH,
ensuring enhanced fluorescence and enabling their simultaneous
detection and quantification with high sensitivity. Triamterene was
measured at neutral pH, followed by the determination of LOS in a
strongly acidic medium, achieved by spraying the plate with 0.2 M
perchloric acid. Compared with previously reported HPTLC techniques,
the proposed method significantly enhanced the sensitivity of TRM
determination by approximately 66.67-fold and LOS by nearly 83.33-
fold. The approach has proven its flexibility and efficiency in quanti-
fying these medications in human plasma samples, with peak shape and
location remaining unaffected by the biological matrix. The present
approach is a valuable tool for routine clinical laboratory use, where a
single sample preparation can monitor multiple drugs efficiently.
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