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Summary. A simple stability-indicating high-performance liquid chromatography–
diode array detection (HPLC–DAD) method has been developed for the simultaneous 
determination of triamterene (TRI) and xipamide (XIP) in presence of the degradation 
products generated in studies of forced decomposition. Drugs were subjected to stress 
by hydrolysis (acidic, alkaline, and neutral), oxidation, photolysis (254 and 365 nm), and 
dry and wet heat treatments. Degradation occurs under acidic and alkaline conditions 
(TRI only), oxidative stress (TRI and XIP), and by photolysis (XIP only), but both drugs 
were stable under other stress conditions investigated. Separation of the two drugs from 
all the degradant peaks was achieved within 11 min using C8 column (250 × 4.6 mm,  
5 μm) and mobile phase consisting of acetonitrile and 0.05 M phosphate buffer adjusted 
to pH 4 delivered at a flow rate of 1 mL min−1 using gradient elution system. The drugs 
were quantified at 220 nm using photodiode array detector, based on peak area. Peak 
homogeneity of the two drugs was checked using diode array detector, and the purity 
angle was within the purity threshold limit in all of the stressed samples. The calibration 
graphs for each drug were rectilinear in the range of 0.2–50 and 0.1–20 μg mL−1 for TRI 
and XIP, respectively. The method was validated in compliance with International Con-
ference on Harmonization (ICH) guidelines; in terms of linearity, accuracy, precision, 
robustness, limit of detection, and limit of quantitation. The proposed method was suc-
cessfully applied for the determination of the investigated drugs in their tablet without 
interference from excipients with acceptable accuracy and precision; the label claim per-
centages were 100.23 ± 0.70% and 100.75 ± 1.11% for TRI and XIP, respectively. 
 
Key Words: triamterene, xipamide, degradation products, stability-indicating, HPLC–
DAD 

 

Introduction 
 

Triamterene (TRI) is chemically designated as 2,4,7-triamino-6-phenyl-
pteridine (Fig. 1). It is a mild diuretic belonging to the potassium-sparing 
family that acts directly to diminish the release of potassium ions and to 
avoid the reabsorption of chloride ions as a result. TRI alone is relatively in-
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efficient as an antihypertensive drug. Thus, it is usually coadministered 
with some other more potent diuretics (e.g., a thiazide or anthranilic acid 
derivative). This combination has a synergistic effect since the diuretic and 
hypotensive actions of its components are mutually enhanced [1]. Several 
methods have been reported for the assay of TRI. In pharmaceutical prepa-
rations, it has been assayed using micellar electrokinetic chromatography 
[2], chemometric spectrophotometry [3], micellar liquid chromatography 
[4], spectrophotometry [5], fluorimetry [6], chemometric fluorimetry [7], po-
tentiometry [8], adsorptive stripping voltammetry [9], thin-layer chroma-
tography (TLC) [10], and capillary electrophoresis [11].  
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Fig. 1. Chemical structures of TRI and XIP 

 
 

Xipamide (XIP) is a sulfonamide diuretic drug (Fig. 1) chemically desig-
nated as 4-chloro-5-sulphamoylsalicylo-2′,6′-xylidide; 5-(aminosulphonyl)-
4-chloro-N-(2,6 dimethylphenyl)-2-hydroxy-benzamide. It is used for the 
treatment of high blood pressure and edema of cardiac, hepatic, or renal 
origin. It is a nonthiazide diuretic with a greater natriuretic effect than the 
thiazides and a less abrupt onset and longer duration of action [1]. 
Screening the literature revealed only few reports for the determination of 
XIP in pharmaceutical preparations including voltammetry [12], high-
performance liquid chromatography (HPLC) [13, 14], spectrophotometry, 
and spectrofluorimetry [15]. 

In the fixed dose combination of triamterene and xipamide, triamterene 
is able to cancel out the kaliuretic effect of xipamide. The use of the com-
position thus permits effective diuretic and antihypertensive treatment over 
a relatively long period. During the treatment using this combination, the 
excretion of potassium is not increased and the toxicity of the mixture is 
lower than that which could be expected on the basis of the toxicity of the 
constituents [16]. Screening the literature for reports on the analysis of 
triamterene and xipamide in pharmaceutical dosage forms revealed only 
one report which comprises spectrophotometric and densitometric methods 
[17]. 
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Instability of active pharmaceutical ingredients (APIs) affects both the 
safety and efficacy of drug therapy. Therefore, suitable analytical stability-
indicating methods which allow determination of the drug with accepted 
accuracy and precision in the presence of its degradation products are 
needed in order to assess the stability of pharmaceuticals. Recently, the de-
velopment of stability-indicating methods has increased enormously and is 
even being extended to drug combinations [18]. Thorough literature search 
revealed no report of any chromatographic stability-indicating analytical 
methods neither for the determination of TRI or XIP alone nor for their si-
multaneous determination and only one stability-indicating spectroflu-
orimetric report [19] for the determination of XIP. Forced degradation has to 
demonstrate specificity when developing stability-indicating methods, and 
for this reason, it should be performed prior to implementation of stability 
studies to assure that analytical methods are stability-indicating. Therefore, 
there is a challenge to develop a stability-indicating HPLC method for TRI 
and XIP. The challenge is to obtain a separation of TRI and XIP from each 
other and from a large number of degradant peaks. Hence, an attempt has 
been made to develop a sensitive, accurate, linear, precise, reproducible, re-
peatable, specific, and robust analytical method for the determination of TRI 
and XIP in the presence of their degradants and also capable to separate all 
the major degradant peaks from each other. 

Therefore, the present study was involved in a research effort aimed at 
developing and validating a simple, specific, accurate, and precise new sta-
bility-indicating HPLC method for simultaneous determination of TRI and 
XIP for use in stability studies and quality control applications. 

 
 

Experimental 
 

Materials and Reagents 
 

Pharmaceutical grade triamterene and xipamide were kindly provided by 
EIPICO Pharmaceutical Industries Company, Egypt. Analytical-reagent 
grade chemicals were used in all experiments. HPLC grade acetonitrile 
(Labscan Ltd., Dublin, Ireland), disodium hydrogen phosphate, ortho-
phosphoric acid (BDH Laboratory Suppliers, Poole, England), and sodium 
hydroxide (El-Nasr Chemical Ind. Co., Egypt) were used. Fresh double dis-
tilled water was used throughout the analysis. The pharmaceutical prepara-
tion used was Epitens® tablets (EIPICO, Egypt, 30 mg TRI and 10 mg 
XIP/tablet). 
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Instrumentation and Chromatographic  
Conditions 

 
The high-performance liquid chromatography–diode array detection 
(HPLC–DAD) system (Agilent, Germany) consisted of Quaternary Pump 
G1311A which comprises a solvent cabinet, Vacuum Degasser G1322A, and 
a four-channel gradient pump and Diode Array and Multiple Wavelength 
detector G1315D. The LC system is equipped with Thermostated Column 
Compartment G1316A and Manual Injector which uses a Rheodyne 7725i7-
port sample injection valve and fitted with a 20-μL sample loop. All are 
Agilent 1200 Series. LC separations were performed on an Agilent Zobrax 
Eclipse SB-C8 analytical column (250 × 4.6 mm, 5 μm). The column was 
thermostated at 25 °C during analysis. A gradient elution was applied. The 
mobile phase consisted of a mixture of acetonitrile (solvent A) and 0.05 M 
aqueous phosphate buffer adjusted to pH 4 using 2% orthophosphoric acid 
(solvent B). The elution gradient used was as follows (proportion of solvent 
A, v/v): 0–4 min, 25%; 4–5 min, increased linearly 25–60%; 5–11 min, 60%. 
After 11 min, the gradient was returned to the initial conditions and the 
analytical column was reconditioned for 3 min. The mobile phase was de-
gassed and filtered by passing through a 0.45-μm pore size membrane filter 
(Millipore, Milford, MA, USA) prior to use. The samples were also filtered 
using 0.45-μm disposable filters. The flow rate was 1 mL min−1. 

 
 

Preparation of Stock Solutions 
 

Stock solutions of TRI or XIP were prepared by dissolving 20 mg of TRI or 
XIP in 100 mL acetonitrile to obtain a concentration of 200 μg mL−1.  

 
 

Construction of Calibration Graphs 
 

Further dilution of the stock solutions with phosphate buffer pH 4 was 
made to obtain working standard solutions of concentrations 0.2–50 μg mL−1 
for TRI and 0.1–20 μg mL−1 for XIP (corresponding to the linearity ranges 
stated in Table I). Triplicate 20 μL injections were made for each concentra-
tion (n = 6) and chromatographed under the above mentioned conditions. 
The peak areas were plotted against the corresponding concentrations to 
obtain the calibration graph for each compound. 
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Table I. Regression and statistical parameters for the determination of a mixture of  
TRI and XIP by the proposed HPLC method 

Parameter TRI XIP 

Linearity rangea (μg mL−1) 0.2–50 0.1–20 
LOQb (μg mL−1) 0.18 0.09 
LODc (μg mL−1) 0.06 0.03 

Intercept −6.42 6.62 
Slope 46.44 196.59 

Correlation coefficient 0.9996 0.9999 

Sad 19.03 12.32 
Sbe 0.79 1.20 

Sy/xf 27.40 19.57 
a/Sag 0.34 0.54 

Sb2 0.62 1.44 
Sb% 1.70 0.61 

F 3458.66 26778.01 
Significance F 1.08 × 10−5 5.03 × 10−7 

an = 6. 
bLimit of detection. 
cLimit of quantitation. 
dStandard deviation of intercept. 
eStandard deviation of slope. 
fStandard deviation of residuals. 
gTheoretical value of t (a/Sa) = 2.31 at the 95% confidence level. 

 
 

Preparation of Sample Solution 
 

A total of 10 tablets (Epitens® tablets, EIPICO, Egypt, containing 30 mg TRI 
and 10 mg XIP per tablet) were finely powdered. An accurately weighed 
quantity of the powder equivalent to 30 mg TRI and 10 mg XIP was trans-
ferred into a 100-mL volumetric flask and extracted using about 60 mL ace-
tonitrile, in an ultrasonic bath for 30 min, completed to volume with the 
same solvent and filtered. One milliliter aliquots of the filtrate were sepa-
rately transferred into 10-mL volumetric flasks to prepare tablet solutions 
labeled to contain 30 μg mL−1 TRI and 10 μg mL−1 XIP. The prepared solu-
tions were then treated as under construction of calibration graph, and the 
concentrations of TRI and XIP were calculated. 
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Forced Degradation of TRI and XIP 
 

Stress degradation studies were performed in accordance with International 
Conference on Harmonization (ICH) guidelines [20] in order to demonstrate 
the stability-indicating feature of the assay. Stress testing of the drug sub-
stance can help to identify the likely degradation products, the stability, and 
specificity of the analytical procedures.  

 To determine whether the analytical method and assay were stability-
indicating, TRI and XIP were stressed under different conditions in forced 
degradation studies. The degradation products were induced in acidic, ba-
sic, neutral, oxidative, and photolytic conditions.  

Accurate volumes of the stock solutions of each drug (1.5 and 0.5 mL of 
TRI and XIP, respectively) were separately or as a mixture transferred into 
test tubes. This mixture was subjected to different stress conditions as men-
tioned below. Once the different treatments were complete, all the solutions 
were filtered with a 0.45-μm syringe filtration disk to the vials for injection 
in the HPLC system. 

 
Acidic, alkaline, neutral, and oxidative degradation 

 
HCl (0.5 M, 4 mL), NaOH (0.5 M, 4 mL), double distilled water (4 mL), and 
hydrogen peroxide (10%, v/v, 4 mL) were separately added to the stock so-
lutions of TRI, XIP, and their mixture for acidic, alkaline, neutral, and oxida-
tive degradation, respectively. The samples were separately heated in a 
boiling water bath for 1 h (for alkaline and neutral degradation) or 2 h (for 
acidic degradation). For oxidative degradation, the samples were heated in 
a thermostated water bath at 80 °C for 1 h. The degraded sample solutions 
were then quantitatively transferred into 10-mL volumetric flasks (and then 
neutralized by adjusting the pH to 7.0 in case of acidic and alkaline degra-
dation) and diluted with phosphate buffer pH 4 prior to injection into the 
HPLC system. These treatments were repeated at ambient temperature for 
12 and 24 h keeping all the other conditions constant. 

 
 

Dry heat degradation 
 

For thermal stress, 10 mg portions of each of TRI and XIP drug powder 
were placed in a vial in a controlled-temperature oven at 100 °C for 6 h to 
study the dry heat degradation. A stock solution (200 μg mL−1) of TRI and 
XIP in acetonitrile was prepared by quantitative transfer of the dry heat-
degraded samples into a set of 50-mL volumetric flasks using acetonitrile, 
and the volume is then completed to the mark with acetonitrile. Appro-
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priate volumes of each of the prepared stock solutions (1.5 and 0.5 mL of 
TRI and XIP, respectively) were separately or as a mixture transferred into 
10-mL volumetric flask and diluted with phosphate buffer pH 4 for HPLC 
measurements. 

 
Wet heat degradation 

 
The measured volumes of the stock solutions of TRI and XIP were sepa-
rately or as a mixture heated in a boiling water bath for 2 h. The degraded 
sample solutions were quantitatively transferred into 10-mL volumetric 
flasks and diluted to volume with phosphate buffer pH 4 prior to injection 
into the HPLC system.   

For all the previous degradations, the forced degradation was per-
formed in the dark to exclude the possible degradation effect of light. 

 
 

Photostability 
 

Photostability studies were performed by exposing 10-mL volumetric flasks 
containing the stock solutions of TRI and XIP separately or as a mixture to 
sunlight during the daytime for 5 days. Furthermore, the stress degradation 
study in direct ultraviolet (UV) radiation was performed by exposing the 
methanolic stock solutions of TRI and XIP and their mixture to UV radiation 
at 254 or 365 nm for 4 h at room temperature. These solutions were then di-
luted to volume with phosphate buffer pH 4 for HPLC measurements. 
Samples submitted to identical conditions, but protected of light, were used 
as a control. 

 
Results and Discussion 

 
Optimization of HPLC Conditions 

 
The main target of the chromatographic method is to get the separation of 
critical closely eluting degradants from the intact drugs. During method 
development, different experimental conditions were studied and opti-
mized by running the degraded samples using different stationary phases 
with different mobile phase compositions. This was performed at a detec-
tion wavelength of 220 nm which provided the best sensitivity based on the 
UV absorption spectra for both drugs [21].  

The degradation samples were run using different stationary phases 
like Agilent Zobrax Eclipse SB-C8 (250 × 4.6 mm), Agilent Zobrax Eclipse 
SB-C18 (150 × 4.6 mm), and Agilent Zobrax Eclipse SB-C18 (250 × 4.6 mm) 

Unauthenticated | Downloaded 05/19/23 02:06 PM UTC



E.I. El-Kimary 86

columns. Optimum chromatographic separation was achieved using C8 
(250 × 4.6 mm) which offered the advantage of separating the two drugs ef-
ficiently from the different degradants within reasonable retention times. 

Both acetonitrile and methanol have been tried as organic modifiers 
during the optimization of the HPLC method. Acetonitrile was considered 
optimum and was chosen for the separation of the two drugs within rea-
sonable retention times. Different ratios of acetonitrile were tried in the mo-
bile phase consisting of acetonitrile and phosphate buffer pH 4. At lower 
concentrations of acetonitrile, separation occurred but with increased reten-
tion time for XIP resulting in tailing and distortion of the peak shape. In-
creasing acetonitrile concentration led to loss of resolution of TRI peak and 
the solvent front. Optimum resolution within reasonable total running time 
was achieved using 40% acetonitrile. 

Phosphate buffer at various pH values ranging between 3 and 7 (ad-
justed with orthophosphoric acid or sodium hydroxide) were used to study 
the influence of pH of the aqueous phase on the determination of TRI and 
XIP. It was observed that, as the pH values increased, retention time of TRI 
was increased while that of XIP was slightly decreased. In addition, higher 
pH values caused decreased sensitivity for TRI and distortion of the shape 
of XIP peak (asymmetric and forked XIP peak). Thus, pH 4 was chosen as 
intermediate pH providing maximum peak sharpness and symmetry.  

An isocratic system consisting of acetonitrile: 0.05 M phosphate buffer, 
pH 4 (40:60, v/v), was able to separate the two drugs in standard solution 
but failed to separate the two drugs completely from their degradation 
products in the stressed samples. Thus, a gradient method was found nec-
essary to optimize the separation of major degradation products formed  
 

 
Fig. 2. HPLC chromatogram of 20 μL injection of a mixture of 30 and 10 μg mL−1 of TRI 

and XIP, respectively (a), and the same mixture after acid-induced degradation  
(b), alkaline-induced degradation (c), oxidative-induced degradation (d), photolytic-

induced degradation including [day light (e), UV radiation at 254 nm (f), and  
UV radiation at 365 nm (g)] 
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Fig. 2. (continued) 
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Fig. 2. (continued) 
 
 

under various stress conditions. The best resolution was achieved with ini-
tial run of acetonitrile: phosphate buffer (pH 4.0) in the ratio of 25:75 (v/v) 
for 4 min for the separation of TRI from the closely eluting degradation 
products following alkaline, acidic, and oxidative degradation. The ratio 
was then changed linearly within 1 min to 60:40 (v/v) till the end of the run 
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for the elution of XIP within reasonable retention time. This gradient 
method was successful in separating the two drugs from all the studied 
degradation products. The specificity of the HPLC method is illustrated in 
Fig. 2 where complete separation of the studied compounds was noticed. 

 
 

System Suitability 
 

The system suitability parameters of the chromatographic system were 
checked as they are an integrated part of the analytical method and it ascer-
tains the suitability and effectiveness of the operating system. Method per-
formance data including retention factor (k'), selectivity (α), resolution (Rs), 
asymmetry factor (Af), and number of theoretical plates are listed in Table II. 
All were satisfactory and indicative of the good specificity of the method for 
assessment of the stability of TRI and XIP. In addition, the resolution factors 
for TRI (after alkaline-induced degradation) and XIP (after photolytic deg-
radation) peaks were more than 1.99 and 2.03, respectively, from the nearest 
resolving peak (TRID4 and XIPD5 for TRI and XIP, respectively). This indi-
cates the efficient resolution of the analyzed drugs from their degradation 
products. 

 
Table II. HPLC system suitability parameters for the determination of TRI and XIP using 

the proposed method 

Analyte 

Retention 
time 

(min)* 

(Rt) 

Retention 
factor* 

(k′) 

Selectivitya

(α) 
Resolutiona

(Rs) 
Assymetrya

(Af) 

Efficiencya 

(plates 
m−1) 

TRI 4.02 0.96 – – 1.06 9858 

XIP 10.06 3.91 4.07 15.09 1.12 18734 

aSystem suitability recommendations: k′ (1–10), α > 1, Rs > 2, Af (0.8–1.2), and plates m−1 
(>2000) [24]. 

 
Degradation Behavior 

 
Stress testing provides evidence on how the quality of a drug may be af-
fected under the influence of different stress conditions. Drug decomposi-
tion may result in loss of potency and advent of possible adverse effects due 
to the formation of degradation products [22]. Summary of all degradation 
studies for the two drugs was mentioned in Table III. HPLC studies on the 
combination under different stress conditions indicated the following deg-
radation behavior. 
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Table III. Summary of degradation studies of TRI and XIP using the proposed HPLC 
method 

% Recovery Rt (min) of degradation  
products Degradation conditions 

TRI XIP TRI XIP 
Acidic degradation 
(4 mL 0.5 M HCl, 100 °C, 2 h) 78.52 98.77 3.4, 7.9 – 

Alkaline degradation 
(4 mL 0.5 M NaOH, 100 °C, 1 h) 27.65 99.26 3.4, 4.5, 7.9 – 

Neutral degradation 
(4 mL H2O, 100 °C, 1 h) 100.24 99.82 – – 

Oxidative degradation 
(4 mL 10% H2O2, 80 °C, 1 h) 71.12 78.24 3.0, 4.8 5.5, 6.7, 

7.2, 8.6 
Photolytic degradation 
Day light, 5 days 

UV at 254 nm 
UV at 365 nm 

 
98.25 
98.66 
99.31 

 
85.19 
93.28 
84.26 

– 8.6, 9.6 

Dry heat degradation 
(100 °C, 6 h) 100.64 100.48 – – 

Wet heat degradation 
(100 °C, 2 h) 98.78 99.33 – – 

 
 

Acidic, alkaline, and neutral degradation 
 

In both acidic and alkaline conditions, only TRI showed sufficient degrada-
tion whereas XIP was found to be stable. This was in agreement with previ-
ous stability-indicating spectrofluorimetric report [19] which mentioned 
that XIP was found to be insusceptible to acid degradation. Regarding alka-
line hydrolysis in the previous report [19], more drastic conditions were ap-
plied (boiling the drug with 5 mL 2.0 M NaOH for 2 h instead of 4 mL 0.5 M 
for 1 h in the present study). This was accompanied by a slight increase in 
the fluorescence intensity (23%) which was explained by the formation of a 
degradation product that also exhibited a high native fluorescence, but this 
suggestion was not proved by any further separation technique. In the pre-
sent study, using the aforementioned alkaline degradation conditions, XIP 
was found to be stable. 

TRI showed extensive degradation following alkaline degradation 
compared to acidic degradation conditions. The major degradation prod-
ucts formed following alkaline degradation were TRID1, TRID2, and TRID3 
at retention times 3.4, 4.5, and 7.9 min, respectively (Fig. 2c). Meanwhile, 
TRI was degraded to a lower extent following acidic degradation with the 
formation of TRID1 and TRID3 only at retention times 3.4 and 7.9 min, re-
spectively (Fig. 2b). The two drugs were stable under neutral hydrolytic 
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degradation conditions up to 2 h at 100 °C where no additional peaks were 
observed in the HPLC chromatogram of their degraded sample following 
neutral hydrolysis. When the hydrolysis was conducted at room tempera-
ture, the two drugs showed no degradation under all hydrolytic degrada-
tion conditions. 

 
Oxidative degradation 

 
The two drugs showed sufficient degradation when the combination was 
degraded in 10% H2O2 for 1 h while no degradation was observed at room 
temperature. TRI was degraded to give TRID4 and TRID5 peaks at 3.0 and 
4.8 min, respectively (Fig. 2d). Meanwhile, XIP was degraded to give XIPD1, 
XIPD2, XIPD3, and XIPD4 at 5.5, 6.7, 7.2, and 8.6 min, respectively (Fig. 2d).   

 
 

Photolytic degradation 
 

Under different photolytic degradation conditions including exposure to 
day light for 5 days, UV radiation (254 and 365 nm) for 4 h (Fig. 2e, 2f, and 
2g, respectively), TRI demonstrated to be stable while XIP showed partial 
decomposition with the formation of two degradation products, XIPD4 and 
XIPD5 at 8.6 and 9.6 min, respectively.  

 
 

Dry and wet heat degradation 
 

Both dry heat and wet heat degraded samples showed no additional peaks 
in HPLC chromatograms. No significant degradation was observed in stan-
dards that were left 6 h in oven at 100 °C or those boiled in acetonitrile for  
2 h at 100 °C. 

 
Validation 

 
Using the optimized chromatographic conditions, the developed HPLC 
method was validated in terms of linearity, accuracy, precision, robustness, 
and specificity.  

 
Linearity 

 
The linearity of the HPLC method for determination of TRI and XIP was 
evaluated by analyzing a series of different concentrations of each drug. The 
linearity of the calibration graphs was validated by the high values of corre-
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lation coefficient (>0.999) together with the small intercept values, which 
was not statistically (P = 0.05) different from zero (Table I). Characteristic 
parameters for regression equations of the HPLC method obtained by least 
squares treatment of the results are given in Table I. 

 
 

Range 
 

The calibration range was established through consideration of the practical 
range necessary, according to each compound concentration present in the 
pharmaceutical product, to give accurate, precise, and linear results. The 
calibration ranges of the proposed HPLC method are given in Table I. 

 
 

Limits of detection (LOD) and limits of quantitation (LOQ) 
 

Limit of quantitation and limit of detection values were determined by the 
signal-to-noise (S/N) approach. The concentration level that gives an S/N 
ratio of about 10:1 at which analyte can be readily quantified with accuracy 
and precision was reported as the limit of quantitation. The concentration 
level that gives an S/N ratio of about 3:1 at which analytes can be readily 
detected was reported as the limit of detection [23]. This was confirmed by 
analyzing a number of samples of each drug near this value using the fol-
lowing equation: 

The signal-to-noise ratio = S/N 
 
where S = height of the spectrum corresponding to the drug and N = abso-
lute value of the largest noise fluctuation from the baseline of the spectrum 
of a blank solution. LOD and LOQ of TRI and XIP using the proposed 
HPLC method are presented in Table I. 

 
 

Accuracy 
 

Accuracy was determined by the standard addition method in which 
known quantities (50, 100, and 150%) of TRI and XIP were supplemented to 
the sample solution previously analyzed and then experimental and true 
values were compared. The samples were analyzed in five replicates, and 
the added amounts were calculated from a calibration curve. Percentage re-
coveries along with standard deviation and relative standard deviations for 
each analyte are given in Table IV. The recovery values ranged from 98.79 to 
101.32 (±0.35–1.12%) indicating the acceptable accuracy of the method. 
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Table IV. Accuracy of the proposed method using standard addition method 

Concentration 
(µg mL−1) Mean % recovery ± SDa RSD (%) Er (%) 

TRI XIP TRI XIP TRI XIP TRI XIP 
10   4 100.39 ± 0.35 100.17 ± 0.97 0.35 0.97   0.39   0.17 
20   8 98.79 ± 1.12 101.32 ± 0.75 1.13 0.74 −1.21   1.32 
30 12 99.76 ± 0.84 99.82 ± 1.02 0.84 1.02 −0.24 −0.18 

aMean ± standard deviation of five determinations. 
 
 

Precision 
 

Precision of the assay was determined in relation to repeatability (intra-day) 
and intermediate precision (inter-day). Repeatability was studied by deter-
mination of intra-day and inter-day precision. Intra-day precision was de-
termined by injecting five standard solutions of five different concentrations 
of each drug on the same day, and inter-day precision was determined by 
injecting the same solutions for three consecutive days. The calculated rela-
tive standard deviation (RSD%) values were found to be less than 2% indi-
cating good precision of the proposed methods (Table V). 
 
Table V. Intra-day and inter-day precision for the determination of TRI and XIP using the 

proposed method 

Concentration 
(μg mL−1) Mean % recovery ± SDa RSD (%) 

TRI XIP TRI XIP TRI XIP 

(a) Intra-day precision and mean % recovery 

    0.5    0.2 98.19 ± 1.13 101.64 ± 1.37 1.15 1.35 
  5 1 99.29 ± 1.37 99.23 ± 0.62 1.38 0.62 
10 5 98.94 ± 0.73 100.73 ± 0.84 0.74 0.83 
25 10 99.71 ± 0.83 99.11 ± 0.52 0.83 0.52 
50 20 100.92 ± 0.44 100.75 ± 0.69 0.43 0.68 

(b) Inter-day precision and mean % recovery 

    0.5    0.2 102.23 ± 1.93 98.74 ± 1.77 1.89 1.79 
       5  1 99.12 ± 1.21 100.56 ± 1.52 1.22 1.51 

10  5 100.54 ± 1.63 99.73 ± 0.94 1.62 0.94 
25 10 99.38 ± 0.83 101.11 ± 1.12 0.84 1.11 
50 20 100.13 ± 0.94 101.33 ± 0.87 0.94 0.86 

aMean ± standard deviation of five determinations. 
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Robustness 
 

The robustness of an analytical procedure is a measure of its capacity to re-
main unaffected by small but deliberate variations in method parameters 
and provides an indication of its reliability during normal usage [20]. In or-
der to demonstrate the robustness of the method, TRI and XIP were ana-
lyzed under various parameters using synthetic mixture containing the two 
drugs (30 and 10 μg mL−1 of TRI and XIP, respectively). Various parameters 
in the proposed HPLC method were slightly changed including pH of the 
aqueous phase (3.8, 4.0, and 4.2), strength of the aqueous phase (0.045, 0.050, 
and 0.055 M), different lots of acetonitrile, and temperature of the thermo-
stated column compartment (24, 25, 26 °C). Good robustness of the pro-
posed methods was indicated by low values of RSD% of peak areas (less 
than 2%) along with nearly unchanged retention time values of TRI and 
XIP. The data are summarized in Table VI.   
 

Table VI. Robustness of the proposed HPLC method for the determination of  
TRI and XIP 

TRI XIP 

Parameter RSD%  
of peak 
areas 

Rt ± SD RSD% of 
peak areas Rt ± SD 

1) pH of the aqueous phase 
(3.8, 4.0, and 4.2) 0.61 3.98 ± 0.05 0.42 10.02 ± 0.15 

2) Strength of the aqueous 
phase (0.045, 0.050, and 
0.055 M ) 

0.51 4.05 ± 0.07 0.83 10.08 ± 0.09 

3) Temperature of the 
column (24, 25, 26 °C) 1.13 3.96 ± 0.06 1.24 10.06 ± 0.12 

4) Acetonitrile of different 
lots (lot 1, lot 2, and lot 3) 0.93 3.94 ± 0.07 1.32 9.99 ± 0.18 

 
 

Specificity 
 

The specificity of a method is the extent to which it can be used for analysis 
of a particular analyte in a mixture or matrix without interference from 
other components. In this assay, specificity was tested by analysis of solu-
tions containing degradants produced in forced degradation studies and by 
determination of peak homogeneity or purity. 
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The specificity was demonstrated by the HPLC chromatograms re-
corded for mixtures of TRI and XIP and their degradants, indicating that the 
method enabled highly selective analysis of the drugs. Well-resolved peaks 
for TRI, XIP, and their degradants were observed (Fig. 2).  

Peak homogeneity or purity of TRI and XIP in stressed samples was 
checked by using a G1315D photo diode array detector (PDA) for the HPLC 
method. The purity angle was within the purity threshold limit in all of the 
stressed samples, indicating that no additional peaks were coeluting with 
each of the analytes and evidencing the ability of the method to assess the 
analytes of interest in the presence of potential interferences. Baseline reso-
lution was achieved for all investigated compounds. The Food and Drug 
Administration (FDA) guidance indicates that well-separated peaks, with 
resolution, Rs > 2 between the peak of interest and the closest eluted peak, 
are essential for reliable quantification [24]. All the peaks met this specifica-
tion where the resolution factors for TRI and XIP peaks were more than  
2 from the nearest resolving peaks in all cases of degradation. 

In addition, method selectivity was achieved by analyzing laboratory-
prepared mixtures of the studied compounds at various concentrations 
within the linearity range. The laboratory prepared mixtures were analyzed 
according to the previous procedures described under the proposed 
method. Satisfactory results were obtained (Table V) indicating the high se-
lectivity of the proposed method for simultaneous determination of TRI and 
XIP.  

Finally, the application of the proposed method for the determination 
of the two drugs in dosage form, without interference from the excipients, 
clearly demonstrates the selectivity of the method.  

 
 

Analytical solution stability 
 

To demonstrate the stability of standard working solutions during the 
analysis, these solutions were analyzed over a period of 12 h while being 
stored at room temperature and for 24 h when refrigerated at 4 °C. The re-
sults showed that the retention times and peak areas of the drugs remained 
almost unchanged and no significant degradation was observed during this 
period, suggesting that these solutions were stable for at least 12 h at room 
temperature or 24 h when refrigerated at 4 °C, which was sufficient for the 
whole analytical process. 
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Application of the Developed Method to  
Marketed Formulation 

 
The proposed method was successfully applied for the determination of the 
two drugs in their marketed formulation Epitens® tablets containing fixed 
dose combination of the two drugs. Five replicate determinations were per-
formed. The results obtained for the two drugs were satisfactory and in 
good agreement with the label claim (mean % recovery ± SD was 100.23 ± 
0.70 and 100.75 ± 1.11 for TRI and XIP, respectively). The calculated RSD (%) 
and Er (%) for the assay results were less than 2% showing high reproduci-
bility and accuracy of the proposed method. The applicability of the method 
for the routine quality control of Epitens® tablets without interference from 
the excipients was evidenced from the good label claim percentage as well 
as the absence of any peaks in the chromatogram of the tablet extract solu-
tion (Fig. 3). 

 

 
 

Fig. 3. HPLC chromatogram of 20 μL injection of tablet extract solution containing 30 and 
10 μg mL−1 nominal concentrations of TRI and XIP, respectively 

 
 
 In addition, the results obtained using the proposed HPLC method 

were statistically compared with those obtained with the reported HPTLC 
method [17]. The two methods gave more or less concordant results with 
respect to their precision (F-test) and accuracy (t-test) where the calculated 
values did not exceed the theoretical values for either of the two drugs. This 
indicates that there is no significant difference between the proposed 
method and the reference one. 
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Conclusion 
 

The present study represents the first report that deals with the develop-
ment of a stability-indicating HPLC assay, established following the rec-
ommendations of ICH guidelines, for the simultaneous determination of 
TRI and XIP. The behavior of TRI and XIP under different stress conditions 
was studied. The results of the stress testing of the drugs, undertaken ac-
cording to the ICH guidelines, revealed that the degradation products were 
formed in hydrolytic (acid and base), oxidative, and photolytic conditions. 
The proposed method has the ability to separate the peaks of active phar-
maceutical ingredients (APIs) from their degradation products formed un-
der various stress conditions and common excipients used in tablet dosage 
forms; hence, it can be applied for checking quality during stability studies 
of pharmaceutical preparations. Moreover, the proposed stability-indicating 
method uses simple reagents, with minimal preparation procedures and 
short run time (complete separation of the analytes and degradants was ac-
complished in 11 min), encouraging application in routine analysis and 
quality control.  
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