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Abstract: This study aimed to develop and verify a simple HPLC-based quantitative approach to
simultaneously determine the phosphodiesterase-5 inhibitors (PDE5Is) sildenafil, vardenafil, udenafil,
avanafil, and tadalafil in a tablet dosage form mixed with honey obtained form Jordanian market in
rat plasma. PDE5Is block phosphodiesterase-5 (PDE-5). This blockage, in turn, triggers vasodilation
by phosphorylating downstream effector molecules. Chromatographic separation was performed on
a HypersilTM C18 column (150 mm × 4.6 mm, 5 µm, Thermo Fisher Inc., Waltham, MA, USA). An
acetonitrile:10% Triethylamine solution (57:43) at pH 5.5 (adjusted with orthophosphoric acid), 20 µL
injection volume, 1 mL/min flow rate, 25 ◦C temperature, and eluent monitoring at 250 nm was
used to execute the current approach. Linearity was observed in the 9.6–14.4 µg/mL concentration
ranges for sildenafil, udenafil, avanafil, and tadalafil, and 2.4–3.6 µg/mL for vardenafil. Each dosage
form was recovered within acceptable limits at three distinct concentrations, and the assay selectivity
indicated no interference from the inactive substances in the formulation. Sildenafil, vardenafil,
udenafil, avanafil, and tadalafil had retention times of 3.5, 4.3, 6.2, 9.7, and 12.8 min, respectively,
and tadalafil was 12.8 min. The present analytical method is comprehensive and universal for
measuring the five drugs. Such an analytical method can be routinely used to detect the combination
of these drugs.

Keywords: avanafil; honey; HPLC; phosphodiesterase-5 inhibitors; sildenafil; tablet; tadalafil;
udenafil; vardenafil

1. Introduction

The inability to get or keep an erection capable of sexual performance is called erectile
dysfunction (ED) [1]. ED has become a widespread problem, with an estimated 320 million
people suffering by 2025 [2]. The Massachusetts Male Aging Study found that up to 52%
of men aged 40–70 struggle with ED [3]. The discovery of phosphodiesterase-5 inhibitors
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(PDE5Is) for inducing penile erections was a side effect of testing their capacity to cure
hypertension and angina. PDE5Is are routinely used to treat ED [4,5]. Multiple studies
have shown that ED results from cardiovascular diseases and other health problems, such
as smoking, high blood pressure, high cholesterol, metabolic syndrome, and diabetes.
However, it can also be caused by (i) neurological (deficit in nerve signaling to the “cor-
pora cavernosa”), (ii) psychological (depression, stress, or anxiety), or (iii) endocrinologic
(low testosterone levels or other hormone imbalances) factors [6–9]. Several PDE5Is are
currently on the market, including the FDA-approved medications sildenafil, vardenafil,
tadalafil, and avanafil, as well as the non-FDA-approved medications lodenafil, udenafil,
and mirodenafil [10].

Several procedures have been developed to analyze PDE5Is. HPLC with diode array
detection and liquid chromatography-electrospray ionization tandem mass spectrome-
try has been used to analyze phosphodiesterase-5 inhibitors (PDE5Is) in dietary supple-
ments and in pre-mixed bulk powders for dietary supplements, respectively [11], PDE5I
quantification in dietary supplements using liquid chromatography-high-resolution mass
spectrometry (LC-HRMS) [12], HPLC with diode array method [13], High-Performance
Liquid Chromatography with Ultraviolet Detection [14], and many others. Therefore, this
study’s novelty lies in applying chromatographic techniques to measure PDE-5 inhibitors
in multiple honey-based consumer products, thereby providing valuable information for
regulatory agencies and consumers regarding the safety and quality of these products.

Capillary electrophoresis with contactless conductivity detection (CE-C4D) is a quick,
sensitive, and adaptable method for determining drugs in clinical samples. It is especially
well-suited for analyzing low molecular weight biogenic substances, such as inorganic
cations and anions, amino acids, amines, low molecular weight organic acids, saccharides,
and many drugs, such as antibiotics, analgesics, anesthetics, or antiepileptics [15,16]. A
method based on CE-C4D is presented for determining two important PDE5Is (sildenafil
and vardenafil) [17].

Honey is a well-known and widely used natural product for enhancing sexual func-
tions worldwide, including in Jordan. Some honey sellers, however, do adulterate honey
with PDE5Is without the customers’ knowledge to demonstrate the high quality of their
honey. Consumers should know the potential health concerns of adding PDE5Is to sev-
eral dietary supplements (including honey) to obtain the intended sexual results [18,19].
Various methods have been used to examine the pharmaceutical PDE5Is in honey and
other food products. Three liquid chromatographic techniques with distinct detectors were
developed and validated in one study to evaluate nutraceuticals (NTCs, honey, and tablets
with herbal extracts), where a fluorescence detector (FLD) showed better sensitivity and
selectivity with lower LOQs and LODs [20]. Another study examined several PDE5Is and
their counterfeits using HPLC-UV and UPLC-MS/MS [21]. UV detection was precisely set
at 230 nm, and the total run times for both methods were 11 and 6 min, respectively. The
linearity ranges for drugs similar to ours were wider [21]. Another study optimized and
validated the LC-HRMS method using 23 target analytes representing different ED drugs
with structural similarities [22]. The method demonstrated good specificity and linearity,
with a 10–70 ng/mL detection limit and a quantification limit of 80 ng/mL [22].

Compared with other methods, the current method is more versatile and sensitive,
with a wider linearity range for the simultaneous measurement of five PDE5Is mixed with
honey in rat plasma, and it requires less sample preparation than other methods.

This study aimed to develop and verify a simple, novel, and reliable reversed-phase
high-performance liquid chromatography (RP-HPLC) technique for the simultaneous
measurement of sildenafil, vardenafil, udenafil, avanafil, and tadalafil mixed with honey in
rat plasma, which is better than several current methods in terms of simplicity, sensitivity,
and accuracy.
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2. Method
2.1. Materials

Sildenafil (Dar al Dawa, Jordan, purity 99.95%), tadalafil (Dar al Dawa, Jordan, pu-
rity 99.85%), vardenafil (Dar al Dawa, Jordan, purity 99.85%), and carbamazepine (Dar
al Dawa, Jordan, purity 99.14%) were kindly gifted by Dar al Dawa, Jordan. Avanafil
(purity 99.64%; Mart, India) was purchased from IndiaMart (IndiaMart, Noida, India).
Undanafil (purity:99.71%, Sigma-Aldrich, Taufkirchen, Germany) was purchased from
Sigma-Aldrich (Germany). Fischer Scientific (Winsford, UK) was used for HPLC-grade
acetonitrile, methanol (acetonitrile and methanol purity 99.9%), and EDTA. HPLC-grade
triethylamine was obtained from TEDIA Software (St. Louis, MO, USA). Phosphoric acid
was purchased from Medex (Medex, Fort Lauderdale, FL, USA). The rat plasma was ob-
tained from the University of Petra (Amman, Jordan). This study used regular honey
obtained from Jordanian markets (south of Amman, north of Amman, west of Amman,
east of Amman, downtown, Ajloun, Jerash, Irbid, Karak, and Tafila).

2.2. Instrumentation

An HPLC system was used for chromatographic analysis, including a vacuum de-
gasser, oven, pump (LC Pump plus, Thermo Finnigan, San Jose, CA, USA), UV-visible
detector, and the standard autosampler, pump, and Thermo Finnigan Surveyor UV/Vis
PLUS Detector (Surveyor PDA Plus). A HypersilTM C18 column (150 mm × 4.6 mm, 5 µm,
Thermo Fisher Inc., Waltham, MA, USA) was used for separation. A digital scale was used
for all measurements. Chrom Quest 4.2.34 was used to analyze the chromatographic results,
Supplementary Table S1: Chromatographic Conditions.

2.3. Sample Preparation and Methodology Validation
2.3.1. Chromatographic Conditions

The temperature for chromatographic separation was set to 25 ◦C, and the detection
wavelength was set to 250 nm with a flow rate of 1 mL/min. The length of the analysis
was limited to 15 min. The drug solution was injected into the column after the mobile
phase had been circulated for 60 min to equilibrate the system. The injection volume was
20 µL. The mobile phase was analyzed using a 57:43 acetonitrile:10% Triethylamine (TEA)
(pH 5.5) solution and a HypersilTM C18 column (150 mm × 4.6 mm, 5 µm, Thermo Fisher).

2.3.2. Preparation of Plasma Samples with a PDE-5 Inhibitor

A 0.1 mg/mL concentration was obtained by dissolving 10 mg of the active pharma-
ceutical component in 100 mL of (distilled water 1:1 plasma).

2.3.3. Preparation of Standard Solutions

Stock solutions of sildenafil, udenafil, avanafil, tadalafil (480 µg/mL), and vardenafil
(concentration equal to 200 µg/mL) were prepared in the same mobile phase. Working
solutions of sildenafil, udenafil, avanafil, tadalafil (12 µg/mL), and vardenafil (3 µg/mL)
were prepared by diluting the stock solution daily with the mobile phase.

A stock solution of carbamazepine (used as the Internal Standard for verifying identity,
IS) was prepared in acetonitrile at a 100 µg/mL concentration. Working IS solutions
(20 ng/mL) were prepared by diluting stock solutions with acetonitrile daily.

2.3.4. Quantification and Method Validation

Linearity, precision, specificity/selectivity, accuracy, sensitivity (lower limit of detec-
tion and lower limit of quantification), sample stability, and robustness were prioritized
throughout the validation of the method following the ICH criteria [23]. The standard
addition method was used for quantification, in which several constant volume samples of
the PDE-5 sample solutions to be analyzed were added to an increment volume of standard
solution, mixed well, and analyzed. Then, the PDE-5 concentration in the original sample
was calculated [24].
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2.4. Methodology Validation
2.4.1. Linearity

Calibration curves were created for 80–120% of the standard working concentration
in the mobile phase. These points were used to assess the linearity of the proposed
procedure. Calibration curve ranges for sildenafil, udenafil, avanafil, and tadalafil were
9.6–14.4 µg/mL, while for vardenafil, the range was 2.4–3.6 µg/mL. Using the least-squares
technique of regression analysis, the peak area of each analyte was compared with its
concentration, and the slope (a), intercept (b), and correlation coefficient (r) were calculated.

2.4.2. Sensitivity

The lower limits of detection (LOD) and quantification (LOQ; also known as the
quantification limit, QL) were calculated for each analyte to assess the method’s sensitivity.
The signal-to-noise ratio (S/N) was determined using the linearity calibration curve and
methods supplied by the ICH guidelines.

LD =
3.3 × σ

S
and QL =

10 × σ

S

where σ is the standard deviation of the response (calculated y-intercepts), and S is the
slope of the calibration curve. The y-intercepts were calculated as [y-intercept = Avg.
area − (slope × conc.)].

2.4.3. Recovery and Accuracy

The accuracy of the HPLC method can affect the reliability of the results [25]. Some
studies have reported high accuracy of PDE5Is, whereas others have reported discrepancies
between HPLC and other analytical methods. For example, one study reported that the
HPLC method could accurately quantify sildenafil citrate in a pharmaceutical formula-
tion [26], whereas another study reported that the HPLC method had lower accuracy than
a liquid chromatography-tandem mass spectrometry method [27].

Nine samples of the five tablets with placebo were prepared at three different concen-
trations (80, 100, and 120%), and their results were compared with the standard working
solution. The percent recovery was used to determine the accuracy and reliability of the
proposed method.

The absolute recovery was calculated by comparing the peak areas of API and internal
standard from a plasma sample prepared according to the analysis method to the peak
areas of pure standards prepared in the mobile phase with a concentration of drug or
internal standard ensuring 100 percent recovery. Plasma samples with concentrations of
(200 ng/mL), (1000 ng/mL), and (2600 ng/mL) were prepared in triplicate. The relative
standard deviation should not exceed 15% at any concentration level. (Percentage RSD).

Spiking honey samples calculated percent recovery at three appropriately nominated
concentrations (9.6, 12, and 14.2 µg/mL) of sildenafil, udenafil, avanafil, and tadalafil and
(2.4, 3, and 3.6 µg/mL) of vardenafil each concentration three times. Percent recovery was
also calculated by spiking placebo samples in triplicate at three appropriately nominated
concentrations of 9.6, 12, and 14.2 µg/mL of sildenafil, udenafil, avanafil, and tadalafil and
2.4, 3, and 3.6 µg/mL of vardenafil; each concentration was performed three times. The
relative standard deviation (RSD) should not exceed 15% at any concentration level.

2.4.4. Specificity and Selectivity

The specificity of the analytical method lies in its capacity to precisely measure analytes
despite the presence of other components in the sample. Testing the specificity of the
method ensured that the peaks of the medicines and IS could be distinguished in the
standard solutions, placebos, and pure honey.
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2.4.5. Sample Stability

The stability of the analytes was measured at room temperature. The analyte samples’
12- and 24-hour room-temperature storage preceded the subsequent analyses.

2.4.6. Robustness Test

The method’s stability was evaluated by studying peak area, height, and retention
time under various experimental conditions. The stability of the analytical procedure was
tested by systematically altering several chromatographic conditions, such as the column
oven temperature (±2 ◦C), detector wavelength (±2 nm), mobile phase composition (±3%
acetonitrile), mobile phase flow rate (±0.2 mL/min), mobile phase pH (±0.1), and the
organic solvent (acetonitrile) composition (±3%) [28].

2.4.7. System Suitability

The system used ten replicates of 12 µg/mL of sildenafil, udenafil, avanafil, and
tadalafil, and 6 µg/ml of vardenafil for suitability tests. Parameters including peak area,
retention time, resolution, capacity factor, and asymmetry were determined.

2.4.8. Sample Preparation
Placebo Selectivity Test

In a 100 mL volumetric flask, 80, 46, 180, 118, and 33 mg of placebo sildenafil, var-
denafil, avanafil, udenafil, and tadalafil were dissolved. After adding 80 mL of diluent
and sonicating for 10 min with shaking every 5 min, the sample was diluted to volume
with diluent and filtered through a 0.45 µm nylon syringe filter (Millipore, Bedford, MA,
USA). The sample was injected into the HPLC system using the proposed method to test
for possible placebo interactions with any drug.

Honey Selectivity Test

One milliliter of honey was dissolved in a 100 mL volumetric flask. After adding
80 mL of diluent and sonicating for 15 min with shaking every 5 min, the sample was
diluted to the mark with diluent and filtered through a 0.45 µm nylon membrane syringe
filter (Millipore, Bedford, MA, USA). This sample was injected into the HPLC system using
the described approach to test for potential medication interactions with the honey.

3. Application of the Method in PDE5Is Quantifications in Tablets and Honey Samples
3.1. Honey Mixture Sample Preparation

Honey samples were collected from different governorates in Jordan (Supplementary
Table S2). They are used as boosters of the immune system.

Honey mixtures were transferred into a 100 mL volumetric flask separately, dissolved
in the diluent, and then the volume was made up to mark. The samples were subjected to
ultrasonic treatment for 15 min and then filtered using a 0.45 µm nylon syringe (Millipore,
Bedford, MA, USA).

3.2. Assay Test for Pharmaceutical Tablets

Supplementary Table S3 shows the results of weighing and finely powdering 20 tablets
representing various dose types. Diluents (30 mL) were added to a 100 mL volumetric flask
containing powdered sildenafil, udenafil, avanafil, tadalafil, and vardenafil tablets, and
the mixture was sonicated for 15 min while being shaken intermittently. A 0.45 µm nylon
syringe (Millipore, Bedford, MA, USA) was used to purify the solution.

4. Results and Discussion

Sildenafil, tadalafil, vardenafil, avanafil, and undanafil were analyzed simultaneously,
using carbamazepine as an internal standard. Several experimental parameters were
fine-tuned, and the ICH standards verified the procedure. Within 15 min, the suggested
approach successfully separated all analytes. The best separation was obtained using a



Processes 2023, 11, 3019 6 of 13

HypersilTM C18 column (150 mm × 4.6 mm, 5 µm, Thermo Fisher) and a mobile phase
consisting of acetonitrile:10% TEA solution (57:43), adjusted to a pH of 5.5 with ortho-
phosphoric acid, and pumped at a flow rate of 1 mL/min at 25 ◦C.

4.1. Quantification and Method Validation

The proposed analysis method was validated according to standard selectivity, sensi-
tivity, recovery, precision, and robustness guidelines.

4.1.1. Linearity

The linearity of the method was determined by plotting the analyte concentrations
against the matching peak regions. Linearity with a good regression coefficient was
observed in the 9.6–14.4 µg/mL concentration for sildenafil, udenafil, avanafil, and tadalafil,
and a concentration range of 2.4–3.6 µg/mL for vardenafil, separately for the standard
mixture. Linearity ranges in HPLC procedures are often one order of magnitude or more,
particularly if the method analyzes analytes in materials such as honey. Nevertheless, one
of the weaknesses of our study is that the linearity ranges are quite limited (9.6–14.4 µg/mL
and 2.4–3.6 µg/mL).

The regression equation and correlation coefficient values were computed from the
calibration curves of the drugs and are presented in Table 1.

Table 1. Linearity, slope, intercept, and regression factors for sildenafil, udenafil, avanafil, tadalafil,
and vardenafil.

Linearity

Sildenafil Udenafil Avanafil Tadalafil Vardenafil

Linearity range µg/mL 9.6–14.4 9.6–14.4 9.6–14.4 9.6–14.4 2.4–3.6
Slope (absorbance/ µg

mL ) 1814.8 912.39 1500.2 1727.2 1854.7
Intercept (mAU) −317.88 −164.34 −262.78 −304.36 −80.2

Regression coefficient (r2) 0.9998 0.9998 0.9998 0.9998 0.9998

According to ICH, the regression factors (R2) for sildenafil, vardenafil, udenafil,
avanafil, and tadalafil were 0.999, 0.999, 0.999, 0.999, and 0.999, respectively, indicating
that the method was linear at these concentrations. Figure 1 depicts an overlay of the
spiked chromatograms of sildenafil, vardenafil, udenafil, avanafil, and tadalafil (A), spiked
honey (B), and spiked rat plasma. When it comes to comparing our results with other
results, the retention times found in this paper for sildenafil, vardenafil, udenafil, avanafil,
and tadalafil were 3.5, 4.3, 6.2, 9.7, and 12.8 min, respectively. In contrast, comparatively
short retention times for another study [29] for sildenafil acid, vardenafil acid, and tadalafil
were found at 1.93, 2.47, and 9.62, respectively. Tadalafil has a longer retention time than
sildenafil, vardenafil, udenafil, and avanafil due to pka differences. Sildenafil has a pka
of 8.7, vardenafil 4.72 and 6.21 (because it is a tertiary amine), udenafil 11.07, avanafil
13.71 and 6.54, and tadalafil 3.52 and 3.44. Another reason for the longer retention time for
tadalafil is its larger chemical structure compared to other drugs. Tadalafil has the lowest
water solubility and is difficult to extract from plasma.

4.1.2. Sensitivity

The sensitivity of HPLC can affect the detection and quantification limits of PDE5Is.
Some studies have reported detection limits for sildenafil citrate in human plasma as low
as 1.80 ng/mL [30]; others have reported vardenafil concentrations of around 0.25 [31].
These variations can be attributed to the differences in the sample preparation method,
detector sensitivity, and injection volume. Table 2 displays the results of the LOD and LOQ
calculations based on the signal-to-noise ratio. The results showing low LOD and LOQ
validate the high sensitivity of the procedure.



Processes 2023, 11, 3019 7 of 13Processes 2023, 11, x FOR PEER REVIEW  7  of  14 
 

 

 
(A) 

 
(B) 

 
(C) 

Figure 1. Overlay of spiked chromatograms. (A) Response (in volts) versus retention time (in minutes)
for all drugs were identified by overlaying spiked chromatograms of stock solutions of 480 µg/mL
sildenafil, udenafil, avanafil, tadalafil, and 200 µg/mL vardenafil with equal dilutions, (B) spiked
honey, there are no peaks visible in the spiked honey, and (C) spiked rat plasma.
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Table 2. LOD and LOQ values for sildenafil, udenafil, avanafil, tadalafil, and vardenafil.

Sensitivity

Sildenafil Udenafil Avanafil Tadalafil Vardenafil

LOD (ng/mL) 100 330 100 100 100
LOQ (ng/mL) 290 980 250 250 250

This study’s results had higher LOD and LOQ accuracy when compared to other
studies. Another study [29] discovered that the LOD for sildenafil acid, vardenafil acid,
and tadalafil was 1.70, 2.16, and 1.03 mg/L, and the LOQ was 5.65, 7.21, and 3.42 mg/L,
respectively.

4.1.3. Recovery and Accuracy

The refined HPLC technique was validated using the standard addition method to
estimate the percentage recovery tested at 70, 100, and 130%. Table 3 displays the average %
of the recovery for each medication. The method’s accuracy was further tested by a tiny
percent relative inaccuracy (Table 3) [20,21].

Table 3. Recovery study for different tablets: accuracy of the optimized HPLC method.

Recovery

Drug Amount of the
Drug (mg)

Amount Found
Mean (n = 3) ± SD % Recovery

Sildenafil

9.6 9.64 ± 0.021 99.53

12 12.17 ± 0.16 101.10

14.2 14.33 ± 0.16 99.26

Mean:
%RSD:

100.03
0.54

Udenafil

9.6 9.81 ± 0.059 101.8

12 12.13 ± 0.14 99.7

14.2 14.36 ± 0.16 100.23

Mean
%RSD

100.58
1.36

Avanafil

9.6 9.73 ± 0.058 101.7

12 11.86 ± 0.058 99.57

14.2 13.93 ± 0.379 97.8

Mean:
%RSD:

99.69
1.108

Tadalafil

9.6 9.13 ± 0.058 95.77

12 12.13 ± 0.058 102.73

14.2 14.33 ± 0.152 101.83

Mean:
%RSD:

100.11
1.76

Vardenafil

2.4 2.33 ± 0.056 96.33

3 2.93 ± 0.058 97.2

3.6 3.47 ± 0.056 96.43

Mean:
%RSD:

96.65
0.69
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Table 4 displays the results of the honey recovery study, demonstrating the reliability
of the optimized HPLC procedure.

Table 4. A recovery study of honey confirmed the accuracy of the optimized HPLC method.

Recovery

Drug Amount of the
Drug (mg)

Amount Found
Mean (n = 3) ± SD % Recovery

Sildenafil

9.6 9.73 ± 0.01 101.3

12 12.01 ± 0.07 100.4

14.2 14.25 ± 0.01 98.96

Mean
%RSD

100.24
1.41

Udenafil

9.6 9.91 ± 0.15 100.07

12 11.71 ± 0.39 97.03

14.2 14.15 ± 0.21 98.33

Mean
%RSD

98.47
1.69

Avanafil

9.6 9.43 ± 0.15 99.37

12 12.2 ± 0.26 103.27

14.2 14.57 ± 0.21 103.46

Mean
%RSD

102.03
1.29

Tadalafil

9.6 9.53 ± 0.306 100.07

12 11.57 ± 0.153 97.00

14.2 13.97 ± 0.153 99.37

Mean
%RSD

99.11
1.12

Vardenafil

2.4 2.47 ± 0.058 101.03

3 3.00 ± 0.00 98.27

3.6 3.43 ± 0.058 100.2

Mean
%RSD

99.83
2.14

When compared to other methods of analysis for the detection of PDE5Is, some
researchers used HPLC-UV-ESI-MS, with recovery ranging from 93.3 to 106.1% and relative
standard deviation ranging from 2.0 to 5.6% (n = 6) [32]. In another study, the HPLC-UV
method was used to determine vardenafil, sildenafil, and tadalafil in Honey-Mixed Herbal
Sachets, yielding recoveries in the range of 93.0–103.3% at spike levels of 50–150 mg/kg
with RSDs less than 10% [29]. Another study combined LC with quadrupole-TOF-MS/MS,
yielding a low detection limit of 1.63–9.81 ng/g and relative standard deviations of less
than 7.72% [33]. Another study used the LC-MS/MS assay to analyze human plasma and
discovered that vardenafil had the lowest recovery at 73.63% (LQC) [34].

4.1.4. Specificity and Selectivity

The selectivity test was carried out by preparing a solution of a standard sample of the
medications dissolved in the mobile phase, adding the placebo solution, and injecting it into
the column. A selectivity test was performed to maximize separation and detection while
ensuring no interaction between the analytes and non-analyte components, Supplementary
Tables S4–S8 shows specificity test—loss in potency for the used drugs.
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4.1.5. Sample Stability

The standard working solution was examined immediately after preparation to assess
the stability of the target chemicals in the solution. It was then stored at room temperature
for 12 h and 24 h before being evaluated and compared to itself at the start.

4.1.6. Robustness

Robustness tests were performed by changing the flow rate (±0.2 mL/min), detection
wavelength (±2 nm), column oven temperature (±2 ◦C), mobile phase pH (±0.1), and
composition of the organic solvent (acetonitrile) (±3%). Table 5 summarizes the results
of the RSD of the robustness test (Table 5). Each adjustment was made by thoroughly
examining the appropriate characteristics of the system. The method’s resistance to shifts
in chromatographic conditions and the mobile phase shown in Table 5 indicate that the
method was robust for drug analysis, results are shown in Supplementary Figures S6–S11.

Table 5. Summary of RSD for the robustness test.

ID for API Modified Organic
Solvent Modified pH Modified Column Modified

Wavelength
Modified Flow

Rate

Sildenafil Assay 0.06% 0.12% 0.32% 0.32% 0.15%
Vardenafil Assay 0.46% 0.15% 0.60% 0.59% 0.06%
Udenafil Assay 0.12% 0.41% 0.21% 0.01% 0.25%
Avanafil Assay 0.55% 0.55% 0.10% 0.10% 0.30%
Tadalafil Assay 0.15% 0.15% 0.15% 0.44% 0.10%

4.1.7. Precision

The interday and intraday variations in the RSD results for sildenafil, udenafil, avanafil,
tadalafil, and vardenafil are shown in Table 6.

Table 6. Precision results for drugs using the optimized HPLC method.

Drug
Amount of the

Drug (mg)
Interday Intraday

% RSD % RSD

Sildenafil 24 0.80 0.42
Udenafil 24 0.56 0.54
Avanafil 24 1.41 0.41
Tadalafil 24 1.38 0.35

Vardenafil 6 1.30 0.44

4.1.8. Interference Test

Using the described approach, the drugs and honey were injected into an HPLC
system to look for evidence of medication interactions with the honey. The results showed
that the placebo and honey did not interact with the analytes. The results are shown in
Figure 2.

The results of published HPLC methods for detecting PDE5Is can vary depending on
several factors, and researchers may need to evaluate the advantages and limitations of
different methods and optimize the analytical conditions according to their specific needs.
Comparing the results of different published HPLC methods can help to identify the most
reliable and accurate method for analyzing PDE5Is in a given sample.

Table 7 summarizes the results, which show a high match to the theoretical values in-
dicated on the medicine packages, indicating that the method used allows for the extraction
and analysis (separation efficiency) of the quantity in the medicine tablet.
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and analytes.

Table 7. Separation efficiency achieved by the HPLC-UV method.

Sildenafil Udenafil Avanafil Vardefanil Tadalafil

Percentage Separation Efficiency

99.92% 101.36% 100.30% 100.71% 100.31%

This method is suitable for routine rat plasma PDE5I analysis. As a result, the method
can be used to study PDE5I pharmacokinetics in rats to develop new and better treatments.
On the other hand, the method can identify and quantify PDE5Is in adulterated products,
protecting consumers. As a recommendation, other analyses, like HPLC-MS, could use the
method to boost method sensitivity and selectivity. Finally, as the method could detect and
quantify PDE5Is in contaminated products, it would aid in protecting consumers.

5. Conclusions

In this study, a simple and validated HPLC-based quantitative method for determining
the PDE5Is sildenafil, vardenafil, udenafil, avanafil, and tadalafil in a tablet dosage form
mixed with honey was developed. The separation was performed on a HypersilTM C18
column (150 mm × 4.6 mm, 5µm). The method was carried out using an acetonitrile:10%
TEA solution (57:43) at pH 5.5 (adjusted with orthophosphoric acid), 20 µL injection volume,
1 mL/min flow rate, 25 ◦C temperature, and eluent monitoring at 250 nm. Linearity was
reported in the concentration ranges of 9.6–14.4 µg/mL for sildenafil, udenafil, avanafil,
and tadalafil and for vardenafil in the 2.4–3.6 µg/mL range. Each dosage form was
recovered within acceptable limits at three different concentrations, and the test selectivity
revealed no interference from the formulation’s inactive ingredients. Sildenafil, vardenafil,
udenafil, avanafil, and tadalafil exhibited retention times of 3.5, 4.3, 6.2, 9.7, and 12.8 min,
respectively. This analytical procedure can be employed regularly to detect the combination
of these medications.
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15. Tůma, P. Progress in On-Line, at-Line, and in-Line Coupling of Sample Treatment with Capillary and Microchip Electrophoresis
over the Past 10 Years: A Review. Anal. Chim. Acta 2023, 1261, 341249. [CrossRef]
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