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ABSTRACT

A Simple accurate and validated RP-HPLC method for Determination of Potential Synthetic Adulteration of
PDE-5 inhibitors in herbal formulation was developed. Chromatographic separation was operated with
Methanol: Water (60:40 v/v) at a flow rate of 1 ml/min on Agilent C18 column (4.6 mm 1.D. x 100 mm, 5 um),
using 232 nm as detection wavelength. The retention time for Sildenafil Citrate, Tadalafil and Testosterone
Propionate was found to be 2.35 min, 1.75 min and 6.25 min respectively. The method was linear over the
concentration range of 10-60 ug/ml and coefficient correlation were found to be 0.9973, 0.9947 and 0.9927
respectively. The LOD values for Sildenafil Citrate, Tadalafil and Testosterone Propionate were found to be
0.753, 0.775 and 0.544 ug/ml and LOQ values were 2.282, 2.350 and 1.649 respectively. This method was
validated for intraday precision, interday precision, repeatability, robustness and ruggedness. This method can
be successfully be applied for determination of synthetic adulterants.
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INTRODUCTION
The use of herbal medicines, food supplements or nutraceuticals are gaining popularity all over the world. The
reason for this increased popularity is that manufacturers and marketers deliver the message that all dietary
supplements and herbal Medicines are free from all sorts of side effects and the general people believe on that
perception. Almost 80% of modern drug inventory is contributed by Herbal medicinal plants. But addition of
undeclared synthetic drugs in herbal medicines and dietary supplements were recently reported from different
scientific and monitoring investigations. Serious toxic-effects to health can occur due to these hidden drugs.

Recently action was taken by US-FDA against such kind of Alternative medicines, counterfeit , adulterated and

86



Pankaj P Kapupara et al. J. Chem. Pharm. Res., 2019, 11 (3): 86-94

dangerous dietary supplements [1]. Illegal addition of metformin and Sitagliptin was detected in some Ayurvedic

medicines and dietary supplements by FDA. Patients life is at risk it was suggested by several studies that reported

hidden synthetic medicines, metals, or other toxic substances in high concentrations [2]. 24% of total 2600 Chinese

herbal medicines were found to contain at least one synthetic medicine [3]. A meta-analysis showed that herbal

medicines contained heavy metals which are toxic for human health [4].

Dietary supplements or conventional foods or natural products with hidden drugs and harmful chemicals are now

emerging trend all over the world.

Some kind of products are usually promoted and sold as pure natural or 100% natural products in some under-

developing countries, as they have no specific rules and controlling system and authority for dietary supplements.

Products which are adulterated have been used for the improvement of sexual dysfunction, weigh reduction, body

building etc. United States Food and Drug Administration already identified, reported and displayed public

notification against six such kinds of products in their website between January to March 2014 [5]. The increasing

figure indicates that the number of adulterations of herbal drugs and dietary supplements is increasing drastically so

FDA identified and issued public warning against such kind of counterfeit and adulterated products.

One or two or up to five of the following hidden chemicals: sildenafil, sulfoaildenafil, dimethylsildenafil,

dimethylacetyldenafil, hydroxyhomosildenafil, hydroxythiohomosildenafil, vardenafil, noracetildenafil, dapoxtine,

tadalafil, and aminotadalafil were found by FDA on analysis of products that were promoted as natural and dietary

supplements for increasing sexual power or energy or body building contained [5].

Not only dietary supplements and sexual stimulants, many other products of traditional herbal medicines were

reported to be adulterated with various types of hidden synthetic chemicals having different pharmacological

activities. In traditional herbal medicines sold as 100% pure, naturally originated and free from side-effects many

types of therapeutic synthetic agents as adulterants are added in Various Herbal Formulations such as presence of

glucocorticoids (dexamethasone, betamethasone, prednisolone, cortisone acetate, hydrocortisone), non-steroidal

antiinflammatory drugs (diclofenac, phenylbutazone, ibuprofen), antihypertensive agents (amlodipine, valsartan,

clonidine, metoprolol, chlorthiazide [6].

In India,

e  Substitution of the herbs is the need of the hour with more than 300 medicinal plants becoming red listed.

e  Substitution of herbs achieved many goals though basic idea was to provide similar therapeutic effect as that of
original drug.

e It provided a greater scope for the physician to utilize herbs that are easily available, cost effective and most
appropriate for the clinical condition.

e Suppliers are illiterate and not aware about their spurious supply.

e Major reasons are confusion in name, non-availability and lack of knowledge about authentic plant.

e Nearly list of 30 common substituents has been found out which are commonly adulterated in herbal products
[7,8].

87



Pankaj P Kapupara et al. J. Chem. Pharm. Res., 2019, 11 (3): 86-94

Extensive literature review revealed that no method is available for detection of synthetic adulterants (Sildenafil

Citrate, Tadalafil and Testosterone Propionate) [9-21] in a single RP-HPLC method, so an attempt was made to

develop a simple and validated method for simultaneous detection of these drugs in herbal formulation.
EXPERIMENTAL SECTION

Instrumentation

Model: Cyberlab 1600 EX

Column: Inertsil C18 (4.6 mm I.D. x 100 mm, 5 um)

Injector: Rheodyne 7725i

Pump: EX 1600 HP

Detector: UV Detector (Deuterium)

Reagents and Materials

Reagents and materials are given in Table 1.

Table 1. Reagents and materials used

Reagent_s and supplier
Materials
Sildenafil Citrate Cadila Pharmaceuticals, Ahemdabad
Tadalafil Zydus Cadila, Ahemdabad
Testosterone Propionate Glenmark, Mumbai
Methanol Molychem, Mumbai
Water Molychem, Mumbai

Selection of Wavelength

Using appropriate dilution of standard stock solution, the three solutions were scanned separately in order to get
results. All the solutions were scanned between 200-400 nm using UV-Visible spectrophotometer. Wavelength was
selected from the overlay spectra of above solutions. The overlay spectrum for selection of wavelength is given in
Figures 1 and 2.

Preparation of Standard Stock Solution

Accurately 10 mg of Sildenafil Citrate, Tadalafil, Testosterone Propionate were weighed separately and transferred
to three different 10 mL volumetric flask. The volume was made up to the mark with methanol. All the solutions
were ultrasonicated for 20 minutes on ultra-sonicator. From this solutions 1 ml was pipetted out and diluted up to 10
ml with methanol to give a final solution containing 100 ug/mL of Sildenafil Citrate, 100 pg/mL of Tadalafil and
100 pg/mL of Testosterone propionate respectively. Then filtered through 0.45 um 47 mm membrane filter paper.
Preparation of Standard Solution for Ternary Mixtures of Sildenafil Citrate, Tadalafil and Testosterone
Propionate

Accurately 10 mg of all three drugs was weighed and transferred into same 10 mL volumetric flask. Volume was
made up to mark with methanol. The solutions were ultrasonicated for 20 minutes on ultra-sonicator. Then filtered
through 0.45 pm membrane filter paper.

Selection of Mobile Phase

Ternary mixture containing 10 pg/mL of Sildenafil citrate, 10 ug/mL of tadalafil and 10 pg/mL of Testosterone

propionate were injected into the HPLC system and run in different solvent systems. Method development was
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started with 100% methanol but poor resolution was found between peaks of all the drugs. The mobile phase was
then taken as 100% water. But all three peaks got merged into one another. In order to optimize the better peak
separation and resolution, Ratio of water and methanol was altered logically. Finally, the mobile phase contains
water: methanol (40:60, v/v) with flow rate 1 mL/min. was selected.

Preparationo Mobile Phase

HPLC grade water and methanol were ultrasonicated for 20 minutes on ultrasonicator and then filtered through 0.45
um 47 mm membrane filter paper. Mobile phase was prepared by mixing 40 mL of water with 60 mL of methanol
and again the mixture was sonicated for 20 min on ultra sonicator.

Chromatographic Separation

Standard solutions of Sildenafil citrate, tadalafil, and testosterone propionate were injected in column with 20 pL
micro-syringe. The chromatogram was run for appropriate minutes with mobile phase Water: Methanol (40:60 v/v)
which was previously degassed. The flow rate was set to 1 mL/min. and detection was carried out at wavelength 232
nm. The chromatogram was stopped after separation achieved completely. Data related to peak like area, height,
retention time, resolution etc. were recorded using software.

Validation of Analytical Method

Linearity

For mixture containing all three drugs appropriate aliquots were pipetted out into a series of 10 mL volumetric
flasks. The volume was made up to the mark with Mobile phase to get a set of solutions for Sildenafil citrate having
concentration range having 10, 20,30,40,50 and 60 ug/mL, for Tadalafil having concentration range 10, 20,30,40,50
and 60 pg/mL and Testosterone propionate having concentration range 10, 20,30,40,50 and 60 pg/mL.
Chromatogram of the drugs was performed with UV detector at 232 nm. Peak areas were recorded for all the peaks.
Standard calibration curves for Sildenafil citrate, tadalafil and testosterone propionate were Plot separately with
concentration vs. the respective peak area as shown in figures respectively (Figures 3-5).

Limit of detection and limit of quantitation

Calibration curve was repeated six times and the standard deviation of the intercepts was calculated (Table 2). Then
LOD and LOQ were calculated as follow:

SD
Slope of calibration curve

LOD=3.3 X

SD
Slope of calibration curve

LOQ=10 X

Where, SD=Standard Deviation of intercepts of calibration curves.

Precision

Repeatability: Standard solution containing Sildenafil Citrate (10 pg/mL), Tadalafil (10 pg/mL) and Testosterone
propionate (10 pg/mL) were injected six times and area of peak were measured and % RSD was calculated.

Intra day precision: Standard solution containing Sildenafil Citrate (10 pg/mL), Tadalafil (10 pg/mL) and
Testosterone propionate (10 pg/mL) were analyzed six times on the same day and % RSD was calculated.

Inter day precision: Standard solution containing Sildenafil Citrate (10 pg/mL), Tadalafil (10 pg/mL) and

Testosterone propionate (10 pg/mL) were analysed six times on the different day and % RSD was calculated.

89



Pankaj P Kapupara et al. J. Chem. Pharm. Res., 2019, 11 (3): 86-94

Robustness
The evaluation of robustness should be considered during the development phase and depends upon the type of
procedure under study. Robustness was performed by small variation in the chromatographic conditions and found
to be unaffected by small variations like + 1% variation in volume of mobile phase and £ 0.1 mL/min. flow rate of
mobile phase. The solution containing 10 pg/mL of Sildenafil Citrate, 10 ug/mL of Tadalafil and 10 pg/mL of
Testosterone Propionate were injected into sample injector of HPLC three times.
Ruggedness
Ruggedness was performed by keeping all the Experimental parameters same except it was done by two different
analysts. Each of analyst prepared individually solution containing 10 pg/mL of Sildenafil Citrate, 10 pg/mL of
Tadalafil and 10 pg/mL of Testosterone Propionate and they were injected into sample injector.
Extraction Technique
Method of extraction of sildenafil citrate, Tadalafil and Testosterone Propionate from herbal formulation:
The drug was freely soluble in methanol and water. Thus, for the extraction of the drug, a mixture of methanol:
water (50:50) was used. Powdered material was subjected to double extraction with a total of 50 ml of methanol:
water (50:50) solution. The powdered material was suspended in 25 ml of methanol: water (50:50) solution and the
suspension was sonicated for 20 min. The suspension was then centrifuged at 3000 rpm for 15 min and the
supernatant was collected. The sediment left was collected and re-dispersed in 25 ml of fresh extraction media and
same extraction procedure was followed and other 25 ml was obtained. Both of them were combined to obtain 50 ml
solution.

RESULTS AND DISCUSSION
Precision
Repeatability data: Repeatability data for sildenafil citrate, tadalafil and testosterone propionate are given in Tables
3and 4.
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Figure 1. Overlay UV spectrum of sildenafil citrate, tadalafil and testosterone propionate

90



Pankaj P Kapupara et al. J. Chem. Pharm. Res., 2019, 11 (3): 86-94

62000
(mAv]

49,600
1{5 1

a0 ~<):'SILDENAFILCITRATE

2480

TADALAFIL => ‘ \

N
LA X /-‘ \ < TESTOSTERONE PROPIONATE
i J o\
L A
000 100 200 0 o 00 600 700

T T J
800 900 10.00
[me]

Figure 2. Chromatogram of sildenafil citrate, tadalafil and testosterone propionate in methanol and water (60:40)
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Figure 3. Calibration curve of sildenafil citrate
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Figure 4. Calibration curve of tadalafil
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Figure 5. Calibration Curve of Testosterone Propionate

Table 2. LOD and LOQ data for sildenafil citrate, tadalafil and testosterone propionate

Drug LOD (pg/ml) LOQ (pg/ml)
Sildenafil Citrate 0.753 2.282
Tadalafil 0.775 2.35
Testosterone Propionate 0.544 1.649

Table 3. Repeatability data for sildenafil citrate, tadalafil and testosterone propionate

Sildenafil Citrate Tadalafil Testosterone Propionate
Concentration Area Label Claim Area Label Claim Area Label Claim
Sr. No. (ng/ml) (AUC) (%) (AUC) (%) (AUC) (%)
1 30 188558 99.7 80983.3 101.5 150172.7 99.5
2 30 187612.4 99.2 79946 100.2 149116.2 98.8
3 30 186288.5 98.5 80504.5 100.9 150625.4 99.8
4 30 189692.8 100.3 79626.9 99.8 152738.4 101.2
5 30 188179.8 99.5 80345 100.7 153493.1 101.7
6 30 186855.9 98.8 79387.5 99.5 151832.9 100.6
Table 4. Statistical validation of repeatability
Mean label Standard Standard

Drug claim (%) Deviation | % RSD Error

Sildenafil Citrate 99.33 0.647 0.651 0.264

Tadalafil 100.43 0.742 0.738 0.302

Testosterone
propionate 100.26 1.095 1.092 0.447

Intra-day Precision Data

Intra-day precision data for sildenafil citrate, tadalafil and testosterone propionate are given in Tables 5 and 6.
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Table 5. Intra-day precision data for sildenafil citrate, tadalafil and testosterone propionate

Sildenafil Citrate Tadalafil Testosterone Propionate
Concentratio Area Label Claim Area Label Claim Area Label Claim
Sr. No. n (pg/ml) (AUC) (%) (AUC) (%) (AUC) (%)
1 30 188558 99.7 80983.3 101.5 150172.7 99.5
2 30 187612.4 99.2 79946 100.2 149116.2 98.8
3 30 186288.5 98.5 80504.5 100.9 150625.4 99.8
4 30 189692.8 100.3 79626.9 99.8 152738.4 101.2
5 30 188179.8 99.5 80345 100.7 153493.1 101.7
6 30 186855.9 98.8 79387.5 99.5 151832.9 100.6
Table 6. Statistical validation of intra-day precision data”
Mean label | Standard Standard
Drug claim (%) Deviation | % RSD Error
Sildenafil Citrate 99.33 0.647 0.651 0.264
Tadalafil 100.43 0.742 0.738 0.302
Testosterone
propionate 100.26 1.095 1.092 0.447
*n=6

The results have shown that the recovery of Sildenafil Citrate, Tadalafil and Testosterone Propionate were in the

range of 98.00 % to 102.00 %. The relative standard deviation was less than 2 %. These results demonstrate that this

method was repeatable and precise.

Inter-day Precision Data

Inter-day precision data for sildenafil citrate, tadalafil and testosterone propionate are given in Tables 7 and 8.

Table 7. Inter-day precision data for sildenafil citrate

Sildenafil Citrate Tadalafil Testosterone Propionate
Concentratio Area Label Claim Area Label Claim Area Label Claim
Sr. No. n (ng/ml) (AUC) (%) (AUC) (%) (AUC) (%)
1 30 186288.5 98.5 80983.3 101.5 150323.6 99.6
2 30 188558 99.7 80424.8 100.8 151531 100.4
3 30 191016.7 101.1 79626.9 99.8 153191.2 101.5
4 30 190827.5 100.9 78430.1 98.3 153493.1 101.7
5 30 188179.8 99.5 80743.9 101.2 151229.2 100.2
6 30 192340 101.7 79148.2 99.2 150625.4 99.8
Table 8. Statistical validation of Inter-day precision data
Drug Mean label claim (%) | Standard Deviation % RSD Standard Error
Sildenafil Citrate 100.23 1.198 1.195 0.489
Tadalafil 100.13 1.248 1.246 0.509
Testosterone propionate 100.53 0.875 0.87 0.357

*N=6.
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The results have shown that the recovery of Sildenafil Citrate, Tadalafil and Testosterone Propionate were in the
range of 98.00 % to 102.00 %. The relative standard deviation was less than 2 %. These results demonstrate that this

method was repeatable and precise.

Robustness

Data of Robustness for sildenafil citrate, tadalafil and testosterone propionate are given in Tables 9 and 10.
Table 9. Robustness Data for Sildenafil Citrate

Change in flow rate

Sildenafil Citrate Tadalafil Testosterone Propionate
Retention
Flow rate Retention Recover time Recover Retention Recover
(ml/min.) Level time (min.) y % (min.) y % time (min.) y %
0.9 -1 2.39 101.7 1.77 101.14 6.16 100.48
1 0 2.36 100.42 1.74 99.42 6.1 99.51
1.1 2.32 98.72 1.72 98.28 6.07 99.02
Change in % of Methanol in mobile phase
Retention
% of methanol in Retention Recover time Recover Retention Recover
mobile phase Level time (min.) y % (min.) y % time (min.) y %
59 -1 2.31 98.29 1.73 98.85 6.06 98.85
60 0 2.34 99.57 1.76 100.57 6.12 99.83
61 1 2.38 101.27 1.78 101.71 6.19 100.97
Table 10. Statistical validation of robustness data
Change in % of Methanol in mobile
Change in flow rate phase
Mean Rt Std Mean Rt Std
Drug (min.) SD %RSD | Error (min.) SD %RSD | Error
Sildenafil Citrate 2.356 1.495 1.49 0.863 2.343 1.495 1.499 0.863
Tadalafil 1.743 1.44 1.445 0.831 1.756 1.44 1.434 0.831
Testosterone
propionate 6.11 0.743 0.743 0.428 6.123 1.061 1.062 0.612

The parameters included flow rate and percentage of Methanol in the mobile phase. The results have shown that the
recovery of Sildenafil Citrate, Tadalafil and Testosterone Propionate were in the range of 98.00 % to 102.00 % and
Also % Relative Standard deviation was less than 2%. These results demonstrate robustness of this method over the
specified range.

Ruggedness

Data of ruggedness for sildenafil citrate, tadalafil and testosterone propionate are given in Tables 11 and 12.
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Table 11. Ruggedness Data for Sildenafil Citrate

Change in analyst
Sildenafil Citrate Tadalafil Testosterone Propionate
Retention time Recovery | Retention time Recovery Retention time Recovery
Analyst (min.) % (min.) % (min.) %
1 2.37 100.85 1.77 101.14 6.16 100.48
2 2.36 100.42 1.76 100.57 6.18 100.81
Table 12. Statistical validation of robustness data
Different Analyst
Drug Mean Rt (min.) SD %RSD | Std Error
Sildenafil Citrate 2.36 0.304 0.302 0.215
Tadalafil 1.76 0.403 0.399 0.285
Testosterone propionate 6.17 0.233 0.231 0.164

Under same conditions, two different analysts performed the experiment and the results have shown that the recovery of
Sildenafil Citrate, Tadalafil and Testosterone Propionate were in the range of 98.00 % to 102.00 % and also %Relative
Standard deviation was less than 2%. These results demonstrate ruggedness of this method over the specified range
CONCLUSION
Analysis of Herbal Formulation
Using the extraction technique mentioned above, 5 herbal formulations were obtained from different parts of
saurashtra region and were analysed using the developed method after applying extraction technique (Table 13). It
was found that 1 out of 5 herbal formulation was adultered with one of the synthetic adulterants.

Table 13. Summary of validation parameters for sildenafil citrate, tadalafil and testosterone propionate by developed method

Parameters Sildenafil Tadalafil Testosterone
Retention time (min.) 2.35 1.75 6.13
Resolution between SC and
Resolution Resolution between SC and Tad is 1.69 | Testosterone propionate is 13.58
Linearity (ug/ml) Oct-60 Oct-60 Oct-60
Correlation Coefficient (%) 0.9973 0.9947 0.9927
Slope 6887.1 4922.6 3503.7
LOD 0.753 0.775 0.544
LOQ 2.282 2.35 1.649
Repeatability (%RSD) *n=6 0.651 0.738 1.092
Intraday precision (%RSD) *n=6 0.651 0.738 1.092
Interday precision (%RSD) *n=6 1.195 1.246 0.87
Change in
flow rate 2.356 + 1.490 1.743 £ 1.445 6.11+0.743
Robustness Change in and
(Mean Rt £ SD) of MeOH 2.343 £ 1.495 1.756 + 1.440 6.123 £ 1.061
Ruggedness (Mean Rt + SD) 2.365 + 0.304 1.765 + 0.403 6.17 + 0.233
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