
INTRODUCTION
Cleaning validation is the process of documenting the results 
of an approved cleaning method. It ensures that the equipment 
will be suitable for processing pharmaceutical goods or APIs. 
Swab sampling, which involves drawing blood from the surface 
of the body, rinse solutions, and a placebo were all deemed 
suitable sample methods for validating the cleaning procedure.1

As a means of controlling the possibility of microbiological 
contamination, cleaning validation ensures that the cleaning 
process successfully removes product residues, degradation 
products, additives, and cleaning chemicals.2 In addition, it is 
crucial to ensure that there is absolutely no chance of active 
components becoming cross-contaminated. Establishing a 
dependable cleaning process is the primary objective of the 
cleaning validation, which aims to minimise or eliminate 
analytical monitoring during the routine phase.3 It is now 
required by law to validate cleaning processes. Manufacturing 
equipment must be kept clean and organized according to GMP 
guidelines (part 133.4). Processing apparatus should designed 
to be visually inspectable and to facilitate cleanability.4 When 
possible, it should prepared from nonreactive materials with 
uneven surfaces. It is important to identify critical sites, that 
are the most challenging to clean.5

If direct surface sampling might be hindered by a lack of access 
to equipment parts, a combination of the first two processes 
is usually the way to go. Before using the sampling medium 
and solvent, make sure they are suitable and easy to use. You 
can sample a lot of ground with rinse samples. In addition, 
difficult-to-reach parts of machinery that aren’t dismantled 
often can be examined. Nevertheless, the solubility of the 
contaminant needs to be considered.6 It is important to directly 
test the product remainder proper solvent. To practise making 
future batches, the placebo sampling method is useful. Due to 
the large amount of variety in the apparatus/methods utilized 
across ended & bulk items, there are no clear recommendations 
to verify the validity of a cleaning procedure.7 Therefore, 
it is expected that pharmaceutical corporations will set 
acceptance criteria that are well-thought-out, reasonable, 
achievable, empirical, and supported by science. The analytical 
procedures employed to ascertain contaminants or residuals 
should be substance-specific & deliver a perspective that 
mirrors hygiene deemed respectable by the organization. To 
establish acceptable boundaries, it is necessary to specify 
the analytical method’s sensitivity.8 Products or medications 
treated, processing equipment, drug strength, toxicity levels, 
and acceptability criteria can all change. The validation 
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of the cleaning process needs to be defined, and for that, a 
confirmation protocol is required. The document lays out the 
goals of the validation process, who is responsible for carrying 
them out and giving their stamp of approval to the study, what 
tools will be utilized, how long it will be until production is 
finished and cleaning can begin, how many lots of the same 
product can be made in a drive before cleaning is complete, and 
so on. Specific methods for cleaning every product, system, 
recommended sequence of washing cycles, the need for regular 
monitoring,  methods for sampling, including the rationale 
behind the selection of a particular sampling technique, 
clearly specified sampling locations, information pertaining 
to research on possible recoveries, analysis methods that have 
been validated, including detection and quantification limits 
for those styles; acceptance criteria, including an explanation 
of how specific limits were set.9,10

One such phosphodiesterase type 5 inhibitor is sildenafil 
citrate, which is both powerful and selective. Its chemical formula 
is 5-[2-ethoxy-5-(4-methylpiperazin-1-yl)sulonylphenyl](1) 
methyl-3-propyl-6H-pyrazilo[4,3-d]pyrimidin-7-one. One 
structurally comparable pyrazolopyrimidinone derivative 
of zaprinast is the salt of this compound, which is known as 
sildenafil citrate. Vasodilation in the corpus cavernosum of 
the penis and penile erection are the outcomes of sildenafil’s 
selective inhibition of 5 phosphodiesterase. Since it dissolves 
easily in water, distilled water was used as the solvent.11 So, 
the idea to use water as a cleaning solution was born. A review 
of the literature found that there are not many spectroscopic 
or chromatographicapproaches described to quantify sildenafil 
citrate at either formulation or bulk form. The amount of 
sildenafil citrate in swab samples has not been documented 
using any method. For this reason, sildenafil citrate is now 
available through a UV technique. Linearity, accuracy, 
precision, limit of detection (LoD), and limit of quantitation 
(LoQ) have all been checked for in the suggested analytical 
procedure.12 The work goals is to develop and authenticate a 
spectroscopic approach for the analysis of sildenafil citrate 
swab samples. 

MATERIAL AND METHOD

Reagent and Chemicals
The gift sample was obtained from Flemigo Pharmaceutical 
and is a working standard of sildenafil citrate (Figure 1). We 
just utilized analytical-grade chemicals for the rest of the 
operation. The solvent used for swab testing was water of an 
AR grade. The Whatman filter paper was used to first pass the 
sample solution. We used sterile swabs made of 100% cotton 
to collect swab samples.
Instrumentation
We used a Shimadzu UV 1800 double beam spectrophotometer 
with a UV probe 2.33, a spectral width of 2 nm, a wavelength 
precision of 0.5 nm, and a couple of matched quartz cells that 
were 1-cm in diameter. Whatman filter paper, an analytical 
balance made by Shimadzu. The swab testing was conducted 
using a tablet compression device. 

Recovery Studies of Sildenafil Citrate from Clean Tip 
Swabs and Stainless Steel Plate
The surface testing was conducted using a stainless steel 
plate with dimensions of 30 x 15 cm. A conc. of 1000 μg/mL 
was achieved in spiking solvent by solubilizing 50 mg of 
citrate in 50 mL water. In order to get 10 μg/mL, it was further 
diluted. Each 100% cotton swab stick’s head was washed with 
AR-grade water. The three designated sections of the recovery 
plate were treated with solutions of different concentrations 
(1.6, 2, and 2.2 mL) using a calibrated graduated pipette. The 
recovery plate was covered with these solutions in an area 
measuring 5 x 5 cm, and they were left to dry. The stainless 
steel plate was swabbed using swab sticks that had been 
previously inserted into a glass test tube with 5 mL water. 
Swab process began with a horizontal motion and progressed 
to a vertical one.13 

Last but not least, AR-grade water was added to the 
swab sticks before being sonicated for 10 minutes at room 
temperature (Figure 2). It was lastly measured at a detection 
wavelength of 292.20 nm the absorbance of these sample 
solutions.
Method for Cleaning the Instrument
A dry cloth was used to clean the tablet compression machine. 
Following two rounds of cleaning with a 2% SLS solution, the 
machine was wiped down with water using a cotton plug to 
eliminate any remaining drug residue.
Method for Swab Testing 
Table 1 shows the locations of the critical sites, which were 
designated with area. We soaked every swab in 5 mL of 
water. Carefully, swabs were obtained from the designated 

Figure 1: Elemental arrangement of sildenafil citrate

Figure 2: Swab wipes sampling protocol
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areas using separate swabs. Both the horizontal and vertical 
directions should be swabbed initially. The swabs were then 
re-immersed in 5 mL of the water that was in the 10 mL 
test tube. Following a 10-minute sonication, the volume was 
increased to the specified level in the test tubes. Analyzed at 
292.20 nm, the filtrated solutions were passed through the 
Whatmann filter paper. 
Preparation of Standard Solution
To make a 50 mg stock preparation, 50 mL of water was mixed 
with 50 mg of sildenafil citrate. To obtain a 10 μg/mL, the 
mixture was appropriately diluted further.14

Determination of Absorption Maxima
Between 200 and 400 nm, a standard solution containing 
10 μg/mL was analyzed. The optimum absorption maximum 
that was determined from the measured spectrum was 292.20 
nm (Figure 3).15

Accuracy
Measurements were taken at 80, 100, and 120% of the LoQ 

concentration, and the analytical quantity measured was 
compared to the recorded amount spiked at each level to 
determine the procedure’s accuracy.
Limit of detection and quantitation
Using the response standard deviation and calibration curve 
(Table 2 and Figure 4) slope, the following formula was used 
to estimate the LoD and LoQ of sildenafil citrate.

Where σ = the standard deviation 
S = slope
We observed that the LoD was 0.0002651 μg /mL 

[0.2651 ng/mL] and LoQ was 0.0025371 μg/mL [2.5361 ng/mL]. 
The outcomes can be shown in Table 3.

RESULT AND DISCUSSION
Newly-developed cleaning procedure gets rid of any and all 
drug residue on the device. The established analytical approach 
was discovered to be sensitive enough to detect minute amounts 
of drug residue, as well as linear, exact, and accurate.16

CONCLUSION
It is possible to utilize the suggested method for routine swab 
analysis because it is easy, quick, sensitive, and inexpensive.

Table 1: Critical sites and area selected for analytical readings

Critical sites selected Area for swab testing
(Cm x Cm)

Absorbance

Turret 2 × 2 Not detected

Platform 2 × 2 Not detected

Upper camp tract 2c× 2 Not detected

Lower punch (12.5 mm) 1 × 1 0.0021

Die 1 × 1 Not detected

Upper punch (12.5 mm) 1 × 1 0.0001

Table 2: Linearity for sildenafil citrate

Concentration (μg/mL) Absorbance

5 0.109

10 0.211

15 0.323

20 0.431

25 0.526

Figure 3:  Absorption maxima for sildenafil citrate

Table 3:  Result for validation parameter

Validation parameter Results

Precision 
Inter-day 
Intermediate 
Intraday 

(%RSD)
1.30
1.00
1.62

Accuracy
80%
100%
120%

Percentage recovery (%)
86.14
89.62
84.25

Linearity R2= 0.9993

LoD (μg/mL) 0.0002651 

LoQ (μg/mL) 0.0025371

Figure 4: Calibration curve of pure sildenafil citrate
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