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A B S T R A C T 
 

Background: Sildenafil citrate is a new drug that is still being marketed as patented products, namely Viagra and Revatio. The 
process of developing drugs using Sildenafil citrate was originally intended as a drug for heart disease. However, in the process 

of development, it turns out to function more as a drug for erection problems because it can increase erections in men. In the 
process of development, the use of sildenafil citrate still raises pros and cons so that it requires more intense research in the 
development of sildenafil citrate. 

Purpose: this review article aims to discuss thediscovery and development of sildenafil citrate.  

Data Source:The author created this review article using the literature study method relevant to thepurpose of the review. 
Sources of information The literature was taken from various online journal search sites such as digital libraries, Google, Google 
Scholar, Pub Med, Science Direct, and E-resources with the key terms "discovery" and "development" combined with the term 
"sildenafil citrate".  

Conclusion: The results of the review analysis obtained information that sildenafil citrate works as a PD5 inhibitor and has 
gone through clinical trials before being marketed commercially. Sildenafil at the right dose is reported not to interfere with 
fertility levels, is not teratogenic, non-genotoxic, and has no potential carcinogenic so that it can be consumed. In its 
development, research on sildenafil citrate is not limited to the treatment of erectile dysfunction but can also be used as a 

treatment for wounds, heart, lung, and chronic kidney diseases.  
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INTRODUCTION 

ildenafil citrate is one of the new types of drugs that 

are still being marketed as patented products, namely 

Viagra and Revatio. Sildenafil is one of the 

compounds used in the treatment of erectile dysfunction or 

better known as the anti-impotence phosphodiesterase 

inhibitor class. In addition to being used in the treatment of 

erectile dysfunction, sildenafil is also used in pulmonary 

arterial hypertension (PAH)
 1, 2

. The mechanism of action of 

this drug is through inhibition of the conversion of 

guanylate triphosphate to cyclic guanosine monophosphate 

(cGMP). cGMP is a vasodilator neurotransmitter in tissues. 

The catabolism of cGMP is mediated by the enzyme 

phosphodiesterase. Three high-selectivity type 5 

phosphodiesterase isoenzymes were found in genital tissue, 

which decreased cGMP catabolism. Inhibition of 

phosphodiesterase in nongenital tissues produces an 

adverse effect 
3
. Based on the history of this powerful drug, 

actually, Pfizer scientists from England found sildenafil as a 

drug for high blood pressure and heart disease, but because 

it has side effects, one of which is increasing penile erection 

and its effectiveness as a medicine for high blood pressure 

and heart disease is not optimal, so Pfizer scientists make 

sildenafil as an erectile dysfunction drug
4
.Recent 

developments Sildenafil citrate (Viagra) is more widely 

used as a drug for erection problems so it is widely used by 

herbal medicine manufacturers. However, there is still some 

S 
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controversy about the use of Sildenafil citrate (Viagra) as a 

drug for erection problems because of the side effects 

caused by Sildenafil citrate (Viagra) 
5
. 

It is necessary to know how the steps involved in 

identifying and developing the Sildenafil citrate drug which 

includes the testing of the drug's action, followed by a 

determination that explains the process of the compound 

based on its chemical structure (in silico), then continued 

with preclinical testing (in vitro and in vivo) and clinical 

research to see the reaction of drugs to the human body. If 

the testing stage has been passed, then the registration stage 

is the final stage to obtain a distribution permit from the 

authorized party in order to strengthen the drug safety 

statement 
6
. 

Based on this, the author is interested in conducting a 

review study on the history of the discovery and 

development of Sildenafil Citrate. The method used in this 

review is a literature study. It is hoped that in the future this 

review can be used as a reference and information by other 

researchers for the further development of Sildenafil citrate 

(Viagra) by conducting an analysis of the content and risk 

factors as well as its prospects in the pharmaceutical world. 

METHODS AND DATA 

The method that the author used in this review was to 

conduct a literature study both within the country and 

abroad. The literature search was carried out in a structured 

manner to obtain the most current and relevant discussion 

for the purpose of the review. The literature was taken from 

various online journal search sites such as digital libraries, 

Google, Google Scholar, Pub Med, Science Direct, and E-

resources with the key terms. 

RESULTS AND DISCUSSION 

History of Sildenafil Discovery  

Sildenafil citrate is a class of hard drugs that can only be 

obtained and can only be used based on a doctor's 

prescription and is commonly used in the treatment of 

erectile dysfunction in men
7
. Initially, scientists at the 

British drug company Pfizer, Peter Dunn and Albert Wood, 

intended to make drugs to lower high blood pressure and 

angina or chest pain associated with coronary heart disease. 

At that time, in 1989, they created sildenafil citrate, 

Viagra's pharmaceutical name
 8

.  

The beginning of the discovery of sildenafil citrate was in 

1986, Simon Campbell and David Roberts conducted 

research with the target of finding drugs that have anti-

angina effects. The theoretical basis obtained is that nitrates 

are effective agents for the short-term treatment of angina 

but their use is limited because they cause tachyphylaxis. 

On this basis, a drug that can function as a PDE5 inhibitor 

was developed 
2, 3

. In 1987, Pfizer discovered several 

compounds that have anti-angina effects, namely Zaprinast 

which is an antiallergic drug and Pyrazolopyrimidinones as 

a PDE5 inhibitor
9
. In 1989 UK-92,480 (sildenafil citrate) 

was selected as a candidate for clinical development for 

cardiovascular disease (angina) 
8
.  

In 1990, Peter Ellis and Nick Terret: noted that drugs 

capable of acting as PDE5 inhibitors may be useful in 

treating erectile dysfunction, through pre-clinical trials and 

the development of dosage forms (tablets) 
10

. A year later, a 

phase I study of sildenafil for the treatment of angina-single 

dose studies was initiated including healthy volunteers
11

. In 

1992, the first and only Phase II clinical trial of sildenafil as 

an antianginal agent found moderate hemodynamic effects. 

The Phase I (II) study of angina studies-multiple dose 

studies in healthy volunteers showed that erection was a 

side effect of drug use
3
. Late 1993, the first pilot study of 

sildenafil for the treatment of erectile dysfunction in 

Bristol, England. Men use the drug 3 times a day for a 

week. Early in 1994, a second pilot study of sildenafil for 

the treatment of erectile dysfunction showed that a single 

dose was able to induce erections. Research on sildenafil 

has focused on the treatment of erectile dysfunction
12

.  

In 1997, the enzyme PDE5 was detected in the corpus 

cavernosal tissue of the penis and suggested that the 

mechanism of action of sildenafil in the treatment of 

erectile dysfunction is to inhibit PDE5 
13

. In 1998, 21 

clinical trials of sildenafil, now known as Viagra, were 

conducted, including nearly 4500 men with erectile 

dysfunction
14

. A year later, Viagra was registered with the 

FDA
15

. In 2000, the US FDA approved Viagra as an oral 

medication for the treatment of erectile dysfunction
15,11

. In 

2001 the first IV placebo-controlled study was conducted to 

evaluate the effect of different doses (sildenafil) in treating 

patients
16

. The year 2003 was the first published case report 

that was successful in the treatment of patients with 

pulmonary hypertension using sildenafil
17

. In 2004 there 

was another case report regarding the success of sildenafil 

in treating pulmonary hypertension with oral sildenafil, a 

phase III trial was conducted regarding the effect of 

sildenafil in pulmonary hypertension 
18

. In 2006, sildenafil 

was approved by the FDA and EMEA as a therapeutic 

agent for pulmonary hypertension
19

.  

Clinical and Pre-Clinical Trials 

Pre-clinical Trials  

Clinical and pre-clinical trials were conducted to analyze 

the dosage and side effects of sildenafil citrate before being 

marketed. In 2004, D Abbott, P. Comby and C. Charuel 

have conducted clinical trials of sildenafil citrate by 

applying the LD 50 threshold 
20

. In these pre-clinical trials, 

several doses of preparations were used which were tested 

on rats orally and dermally. In the pre-clinical test, 

subchronic and chronic toxicity tests were also conducted 

with the results that there were specific effects on beagle 

pain syndrome in dogs, marked intestinal dilatation in mice 

and adaptive reversible hepatocellular hypertrophy and 

secondary hypertrophy in mice. However, this effect was 

not relevant in humans, so a second preclinical study was 

conducted 
21

.  

The results of the preclinical test II, namely that there was a 

morphometric thickness of the retinal layer from human 

visual disturbances, showed that there was no difference in 

the use of therapy with controls in experimental rats and 

dogs after 24 hours of treatment 
22

. The results of the 
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second preclinical test indicate that sildenafil does not 

interfere with fertility, is not teratogenic, is not genotoxic 

and has no potential carcinogenic 
16

. The results of the 

preclinical II test mentioned the side effects of the drug so 

that based on these results, pharmacological research can be 

carried out to determine the bioavailability, dosage and 

pharmacokinetic effects of a single oral dose on food.  

The study used 4 single oral doses of sildenafil, namely 

25,50,100 and 200 mg on 32 objects which resulted in 41% 

bioavailability, food can slow absorption with an average T 

for 1 hour is 29%. The recommended dose proportion based 

on this study is 25-200 mg 
23

. The pre-clinical test was then 

continued at the clinical trial stage in table 2 as follows.  

Toxicity Test  

A toxicity test was performed on mice. Mice received 

sildenafil for 18 or 24 months daily the dose was increased 

to 30 mg/kg. Death was seen on observation in the third 

month, marked by abdominal swelling associated with GI 

dilation. This results in total weight loss before death
24

. 

Rats received sildenafil for 24 months daily, the dose was 

increased to 60 mg/kg. No difference in mortality was 

observed during testing. Bodyweight decreased at high 

doses compared with controls. An increased incidence of 

thyroid follicular cell hyperplasia is seen. Sildenafil is not 

carcinogenic to mice and rats. There is no clastogenic 

activity either in vivo or in vitro and does not show 

genotoxicity 
25

. 

Male and female rats received sildenafil daily, the dose was 

increased to 60 mg/kg. In previous repeat-dose studies in 

rats and dogs, there was no association between sildenafil 

administration and changes in testicular or ovarian weight 

and histopathology. In the fertility study, there was no 

relationship between sildenafil administration and mating 

habits, pregnancy success, and other reproductive 

parameters. Thus, it does not affect fertility in general 
25

. 

Teratogen Test  

Data on the safety and tolerability of sildenafil citrate have 

been analyzed from a series of studies in the treatment of 

erectile dysfunction. A total of 4274 patients (2722 

sildena®l, 1552 placebo; age range 19 ± 87 years) received 

double-blind treatment for a period of up to six months, and 

2,199 received long-term open sildenafil up to 1 year. The 

most frequently reported side effects (all causes) were 

headache (16% sildena®l, 4% placebo), flushing (10% 

sildena®l, 1% placebo), and dyspepsia (7% sildena®l, 2% 

placebo). ) and most are transient and mild or moderate. 

These side effects reflect the pharmacology of 

phosphodiesterase type 5 inhibitors. No cases of priapism 

have been reported. Discontinuation rates due to adverse 

events (all causes) were comparable for patients treated 

with sildena®l (2.5%) and placebo (2.3%). In an open-label 

extension study, 90% of patients completed long-term 

treatment, with only 2% withdrawing due to side effects. 

Sildenafil is a well-tolerated oral treatment for erectile 

dysfunction
14,19.

 Sildenafil citrate significantly decreased 

the percentage of T-cells producing TNF- and showed a 

tendency to decrease IFN-γ, when stimulated with PMA 
25, 

26
. 

Endometrial thickness in 1452 female patients receiving 

sildenafil citrate was significantly higher than in the control 

group (placebo or no treatment). Sildenafil citrate is 

effective in increasing endometrial thickness, clinical 

pregnancy rate, and biochemical pregnancy rate in women 

with thin endometrium. This treatment is a potential 

therapeutic intervention for thin endometrium
27

. The 

optimal liposome formulation was coated with a 

bioadhesive polymer (chitosan and HPMC). An increase in 

liposomal size and zeta potential was observed for all 

coated liposomal formulations. HPMC-coated liposomes 

showed greater bioadhesion and higher entrapment 

efficiency than chitosan-coated formulas. In vitro release 

studies demonstrated prolonged release of sildenafil from 

coated liposomes compared to uncoated liposomes and 

sildenafil solutions. Ex vivo permeation studies revealed 

enhanced permeation relative to layered against uncoated 

liposomes 
28, 29

. 

Transient sildenafil-induced glutamate changes in the 

brainstem may reflect increased excitability of brainstem 

neurons. CGRP does not cause brainstem or thalamic 

glutamate changes, suggesting that CGRP exerts a more 

headache-inducing effect on peripheral trigeminal pain 

pathways
30

.Sildenafil may induce coronary steal or cause 

vasodilation leading to hypotension in patients with pre-

existing cardiovascular disease, particularly in those with 

preexisting cardiovascular disease. patients undergoing 

nitrate therapy
31

. Sildenafil citrate is a widely used erectile 

dysfunction drug that is usually associated with transient 

visual symptoms in normal doses. At high doses, sildenafil 

citrate can cause persistent retinal toxicity in certain 

individuals
32

. Sildenafil citrate is reported to have low oral 

absorption, multiple side effects, and delayed onset of 

action
33

. The two most common side effects are headache 

and flushing which are brief and easily treatable
18

. 

Treatment with sildenafil has been reported to be well 

tolerated in men with type 1 diabetes
34

. However, it is 

necessary to continue to develop to minimize the 

occurrence of side effects caused by sildenafil citrate. A 

combination drug containing 0.5 mg of testosterone and 50 

mg of sildenafil for arousal disorders. The prototype 

(formulation 1) consisted of a testosterone solution for 

sublingual administration and a sildenafil tablet 

administered 2.5 hours later. Dual route/multiple-release 

fixed-dose combination tablets (formulation 2) use the 

sublingual and oral routes for systemic uptake. The tablet 

has a sildenafil inner core with a polymeric time delay 

coating and an outer polymer layer containing testosterone. 

It is designed to increase dosing practicality and reduce the 

potential for temporal non-adherence through avoiding 

relatively complex temporal dosing schemes. The dual-

route/multiple-release fixed-dose combination tablet met 

the design criteria and was considered suitable for further 

clinical testing 
35

. Sildenafil citrate ODT administered 

without or with water was bioequivalent or met the 

bioequivalence criteria compared to conventional sildenafil 

citrate tablets administered with water under fasting 
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conditions in healthy Chinese men, thus offering a 

convenient alternative method of oral administration 
36

. 

Sildenafil citrate hydrogel containing microemulsion 

showed in vitro results that were suitable for use as a 

transdermal drug delivery system 
33

. 

In addition to its use as a treatment for erectile dysfunction, 

Sildenafil Citrate (SC) is a US FDA-approved drug, it has 

been used to treat wounds due to the stimulating activity of 

nitric oxide (NO) in tissues. The percentage of wound 

contraction, re-epithelialization, tensile strength, and 

biochemical parameters such as hydroxyproline, collagen, 

total protein and NO content at the dermal level proved the 

wound healing efficacy of the prepared SCH. Moreover, 

histopathology confirmed that SCH promotes re-

epithelialization, collagen synthesis, deposition, and skin 

regeneration. The results showed that SCH had no skin 

toxicity and accelerated wound healing. Thus, the prepared 

SCH showed promising skin wound healing properties 

against traumatic wounds 
37,38

. 

In the case of cardiac disease, Sildenafil has direct positive 

chronotropic and inotropic effects along with coronary 

vasodilator action, confirming that caution should be 

exercised in the use of sildenafil for patients with ischemic 

heart disease, obstructive hypertrophic cardiomyopathy 

and/or ventricular. arrhythmia. The information on 

sildenafil reported in this study may help establish 

guidelines for assessing the cardiac safety of the newer 

type-5 phosphodiesterase inhibitors 
39

. Early intervention 

with sildenafil prevents RV hypertrophy and RVF 

development, T-tubule remodeling and Ca2+ handling 

dysfunction 
40

. 

In lung treatment, SLD nano-transformers were prepared 

using a modified lipid hydration technique
41

. The STARTS-

1 and -2 trials and the 2012 US Food and Drug 

Administration (FDA) product labeling for the use of 

sildenafil in pediatric patients with pulmonary hypertension 

improved communication and mission alignment with 

regard to pediatric drug trials 
41

. Administration of 

sildenafil shows beneficial effects and is likely to be used in 

chronic kidney disease. Taking sildenafil with a supplement 

with adenine (Sildene) should not cause obvious symptoms, 

so the dosage is based on adenine-induced weight loss. In 

another part of the trial results, it was found that Adenine-

induced nephrotoxicity has altered the gross morphology of 

the kidney and induces renal fibrosis and tissue destruction, 

necrobiotic tubular cells with interstitial hemorrhage
42

. The 

combination of sildenafil and gemfibrozil can be used in the 

treatment of cisplatin-induced nephrotoxicity 
43

. 

Clinical Trials 

Phase I 

In phase 1 clinical trial, a single dose of sildenafil citrate 

was administered to a single male volunteer for 10 

consecutive days. The result is that patients have an 

antianginal effect, erection has not been reported in 

previous single-dose studies, even with doses as high as 

200 mg. There have been reports of erections in some 

patients but they have not been noticed. After that, male 

volunteers were given a dose of 3x1 sildenafil citrate for 10 

consecutive days. The results reported that volunteers 

experienced penile erections more often or lasted longer 

than usual. There are other side effects such as headache 

and indigestion 
13

. 

PHASE II & PHASE III  

In phase 2 and 3 clinical trials, the results showed that 

sildenafil therapy had no clinically significant effect on 

PDEs 1-4 and 7-11. Effects on PDE5, may have a clinically 

significant effect through inhibition of PDE6. Subsequent 

in vitro and in vivo investigations confirmed that the visual 

side effects were due to PDE6 inhibition. Sildenafil which 

has an effect on PDE6 was carried out by toxicological 

tests. In a long-term preclinical study, continuous inhibition 

of PDE6 by sildenafil did not cause damage to the structure 

and function of the eye. Short-term and long-term clinical 

studies also confirm transient visual side effects and lack of 

long-term consequences. All other side effects can be 

attributed to PDE5 inhibition. Thus, headache, flushing, and 

nasal congestion are all thought to be associated with a 

vasodilator effect 
20

. 

PHASE IV 

In phase 4 clinical trials, all studies showed positive results. 

Viagra was found to be well-tolerated and effective in a 

very large proportion of patients. Viagra has unmatched 

efficacy and safety and is likely to remain the standard 

treatment for ED  
24

. 

Development of Sildenafil Citrate  

Sildenafil citrate, an oral phosphodiesterase type 5 inhibitor 

(PDE5), was the first oral drug approved for the treatment 

of erectile dysfunction (ED) by the US Food and Drug 

Administration (FDA) and the European Medicines 

Evaluation Agency 
44, 49

. The following is a picture of the 

tertiary structure of PDE 5. 

  

 

Figure: 1 The tertiary structure of PDE 5 
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The chemical compound in sildenafil citrate works by 

increasing levels of cyclic guanosine monophosphate 

(cGMP) in the corpus cavernosum indirectly by inhibiting 

the enzyme type 5 diesterase (PDE 5) by increasing nitric 

oxide (NO). This causes smooth muscle relaxation and 

dilation of blood vessels leading to increased blood flow 

into the corpus cavernosum. This effect is exploited for 

patients with erectile dysfunction
45

. The chemical structure 

of sildenafil is very similar to the cyclic guanosine 

monophosphate molecule that competes with it, in the type-

5 phosphodiesterase enzyme. Sildenafil binds to the 

enzyme phosphodiesterase-5, preventing the breakdown of 

cyclic guanosine monophosphate through competitive 

inhibition. The onset of action of sildenafil could be as 

short as 20 minutes and the duration of the action can be as 

long as three part-time (18 hours). The safety of sildenafil 

has been established in many studies before and after an 

agreement with doses as high as eight times the maximum 

recommended dose and meets the requirements of the 

physicochemical and microbiological stability 
18 ,46

. Here is 

a picture of the complex PDE5 and GMP. 

 

 

Figure 2: PDE5-GMP Complex 

Chemically, sildenafil citrate is a synthetic compound. 

Sildenafil citrate also has groups that may be identified by 

spot testing. Several functional groups found in sildenafil 

citrate compounds are secondary and tertiary amines, 

carbonyl, imine, methyl, heterocyclic nitrogen, and 

benzene. These functional groups can be reactedwith 

several reagents so that different colors are produced from 

the reagent blanks. The structure of sildenafil citrate can be 

seen in Figure 3. 

  

 

Figure 3: The structure of sildenafil citrate 
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The synthesis of sildenafil citrate can be seen in Figure 4. 

 

Et3N. DMA P 

                                                       CH7Cl7 

 

 

 

Figure 4: Synthesis of sildenafil citrate 

There are 2 types of sildenafil obtained from crystallization: 

sildenafil (1) and sildenafil citrate monohydrate (2). The 

techniques used are (i) crystallization from saturated 

solution, (ii) addition of antisolvent, (iii) reflux and (iv) 

evaporation method. Crystallization is complete if the 

process is carried out at acidic pH and cold temperatures in 

a day. The crystal structure of the free base of sildenafil and 

the salt form differ from the different growth conditions 

which lead to differences in stability 
47

.Several adverse 

effects of oral use of sildenafil in the treatment of erectile 

dysfunction have been reported. So it is necessary to 

develop a topical dosage form that works locally. The 

results obtained were that in the test group, 5 patients 

(12.5%) had a full erection with the onset of erection 7.4 

±3.6 minutes, 5 patients (12.5%) had a moderate erection, 

30 patients (75%) did not have an erection. In the control 

group, there were 28 patients (70%) having a full erection, 

the onset of erection 37.8 ± 14.9 minutes, 6 (15%), and 6 
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(15%) moderate erection. It is necessary to develop a 

transdermal delivery of sildenafil using synthetic/natural 

materials 
48

. In a study to examine the effect of topical 

sildenafil on wounds using mice, it was reported the use of 

cutaneous NO in wound repair. The results showed that in 

the test group the wound area improved 15% from its initial 

size on day 7, 26% on day 14 and 46% on day 21. In the 

control group, wound healing was slowed down. Sildenafil 

cream causes a lot of migration of fibroblasts and 

macrophages, increases vascularity, collagen regeneration, 

epithelialization. Thus sildenafil is useful in wound 

healing
49

.  

Marketing of Sildenafil Citrate  

Sildenafil citrate is commonly found in herbal medicine for 

men as a drug used to treat sexual dysfunction. This drug is 

included in the category of hard drugs, so the use of this 

drug must be with a doctor's prescription. Sildenafil citrate 

or better known is marketed under the brand name Viagra. 

This drug is widely used to treat diseases associated with 

emerging vascular dysfunction. Viagra was approved in 

many major markets in 1998, and was first launched in the 

United States in April 1998 (with an initial dose of 50 mg 

and the option of increasing the dose to 100 mg or reducing 

it to 25 mg, depending on effectiveness and tolerance). The 

launch of Viagra revolutionized the therapy of ED
16,50

. 

Sildenafil citrate can be found in the form of tablets, gels or 

creams
51

. The accessibility of prescription drugs 

manufactured outside the United States, particularly 

sildenafil citrate (an innovator product, Viagra®), has been 

made much easier because it has been commercially 

marketed including using the internet 
52

. 

Example of a developed Sildenafil Citrate Preparation  

Development of a drug-optimized self-nano emulsifying 

lyophilized tablet to address the aforementioned problem. 

The solubility of sildenafil in various surfactants, oils and 

cosurfactants has been tested. An optimized formulation of 

the self-nanoemulsion loaded with small droplet sizes was 

developed by applying a special cubic model of the mixture 

design. The formula containing 10% oil mixture, 60% 

surfactant, and 30% cosurfactant had a droplet size of 65 

nm with an optimum ratio of 0.4% fumed silica, 0.1% 

hydroxypropyl methylcellulose, and 0.4% sodium starch 

glycolate. showed satisfactory results in disintegration and 

dissolution studies. In vivo pharmacokinetic studies 

demonstrated a higher bioavailability (1.44 times) and a fast 

absorption profile for the study tablets compared to 

commercially available tablets 
53

. 

The pharmacological basis of the NO/cGMP pathway and 

the rationale and clinical use of PDE5 inhibitors in addition 

to ED are discussed in different diseases. This pathway can 

be seen in Figure 5. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Cellular signaling with NO and cGMP 
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A simple, easy-to-apply, and green infrared spectroscopic 

method was developed and validated for the quantitative 

determination of sildenafil citrate in tablets with 

manufacturing formulas. The homogenized tablet powder 

with a known mass content (%, m/m) of sildenafil citrate 

was mixed with paracetamol to form a standard mixture 

with different percentages of sildenafil citrate in the total 

amount of sildenafil citrate and paracetamol (designated as 

R). The unknown tablet sample was finely ground and 

mixed with paracetamol to form a test mixture having an R 

value of about 50%. The standard mixed infrared spectrum, 

measured in total attenuated reflectance mode, in the 

wavenumber zone from 1800 cm 1 to 1300 cm 1 was 

selected and processed by partial least squares regression to 

form a calibration model for the quantitation of sildenafil 

citrate in the unknown sample. The spectral responses of 

the test mixture and calibration model were used to 

determine the exact mass content (%, m/m) of sildenafil 

citrate in the unknown powdered tablet sample. This 

method was fully validated in terms of linearity, precision 

and accuracy according to the requirements of current 

guidelines and proved to be reliable and suitable for the 

intended application 
54

. 

On the other hand, sildenafil is produced as a topical drug 

in the form of gels and creams 
55,56

. The results of Mehdi 

and Saedi's research with the test group treated with 1% 

sildenafil gel and placebo tablets and the control group in 

the form of 100 mg sildenafil tablets showed the conclusion 

that there is still a need for transdermal development with 

synthetic and herbal ingredients percutaneous absorption so 

that it can increase its effect on dysfunction
48

. This is 

supported by Gursoy's research which showed that the 

wound area improved faster than the control group. 

Sildenafil cream causes a lot of migration of fibroblasts and 

macrophages, increases vascularity, collagen regeneration, 

epithelialization so that it is beneficial for wound healing 
57

.  

CONCLUSION 

Sildenafil citrate was originally a male erectile dysfunction 

drug that was discovered by the Pfizer company which was 

later developed under the name Viagra. Sildenafil citrate 

works as a PD5 inhibitor and has gone through clinical 

trials before being marketed commercially. Sildenafil at the 

right dose is reported not to interfere with fertility levels, is 

not teratogenic, non-genotoxic, and has no potential 

carcinogenic so that it can be consumed. In its 

development, research on sildenafil citrate is not limited to 

the treatment of erectile dysfunction but can also be used as 

a treatment for wounds, heart, lung, and chronic kidney 

diseases.  
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