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Characteristics and Analytical Methods of 
Novel PDE5 Inhibitor Avanafil: An Update

Review Article

ABSTRACT
Erectile dysfunction (ED) affects middle and older age and occurrence increas-
ing with age of men. PDE5 inhibitors are commonly used for the treatment of 
ED. The incidences of adulteration of PDE5 inhibitors with herbal aphrodisiacs 
is evident in almost every part of world. Avanafil (AVA) is novel PDE5 inhibitor 
with advantage of fast action. The literatures and various analytical methods pre-
sented in this review was obtained by searching various databases like pubmed, 
medline, eurekaselect, sciencedirect, wiley and taylor and francis journals. The 
services of google scholar were also utilized for searching some literature. The 
literature search was performed to summarize characteristics, synthesis and ana-
lytical methods for determination of AVA. Different spectrophotometric methods, 
chromatographic and ion mobility mass spectrometric methods are available in 
the method. The possibility for the development of green analytical method is 
also discussed. The various analytical methods and characteristics for AVA analy-
sis are described. The methods for determination of AVA as adulterants and in 
pharmaceutical formulations including stability indicating methods.
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Introduction

The Fourth International Consultation on Sexual Me-
dicine defines erectile dysfunction (ED) as “the con-
sistent or recurrent inability to attain and/or maintain 
penile erection sufficient for sexual satisfaction”.[1] 
ED is perhaps the most widely recognized conditi-
on influencing moderately aged and more aged men. 
The reality is that ED is a normal aspect of growing 
older, and its prevalence rises with age. It is estima-
ted that 50% of men in their fifties, 60% of men in 
their sixties, and 70% of men in their seventies had 
ED.[2]

ED is a prevalent clinical condition that primarily af-
fects males over the age of 40. Several common li-
festyle factors, such as obesity, little or no physical 
activity, and lower urinary tract symptoms, have been 
associated to the development of erectile dysfuncti-
on. The conventional causes of ED are hypertension 
and diabetes.[3] Nerve impulses release neurotrans-
mitters from cavernous nerve terminals and relaxing 
substances from endothelial cells during sexual exci-
tement, resulting in vascular smooth muscle relaxati-
on and increased blood flow to the penis.[4]

ED can be caused by common medications such 
antihypertensives, nonsteroidal anti-inflammatory 
drugs, and antacids.[5] Phosphodiesterase 5 (PDE5) 
is a well-studied phosphodiesterase (PDE) that 
selectively targets cyclic guanosine monophosp-
hate (cGMP), which is generally produced by NO-
mediated activation of the soluble guanylyl cyclase.
[6] Phosphodiesterase  type 5 (PDE5)  inhibitors  are 
powerful oral medicines for ED and have become 
quite possibly the most generally recommended me-
dication worldwide.[7][8] 

Around the world, the utilization of dietary enhance-
ments for the upgrade of sexual execution is normal. 
Consumers are by and large enamored with these 
items since they frequently need to stay away from 
drugs, liking “normal” than “synthetic” solutions.[9] 

The US-FDA, from 2007 to 2014, revealed 572 instan-
ces of supplement defilements in the country, mostly 
items for sexual improvement (41.6%). Information 
from the European showed 929 debasements during 
a similar period, more than 40% because of una-
uthorized ingredients or undeclared medicines.[10] 
The adulterations commonly include adding unlabel-
led medications into relating natural enhancements, 
e.g., sedative, sexual enhancer and weight reducti-

on items, planning to make them show quicker and 
more critical drug impacts and increment the deals 
of the items.[11]

AVA specifically inhibites phosphodiesterase type 5 
(PDE5) and is utilized as treatment of ED which in-
tervenes the breakdown of cGMP, initiating smooth 
muscle relaxation in the corpus cavernosum of the 
penis.[12] It was approved by US FDA in 27th April, 
2012 indicated for the treatment of erectile dysfunc-
tion.[13] Orally active PDE5 inhibitors like sildenafil, 
tadalafil and vardenafil, are at present the best opti-
on treatment choices for ED. Be that as it may, a cri-
tical number of patients stay disappointed with the 
accessible treatments due an absence of adequacy 
or distress emerging from adverse events. In phase 
II and phase III trails, AVA has demonstrated impro-
ved efficacy, tolerability and selectivity for PDE5, is 
rapidly absorbed after oral administration with a fast 
onset of action and a plasma half-life that is practi-
cally identical to sildenfil and vardenafil.[14] 

The IUPAC name is “(4-[(3-chloro-4-methoxybenzyl) 
amino]-2-[2-(hydroxymethyl)-1-pyrrolidinyl]- N-(2-
pyrimidinylmethyl)-5-pyrimidinecarboxamide; 
(S)-2-(2-hydroxymethyl-1-pyrrolidinyl)-4- (3-chlo-
ro-4- methoxybenzylamino)-5-[(2-pyrimidinylmethyl)
carbamoyl] pyrimidine)” (Figure 1) is a pyrimidine 
derivative (MW=483.95), and exists as a solitary 
enantiomer with S stereochemistry. In its pure form, 
it exists as a white translucent powder, which is neg-
ligibly dissolvable in water and modestly dissolvable 
in organic solvent. Solubility testing at various pH 
values revealed uncovered expanded solvency in 
acidic cushions (~pH 4) and diminished solvency in 
neutral and alkaline buffers.[15] It has higher selecti-
vity (120x) against PDE6 than sildenafil (16x) and var-
denafil (21x), as well as much higher selectivity (>10 
000x) against PDE1 compared with sildenafil (380x) 
and vardenafil (1000x).[16] 

The literatures and various analytical methods pre-
sented in this review was obtained by searching vari-
ous databases like Pub med, Medline, Eurekaselect, 
Science direct, Wiley and Taylor and Francis journals. 
The services of Google Scholar were also utilized for 
searching some literature.

Synthesis

The latest patent of Chongqing Aoshe Biochemical 
Co ltd describes the novel method for the preparati-
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on of AVA. The reaction of aryl boronic acid (contai-
ning a certain amount of aryl boronic acid anhydride) 
with carboxylic acid can generate monoacyloxy bo-
ronic acid active intermediates (which can be regar-
ded as mixed acid anhydrides of carboxylic acid and 
aryl boronic acid). Intramolecular hydrogen bonds 
and electron deficient boron in reactive intermedi-
ates can be conclusive to the nucleophilic attacks 
of amines to activate the carboxyl carbon.[17] The 
scheme is presented in Figure 2.

Mechanism of action

There are 21 different PDE genes classified into 11 
families (PDE 1 to 11)  identified to date based on 
enzymatic properties, substrate specificity, sequen-
ce homogeneity, affectability to endogenous cont-
rollers and inhibitors.[18][19] PDE type 5 (PDE5) is 
the dominating type of the enzyme in the male penile 
smooth muscle of the corpora cavernosa.[20] 

Thus, PDE5 enzyme should be target for drugs for 
treatment of ED in men. The other developed PDE5 
inhibitors like Sildenafil, Tadalafil and Vardenafil are 
not selective and may also inhibit other PDE iso-
forms (PDE1, PDE6 and PDE11). The inhibition of 
these enzymes is reason of causing adverse effects 
like visual disturbance, loss of hearing ability and 
dyspepsia.[21-23]

The AVA is proved to be providing superior clinical 
efficacy and safety because of its specificity towards 
PDE5 blockage action. The reason behind this pro-
perty is its unique structure which includes aryl ha-
lide (-Cl) rather than nucleotide (purine base-sugar-
phosphodiester bonds) forming backbone of earlier 
discovered first line drugs for ED.[24]

In the recent study of Hsieh et al (2020)[25], the 
structure of PDE5-AVA complex was determined at 
1.9 Å resolution. The PDE5 inhibitors are known to be 
act by competing with cGMP for binding to the acti-
ve site. The structure of avanafil does not resembles 
guanine but because of H-bond formation between 
5-carboxamide oxygen of the central pyrimidine-5-
carboxamide and 4-alkyl amine, it starts mimicking 
the action of guanine. The bond was supported by 
other forces for further stabilization like other cova-
lent connections, AVA-explicit H-bonding, van der 
Waals forces (with adjacent hydrophobic residues), 
interactions of π-π bonds, water mediated and direct 
H-bonds. The important highlights of this paper is 
presented under Figure 3.

Pharmacokinetics and 
Pharmacodynamics

AVA is having fast onset of action (15 mins) and ab-
sorption is delayed due to high fat food intake. The 
maximum duration of action is 6 hrs with half life (T1/2) 
3 to 5 hours. The shorter onset of action is unique 
property of avanafil compared with other PDE inhi-
bitors.[26] 

Hepatic metabolism is known mechanism for cle-
arance of AVA, fundamentally by the cytochrome 
P450 isoenzyme CYP3A4 and, less significantly, 
by the CYP2C isoenzyme. Overall, there are 16 
different identified metabolites but major porti-
on consists M4- “4-((3-chloro-4-methoxybenzyl)
amino)-2-((2S,4R)-4-hydroxy-2-(hydroxymethyl)
pyrrolidin-1-yl)-N-(pyrimidin-2-ylmethyl)pyrimidine-
5-carboxamide” and M16 – “4-((4-((3-chloro-4-
methoxybenzyl)amino)-5-((pyrimidin-2-ylmethyl)car-
bamoyl)pyrimidin-2-yl)amino)-5-hydroxypentanoic 
acid”. The former constitutes 23% plasma concent-
ration of that of AVA and represents 4% of absolute 
pharmacologic action. The later one constitutes 29% 
plasma concentration of that of avanafil and inert 
towards PDE interaction. AVA is primarily excreted 
in feces (62%) and some portion in urine (21%).[27] 
M16 is obtained from the pyrrolidine ring α-carbon 
oxidation to carbinolamine, followed by ALDH medi-
ated oxidation of its tautomeric aldehyde (ring ope-
ned) form (Figure 4).[28]
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Figure 1: Chemical structure of Avanafil
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Drug interactions and contraindications

Dose adjustments is not required in renal and hepatic 

impairment in mild to moderate conditions. The uti-

lization of both ketoconazole 400 mg every day and 

ritonavir 600 mg twice day by day has been disp-

layed to build AVA’s AUC concentration by 13-fold. 

As suggested by the producer, the avanafil portion 

ought not surpass 50 mg/day in patients who are 

likewise taking moderate CYP3A4 inhibitors (e.g. it-

raconazole, clarithromycin and ritonavir). AVA ought 

not be utilized in patients taking strong CYP3A4 in-
hibitors.[29] 

There may be reduced clearance in people using 
fluoxetine. The actions of drugs mimicking the con-
centration of guanosine monophosphate (GMP) e.g. 
glyceryl trinitrate may be increased by AVA because 
of pharmacodynamic interactions and may cause 
severe hypotension. With antihypertensives, alcohol 
(additive effect) and alpha blockers may result vaso-
dilatory action. AVA is not recommended in patients 
with cardiovascular disease.[30]
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Figure 2: Scheme of synthesis of Avanafil

Hacettepe University Journal of the Faculty of Pharmacy

ISSN: 2458 - 8806137



AVA should be cautiously administered with rosig-
litazone, omeprazole and desipramine because of 
risk of increase in plasma levels. Possible increase in 
hypotensive effect of riociguat, potentiate antiaggre-
gatory effect of sodium nitroprusside and should be 
avoided in the risk of hypersensitive reactions with 
avanafil or any of its components.[31]

Analytical Methods

It is all around acknowledged that an estimation of 
an amount of interest ought to be introduced as the 
result of a mathematical worth and a unit.[32] In the 
upcoming section, different analytical methods re-
ported are presented.

Spectrophotometric methods 

Based on the Beer-Lambert law, spectrophotometric 
methods can estimate concentration of analyte can 
be estimated by comparing incident light with trans-
mitted light through a solution.[33] The summary of 
spectrophotometric methods for the determination 
of AVA is presented in Table 1.

Chromatography methods

Reversed phase chromatography (RPC) is a usually 
utilized scientific strategy in the biotech and drug 
industries.[41] Computer-assisted strategies can up-
hold a portion of these choice advances limiting the 
time needed to fabricate a strong technique.[42] Pla-
nar chromatography is used over the years in the 
analysis of drugs, forensic analysis, dyes, pesticides, 
herbal drug analysis, plant toxins etc.[43] The sum-
mary of chromatographic methods is presented in 
Table 2.

.[42] Planar chromatography is used over the years in 
the analysis of drugs, forensic analysis, dyes, pesti-
cides, herbal drug analysis, plant toxins etc.[43] The 
summary of chromatography methods is presented 
under Table 2. 

Others

In the ion mobility spectrometry technique, the or-
ganic molecules are mobilized by electric field aga-
inst the countercurrent of neutral drift gas after their 
ionization. Before reaching to the detector, ions in-
teracts with the drift gas several times which redu-
ces the speed. The ions are accelerated after each 
such interaction by the applied filed. When there 
is alternate repetition of this acceleration and inte-
raction, the average ion velocity becomes constant 

Figure 3: Mechanism of action of avanafil 

Hacettepe University Journal of the Faculty of Pharmacy

Volume 42 / Number 2 / June 2022 / pp. 134-147   Shrıvastava et al.138



NH

N

N

NH

NN
O

Cl
H3CO

N

OH

NH

N

N

NH

NN
O

Cl
H3CO

NH
OH

O

OH

Cycloalkyl amine ring 

bioactivation

Figure 4: Conversion of M16 metabolite from Avanafil

which depends on cross section, charge and mass 
of ion. The downfield detector identifies the ions on 
the basis of their arrival times.[60] Mans et al. [61] 
determined three adulterants (acetildenafils, sildena-
fils and avanafil) in herbal supplement matrices using 
this technique and suggested as rapid toll for such 
analysis. 

Discussion

AVA has a high proportion of inhibiting PDE5 as 
contrasted and other PDE subtypes taking into ac-
count the medication to be utilized for ED while limi-
ting antagonistic effects.[62] AVA has an extremely 
fast beginning of activity in light of its quick absorpti-
on, which permits it to arrive at maximum circulating 
concentration in around 30 to 45 minutes.[63]

Analysis in food supplement and as adulterant 

The PDE5 inhibitors are also reported to be found 
as adulterants in herbal aphrodisiacs and food supp-
lements because of their action and AVA is also no 
exception. There are methods reported for determi-
nations in such matrices. Within just three years of 
its approval by FDA, a Korean study published by 
Jeong et al [64] described analysis of various PDE5 
including AVA in some food supplements. The anot-
her study [65] published in Chinese language rela-
ted to detection in health foods. The LOD reported 
in former is 0.10 and latter study reported 0.21 µg/
kg. The Korean study describes the analysis of AVA 
in complex samples along with various other PDE5 
inhibitors[64] but latter describes the determination 
with Flibanserin (serotonin receptor 2A antagonist)
[65]. 

The UPLC with MS/MS detection method was de-
veloped by Wang et al [49] for simultaneous deter-
mination of twenty three adulterated aphrodisiacs in 
health foods and Chinese traditional patent medici-

nes. However, adulteration of AVA was not found in 
any investigated samples but method can be used 
for determination as adulterants.

The determination in illicit erectile dysfunction medi-
cations and human urine is also available in literature.
[52] Results got uncovered the presence of signifi-
cant degrees of sildenafil in samples, but can be ex-
tended for determination of AVA for same purpose.

Determination in pharmaceutical 
formulations

Spectrophotometry methods are more popular be-
cause of its speed and cost effectiveness analysis. 
Most of the drugs have chromophores in structure 
showing absorbances when scanned under UV light. 
This phenomenon is utilized for quantification of 
analytes. To solve the problems of overlapping ab-
sorbances higher derivative spectrums are also used. 
In this case also, apart from simple UV spectropho-
tometry method [34][37], derivative spectrophoto-
metry was used for analysis. One more approach is 
to use spectrofluorometry to increase the selectivity 
in analysis compared with conventional technique. 
The problem of spectrum overlapping can be further 
overcome by using derivative fluorescence spect-
rums. This approach is used in recent publication 
[41] for simultaneous analysis of AVA and acidic deg-
radation product that shows inherent fluorescence at 
370 and 407 nm, after excitation at 268 and 271 nm.

The scientific literatures are full of HPLC methods 
developed for probably every possible analyte. One 
important reason is easy separation of various com-
ponents of sample because of different affinity to-
wards stationary phase.[66]

In the case of AVA, various chromatography met-
hods were developed including determination in for-
mulations including some combinations and related 
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substances. There is not an official method found for 
analysis.

Stability indicating methods

The evaluation of the chemical stability investigati-
ons of small molecule pharmaceuticals depends 
principally on the availability of a chromatographic or 
other separation assay fit for isolating and evaluating 
degradation products and major impurities.[67] 

There are some publications of stability indicating 
method determinations. The stability indicating met-
hods are aimed to establish storage conditions of 
drugs and identify and separate degradants in the 
presence of parent molecule. 

The gradient stability indicating HPLC method de-
veloped by Kumar et al.[46] This method separates 
the degradation products from drug peak. Another 
method separates total three peaks of two related 
substances and degradation product from avana-
fil. The recent publication in this regard is isocratic 
HPLC-PDA method using QbD approach separating 
16 degradation product peaks (in solid and solution 
both). The overall degradation of avanafil in stress 
conditions was found in order of sunlight > moisture 
> temperature.

Green analytical chemistry

The Green Analytical Chemistry concept started ap-
pearing in the literature from last decade of 20th cen-
tury.[68] Since, AVA is reported to be Class I or Class 
II Biopharmaceutics Classification System (BCS)[69], 
this may be the reason that its metabolites are excre-
ted mainly in the feces (approx 62% of administered 
oral dose).[70]

Thus, approach to increase the solubility of drug in 
water can be utilized for development of green analy-
tical method. Since, avanafil is available in crystalline 
structure, reducing the size of particles to nanoscale 
may increase the solubility and then suitable analy-
tical method can be developed and validated. This 
may also reduce the solvent cutoff especially helpful 
in development of more specific spectrophotometry 
method. Other than this, cosolvency, pH adjustment, 
surfactant addition, and complexation are the most 
widely recognized drug approaches for solubilising 
drug competitors with low aqueous solubility.[71]

LC-MS Methods

In the literature survey, eleven methods [44,49-
55,57-59] found to be published based on LC-MS 
techniques for different matrices. Coupling of MS to 
chromatographic techniques has always been att-
ractive due to the sensitive and exceptionally explicit 
nature of MS contrasted with other chromatographic 
detectors[72,73,74]. The relative sensitivity of these 
methods compared with other methods, particularly 
spectrophotometry methods is more, making them 
suitable for bioanalytical determinations. As already 
discussed, there is always probability of misuse of 
AVA mixing unethically with food or herbal medicati-
ons to impart aphrodisiac activity. The LC-MS met-
hods have potential applications is such cases which 
is also reflecting in this case (Refer Table 2).

Conclusion

Avanafil with advantage of rapid onset of action is 
having edge over other available PDE5 inhibitors. A 
recent survey also shown that there is remarkable 
increase in the sales of these drugs during covid 
pandemic.[75] This class of drugs have given option 
to overshine conventional medications like ayurve-
dic and herbal aphrodisiacs and created enormous 
benefits for their producers. This is obvious reason 
for adulteration of PDE5 inhibitors in such formulati-
ons. The critical review describes characteristics and 
synthesis of drug in the initial portions, followed by 
analytical methods in next section. The spectropho-
tometry and chromatography methods were given 
under Table 1 and 2 respectively. The aspects of fu-
ture development in context to development of new 
green analytical methods were also discussed.
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Table 1. Summary of spectrophotometry methods 

Method Wavelength Solvent Calibration 
curve LOD LOQ Application Reference

First order 
derivative and dual 
wavelength method

210 nm, 
206.80 nm 
and 214.80 

nm

0.1N HCL 1-8 μg/ml, 1-6 
μg/ml 0.03 μg/ml 0.12 μg/ml

Simultaneous
estimation with 

Dapoxetine 
hydrochloride 

in tablets

[34]

Spectrofluorimetric λex 367 and 
λem 314 nm Methanol 200–1000 ng/

ml 7.32 ng/ml 22.18 ng/ml In bulk and 
tablets [35]

Chemometric-
assisted methods 
(CLS, PLS, PCR, 

and NPLS)

226–328 nm, 
51 wavelength 

points

ACN–water 
(50 + 50, 

v/v)
1–9 μg/mL

0.638, 0.598, 
0.609, 0.612 

μg/mL

1.932, 1.813, 
1.846, 1.854 

μg/mL

With 
dapoxetine 

(DP) in 
combination 

[36]

Dual wavelength 
method

267 and 292 
nm

Methanol 0.05-0.5 mg/
mL - -

With its 
degradation 

products and in 
pharmaceutical 

formulation

[37]

First derivative (1D) 
method 261 nm

Derivative ratio 
(1DR) method

275.6, 305.4 
and 329 nm

Ratio difference 
(RD) method

266 and 250 
nm

Native & 
synchronous 
fluorescence 
spectroscopy

λex290 nm , 
λem314 nm, 
267 nm (Δλ 

90 nm)

Methanol
0.5 -16 μg/
mL, 0.5-16 

μg/mL

75 and 225 
ng/mL

64 and 192 
ng/mL

Simultaneous 
determination 

with 
dapoxetine 

hydrochloride 
and spiked 

plasma 

[38]

Spectrofluorimetric λem = 396 nm, 
(Δλ = 70 nm)

Britton-
Robinson 
buffer (pH 

4) and 
methanol

50–1800 ng 
mL−1 12.93 ng mL−1 42.67 ng mL−1

Pure, tablets 
and spiked 

human plasma
[39]

Spectrofluorimetric

AVA λem 370, 
λex 268, acid 
degradation 
product λem 
407, λex 271

Methanol 0.5–18 µg 0.01 µg/mL2 0.04 µg/mL

With acid-
induced 

degradation 
product

[40]
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Table 2. Summary of chromatography methods 

Method Detector
Column/ 

Stationary 
phase

Mobile Phase Linear 
Range LOD LOQ Matrix Reference

HPLC MS-MS C18

10 mM NH4HCO2 (pH 
2.5) and ACN
(v/v, 65:35)

1-250 ng/
ml 0.25 ng/ml 1 ng/ml Plasma [44]

HPLC Fluorescence 
(236/370nm) C18

ACN:
0.15% triethylamine 

(40: 60, v/v) at 
pH=4.0

0.05- 40 
μg/ml

0.043 μg/
ml

0.1306 
μg/ml

Bulk powder,
tablets and 

spiked human 
plasma

[45]

HPLC UV (245 nm) ODS

Gradient: A, 
0.1%  CF3CO2H

and triethylamine in 
water, and B, H2O, 

ACN ratio 20:80 (v/v)

0.1037 
(LOQ) to 
0.75 μg/

mL

0.0348 μg/
ml

0.1037 
μg/ml

Degradation
Products and 

Process-Related 
Impurities

[46]

HPLC PAD (230 
nm) C18

0.1 M NH4HCO2 
buffer pH 2.5,

MeOH, ACN with 
ratios (20:40:40)

10- 1000 
μg/mL 2 ng/ml 10 ng/ml Stability 

indicating [47]

HPLC UV (239 nm) C18

10 mM NH4HCO2 
buffer–ACN (60 + 40, 

v/v), pH 3.7

10–150 
μg/mL

0.0233 μg/
mL

0.0707 
μg/mL With Dapoxetine [36]

HPLC UV (245 nm) C18

A: pH 4.2 buffer: 
MeOH, B: ACN
Ratio (A:B) was 

90:10

0.048 
(LOQ) to 
70 μg/ml

0.0148 μg/
ml

0.048 
μg/m

Related 
substances [48]

HPLC MS-MS C18

ACN + 0.1% 
CH3COOH 

(containing 20 
mmol·L-1 ammonium 

acetate)(60:40)

2-20 ng/
ml

0.21 μg/
ml -

Determination 
of drug illegally 
added in food

[49]

UPLC Q-TOF MS C18

A: 5 mmol/
L NH4HCO2 (pH 3.4 

with acetic
acid), and B: ACN.

0.05-10 
μg/ml

0.02 μg/
ml

0.05 μg/
ml

Simultaneous 
with 23 illegal 
aphrodisiac in 
health foods 
and Chinese 

traditional patent 
medicines

[50]

HPLC PDA (247 
nm) C18

ACN:DMSO mixture 
(94:6 v/v)

0.5–20 µg/
mL

0.072 µg/
mL

0.217 
µg/mL Stability 

indicating and 
determination in 

tablets 

[51]
HPLC MS-MS C18

0.1% HCOOH in H2O 
and 0.1%

HCOOH in ACN 
(75:25 v/v)

150–6000 
ng/mL

1.17 ng/
mL

3.55 ng/
mL

HPLC TOF-MS/MS C18

A: 10 mM ammonium 
formate and formic 
acid (pH 4.60), B:

0.10% (v/v) HCOOH 
in ACN 

5.0-1000 
ng/g 1.63 ng/g 5.43 

ng/g

Illicit ED 
medications and 

human urine
[52]

HPTLC UV (230 nm) Silica gel 
60 F254

CHCl3: toluene: 
MeOH: conc. NH3 

(6:5:3:0.1, v/v)

0.5-5 μg/
spot - - Degradation 

products [37]

HPLC MS-MS C18

A: (pH 4.60) of 
10mM ammonium 

formate as solvent, B: 
0.10% (v/v) HCOOH 

in ACN

0.25–25.0 
ng g−1 1.63 ng g−1 5.43 ng 

g−1

In
human plasma 

and urine 
with sildenafil, 

tadalafil, 
vardenafil

[53]
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