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Abstract: A simple method is described to determine the amount of riociguat in bulk and 
tablet formulation by visible spectrophotometry. Formation of a chromophore with max of 597 
nm, due to the reaction between the aromatic amine groups present on riociguat and 
ninhydrin in citric acid medium forms the basis for the current method. Extension of 
conjugation due to attachment of two ninhydrin molecules to a riociguat molecule explains 
the noticed high intensity as well as max of the generated chromophore. Current ICH 
guidelines were followed to validate the method. The obtained regression equation (y = 
0.0316x+0.001) has a good correlation coefficient (> 0.999) in the studied range of 5.0-30.0 μg 
mL-1. Due to lack of separation steps in the method, it is found to be rapid as well as simple. 
The recovery levels of riociguat were in the range of 99.87 – 100.06.  

Key words: Determination, ninhydrin, riociguat, validation, visible spectrophotometry  
 

Introduction: Riociguat is useful to treat both forms of pulmonary hypertension (PH) viz., 
CTEPH (chronic thromboembolic pulmonary hypertension) and PAH (pulmonary arterial 
hypertension) [1] Bayer markets it with a brand name of Adempas. Methyl N-[4,6-Diamino-2-
[1-[(2-fluorophenyl)methyl]-1H-pyrazolo[3,4-b]pyridin-3-yl]-5-pyrimidinyl]-N-methyl-
carbaminate (Fig. 1) is the chemical name of it with molecular formula C20H19FN8O2 and molar 
mass of 422.415 g/mol. It is white to yellowish non-hygroscopic agent. It is a potent, oral 
stimulator of sGC (soluble guanylate cyclase), an enzyme in the cardiopulmonary system and 
the receptor for nitric oxide (NO) [2] Bayer Healthcare Pharmaceuticals got approval for it in 
2013. Its function includes dual mode of action on sGC i.e., stimulates it directly and also its 
sensitivity is enhanced towards NO. It has very rapid absorption and high bioavailability 
(94.3%). At its therapeutic levels, it has negligible effect on transporter proteins as well as 
major CYP isoforms. Moreover, multiple cytochrome P450 (CYP) enzymes clear it quickly. 
Hence, clinical risk pertaining to drug interactions is low [3]. 
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Fig. 1: Riociguat chemical structure 

 
A thorough literature collection shows that LCMS/MS [4], HPLC–MS [5], visible [6], HPLC [7, 
8] and UV [9] methods were proposed to estimate Riociguat. However, visible 
spectrophotometric methods are scanty. Due to presence of amine groups in Riociguat, it is 
capable to form Ruhemann purpole with ninhydrin. Therefore, the present method describes 
visible spectrophotometric determination of Riociguat using ninhydrin. 
 
Materials and Methods: 
Ninhydrin solution: Prepared by dissolving 0.2 g of Ninhydrin in 100 mL of water. On exposure 
to sunlight, it becomes red. Hence, this solution was refrigerated at 4 °C and used for a period 
of 3 days.  
Citrate buffer: 4.2 grams of citric acid was dissolved in 40 mL of 0.1 N NaOH and then diluted 
to 500 mL. 
Preparation of standard drug solution: The standard drug of Riociguat (50 mg) was weighed 
accurately and transferred to 50 mL volumetric flask. It was dissolved properly and diluted up 
to the mark with methanol to obtain final concentration of 1000 µg mL–1 (stock solution). This 
solution was diluted for further suitably. 

 
Results and Discussions:  
In the present study, ninhydrin is selected as chromogenic reagent because it reacts with 
aromatic amines to produce a chromophore with max 597 nm (Fig. 2).  

 
Fig. 2: Visible spectrum of chromophore formed due to Riociguat 

 
Recommended analytical procedure and stoichiometry:  
Various aliquots of standard Riociguat solution were transferred into a series of 10 mL boiling 
test tubes. Citrate buffer (0.5 mL) and ninhydrin (2 mL) were added to each test tube. Then 
the solution mixture was heated at 100 ± 2 °C for 15 min. The contents were cooled and the 
volume was made up to the mark with water in 10 mL volumetric flasks. The absorbance was 
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measured at 597 nm against a reagent blank. Stoichiometric mole ratio of the drug - Riociguat 
and ninhydrin was determined by Job’s method [10]. Developed maximum intensity of colour 
had deviated from 1:2 and skewed towards higher values of ninhydrin. This observation might 
be likely due to reasons like photolytic instability, side reactions, slower rate of reaction, and 
interferences [11, 12]. 
 
Chromophore Formation and Chemistry:  
Ninhydrin is one of the well-known chromogenic agent which is used to estimate the amount 
of certain amines, amino acids and thiophenes [13].  Literature shows the successful usage of it 
for assay of different molecules of pharmaceutical importance and containing nitrogeneous 
functional groups like amino acids, amines, amides, hydrazine’s, piperazines and cyanides. 
Chemically it is triketohydrindene hydrate. In most of the cases, a typical purple colour 
formation is the basis for its use in spectrophotometric measurements [14] .  Its popular name 
is Ruhemann's reagent due to formation of Ruhemann's purple [15]. Colour, intensity, reaction 
and the mechanism involved in colour formation is based on the functional group in the 
substrate (amino acid, pyrrole, imino acid, primary amine, secondary amine and ammonium 
salt) [16]. Consecutive oxidative deamination and condensation of the reduced ninhydrin are 
involved in the formation of Ruhemann's purple colour  due to reaction between ninhydrin 
and pharmaceutical drugs bearing primary amines like gabapentin [17], lisinopril [18], 
pregabalin [15], Amlodipine [19] and,  famotidine [20, 21]. 
 
In all the above cases, Ruhemann's purple formation is possible as it happens only whenever 
there exists at least one hydrogen on the adjacent carbon to amine group. Whereas in the 
present case, riociguat is an aromatic amine and hence, the involved reaction is entirely 
different. To substantiate it a thorough literature collection was carried out and listed down. 
 

According to Moubasher [22] and Ruhemann [23], most of the aromatic amines give 
compound 3a by reacting one aromatic amine molecules with ninhydrin. Substituted anilines 
form different products compared to aniline. Compound 3b forms due to reaction between 
two molecules of aniline and one molecule of aniline. These reactions were taken as basis by 
Robert Suffis [24] for the spectrophotometric estimation of p-phenylenediamines and p-
aminophenols with ninhydrin because these compounds form blue or purple colour with high 
molar absorptivities compared to other anilines. Their high reactivity might be due to 
existence of a stable quinonoid resonant form 3d with Schiff base (III) 3c which in turn formed 
by dehydration of 3a (Fig.3). In addition to stability, high intensity and high max are also due 
to the quinoid form. 

Midori Yano et al [25] carried out reaction between different substituted aromatic amines with 
ninhydrin. The nature of the condensation reaction involved depends on the substituents. A 
carbinolamine 3e was isolated with aniline with removal of one water molecule. But concerned 
Schiff bases 3f are formed with p-aminophenol and xylidines (2,4- and 2,3-xylidine) with 
removal of two water molecules. 
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Fig. 3: Products in literature for reaction between ninhydrin and aromatic 

amines [22-25] 
 
A range of condensation products were reported due to reaction between ninhydrin hydrate 
and nucleophilic reagents inclusive of aromatic amines [26]. A nucleophilc displacement with 
a removal of one water molecule occurs due to reaction between ninhydrin hydrate and amino 
group present in aniline / p-chloroaniline / 2-aminopyridine / m-aminophenol to yield 4a 
(Fig.4). Whereas, a spontaneous dehydration takes place in the case of o- & p-aminophenol 
and p-phenylenediamine. Products (4b)  stabilization through resonance interactions was 
considered to be the driving forces for this dehydration [26]. 
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(Friedman et al) [26] 
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In similar, formation of a tautomeric mixture (imine 5c and enamine 5d, Fig.5) was reported in 
the reaction between 1,2-indanediones 5a and 3,5-dimethoxyaniline 5b [27]. 
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Fig. 5: Reactions between 1,2-indanediones and substituted aromatic amines 

(Taylor and Joullié) [27] 
 
But in the present case, such a quinoid form is not formed because, riociguat is meta diamine 
substituted derivative. However, high intensity as well as max can be expected in the present 
case due to possible attachment of two ninhydrin molecules to a drug molecule which 
facilitates the extension of conjugation (Fig.6).  
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Fig.6: Chromophore formation between ninhydrin and riociguat 

 
Validation of Method 
Linearity and range: Linearity of the method was tested in the concentration in the range of 
5.0 – 30.0 μg mL-1 (Fig. 7) and confirmed from high correlation coefficient (> 0.999). y = 
0.0316x+0.001 is the linear regression equation. Optical as well as regression parameters are 
shown in Table 1. 
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Fig. 7: Calibration graph of ninhydrin and riociguat chromophore  

Table 1: Optical, regression and validation parameter values 
S. No. Parameter Observation 

Optical characteristics 

1. 
Apparent molar absorptivity  
(l mol-1 cm-1) 1.3 × 104 

2. Sandell’s sensitivity (µg cm-2A-1)  0.0316 

Regression analysis  

1. Slope  0.0316 

2. Intercept 0.001 

3. Regression coefficient (r)  0.9998 

Validation parameters  

1. λ max  597 nm 

2. Beer’s Law Limit (Linearity, μg mL-1) 5.0–30.0 

3. Limit of detection (μg mL-1) 0.15 

4. Limit of quantitation (μg mL-1) 0.50 

5 Stability period 24 hours 
 
Accuracy: Low values of SD and %RSD are ascertained the accuracy of the method from the 
studied recovery levels of 50%, 100% and 150%. Table 2 shows the % recovery values range as 
99.87 – 100.06.   
Precision: Three dissimilar concentrations of Riociguat were chosen to endorse the both 
precision studies and confirmed the precision from low % RSD values which falls under 
acceptable limit (below 1%). Table 3 is a compilation of estimated values of six each on the 
same day in addition to sequential days.   

y = 0.0316x + 0.001
R² = 0.9998
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Table 2. Recovery of Riociguat 
Level of      
recovery 

(%) 

Amount of drug 
recovered (µg mL-1) 

(Practical) 

Statistical 
evaluation 

 

% Recovery = 
Practical x 100/ 

Theoretical  

50 
14.99 Mean 14.99 99.93 
15.01 SD 0.012 100.06 
14.98 %RSD 0.083 99.87 

100 
20.01 Mean 19.99 100.05 
19.99 SD 0.012 99.95 
19.98 %RSD 0.062 99.90 

150 
24.99 Mean 24.99 99.96 
24.98 SD 0.005 99.92 
24.99 %RSD 0.019 99.96 

 Selected nominal concentration (a): 10.0 µg mL-1 
 Added amount of drug (b): 5.0, 10.0 and 15.0 µg mL-1 respectively for 

50%, 100% and 150% recovery levels 
 Theoretical amount:Total amount of drug (a + b) = 15.0, 20.0, 25.0 µg 

mL-1 respectively for 50%, 100% and 150% recovery levels 
 

Table 3: Precision data 

Concentration  
of Drug 

(μg  mL-1) 

Concentration* 
Intraday 

(Mean ± SD) 
(μg  mL-1) 

 
% RSD 

 

Inter-day 
(Mean ±  SD) 

(μg  mL-1) 
% RSD 

5.0 5.001±0.0014 0.028 5.025±0.0011 0.022 
15.0 15.008±0.002 0.013 15.025±0.016 0.106 
30.0 30.121±0.007 0.023 30.124±0.013 0.043 

* Average of six determinations 
Ruggedness: Low %RSD values show the reproducibility and hence confirm the ruggedness of 
the above method (Table 4).  
 

Table 4: Ruggedness data  

Test 
Concentration of 

Drug (μg  mL-1) 

Concentration* 
Analyst  change 

Mean ± SD 
(μg  mL-1) % RSD 

5.0 5.121±0.008 0.156 
15.0 15.024±0.026 0.173 
30.0 30.151±0.011 0.036 

* Average of six determinations 
Detection limits determination: LOQ as well as LOD for the above method are given below 
from the values of signal to noise ratio [28] and [29]. 

LOD = 3.3 × σ /S = 0.15 μg  mL-1 and 
LOQ = 10 × σ /S = 0.50 μg  mL-1 
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Analysis Tablet Formulations: Adempas® (tablet formulation of riociguat) powder was 
sonnicated for ten minutes in presence of small amount of DMSO to extract the API content 
present in it. Then the above method was followed to estimate the riociguat present in tablet 
formulation (Table 5). In general, in industrial quality control units of developing countries, 
the best option is visible spectrophotometric method for routine analysis by using simple 
chromogenic reactions like Diazo coupling / oxidative coupling reactions [30-34], red-ox 
reactions [35], ion pair / ion association / charge transfer complex formation [36-44], in 
addition to simple UV-Visible spectroscopic methods [45-46].  Hence, ninhydrin can be used 
as a chromogenic agent to determine the amount of Riociguat in pure and tablet formulations 
by the above established visible spectrophotometric method. 

 
Table 5. Assay of Pharmaceutical Formulation 

Formulation Labeled 
amount (mg) 

Amount found* 
(mg) 

% Drug 
Recovered %RSD 

Adempas® 1 1.0102±0.0002 101.02 0.020 
* Average of three determinations 

 
Conclusions: The observed high intensity as well as max of the generated chromophore 
might be due to attachment of two ninhydrin molecules to drug molecule which facilitates the 
extension of conjugation. According to the present guidelines of ICH, the proposed method 
was validated. In quality control laboratories this method can be applied for routine analysis 
of Riociguat (bulk drug and tablet formulation) as a substitute to the expensive and 
sophisticated instrumental methods. 
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