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Effective chromatographic separation was achieved on a phenyl-hexyl stationary phase 
(50×2.1 mm, 1.9 micron particles) with the economical and straightforward mobile phase 
combination delivered in isocratic mode at a flow rate of 0.6 mL/min at 254 nm using a ultra-
performance liquid chromatography (UPLC) system. In the developed method, the 
resolution between molindone and its related compounds was more significant than 2.0. 
Regression analysis shows an r2 value (correlation coefficient) greater than 0.999 for 
molindone and its associated compounds. This method could detect related compounds of 
molindone at a level below 0.009% with respect to a test concentration of 500 µg/mL for a 
2.0 µL injection volume. The method has shown good, consistent recoveries for related 
compounds (90-110%). The test solution was found to be stable in the diluent for 48 hours. 
The drug was subjected to stress conditions. The mass balance was found to be close to 
99.3%. 
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1. Introduction 
 

Molindone is an antipsychotic which is used in the United 
States in the treatment of schizophrenia. It works by blocking 
the effects of dopamine in the brain, leading to diminished 
symptoms of psychosis. It is rapidly absorbed when orally, and 
its molecular formula is C16H24N2O2. Molindone is a white to off-
white or pale-pink crystalline powder. It is freely soluble in 
water and alcohol. Molindone was discontinued by its original 
supplier, Endo Pharmaceuticals, in 2010. The structures of 
related compounds and molindone is given in Figure 1 [1-3]. 

Several methods have been developed to determine 
molindone by HPLC and LCMS techniques [4-7]. The methods of 
references [4-7] explain the determination of molindone using 
HPLC, HPLC-MS, and HPLC-MS/MS techniques in plasma is 
tabulated in Table 1. 

This research article describes a simple, sensitive, and cost-
effective mobile phase method for the determination/quantita-
tion of related compounds of molindone in drug substances. 
The work also includes method development and the complete 
validation [8] as per ICH guidelines. Hitherto, there is no article 
for the quantification and determination of related compounds 

of molindone in drug substances. This is a novel and sensitive 
method for the associated compounds in molindone using 
UPLC. 
 
2. Experimental  
 
2.1. Materials 
 

Clearsynth Labs Ltd., Mumbai, India, supplied molindone 
and its impurity standards. HPLC grade acetonitrile was 
purchased from Merck, Darmstadt, Germany. Millipore water 
was used prepared from the Milli-Q water purification system. 
The UPLC system was an Agilent 1290 quaternary pump, an 
autosampler, and a photodiode array detector. The output 
signal was monitored and processed by Chemstation software 
from Agilent Technologies, USA [9] on an Intel Core i5 computer 
(Dell.), water baths equipped with MV controller (Julabo, 
Seelbach, Germany) were used for hydrolytic studies. Stability 
studies were carried out in a humidity chamber (Thermo Lab. 
humidity chamber, India), and photostability studies were 
carried out in a photostability chamber (Sanyo photostability 
chamber, Leicestershire, UK).  
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Table 1. Comparison of techniques, detection limits, and the matrix studied. 
Techniques Detection limits Matrix References 
HPLC Low detection limit as 50 ng/mL with respect to molindone concentration Serum samples [4] 
HPLC-MS 25 µM of molindone Metabolites [5] 
HPLC-MS/MS 0.1-100 ng/mL Human plasma samples [6] 
HPLC None  Analyte [7] 
UPLC 0.045 µg/mL (0.009%) for all related compounds with respect to molindone concentration Drug substance Current study 
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Figure 1. Structures of molindone and its impurities. 
 
Thermal stability studies were performed in a dry air oven 

(MACK Pharmatech., Hyderabad, India).  
 
2.2. Methods 
 
2.2.1. Chromatographic conditions 
 

InfinityLab Poroshell 120 Phenyl-Hexyl, 2.1×50 mm, 1.9 µm 
narrow bore LC column manufactured and supplied by Agilent 
Technologies, USA [9] was used for the separation of molindone 
and its impurities. The buffer solution was prepared by 
dissolving 1.1 g of sodium octane sulphonic acid sodium salt in 
650 mL of water. Pipetted out 1.0 mL of glacial acetic acid and 
0.5 mL of triethylamine, added into the buffer solution. The pH 
of the buffer solution was adjusted to pH = 5.0 using 
triethylamine. Mixed 650 mL of buffer solution and 350 mL of 
methanol as mobile phase. The flow rate of the mobile phase 
was 0.6 mL/min. The gradient composition of %B at 0.00 min, 
5.0%, 0.80 min, 5.0% 2.00 min, 25.0%, 2.40 min, 35.0%, 6.00 
min 50.0%, 6.40 min 65.0%, 8.00 min, 80.0%, 9.00 min, 90.0%, 
10.00 min, 90.0%, 10.20 min, 5.0%, and 12.00 min, 5.0%. The 
column oven temperature was maintained at 40 °C, and the 
detection was monitored at a wavelength of 254 nm. The 
injection volume was 2.0 µL. Mixed 0.01 N hydrochloric acid 
and methanol in the ratio of 60:40 (v:v) as diluent. 

2.2.2. Preparation of stock solutions and system suitability 
 

Stock solutions of molindone standard and sample (500 
µg/mL) were prepared by dissolving appropriate amounts for 
assay analysis. The standard solution was prepared at a 70 
µg/mL concentration from the stock solutions and used as 
system suitability for related substances determinations. 
 
2.2.3. Preparation of sample solution 
 

Some powdered tablets equivalent to 500 µg/mL of 
molindone were transferred to a 100 mL volumetric flask, 30 
mL of diluent were added and kept on a rotary shaker for 10 
min to disperse the material thoroughly, then sonicated for 10 
min and diluted to 100 mL (500 µg/mL). The resulting solution 
was centrifuged at 3,000 rpm for 25 min (the supernatant 
solution was used for purity evaluation). 
 
2.2.4. Analytical method development 
 

All the related compounds and molindone (Figure 1) had 
UV maxima at around 254 nm; detection at 254 nm was selected 
for the method development purpose. To develop a selective 
and sensitive method, the primary concern during development 
was  to  resolve all impurities and its peak symmetry for IMP-1,  
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Figure 2. Chromatogram of a representative lot of molindone drug substance. Compound-Retention time (min): IMP-1: 4.0, IMP-2: 2.3, IMP-3: 4.3, IMP-4: 4.6, 
IMP-5: 5.2, IMP-6: 9.0, IMP-7: 8.5, IMP-8: 8.3, IMP-9: 5.6, and molindone: 7.7. 
 

 
 

Figure 3. Chromatogram of molindone (7.6 min) and its impurity standards solutions. 
 
IMP-2, IMP-3, IMP-4, IMP-5, IMP-6, IMP-7, IMP-8, IMP-9, and 
molindone (Figure 1). When the pH moved from basic to acidic, 
no improvement in symmetry of the molindone peak was 
observed. At buffer pH = 5.0, the tailing of the molindone peak 
was 1.4, resolution between molindone and IMP-3 was less (Rs 
< 1), which may be due to the ionization of the amine group in 
both molindone and IMP-3. Upon study at different pHs, 
improvement in resolution (Rs > 1.8) between IMP-1, molin-
done, IMP-2, and IMP-3 was observed, and symmetry of the 
molindone (tailing < 2) peak was obtained. Various ion pairing 
agents such as trifluoroacetic acid and triethylamine were 
tested to improve peak properties such as peak height, peak 
symmetry. The addition of glacial acetic acid and triethylamine 
to the buffer at pH = 5.0 improved the symmetry of molindone 
(Tailing factor was enhanced to 1.5).  

To improve the symmetry of the molindone peak column, 
the oven temperature was increased to 40 °C. The symmetry of 
the molindone peak was improved to 1.2. The effect of various 
organic modifiers such as acetonitrile, methanol, and different 
gradient programs was tried to optimize the retention time of 
molindone and resolution between the impurities. Satisfactory 
results (the retention time of molindone was ~4.5 min, and the 
resolution between all impurities was >2.0) were obtained with 
the above-mentioned chromatographic conditions. Buffer pH 
and % acetonitrile did not play a major role in separating 
related compounds and molindone. In the optimized conditi-
ons, IMPs 1-9, and molindone were well separated with a 
resolution greater than 2.0. Analysis was performed for 
different batches of bulk drug samples (n = 3). Results were 
within specification. Stability study results as per ICH Q1A (R2) 
[10] for molindone were generated (Long-term stability 12 

months and accelerated stability six months), and the results 
were well within limits. 
 
2.3. Statistical method  
 

The robustness study was performed using the Minitab 17 
software [11] using six factors, viz., flow, column oven 
temperature, mobile phase organic ratio, the particle size of the 
packing material, length of the column, and wavelength. 
 
3. Results and discussion 
 
3.1. Analytical method validation 
 

The developed chromatographic method was validated for 
selectivity, linearity, range, precision, accuracy, sensitivity, 
robustness, and system suitability. 
 
3.2. Specificity 
 

The specificity of the developed method was assessed by 
performing forced degradation studies. The specificity of the 
developed LC method for molindone was determined by related 
compounds, namely IMPs 1-9. Forced degradation studies were 
performed on molindone to indicate the stability, indicating 
properties, and specificity of the proposed method. All stress 
decomposition studies were performed at an initial drug 
concentration of 500 µg/mL. The standard and sample 
chromatograms are shown in Figures 2 and 3. 
 
 
 



Nagarajan et al. / European Journal of Chemistry 13 (2) (2022) 180-185 183 
 

 
2022 – European Journal of Chemistry – CC BY NC – DOI: 10.5155/eurjchem.13.2.180-185.2252 

 

  
  

   
   

   
   

   
 

Figure 4. Linearity graph for molindone and IMPs 1-9. 

3.3. Results of forced degradation studies 
 

Stress studies on molindone under different stress 
conditions (carried out as per ICH Q1B [12]), suggested the 
following degradation behaviour: (i) The drug was exposed to 
base hydrolysis under reflux conditions. Molindone showed 
very slight sensitivity towards the treatment of base hydrolysis. 
Minor degradation was observed when the drug was exposed 
to 0.1 N NaOH (24 h reflux at 80 °C). (ii) The drug was exposed 
to acid hydrolysis under reflux conditions. Molindone was not 
sensitive towards the treatment of acid hydrolysis. No 
degradation was observed when the drug was exposed to 0.1 N 
HCl (24 h reflux at 80 °C). (iii) The drug was exposed to 3% 
hydrogen peroxide at room temperature for 24 h. Molindone 
showed sensitivity towards the treatment of hydrogen 
peroxide. With time, the drug gradually degraded in 3% 
hydrogen peroxide, and significant degradation was observed 
(~87.7%). (iv) The drug was exposed to water at 60 °C for 24 h. 
No major degradation products were observed after 24 h. The 
drug was stable towards water hydrolysis. (v) The drug was 
stable to the effect of photolysis. When the drug powder was 
exposed to light for overall illumination of 1.2 million lux hours 
and an integrated near ultraviolet energy of 200-Watt 
hours/square meter (W/m.hr) (in a photostability chamber), 
no degradation was observed. (vi) The drug was stable to the 
effect of temperature. No degradation was observed when the 
drug powder was exposed to dry heat at 60 °C for ten days. 

Peak purity results for stressed molindone samples, 
derived from the PDA detector (purity angle within the purity 
threshold limit), confirm that the molindone and IMPs 1-9 
peaks were homogeneous and pure. No degradation product 
peaks were observed after 30 min in the extended run time of 
100 min for all the molindone stressed samples. Assay studies 
were carried out for stress samples against a qualified reference 
standard. The mass balance (% assay + % of impurities + % of 
degradation products) of stressed samples was close to 95.5%, 
confirming the stability-indicating power of the developed 
method. 
 
3.4. Linearity and range 
 

The linearity of the method was evaluated by determining 
nine concentration levels from the limit of quantitation (LOQ) 
to 200% of 500 µg/mL analyte concentration. The correlation 
coefficient obtained for molindone was 0.999. The correlation 
coefficient obtained for IMPs 1-9 and molindone was more 
significant than 0.999. The linearity graphs IMPs 1-9, and 
molindone were shown in Figure 4. The linearity of molindone 
has been studied in two scenarios, viz., the first is the 
concentration from 0.01 to 0.23% level to quantify the 
unknown impurities in molindone drug substance samples and 
the latter is the concentrations from 57 to 1150 µg/mL level to 
quantify the content of molindone (%assay) in drug substance 
samples. 
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Table 2. Design of experiments for robustness study. 
Experiment Flow (mL/min) Column oven temperature (°C) Wavelength (nm) 
1 0.5 35 252 
2 0.7 45 256 
3 0.7 45 256 
4 0.5 35 256 
5 0.7 35 256 
6 0.7 35 252 
7 0.7 45 252 
8 0.5 45 252 
9 0.5 45 252 
10 0.7 35 252 
11 0.5 45 256 
12 0.5 35 256 
 
3.5. Precision 
 

The precision of the related compounds was checked by 
injecting six individual preparations of 3.75 µg/mL molindone 
spiked with 0.15% of each impurity. The % RSD for percentage 
of IMPs 1-9 and molindone was below 0.4%. The % RSD for IMP 
was within 0.8% in the intermediate precision. The different 
analyst columns evaluated the intermediate precision of the 
method, and by using a different instrument, % RSDs were 
within 1.8%, confirming the ruggedness of the method. 
 
3.6. Sensitivity 
 

Sensitivity was determined by establishing the limit of 
detection (LOD) LOD and LOQ for IMPs 1-9, and molindone 
estimated at a signal-to-noise ratio of 3:1 and 10:1, by injecting 
a series of dilute solutions with known concentration. The limit 
of detection for IMPs 1-9 were 0.003%, and for molindone was 
0.003% for 2.0 µL injection volume. The limits of quantification 
for IMPs 1-9 were 0.01% and molindone was 0.01% for 2.0 µL 
injection volume. The precision study at the LOQ level was 
performed. The % RSD for the areas of each impurity was 
within 1.1%. Thus, the method was found to be highly sensitive. 
 
3.7. Accuracy 
 

A recovery study was carried out in triplicate at 50, 100, and 
150% of the analyte concentration (500 µg/mL). The 
percentage of recovery for IMPs 1-9 was 101.3 to 105.1%. The 
percentage recovery of molindone in bulk drug samples ranged 
from 99.2 to 101.5%, indicating that the method was suitable 
for determining related compounds in drug substances. 
 
3.8. Robustness 
 

The robustness study was performed using the Minitab 17 
software [11] using three factors viz., flow, column oven 
temperature, and wavelength. By changing the experimental 
conditions in Table 2, the resolution between IMPs 1-9, and 
molindone was evaluated. The flow rate of the mobile phase 
was 0.6 mL/min. To study the effect of flow rate on the 
resolution, 0.1 units changed it from 0.5 to 0.7 mL/min. The 
effect of column temperature on the resolution was studied at 
35 and 45 °C instead of 40 °C. The impact of the detection 
wavelength, 254 nm, transformed it from 252 to 256 nm. In all 
the deliberate varied chromatographic conditions carried out 
(flow rate, column oven temperature, and wavelength of 
detection), the resolution between closely eluting impurities, 
namely IMPs 1-9, and molindone peaks and molindone, IMP-3 
was more significant than 1.5, illustrating the robustness of the 
method. 
 
3.9. Solution stability 
 

The solution stability of molindone and its related 
compounds was carried out by leaving the spiked sample 

solution in a tightly capped volumetric flask at room 
temperature for 48 hours. The mobile phase stability was 
performed using freshly prepared sample solutions against 
reference standard solutions at 48 hours. The %RSD of 
molindone during solution stability and mobile phase stability 
experiments was within 1.1%. No significant change was 
observed in the content of IMPs 1-9, and molindone during 
solution stability and mobile phase stability experiments. The 
data confirms that standard and sample solutions were stable 
for up to 48 hours.  

Numerous methods are available [1-4] for the determi-
nation of molindone by several techniques like HPLC, UV, LCMS, 
etc. All the plans have determined only the LOD, LOQ, % 
recovery, and linearity of molindone and not the related 
compounds of molindone. The data is mentioned in Table 1 for 
a comparison of different techniques. However, the present 
method describes the associated compounds of molindone and 
molindone in both bulk drug substances. All the way describes 
molindone as the analyte. 
 
4. Conclusion 
 

A new, sensitive, and stability-indicating UPLC method was 
successfully developed to quantify related compounds of 
molindone in bulk drugs. The technique was found to be 
accurate and precise, with excellent and consistent recovery. 
The validated method may be used for the routine analysis of 
the determination of related compounds of molindone from the 
bulk drug, pharmaceutical preparation, and other quality 
control samples of product development. 
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