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Abstract
A simple and sensitive stability indicating high performance liquid chromatography method was developed for quantification 
of Daclatasvir hydrochloride in bulk and tablet dosage forms. The analysis was performed on water symmetry analytical 
column (150 mm × 3.9 mm, 5 µm), packing octyl silica (Si-[CH2]7-CH3) C8. Mobile phase containing potassium phosphate 
buffer (pH 2.0) and acetonitrile (38: 62) v/v was used at flow rate 0.7 mL min−1 for isocratic elution. Detection was performed 
on 304 nm using UV detector. The method was validated appropriately according to the requirements of United State Phar-
macopeia and International Conference on Harmonization guideline Q2 (R1). Recovery, precision, linearity and specificity 
of the method were assured. The correlation coefficient for linearity ranged from 2 to 24 µg mL−1 was (r > 0.9999). The 
limits of detection and quantification of Daclatasvir were 0.08 and 0.28 µg mL−1, respectively. Stability studies of Daclatasvir 
were performed under various stressed conditions, i.e., hydrolytic (acidic, basic and neutral), oxidation, photolytic and ther-
mal conditions, according to International Conference on Harmonization Q1A (R2) and QIB Guidelines. The degradation 
products were resolved using proposed method and further characterized by MS, NMR and IR spectroscopic analyses. The 
proposed method was successfully applied to assay determination of bulk drugs and tablet dosage forms.
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Introduction

Hepatitis C virus (HCV) affects more than 3% of the world’s 
population and it is a significant public health concern [1, 2]. 
More than 70% of the patients infected with HCV proceed to 
a chronic state which can lead to serious liver diseases such 
as fibrosis, cirrhosis, hepatocellular carcinoma and liver-
transplantation [3, 4].

Until the most recent developments of direct-acting anti-
virals (DAAs), the optimal treatment option for all geno-
types was pegylated alpha interferon (PEG-IFN) in combi-
nation with Ribavirin. However, they were associated with 

potentially serious side effects such as risk of hepatic decom-
pensation, septicaemia in patients with advanced liver dis-
ease and bone marrow suppression. PEG-IFN therapy was 
also associated with significant toxicities, poor tolerability, 
adverse reactions and limited efficacy against infected HCV 
genotype-1 cases [5, 6].

The recent availability of culture cell models provided 
valuable information for understanding the life cycle of HCV 
and non-structural HCV proteins involved in viral replica-
tion process. It completely revolutionized the treatment of 
HCV infection by providing new and highly effective direct-
acting antivirals such as Telaprevir, Boceprevir, Simeprevir, 
Faldaprevir, Asunaprevir, Vaniprevir, Sofosbuvir, Ledipasvir 
and Daclatasvir [7–13].

Daclatasvir (DCV) also known as BMS-790052 is a 
novel, potent and selective non-structural protein (NS-5A) 
inhibitor, developed by Bristol–Myers Squibb (BMS) USA, 
and approved by FDA in July 2015. DCV is used for the 
treatment of HCV genotype-1 or genotype-3 infections in 
combination with Sofosbuvir and with or without Ribavirin 
with high SVR rates and greater tolerability [14–17].
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DCV being a carbamic acid dihydrochloride is a white 
to yellow crystalline solid having chemical formula 
C40H50N8O6·2HCl. Its structural formula is given in Fig. 1a. 
DCV has two polymorphic forms, i.e., N-1 and N-2. The N-2 
form is thermodynamically the most stable polymorph that 
is used for the preparation of drug product [18].

A few bio-analytical methods are available for quanti-
tative determination of DCV in plasma by LC–MS/MS 
[19–21], UHPLC-MS/MS [22, 23] and HPLC–UV [24]. 
These methods are specific for DCV determination in bio-
logical fluids and could not be suitable for routine analysis 
of assay determination of drug in tablet dosage forms. For 
analysis of tablet dosage forms and bulk drugs also some 
methods are recently published [25–28]. Only in few meth-
ods the stability of DCV is discussed which apparently dis-
crepant with each other and with the European Medicines 

Agency (EMA) report of DCV. The EMA reported DCV 
is susceptible to degradation in solution at high-intensity 
UV and visible light [18] while Jiang H et al. [21], Rezk 
et al. [23], Chakravarthy et al. [26], showed DCV solution 
stable under light condition. Nannetti et al. [24] performed 
a detailed photo stability of DCV but not evaluated in dif-
ferent accelerated conditions and the photolytic degradation 
impurities are not further characterized. Similarly, the forced 
degradation results showed in different studies are discrepant 
with each other. Chakravarthy et al. [26] showed DCV sta-
ble in acidic, basic and oxidative condition and Saleh et al. 
[27] showed it is unstable in all conditions. Baker et al. [28] 
published a stability indicating HPLC–DAD method using 
Waters C8 column and mobile phase mixed phosphate buffer 
pH 2.5 and acetonitrile (75:25) at 1.2 mL/min.

In this method, they not discussed the photolytic degrada-
tion of DCV and the impurities are not further characterized. 
Similarly, very recently, an RP-HPLC–UV method for analy-
sis of degradation behavior is also published by Hassib et al. 
[29]. In this study, C18 column is used in combination of 
phosphate buffer pH 2.0 and acetonitrile (60:40) as mobile 
phase at flow rate 2.0 mL min−1. The forced degradation 
studies are performed in different conditions but the method 
is not properly validated using impurity standard to prop-
erly resolve the degradation impurities. The DCV solution 
is showed stable during photolytic degradation studies and 
the degradation products are not further characterized by 
IR and NMR analysis. In the context of large scale product 
development studies, alternative stability indicating analyti-
cal methods which describe the forced degradation studies of 
DCV in all accelerated condition and complete identification 
and characterization of degradation impurities is needed.

For the purpose, a simple and efficient isocratic 
HPLC–UV method was developed for the determination of 
DCV and its degradation products in bulk and tablet dosage 
forms. This method was validated using reference materi-
als of degradation impurities according the requirement of 
United State Pharmacopeia (USP) and International Con-
ference on Harmonization (ICH) Guideline. Moreover, the 
forced degradation studies were performed to assessed the 
stability of DCV under different accelerated conditions and 
the degradation products were further characterized by MS, 
NMR and IR spectroscopy analyses.

Experimental

Materials and Chemicals

Generic product tablet dosage forms of DCV-30 mg, DCV-
60 mg and excipients, i.e., anhydrous lactose (BP), micro-
crystalline cellulose (USP, magnesium stearate (BP), cro-
scarmellose sodium (BP), silicon dioxide (E551), titanium 
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Fig. 1   a Daclatasvir hydrochloride (C40H50N8O6·2HCl), b Imp-A 
(C33H39N7O3), c Imp-B (C35H41N7O4), and d Imp-C (C29H32N6O3)
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dioxide (E171), macrogol 400 (EP), hydroxypropyl methyl-
cellulose (BP), yellow iron oxide (E172) were provided by 
Genome Pharmaceuticals (Pvt.) Ltd Pak. DCV drug sub-
stance purity 99.4%, reference standards purity 98.9% and 
impurities reference standards of impurity-A (Imp-A) having 
purity 91.5%, impurity-B (Imp-B) having purity 93.8% and 
impurity-C (Imp-C) having purity 92.4% were provided by 
(Ruyuan HEC Pharm Co. Ltd., China). Methanol HPLC, 
acetonitrile HPLC, sodium hydroxide, hydrochloric acid 
(37% w/v) and hydrogen peroxide (30% w/v) were purchased 
from Sigma-Aldrich (Germany).

Instrumentation

Gradient HPLC system comprised a Cecil low pressure qua-
ternary gradient pump Adept CE-4104, UV detector Adept 
CE 4200 (Cecil Instruments Limited UK). The system was 
controlled by power stream chromatography manager ver-
sion 4.2. Symmetry analytical column 150 mm × 3.9 mm, 
5 µm, packing octyl silica (Si-[CH2]7-CH3) C8 (Waters 
USA) was used for analysis. Other equipments also used 
in this work included Nicolet iS5 N FT-NIR spectrometer 
(Thermo fisher scientific, USA), Agilent 6320 Iron Trap MS 
(USA), Bruker AVANCE III HD 600 NMR (USA) and pho-
tostability chamber with florescent light of 1.2 milli lux hm2 
and UV light of 200 W hm2 (China).

Solution Preparation

Mobile Phase and Dilution Medium

Potassium phosphate buffer pH 2.0 was prepared by dissolv-
ing 1.36 g of anhydrous potassium dihydrogen phosphate 
and 7.02 g of sodium perchlorate monohydrate in 400 mL 
of purified water using a 500-mL volumetric flask. The pH 
was adjusted to pH 2.0 ± 0.5 with phosphoric acid solution. 
Mobile phase was prepared by mixing potassium phosphate 
buffer pH 2.0 and acetonitrile having ratio 38:62 v/v, and 
filtered through a 0.2-µm nylon membrane filter. A homo-
geneous mixture of acetonitrile and water ratio (1:1) was 
prepared to use as dilution medium.

Reference and Sample Stock Solutions

Stock solution of DCV 0.6 mg mL−1 was prepared by dis-
solving equivalent to 30.0 mg DCV reference standard in 
50 mL of dilution medium. Impurity reference solution 
0.1 mg mL−1 was prepared by dissolving 5.0 mg reference 
standards of each impurity separately in 50 mL of dilution 
medium.

Sample solution of tablet with known concentration of 
DCV 0.6 mg mL−1 was prepared by dissolving ten tablets 

of each brand in 1 L of dilution medium. This solution was 
filtered through a 0.45-µm nylon filter (Millipore).

The possible degradation of DCV under high-intensity 
light conditions was previously reported [18]. All solutions 
of DCV were protected from daylight during preparation, 
storage, and analysis. The above solutions were stored at 
2–8 °C and further diluted to 20 μg mL−1 for assay, method 
development and validation studies.

Method Validation

Accuracy and Recovery

Six concentration levels (20–120% of assay concentration) 
with known amount of DCV ranging from 4 to 24 µg mL−1 
were prepared. To check the recovery of impurities based 
on ICH guidelines Q3B (R2), the reporting threshold of 
impurities should be as low as 0.05%. The solutions were 
spiked with 0.1–0.5% of Imp-A, Imp-B and Imp-C each 
(0.02–0.12 µg mL−1) and analyzed replicates (n = 3). The 
recovery of DCV from dosage form was determined by spik-
ing of excipients with DCV drug. Excipient solutions were 
spiked with known amount of DCV drug and analyzed for 
recovery. The recovery of each sample was calculated by 
comparing the peak response with individual reference solu-
tion. The values of relative error (RE) and RSD were evalu-
ated against acceptance limits ± 2% for DCV and ± 10% for 
impurities.

Precision and Intermediate Precision

The precision was assured by analyzing replicates (n = 6) 
of three samples (high, medium and low concentration lev-
els (20, 60 and 120% of assay concentration). The samples 
containing known amounts of DCV (4, 12, and 24 µg mL−1) 
were spiked with 0.1–0.5% of each impurity (0.02, 0.06 and 
0.12 µg mL−1). For precision and intermediate precision, 
the values of overall relative standard deviation (RSD %) 
of peak response at different days were checked against the 
acceptable limits (± 2% for DCV and ± 10 for impurities).

Robustness

Robustness of the method was assured by small changes 
(± 2%) in the given values of dilution medium column tem-
perature, detection wavelength and mobile phase ratio. Rep-
licates (n = 6) of DCV solutions (4, 12, and 24 µg mL−1) 
spiked with 0.1–0.5% of each impurity (0.02, 0.06 and 
0.12 µg mL−1) were analyzed using given mobile phase. 
The influence of the changes on results was determined by 
evaluating the value of (RSD %) against acceptable limits 
acceptable ± 2% of peak response and retention times.
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Linearity and Range

For linearity assessment, replicates (n = 3) of seven concen-
trations were analyzed ranging from 10 to 120% of the assay 
having known amount of DCV (2–24 µg mL−1) spiked with 
0.05–0.5% each impurity (0.01–0.12 µg mL−1), respectively. 
The values of peak response were plotted on X-axis against 
concentration on Y-axis, and based on least-square linear 
regression equation (A = slope C + Y intercept), the relation 
of peak response with concentration was evaluated. The 
LOD and LOQ were calculated from slope using expres-
sion (3.3δ/slope) and (10δ/slope), respectively.

Specificity and Placebo Interference

Composite solution of placebo was prepared in dilution 
medium using all excipients of tablet except active ingre-
dients. This solution was analyzed on the same chromato-
graphic condition and the baseline was evaluated for peak 
response. Placebo interference was also assured by spiking 
of reference solution with appropriate level of excipients and 
the baseline was evaluated for any interference or additional 
peak other than known peaks of DCV.

Stability Studies of Solution

Stress stability studies are essential to evaluate the drug sub-
stance in product under various stress conditions such as 
alkaline, acidic hydrolytic, photolytic, thermal and oxidative 
conditions. It provides insight into the potential degradation 
products that can pose risks to stability and efficacy of prod-
uct and patient safety [30, 31].

Stressed condition studies were performed for the evalua-
tion of degradation products using 500 µg mL−1 DCV solu-
tions. The solutions were refluxed in acidic (5 M HCl), alka-
line (1 M NaOH) and neutral (in diluents) for 4 and 8 h. The 
oxidative stress testing was performed using 10% H2O2 for 4 
and 8 h. A composite solution of drug product (tablets) con-
taining all excipients was refluxed in neutral medium (dilu-
ents) for 4 and 8 h to check the compatibility of excipients. 
The effect of heat and light on drug product was studied by 
exposing the drug substance and drug product in solid and 
solution to 80 ± 5 °C and 75 ± 5% relative humidity, 200 W/
m2 UV light and 1.2 million lux hours visible light at 40 °C 
using photostability chamber. The drug product in solid and 
solutions was also exposed to direct sunlight for 6 h to evalu-
ate the effect maximum light on product and solution.

Stability of solutions exposed to room temperature 
(15–25 °C) for 7 days, and cool temperature (02–08 °C) for 
14 days were also assessed. The results obtained were evalu-
ated by comparing with assay results of reference standards.

Results and Discussion

Method Development and Optimization

Due to the presence of conjugated group at belt K and aro-
matic ring at belt E, DCV is UV active compound. DCV 
shows maximum absorbance at λ = 304 ± 2 nm in methanol 
and the specific absorbance (A = 1%) is 636.1 ± 6. To opti-
mize wavelength for simultaneous detection, the reference 
solutions DCV, Imp-A, Imp-B Imp-C each 20 µg mL−1 
were scanned from 200 to 400 nm (Fig. 2). DCV and all 
impurities showed maximum absorbance at 304 ± 5 nm; 
hence 304 nm was selected as detection wavelength.

After systematic elution of different mobile phases at 
different flow rates over different stationary phases, a set 
of suitable conditions for better resolution of each ana-
lyte was selected. The composite reference solution of all 
analytes was analyzed using mobile phase with different 
organic and ionic ratios, i.e., acetonitrile with 0.1% phos-
phoric acid (60:40 v/v), methanol with ammonium ace-
tate buffer solution pH 3.0 (55: 35) and acetonitrile with 
potassium phosphate buffer solution pH 2.0 (62:38 v/v). 
The results of acidic mobile phase were more favorable 
than neutral or basic mobile phase. It is important to note 
that sodium perchlorate is an effective anionic ion-pairing 
reagent in acidic condition. For this purpose, sodium per-
chlorate was added to potassium phosphate buffer solu-
tion and better results were achieved as compared to other 
mobile phases. Mobile phase containing potassium phos-
phate buffer (pH 2.0) with acetonitrile (38: 62 v/v) at flow 
rate 0.7 mL min−1 over C8 (Waters) column showed bet-
ter resolution and symmetrical peaks for each analyte as 
compared to ODS C18 (Promosil). Symmetry analytical 
column 5 µm (150 mm × 3.9 mm) packing C8 was selected 
for analysis. The retention time of each analyte was quite 
different (Fig. 3). This may help in identification and quan-
tification of each analyte by comparing it with individual 
reference solution.
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The selected chromatographic conditions were further 
validated for accuracy, precision and linearity. Specificity, 
limit of detection (LOD) and limit of quantification (LOQ) 
were determined as per USP and ICH guidelines [32, 33].

System suitability was checked by replicate analysis 
(n = 6) of 20 µg mL−1 DCV reference solution spiked with 
0.02 µg mL−1 (0.1%) impurities. To check the sensitivity 
of method, a composite standard solution at very low con-
centration, i.e., DCV 4 µg mL−1, spiked with impurity each 
0.02 µg mL−1 was analyzed (Fig. 3a). Furthermore, statis-
tical data of peak response were calculated for theoretical 
plates (N), symmetry factor (As) and retention factor (Ko) 
using power stream chromatography manager. The resolu-
tion and relative retention time of DCV and each impurity 

were calculated. The relative standard deviations (% RSD) 
of peak area of each analyte were calculated and the results 
were evaluated against acceptable limits ± 2.0, ± 10.0%, for 
DCV and each impurity, respectively.

System Suitability

The results in Table 1 showed that all performance param-
eters comply with the USP requirements for system suit-
ability. The value of RSD % of peak response was less than 
2.0% for DCV and less than 10% for Imp-A and Imp-B. The 
resolution of Imp-A and Imp-B was 3.5 as compared to DCV 
and theoretical plates were more than 10,000. The method 

Fig. 3   Chromatograms of refer-
ence standards. a Composite 
standard (DCV 4 µg mL−1, 
Imp-A, Imp-B and Imp-C each 
0.02 µg mL−1). b Composite 
sample (DCV10 µg mL−1, 
Imp-A, Imp-B, and Imp-C 
each 0.05 µg mL−1, c DCV 
20 µg mL−1, d Imp-C 
0.05 µg mL−1, e Imp-B 
0.05 µg mL−1, f Imp-A 
0.05 µg mL−1
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Table 1   Results of system 
suitability parameters

Parameters DCV Imp-B Imp-A Imp-C

Peak area (A) mAs 2330.2 ± 11.2 139.3 ± 5.9 127 ± 8.3 125.7 ± 6.1
Relative standard deviation (RSD) 0.48% 4.24% 6.54% 4.7%
Retention time (tR) 16.4 ± 0.1 9.6 ± 0.1 10.8 ± 0.1 7.1 ± 0.1
Relative retention time (tRR) – 1.7 1.5 2.3
Theoretical plates (N) 14,974 11,967 13,137 10,354
Symmetry factor (AS) 0.996 1.003 0.988 0.913
Retention factor K′ 3.31 1.52 1.84 0.86
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was suitable and capable to isolate and quantify DCV and 
all impurities simultaneously.

Accuracy and Recovery

The results of recovery studies in Table 2 showed that over-
all recovery of DCV was 100 ± 1% and each impurity was 
100 ± 10%. The value of RSD % and RE % for was less than 
2.0% and each impurity was less than 10%.

Precision and Intermediate Precision

Results in Table 3 for precision and intermediate precision 
studies showed that the RSD % for peak response is less 
than 2.0% for DCV and less than 10% for each impurity. 
The results indicate that the given method is precise and 
reproducible within the acceptable limits and criteria.

Robustness

The minor changes ± 2% of the given values in chromato-
graphic condition does not affect the results of DCV and 
each impurity. The values of RSD % shown in Table 4 indi-
cate that there is no influence of minor changes on resulted 
values. The method is robust and suitable for routine analy-
sis of assay determination of DCV tablet dosage forms and 
degradation impurities.

Linearity

Statistical data derived from linearity studies indicate a good 
correlation between concentration and peak response. The 

main linear regression equation for linearity of DCV, Imp-
A, Imp-B and Imp-C was found as (A = 117.05C − 6.90), 
(A = 1357.68C  −  235), (A = 1272.11C  −  4.55) and 
(A = 1318.16C − 5.62), respectively. The correlation coef-
ficient (r) was 0.9999, 0.9997, 0.9996 and 0.9985, respec-
tively. The value of LOD for DCV was 0.08 and each impu-
rity was 0.02 µg mL−1. The values of LOQ were 0.28, 0.05, 
0.06 and 0.07 µg mL−1 for DCV, Imp-A, Imp-B and Imp-C, 
respectively.

Specificity and Placebo Interference

Results of placebo intemperance studies showed that there 
is no significant peak of any excipient at given retention 
time of DCV. The influence of tablets excipients on peak of 
DCV and all impurities at given chromatographic condition 
is negligible. The results show that proposed method is spe-
cific for quantification of DCV and degradation impurities 
bulk and tablet dosage form.

Stability of Solution

Stability of DCV drug substance and drug product in solid 
and solution were investigated for normal and stressed con-
ditions, summarized in Table 5 (Fig. 4). Due to possible 
degradation of DCV in light condition, all the solutions were 
stored protected from light during studies. Our results of 
normal studies showed that solutions in dilution medium 
were stable for 7 days at room temperature (15–25 °C) and 
for 14 days at cool temperature (02–08 °C). Solutions of tab-
let dosage forms, stored at cool temperature and at 80 ± 5 °C 

Table 2   Results of recovery studies

Analyte Conc. level 20% 40% 60% 80% 100% 120%

DCV μg mL−1 4 8 12 16 20 24
Recovery % 98.25 ± 1.02 99.62 ± 0.19 99.46 ± 0.39 100.04 ± 0.59 100.7 ± 0.09 100.02 ± 0.28
RSD % 1.04 0.19 0.39 0.59 0.09 0.28
RE % − 1.75 − 0.38 − 0.54 0.04 0.7 0.02

Imp-B μg mL−1 0.02 0.04 0.06 0.08 0.1 0.12
Recovery % 87.7 ± 7.2 96.97 ± 7.6 93.56 ± 4.3 96.53 ± 4.7 95.98 ± 4.5 95.22 ± 2.8
RSD % 8.21 7.84 4.6 4.87 4.69 2.94
RE % − 12.3 − 3.03 − 6.44 − 3.47 − 4.02 − 4.78

Imp-A μg mL−1 0.02 0.04 0.06 0.08 0.1 0.12
Recovery % 83.6 ± 7.39 87.24 ± 7.42 97.03 ± 5.43 94.19 ± 3.16 96.27 ± 4.99 97.73 ± 1.86
RSD % 8.84 8.51 5.6 3.35 5.18 1.9
RE % − 16.4 − 12.76 − 2.97 − 5.81 − 3.73 − 2.27

Imp-C μg mL−1 0.02 0.04 0.06 0.08 0.1 0.12
Recovery % 84.65 ± 7.68 93.04 ± 7.87 92.78 ± 9.17 94.82 ± 4.24 97.35 ± 5.8 98.6 ± 4.1
RSD % 9.07 8.46 9.88 4.47 5.96 3.25
RE % − 15.35 − 6.96 − 7.22 − 5.18 − 2.65 − 1.4
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and 75 ± 5% RH were also stable and no degradations were 
noted.

The results of stress stability studies showed that the solu-
tions in acidic conditions (5 M HCl) were stable for 7 days 
at room temperature. The solutions in acidic medium (5 M 
HCl) were also stable when refluxed for 4 and 8 h (Fig. 4c). 
Similarly, the drug substance DCV and drug product in solid 
form exposed to heat and moisture (80 ± 5 °C and 75 ± 5% 
RH) were also stable for 7 days. However, the solution in 
basic medium (1 M NaOH in methanol), oxidative condition 
(10% H2O2) and solutions exposed to light were unstable.

Solutions in basic medium were degraded to Imp-A 
and Imp-C. These solutions stored at room temperature 
were degraded more than 10% to Imp-A in 8 h and it was 

degraded very rapidly up to 51% (39% to Imp-A and 12% to 
Imp-C) when it was refluxed for 8 h (Fig. 4b). This solution 
was further refluxed for 12 h and it was noted that Imp-A 
was also converted to Imp-C.

The solutions in oxidative condition showed slight degra-
dation to Imp-A and Imp-C (Fig. 4d). The DCV solutions at 
oxidative condition stored at room temperature were almost 
stable and no degradation was noted. However, slight degra-
dation about 4% (3% Imp-C and 1% Imp-A) was noted after 
refluxed for 8 h.

The results of photo stability showed that solution 
exposed to light was unstable and degraded to Imp-A. The 
solution exposed to UV and fluorescence for 7 days was 
degraded around 8% to Imp-A. In the same vein, solutions 

Table 4   Results of robustness Analyte Conc. level Peak area (mAs) RSD % Retention time (min) RSD %

DCV Low (4 μg mL−1) 448.23 ± 5.95 1.33 16.3 ± 0.1 0.61
Medium (12 μg mL−1) 1386.8 ± 7.16 1.21 16.3 ± 0.1 0.61
High (24 μg mL−1) 2790.8 ± 8.42 0.3 16.3 ± 0.1 0.61

Imp-B Low (0.02 μg mL−1) 22.48 ± 2.07 9.21 9.6 ± 0.1 1.04
Medium (0.06 μg mL−1) 64.4 ± 4.29 6.66 9.6 ± 0.1 1.04
High (0.12 μg mL−1) 168 ± 4.61 7.74 9.7 ± 0.1 1.04

Imp-A Low (0.02 μg mL−1) 21.63 ± 2.66 4.66 10.7 ± 0.1 0.93
Medium (0.06 μg mL−1) 65.2 ± 3.46 5.31 10.7 ± 0.1 0.93
High (0.12 μg mL−1) 152.2 ± 4.29 5.35 10.7 ± 0.1 0.93

Imp-C Low (0.02 μg mL−1) 26.84 ± 3.41 3.51 7.1 ± 0.1 1.02
Medium (0.06 μg mL−1) 69.85 ± 3.44 5.78 7.1 ± 0.1 1.02
High (0.12 μg mL−1) 162.41 ± 3.97 4.56 7.1 ± 0.1 1.02

Table 5   Results of stability and forced degradation studies

a Recovery ± SD
b RSD %

DCV solution 
medium/stor-
age condition

At cool 
temperature 
(02–08 °C) 
protected 
from light for 
14 days

At room 
temperature 
(15–25 °C) 
protected 
from light for 
7 days

Refluxed, for 
4 h protected 
from light

Refluxed, for 
8 h protected 
from light

At 80 ± 5 °C 
and 75 ± 5% 
RH protected 
from light for 
7 days

At 40 ± 5 °C 
and 75 ± 5% 
RH
200 W/m2UV 
light for 
7 days

At 40 ± 5 °C 
and 75 ± 5% 
RH
1.2 × 106 Lux 
of fluores-
cence light 
for 7 days

At room 
temperature 
(15–25 °C)
Exposed to sun 
light for 6 h

In diluents
(20 μg mL−1)

99.47 ± 0.09a

0.09b
98.64 ± 0.56
0.57

99.73 ± 1.56
1.56

100.5 ± 1.11
1.1

97.93 ± 0.59
0.6

92.9 ± 5.5
6.26

94.19 ± 3.59
4.21

76.08 ± 4.81
6.32

In 5 M HCl – 98.09 ± 0.22
0.22

97.3 ± 0.14
0.14

98.44 ± 1.12
1.16

– – – –

In 1 M NaOH – 77.36 ± 4.87
6.3

63.02 ± 4.18
6.63

49.1 ± 2.9
5.91

– – – –

In 10% H2O2 – 99.41 ± 2.33
2.49

98.13 ± 3.15
3.57

98.23 ± 3.63
4.21

– – – –

Solid drug 
substance

– – – – 99.34 ± 0.27
0.27

98.58 ± 0.58
0.59

99.26 ± 0.28
0.28

98.18 ± 0.11
0.11

Solid drug 
products

– – – – 100.53 ± 1.02
1.01

99.95 ± 0.36
0.36

99.05 ± 0.29
0.29

98.6 ± 0.49
0.5
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exposed to sun light were rapidly degraded up to 24% (Imp-
A) (Fig. 4e).

In overall stress studies, Imp-A was the major degrada-
tion impurity of DCV, Imp-C was only detected in alkaline 
and oxidative conditions and Imp-B was not detected at any 
stress condition. All possible degradation impurities were 
resolved using the same HPLC method and it was proved 
that the method is stability indicating and capable to isolate 
and quantify the possible degradation products. To the best 
of our knowledge, there are no details available in the litera-
ture for degradation products of DCV. Therefore, the impu-
rities were further characterized and confirmed by NMR, 
MS, and IR spectroscopy analyses. The NMR analysis was 
performed using DMSO-d6 as solvent. Mass spectrum was 
obtained using both ESI and Auto MS mode. The drying gas 
temperature was 350 ± 10 °C at flow rate 11 L−min, Nebulizer 
gas pressure was 45 psi and Capillary voltage was 3.5 kV.

Characterization of DCV, Imp‑A, Imp‑B and Imp‑C

DCV and its impurities, i.e., Imp-A, Imp-B and Imp-C were 
confirmed by MS, IR, NMR spectroscopy. The data of MS, 
IR and NMR spectrum showed that the given values com-
ply with the reported structure of DCV shown in Fig. 1a. 

The positive ion MS spectrum of DCV exhibits a parent ion 
peak [M+H]+ of 739 (m/z) which is corresponded to the 
theoretical value of molecular mass of DCV, i.e., (738.89 g/
mol). The IR spectrum showed characteristic absorptions 
corresponding to the (−CO–NH–), (–CH3, –CH2), (–NH–) 
(C = O), aromatic ring, (C–N, C–O) stretching mode, and 
(–CH3, –CH2), aromatic ring bending mode, respectively. 
Similarly, the number of protons and carbons in 1H NMR, 
13C NMR analysis showed completely consistent with the 
structure of DCV reported in the literature [18].

Characterization Imp‑A

The ESI–MS spectrum full scan of Imp-A showed that the 
parent ion peak [M+H]+ of m/z 582 suggests a molecular 
mass of 582 for Imp-A. The spectrum with auto MS mode 
showed that the parent ion at m/z 582 produced five sig-
nificant ions at m/z 565, 513, 408, 356 and 287, respec-
tively, corresponding to the fragmentation pattern shown 
in Fig. 5. The IR absorption peaks of Imp-A also support 
that the stretching and bending vibrations are according to 
the given functional groups, i.e., –CO–NH–, CH3, –CH2, 
–NH– C = O, C–N, C–O, and aromatic rings. The proposed 
structure (Fig. 1b) is further supported by the 1H NMR and 

Fig. 4   Chromatogram of a 
composite sample of reference 
standards DCV 20 µg mL−1, 
Imp-A, Imp-B and Imp C each 
0.05 µg mL−1 b DCV degrada-
tion in alkaline (1 M NaOH) 
refluxed for 4 h c DCV degrada-
tion in acidic medium (5 M 
HCl) refluxed for 8 h, d DCV 
degradation in oxidative condi-
tion (10% H2O2) refluxed for 
8 h e DCV degradation in light 
exposed to sunlight for 6 h
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13C NMR spectra. The numbers of proton and carbon for 
Imp-A are concordant with the proposed chemical structure 
(C33H39N7O) of Imp-A.

Characterization Imp‑B

The ESI–MS full spectrum of Imp-B exhibits a parent ion 
peak [M+H]+ at m/z 624, which supports the proposed struc-
ture of Imp-B (Fig. 1c) with molecular mass of 623. The 

auto MS mode spectrum showed that the parent ion at m/z 
624 produced five significant ions at m/z 592, 450, 398, 339 
and 287, respectively. This spectrum also corresponds to 
the [M+H]+ ion fragmentation pattern of Imp-B shown in 
Fig. 6. The IR spectrum of Imp-B showed that the absorption 
peaks are corresponding the functional groups –CO–NH–, 
CH3, –CH2, –NH– C = O, C–N, C–O and aromatic rings. 
The data of NMR for numbers of proton and carbon in 
Imp-B allow unambiguous assignment of given structure as 

Fig. 5   LC/MS spectrum and 
fragmentation pattern of IMP-A
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shown in Fig. 1c. The correlation of 1H NMR and 13C NMR 
in 2D NMR also supports the proposed structure.

Characterization Imp‑C

The mass balance studies of Imp-C at auto MS mode showed 
that the parent ion at m/z 513 produced four significant ions 
at m/z 481, 356, 339 and 287, respectively, corresponding 
to the fragmentation pattern shown in Fig. 7. Similarly, the 
ESI–MS full spectrum showed a parent ion peak [M+H]+ at 
m/z 513, suggests a molecular weight of 512 that corresponds 
to the proposed chemical structure of DCV Imp-C (Fig. 1d). 
The chemical characteristics of Imp-C on IR showed that all 
absorbance bands observed in IR spectrum from the sample 
agreed with the functional groups –CO–NH–, CH3, –CH2, 

–NH– C = O, C–N, C–O and aromatic rings of Imp-C. 1H and 
13C spectra show that the numbers of proton and carbon in the 
sample are concordant with the structure of Imp-C. 1H–1H 
and 1H–13C correlations detected in the 2D NMR experi-
ments further confirm the structure and allow for unambigu-
ous assignment of all the signals in the proton and carbon-13 
NMR spectra of Imp-C. Furthermore, to our knowledge, there 
are no details available in the literature, and it is the first report 
about the chemical characterization of degradation impurities 
of DCV.

Fig. 6   LC/MS spectrum and 
fragmentation pattern of IMP-B
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Conclusions

A new RP-HPLC method was developed and validated 
according to the requirements of USP and ICH guidelines. 
Stress stability testing of DCV was performed, and four 
degradation products of DCV were efficiently isolated 
using same validated HPLC method. Furthermore, all 
degradation products were characterized by means of MS, 
1H NMR, 13C NMR, and FT-IR spectroscopy analyses. 
The same HPLC method was successfully applied to assay 
determination of DCV bulk drug and tablet dosage forms. 
It was concluded that the developed method is stability 
indicating and can be applied to analysis of tablet dosage 
form and quantification of degradation products of DCV.
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