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Abstract
Impurities and degradation products in pharmaceutical formulations are associated with their safety, efficacy and stability. However there 
is no study on comprehensive assessment of impurities (or) related substances of Entecavir in tablets formulation. Present research article 
propose and discuss new approach of impurity profiling in Entecavir tablets dosage form using online coupling of Quadrupole Dalton anal-
yser (QDa) to photodiode array detector (PDA) in high performance liquid chromatography (HPLC) system. This online coupling technique 
has significant advantage over conventional HPLC techniques that mass and spectral characteristics can be evaluated simultaneously in a 
single run.  The chromatographic separation achieved on Purospher STAR RP-8e, (250 mm x 4.6 mm, id) 5µ column with gradient mode 
using volatile mobile phase. Moreover, characterization study was performed for degradation impurity observed in the accelerated stability 
condition and humidity conditions by using integrated analytical tools. The degradation products were confirmed as adduct of Entecavir 
which formed due to Maillard rearrangement reaction. The developed method was systematically validated as per International Confer-
ence on Harmonization (ICH) guidelines.  The method has lower limit of detection 0.03 µg/mL having linearity calibration curve range up 
to 3.153 µg/mL. The precision and accuracy of the method were within the acceptable limit of ± 5% for limit of quantification to 150% level 
concentration.  The QDa mass detector evaluation was carried out on forced degradation behaviour of Entecavir tablets and identified six 
degradation products (m/z DP1-227.2, DP2-152.1, DP3-245.1, DP4-294.1, DP5-602.4 and DP6-602.2).  Hence, this study can provide a creative 
idea for routine analysis of quality control of Entecavir in tablets formulation and assure therapeutic efficacy. 
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Introduction
Entecavir (ENT) is chemically known as [2-amino-9-[(1S,3R,4S)-4-
hydroxy-3-(hydroxymethyl)-2-methylidenecyclopentyl]-6,9-dihy-
dro-3Hpurin-6-one] and it is carboxylic analog of guanosine, one of 
nucleoside reverse transcriptase inhibitor used to treat acquired im-
munodeficiency[1] and phosphorylated active triphosphate form of 
Entecavir inhibits hepatitis B viral polymerase and ultimately halts hep-
atitis B DNA synthesis [2-5] . It acts as nucleoside reverse transcriptase 
enzyme inhibitor specially used against the Human immune deficiency 
virus in Lamivudine resistant patients [6].  
Literature survey reveals a few spectrophotometric methods [8-9] , 
HPLC [10- 12] , HPLC-capillary zone electrophoretic [13] , LC–MS [14] , 
LC–MS/MS methods [15-18] were reported for the estimation of ENT 
and its stereoisomer in API, dosage forms, plasma, human serum and 
other biological matrices and no pharmacopeias has proposed system-
atic quality control evaluation for Impurities (or) related substances in 
tablet dosage forms. Ramesh et al. have reported LC–MS-MS method 
for degradation behavior of the ENT drug substance on stress condi-
tions however not the identification and quantification evaluation. Ex-
tensive literature survey revealed that neither characterization of the 
degradation products namely Entecavir lactose adducts nor validation 
of all related substances of ENT in tablets and information regarding 
the stability of the product was reported so far. In general, degrada-
tion impurities/products of formulation products may exist as poten-
tial drug-drug interactions and drug-excipients interactions. Most of 
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the excipients are inert and non-reactive, however drugs moieties 
having reactive functional groups like secondary amines are sensitive 
and react with sugar excipients, if present in the formulations, under-
go Maillard Reaction (MR) under pharmaceutically related conditions 
[19-20]. It is mandatory to identify and characterize the impurities in 
the pharmaceutical products as per ICH guideline [21] if present above 
the accepted limit [22] to maintain the quality of product. Therefore, 
the isolation of degradation products has been a general approach for 
structure identification and elucidation using ESI-TOF-MS or ESI-QDa-
MS [23-24] .  Acquity QDa-mass detector is Single Quad Mass Detector 
mass and it is promising new era technique for identification of mass 
spectral data of analyte at ease and get high quality mass spectral 
data, creates potential scope of enhances analytical confidence, an-
alytical value, minimizes the risk of unexpected co-elutions, produc-
tivity of each sample as it eliminates repetition of assay and time con-

suming alternative tedious techniques compared to traditional mass 
instruments.  Moreover it has advantage that as it can work in harmo-
ny with HPLC /UPLC systems with PDA/UV detector, where significant 
synergic advantage of monitoring mass spectra characteristics and as 
well as optical spectral detection can be evaluated simultaneously in 
a single run. 
The manuscript aims to develop new stability indicating HPLC method 
for identification and quantification of related substances of ENT for 
impurities profiling in tablet dosage formulation by online coupling of 
QDa mass detector with PDA detector. The developed method was 
validated as per ICH guidelines [25]. Besides, major potential degra-
dation products in accelerated stability condition sample in PVC/PVDC 
packing material was identified by QDa mass detector and character-
ized by LC-MS and NMR analytical techniques.  

Fig.1 Chemical structures of Entecavir and its related substances
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Materials and Methods
Chemicals and Reagents
Standard of Entecavir (ENT, purity of 99.6%), Guanine (Imp-1) (pu-
rity 97.7%), 2-HydroxyEntecavir (Imp-2) (purity 93.13%), 1S,3R,4R & 
1R,3S,4S Diasteriomer (Imp-3) (purity 92.2%), Des hydroxyEnteca-
vir (Imp-4) (purity 97.11%), 4-(Benzyloxy) Entecavir (Imp-5) (purity 
97.03%),   Diprotected Entecavir (imp-6) (purity 98.9%),  and tablet 
dosage forms were provided by Aurobindo Pharma Research Centre 
(Hyderabad, India). Ammonium acetate (ACS grade), Glacial Acetic 
Acid (Emsure grade) and Acetonitrile (HPLC Gradient grade) used in 
the mobile phase preparation were procured from Merck, India. Hy-
drochloric acid (AR Grade), Sodium Hydroxide (AR Grade) and Hydro-
gen peroxide (AR Grade) were purchased from Rankem, India were 
used in analysis.  HPLC grade water was prepared from Millipore Mil-
li-Q water purification system (Ultra clear GP, Germany). Deuterated 
dimethyl sulfoxide (DMSO-d6) and Tetra methyl silane (TMS) were 
procured from, Merck, India. 

Chromatographic Conditions and Equipment
Chromatographic separation was carried out on an Alliance Waters 
HPLC system (e2695, Waters corporation, USA) equipped with qua-
ternary pump module for separation, Photo diode array detector 
(2489, Waters, USA) for quantification, Reheo-dyne auto injector for 
sample injection with auto sample compartment, thermostatically 
controlled column oven for temperature control. For data acquisi-
tion monitoring and data processing Empower-3 data handling sys-
tem was used. 
To achieve chromatographic separation, quantification of ENT re-
lated substances and degradants, high purity spherical shaped silica 
with surface area 330m2/g, pore size 120A0, 5µm particle size parti-
cles with modified polymeric C8 with  end capping, USP L7 column 
used with dimension 250 mm length x 4.6mm diameter i.e.,:  Puro-
spher STAR RP-8e, 5µ Hiber (250 mm x 4.6 mm)  (Merck, Germany) 
by maintain the column oven temperature at 20°C and quantification 
was done at Ultra violet wavelength maxima of ENT i.e.,: is 254nm. 
Separation was achieved with flow rate of 1.0mL /min with injection 
volume 50 µL to get optimum detection response in gradient elu-
tion mode with 0.05M Ammonium acetate buffer adjusted to pH 5.0 
with glacial acetic acid as mobile phase-A and acetonitrile as mobile 
phase-B and elution program is as follows: 2%-10% B at 0-20 minutes; 
10%-50 % B at 20-35 minutes; 50%-80% B at 35-45 minutes.

For preparative HPLC isolation analysis, chromachemie C18, 500 mm 
x 30 mm, 10µ Column (Merck, Germany) was used. The mobile phase 
consists of solvent A as Ammonium acetate buffer at 0.013M, adjust-
ed to pH 5.0 with glacial acetic acid and solvent B as acetonitrile with 
40 mL/min flow rate and the gradient program is as follows: 0%-50% B 
at 0-50 minutes and detection monitored at 254 nm. 

Enrichment and isolation of impurities
ENT drug substance and lactose monohydrate were mixed at 1:2 ra-
tio and sprinkled with water intermittently after every 3-8 hours and 
kept in a hot air oven at 100°C for 120 hours.  Samples were allowed to  
attained room temperature and then weighed and transferred about 
20 mg of reaction mass mixture to 50 mL clean and dry volumetric 
flask, added about 30 mL of water as diluent, sonicated to dissolve 
and diluted to volume with water and mixed. Filtered the solution 
through a 0.45µ membrane filter. Targeted peaks were isolated with 
desalting method, from this fractions higher percentage of pure im-

purities were pooled and concentrated on buchi-rotavapour and load-
ed into a preparative HPLC system. The isolated impurity was about 
90% purity and it was used for spectral characterization.

QDa Mass detector conditions
ACQUITY ESI QDa mass detector is connected in same workflow with 
Photo diode Detector (PDA) detector, used for identification and 
quantification of known and unknown impurities formed during sta-
bility and forced degradation studies. For optical wavelength scanning 
from 200 nm to 400 nm was used for detector-1 (PDA detector) and 
ESI+ Ionization mode with both positive and negative modes was for 
QDa detector with following operation parameters: probe tempera-
ture 600 °C, capillary voltage was 0.8 kv, acquisition type was full scan 
m/z 200-1200 (centroid) and cone voltage was 15 volts. 

LC-MS and LC-MS/MS Conditions
The liquid chromatography hyphenated with time-of-flight mass spec-
trometer (LC-TOF-MS) (Waters micro mass, Manchester, UK) operated 
with MassLynks (Version 4.1) software. The LC-MS separation was con-
ducted under same conditions those used for the HPLC-PDA-QDa mass 
detector. Nitrogen was used with flow rates of 20 l/h and 400l/h for 
nebulization and desolvation respectively. The fragmentation profile 
of the sample was established by carrying out MS/TOF studies in pos-
itive electro spray ionization (+ve ESI) mode and with following mass 
parameters: hexapole RF, capillary voltage of 3000 v, cone voltage of 
25 v, source temperature at 120oC, desolvation temperature at 300oC, 
ion energy with 1.0 v and collision energy was set to 8 v for MS mea-
surement and 25 v for the MS/MS measurement. For the MS/MS oper-
ation, argon was used as a collision gas. Mass spectra were acquired 
over an m/z rang of 50 – 2000 range.

NMR spectroscopy 
The 1H NMR measurements were recorded in DMSO-d6 at 25 °C as sol-
vent on a 500 MHz system (Varian Deutschland GmbH, Alsfelder Stres-
se 6, D-64289, Darmstandt/Agilent Technologies, Germany). Chemical 
shifts were reported on δ scale in ppm, relative to TMS and DMSO as 
internal standard. Standard pulse sequence provided by Varian and 
analysis carried out with instrument control of relax delay of 1.0 sec 
and pluse 45 degrees.

Preparation of standard solutions
Standard solution of ENT (2 µg/mL) was prepared by dissolving known 
quantity of ENT standard in water as a diluent. Also, System suitability 
solution was prepared by dissolving about 1 mg of ENT enriched Imp-3 
with ENT reference sample in water as diluent to get the concentra-
tion of 0.5 µg/mL Imp-3 and 100 µg/mL of ENT.

Preparation of sample of sample solution
Sample solution was prepared by transferring accurately weighed 
sample powder equivalent to about 10 mg of ENT from finely grind 
portion from not less than 25 tablets in to 100 mL clean, dry volumet-
ric flask, add 50mL accurately measured volume of diluent with bulb 
pipette and sonicated for about 20 min with intermitted shaking at 
every 2 minutes maintaining sonicator temperature less than 20-25°C 
temperature with ice. Solution was allowed to cool to attain the room 
temperature. A portion of this solution was centrifuged at 5000 RPM 
for about 10 min and filtered the supernatant solution through 0.45µ 
Millipore PVDF membrane filter by discarding the first 3 mL of filtrate 
and use undiluted sample solution. Similarly placebo solution was pre-
pared also.
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Forced Degradation studies (Sample preparation)
Degradation studies were carried out on ENT as per ICH stability guide-
line [26] prescribed stress conditions. As per ICH the stress degradation 
studies are conducted to determine the stability of drug substance or 
drug products by knowing the degradation pathways to identify the 
likely degradation products, under a variety of like a hydrolysis, oxida-
tion, light, moisture/heat and dry heat. Multiple stressed samples were 
prepared as indicated below. They were chromatographed along with 
a non-stressed sample.

Hydrolytic conditions (acid and base-induced degradation): 
Sample Solution containing 100 µg/mL of ENT was treated with 1N HCl 
at 85 °C and 0.02 N NaOH respectively. The solutions were neutralized 
as needed (1N NaOH or 0.02N HCl). These were subjected to the condi-
tion mentioned in (Table 1)
Oxidative condition: 
Sample Solution containing 100 µg/mL of ENT was treated with treat-
ed with 3% v/v hydrogen peroxide at room temperature under the con-

dition shown in (Table 1).
Thermal degradation study:
Sample was subjected to thermal condition in hot air oven indicated 
in (Table 1).
Humidity degradation study:
Sample was subjected to 90% relative humidity (%RH) indicated in (Ta-
ble 1)
Photolytic degradation study:
As per guidelines for photo-stability testing of new drug substances 
and products, samples should be exposed to light providing an overall 
illumination of not less than 1.2 million lux hours and an integrated near 
ultraviolet energy of not less than 200Wh/m2 and indicated in (Table 1)
Similarly placebo also treated in same way as sample treated above in 
each conditions separately. All these stressed samples and placebos 
analyzed by HPLC for the appearance of additional impurities and the 
impurities were identified on the basis of respective placebos. 

Table 1: Optimized degradation conditions

Results and Discussion
Our study aimed to develop method for impurity profiling of ENT in 
tablets dosages by using coupling of QDa mass detector with PDA de-
tector. This detection can serve as an additional analytical tool provid-
ing assessment of unknown impurities identification and total known 
and unknown impurities profiling of ENT in tablets dosage forms. The 
synergy of  QDa mass detector with PDA will enable to assess insight 
of each analyte mass, interpretation of the co-elution thereby reduce/ 
avoid the repetition of analysis.  The chromatographic method is to 
achieve the resolution among known related substances, unknown 
degradation products and main components. Initially chromatogra-
phy conditions for separation of related substances of ENT were opti-
mized systematically. 

Optimization of chromatographic conditions
In order to get better resolution, selectivity, sensitivity for the detec-
tion of potential impurities and degradant of ENT, Initially chroma-
tography conditions were optimized systematically for separation of 
related substances of ENT. 

Selection of stationary phase
The development activity was initiated with C18, C8 and Phenyl sta-
tionary phases from various manufacture brands by using different 
mobile phases. With stationary phase C18 the resolution between 
Imp-1 & Imp-2 and Imp-3 & ENT was not significant as these are eluted 
very closely, reason behind is that these columns having high % carbon 
load and low surface area, whereas the phenyl stationary phases also 
not resolving these peaks and these columns are prone to bleed when 
we use 100% aqueous phase. Separation of polar impurities like Imp-1, 
Imp-2 and Imp-3 depends on stationary phase chemistry like pose size, 
surface area and carbon load. All C8 brands have 10-12% of carbon load, 
hence to achieve significant separation, column having more surface 
area was chosen. Significant resolution, symmetrical peak shapes and 
better separation for all components was achieved with Purospher 
STAR RP-8e, which is having optimum carbon load about 11% and high 
surface area (330m2/g) and pore size (120 A°) with dimensions of 250 
mm x 4.6 mm, 5µm column among other brands. In addition to station-
ary phase, pH of mobile phase and concentration of organic modifier 
playing a vital role for better separation. 

Name of 
stress

Stress condition Time Temperature (°C) % Degrada-
tion

Un degraded --- --- --- 0.1

Acidic 1.0 M HCl 2 Hours 85 3.5

Basic 0.02 M NaOH 1 Hour 85 1.6

Oxidation 3% H2O2 2 Hours 85 2.9

Thermal -- 120 Hours 105 0.4

Humidity 90% Relative Hu-
midity

120 Hours 25 1.2

Photolytic 1.2 x 106 lux hours of 
fluorescent light 

250Wh/m2

7 days 25 1.2
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Influence of organic modifier
Method optimization was initiated by using methanol as organic mod-
ifier resulting slightly broad peaks with poor resolutions among impu-
rities with ENT. Further to improve peak shapes of analytes, resolution 
and to reduce the run time, methanol was replaced by acetonitrile as 
it has more elution power due low viscosity compare to methanol and 
it helps to reduced baseline noise, minimized drift 

Influence of pH of mobile phase and gradient elution
The acid dissociation constant (pKa) of ENT values are 10.17 and 0.64 
for strongest acidic and strongest base respectively and the known 
impurities of ENT are similar to parent drug substances, it is clear from 
the molecular structures as shown in (fig. 1). All known impurities of 
ENT and ENT are basic in nature due to presence of primary and sec-
ondary amines and hydroxyl functional groups. Based on these physi-
cochemical information, it is evident that all peaks will respond to opti-
mum acidic pH i.e.,: pH between 3 and 6, at this pH primary, secondary 
amines moieties of ENT analytes will be in protonation form and re-
sults better symmetry shapes of all analytes. However at pH 3, reso-
lution was very less for imp-1, Imp-2 and degradants and elute closely 
with very poor separation and at pH 6 peak shapes of the analytes are 
not symmetrical and selectivity of degradants is less. At pH 5 resolu-
tion between Imp -3 and ENT is more satisfactory and all known and 
degradants are selective and symmetrical in peak shape. As the sepa-
ration was optimum and achieved at pH 5, selection of suitable buffer 
is important,  at this pH phosphate buffers are not stable, having no 
buffer capacity, hence ammonium acetate was selected, which is hav-
ing good buffer capacity and compatible with LC-MS instruments. To 
begin with knowledge gained from above optimized HPLC condition 
trials and experiments planed with ammonium acetate buffer, using 
the gradient program with Acetonitrile were evaluated, when acetoni-

trile is more in gradient composition separation was not achieved for 
Imp-1, Imp-2 and when acetonitrile is less in composition peak shapes 
of Imp-4, Imp-5 and Imp-6 are broad and resulted longer runtimes due 
to highly non polar nature of these impurities in the specified program. 
As the Impurities are in different polarity in nature, acetonitrile input in 
gradient program should be less initially and gradually to be increased 
to elute the highly non polar impurities of ENT, based on the trails sig-
nificant and satisfactory separation was achieved at following 2%-10% 
B at 0-20 minutes; 10%-50 % B at 20-35 minutes; 50%-80% B at 35-45 min-
utes gradient program. In this trial, resolution between Imp-3 and ENT 
was achieved and separation among all known related substances and 
unknown impurities was satisfactory.

Wavelength selection and diluent optimization
The UV spectral absorption maxima of ENT and all known specified 
impurities were at 254 nm, when evaluated on the PDA system and 
relative responses of all peaks and ENT are optimum, hence same 
wavelength was chosen. ENT is in monohydrate form and freely sol-
uble in water and organic solvents. Hence, for diluent selection water 
or water: acetonitrile with initial composition of gradient programme 
i.e., 98:2 or 95:5 are most probable and evaluated. In both diluents the 
ENT and known impurities are solubility, but in the water: acetonitrile 
diluents unknown degradants are appear as a cluster rather than the 
individual peaks. However in the water diluent, peaks are well sepa-
rated with base to base and peak shapes are satisfactory. Hence wa-
ter is chosen as a diluent for standard and sample preparations in the 
method development and further validation activity. The typical HPLC 
chromatogram of placebo solution and spiked sample with all known 
related substances given in Figure 2 and system suitability parameters 
for spiked sample were captured in Table 2. 

S.No Name of the ana-
lytes

RT
(Min)

RRT* Resolution 
(Rs)**

T a i l i n g 
factor (T)

Platecount (N)

1 Guanine (Imp-1) 5.39 0.36 --- 1.1 8642

2 2-HydroxyEntecavir 
(Imp-2)

6.28 0.43 3.8 1.2 11184

3 1S,3R,4R & 1R,3S,4S 
Diasteriomer(Imp-3)

14.14 0.95 29.4 0.9 37691

4 Entecavir 14.95 1.00 2.7 0.9 41552

5 Des hydroxyEnteca-
vir (Imp-4)

22.43 1.48 22.6 1.0 65621

6 4-(Benzyloxy) Ente-
cavir (Imp-5)

33.45 2.14 41.1 1.0 620881

7 Diprotected Enteca-
vir (Imp-6)

40.77 2.61 40.8 1.1 799861

*RRTs of impurities established with respect to ENT main peak 
** Resolution determined between each analyte peak and previous one
Table 2: Results of system suitability testing parameters for spiked sample with known impurities
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Fig.2 Typical HPLC chromatograms of (a) Placebo solution (b) system suitability solution and (c) spiked sample
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Detection of impurities by HPLC
During routine stability evaluation of ENT tablet dosage form as per 
stability guidelines (ICH, Q1A (R2) 2005) in PVC, PVC-PVDC and Blister 
Container closure packing material, in accelerated exposure condi-
tions in 3M, 45ºC /75% RH, two unknown (unkown-1 and unkown-2) 
impurities were detected when analyzed by above developed HPLC 
Method.  These impurities were eluted at retention time of 9.4 min-

utes and 10.5 minutes and it was observed that these impurities were 
gradually increased significantly in PVC and PVC-PVDC packing material 
and relatively low in Blister packing material in accelerated conditions, 
for % of impurities formed summarized in Table 3 and a typical HPLC 
Chromatogram given in Fig.3a.  As these are the unknowns it is nec-
essary to identify the nature of these unknown impurities in finished 
dosage forms as per regulatory guidelines.

Fig.3 (a) Typical HPLC chromatogram of Entecavir blister pack tablet sample with Unknown impurity-1 (RT 9.39, RRT 0.60) and 
Unknown impurity-2 (RT 10.55, RRT 0.68)

S. No

1

2

Unknown RT

At RT 9.4 Minutes                     

At 10.5 Minutes

Formulation -1
(% level )

p1         p2         p3 

0.73    0.65    0.12                 

0.23   0.20   0.05

Formulation-2
(% level )

p1           p2         p3 

0.71      0.63    0.14

0.22   0.18    0.06

Formulation-3
(% level )

 p1       p2          p3 

0.68   0.60     0.15

0.18   0.19    0.03

Table 3: % level of Impurities (unknown -1 and unknown -2) in PVC, PVC-PVDC and Blister packing material at 
accelerated conditions 3M, 45ºC /75% RH
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Identification of impurities by HPLC-QDa mass detector
Mobile phase was used in developed HPLC methodology is ammoni-
um acetate buffer, as the methodology is compatible to LC-MS it is 
the added advantage to identify all potential impurities coming above 
the identification limit. Currently MS analytical technique is use in the 
quality control (QC) of APIs [27-28]. However, QDa mass detector is 
smaller, easily used and simply coupled to HPLC or UPLC separation 
module for identification of impurity profiling. When compare to con-
ventional single PDA spectral technique, coupling QDa mass detection 
approach along with PDA significantly enhance analytical value, min-
imize the risk of unexpected coelutions.  During analysis QDa mass 

detection scan spectrum was recorded in both positive and negative 
ion modes. Compared to negative ion mode, positive ion mode show-
ing higher sensitivity. Hence the analysis was done in positive mode 
for the identification of unknown degradation products of PVC, PVDC 
and Blister packed stability samples using QDa mass detector and m/z 
ratio of these two unknown degradation products was determined. 
The QDa molecular mass of two unknown degradation products at RT 
9.397 and 10.552 minutes are 602.4 and 602.3 (Da) respectively in all 
stability sample. Based on molecular mass numbers of unknowns, it 
is attributed to the same structure rather than same molecules.  The 
mass spectra were extracted at respective RT of Unknown given in 
Fig.3b.  

Fig.3 (b): Typical QDa mass spectra for Entecavir blister pack tablet sample with Unknown-1 (RT 9.397, RRT 0.60) and Unknown-2 
(RT 10.552, RRT 0.68)
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Structural elucidation by LC-MS/MS & NMR and forma-
tion of impurities
Two unknown impurities molecular mass was confirmed by QDa mass 
detector and its further structural elucidation was carried out with 
TOF-MS/MS. The positive ion TOF-MS spectra the [M+H] + ion peaks 
of Unknown-1, Unknown-2 were 602.4545 and 602.2578 respectively 
and its MS spectrums were shown in (Fig.4 (a)) & (Fig .5 (a)). Theoret-
ical mass of ENT is 278.1589 much less than the observed impurities. 
Hence, this attributed to formation of adducts during chemical reac-
tion. Information based on tablets formulation process, a key excipi-
ent; lactose was taken into account to proceed for impurity structure 
elucidation. Accurate mass peak of unknown-1 and unknown-2 were 
at m/z 602.2545 and 602.2578, which gave closest possible molecular 
formula C24H36N5O13+. The best possible chemical structures and 
results were shown in (Table 4). The MS/MS fragmentation results 
shows that same characteristic fragments ions m/z 278.1180, m/z 
296.1004, m/z 320.1372, m/z 422.1685 and m/z 440.1800 were appeared 
for two unknown impurities which were shown in (Fig.4 (b)) and  (Fig 
.5 (b)). The fragment ions m/z 278.1180 was identified as ENT due to 
lose of lactose (324.454 Da) from adduct in MS/MS. Based on MS/MS 
fragmentation analysis, these two impurities might be structural iso-

mers. In-addition to LC-MS study, to confirm these isomers 1H NMR  
study was conducted to identify the exact orientation of protons.1H 
NMR spectrum of reaction mass showing two multiplets for 2 protons 
between δ (ppm) 2.03-2.45 (2m, 2H), which corresponds to methane 
carbon of cyclopentane moiety. Cluster of peaks observed between δ 
(ppm) 3.32 – 3.66 (m, 13H) and such complex spectral pattern in down-
field aliphatic region were due to carbohydrate entity. Singlet Peaks 
at δ (ppm) 4.50 (2s, 2H) &δ (ppm) 5.08 (2s, 2H) corresponding to pro-
ton of methylene group attached to cyclopentane ring and triplet at 
δ (ppm) 5.36 (t, 1H) due to tertiary carbon proton of clycopentane 
attached to nitrogen atom of imidazole ring. Moreover, 1H NMR in a 
significant up-field proton broad signal appearing at δ (ppm) 7.03 (brs, 
1H) was exchangeable with D2O. Hence, it was assigned to be an –NH 
group linked to carbohydrate entity. All these 1H NMR spectrum pat-
tern was similar for both unknown impurities but significant chemical 
shift difference was observed for methane group of furanose ring of 
lactose entity from δ (ppm) 4.03 (t, 1H) to 5.52 (t, 1H). This confirmed 
that proposed impurities are structural isomers. 
It was postulated that, ENT and lactose condense together through 
Maillard Rearmament with lose of water molecule. By this way two 
possible structures are formed. General possible mechanism of prod-
ucts was summarized in Fig.6

99



International Journal of Pharma Sciences and Scientific Research        Volume 5 Issue 8, December2019

Citation: Kondra Srinivasu et al. (2019), Identification and Quantification Assessment of Impurity Profile using Online Coupling of Single Quad Mass 
Detector with Photodiode Array Detector on Entecavir Drug Product. Int J Pharm Sci & Scient Res. 5:8, 91-108

Fig.4: MS and MS/MS data of 0.60 RRT unknown impurity-1 (a) Mass spectrum of unknown impurity-1, (b) MS/MS spectrum 
of unknown impurity-1
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Fig.5: MS and MS/MS data of 0.68 RRT unknown impurity-1 (a) Mass spectrum of unknown impurity-1, (b) MS/MS spectrum 
of unknown impurity-1

Fig.6: Scheme for formation of unknown impurities of Entecavir in finished formulation
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Peak No Experimental mass Best possible molecu-
lar formula

Theoretical mass Best Possible structure

Un known-1
(RRT: 0.60)

Un known-2
(RRT: 0.68)

ENT

602.2545

602.2578

278.1180

C24H36N5O13+

C24H36N5O13+

C12H15N5O3+

602.2538

602.2538

278.1172

Table 4: Interpretation of MS and MS/MS data of chemical constituents of ENT   
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Validation
The developed HPLC method of related substances was validated ac-
cording to ICH guidelines (ICH, Q2B (R1) 2000), to demonstrate suit-
ability indicating nature  for the intended purpose with parameters 
like System suitability, specificity, accuracy, precision (repeatability 
and intermediate precision), linearity, stability of solution and robust-
ness were assessed. 

System suitability test
The system suitability tests (United States pharmacopoeia [29] (USP 
30, 2007) are an integral part of liquid chromatographic methods in 
the course of optimizing the conditions of the proposed method. 
System suitability parameters with respect to resolution (Rs), tailing 
factor (N) and percentage relative standard deviation (%RSD) were 
assessed by injecting a blank followed by system suitability solution 
and standard solution (n=6) (2 µg/mL). The % RSD for peak area of 
standard solution and resolution between Imp-3 and ENT were deter-
mined (acceptance limit % RSD <5 and Rs < 1.5). The results obtained 
are all well within acceptable limits and given in (Table.7). 

Specificity and forced degradation studies
Specificity is the ability of the analytical method to measure the an-
alytes accurately in the presence of all other potential impurities, 
degradation products and excipients if any. The specificity was de-
termined on water HPLC system with Photo-Diode Detector (PDA 
detector) under optimized chromatographic conditions by injecting 
all known impurities, spiked sample and worst case placebo at high 

concentration level. Forced degradation studies were established to 
provide an indication of the stability indicating property and specificity 
of proposed method. ENT tablets dosage form subjected to various 
force stress conditions like hydrolysis, oxidation, photolytic, humidity/
heat and thermal conditions were shown in 2.3 as per ICH guidelines 
(ICH Q1A (R2)). The peak purity indices for the analytes in stressed 
solutions were also determined with PDA detector [30-31] found to 
be better (purity angle < purity threshold) indicating that no addition-
al peaks were co-eluting with the analytes and evidencing the ability 
of the method to assess unequivocally the analytes of interest in the 
presence of potential interference. All the degradation products were 
well separated each other and the method was found to be specific 
and its results were summarized in Table 1. The degradation products 
were analysed using QDa mass detector and m/z ratio of these degra-
dation products was determined. The molecular mass of degradation 
product (DP1) observed in all conditions except humidity stress and 
having m/z of 227.2 Da. The DP2 (m/z of 152.1 Da) were observed in acid 
condition and DP4 (m/z of 294. Da) in peroxide condition.  Hence, the 
DP2 and DP4 formed in tablets dosage forms were in accordance with 
literature data of LC-MS/MS study of Entecavir drug substance [18] . 
Another DP3 (m/z of 245.09 Da) was identified in base degradation.  
In humidity degradation, two degradation products (DP5 and DP6) 
having same molecular mass having m/z of 601.2 Da were identified. 
Therefore the use of online coupling of PDA with QDa mass detector 
can serve as an additional tool providing assessment of peak purity 
and impurity identification. The molecular mass of DPs observed in all 
stress conditions were identified and summarized in Table .5.

Degradation condition RT (Min) RRT Degradation products 
(DPs)

Mass of degrada-
tion product (M+H) 

(m/z)
Undegraded sample

Acid degradation

Base degradation  

Peroxide degradation     

Humidity condition

Thermal degradation

Photolytic exposure

20.43

5.36
20.42

5.97
20.43

11.84
20.43

9.34
10.60

20.45

20.43

1.31

0.34
1.31

0.39
1.31

0.76
1.33

0.60
0.68

1.31

1.31

DP1

DP2 (Imp-1)
DP1

DP3
DP1

DP4 
DP1

DP5
DP6

DP1

DP1

227.2

152.1
227.2

245.1
227.2

294.1
227.2

602.4
602.2

227.2

227.2

Table 5: Acquity QDa Mass data for forced degradation studies of ENT tablet product
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Linearity and Response factor
Linearity was performed for Imp-1, Imp-2, Imp-3, Imp-4, Imp-5, Imp-6 
and ENT at eight concentration level in triplicates from LOQ concen-
tration to 150% level for demonstrate detection capability of the meth-
od. The detailed concentration ranges were shown in Table 5 and lin-
earity was performed by plotting the peak area of the analyte form 
the chromatogram were plotted against the respective concentration 
of analytes to obtain the analytical curve. The results were subjected 

Analytes Regression 
equation (n=3)*

(r2) N T Linearity 
range (µg/mL)

LOD (µg/mL) LOQ (µg/mL) RF

Imp-1

Imp-2

Imp-3

ENT

Imp-4

Imp-5

Imp-6

Y=177774X-965

Y=108525X-124

Y=125757X-71

Y=138296X+287

Y=115858X+19

Y=106543X-38

Y=84950X-19

0.9998

0.9997

0.9994

1.0000

  1.0000 

0.9998

0.9998

8119

10213

33452

42150

65212

61334
5

78111
2

1.1

1.1

0.9

1.0

1.2

1.2

0.9

0.030 – 0.450

0.044 –0.454

0.040 –0.915

0.035 –3.153

0.040 –2.861

0.050 –0.426

0.050 –0.469

0.012

0.018

0.016

0.014

0.016

0.020

0.020

0.030

0.044

0.040

0.035

0.040

0.050

0.050

0.77

1.26

1.09

1.00

1.18

1.29

1.63

* Y is the peak area and X is the concentration injected

Table 6: Results of Linearity and Method sensitivity parameters

Precision and Accuracy 
Method precision (n=6) was performed on ENT tablet dosage form 
spiked with all known related substances (Imp-1, Imp-2, Imp-3, Imp-4, 
Imp-5 & Imp-6) at proposed level were analyzed and found % RSD be-
tween 0.3 – 2.1% range (acceptance limit % RSD <5).   Ruggedness (n=6, 
intermediate precision) was evaluated by different analysis on differ-
ent day on different instrument and column as per the methodology 
and found % RSD between 0.4 to 3.2 and % recovery between 98.5 -105. 
Precision and ruggedness shows that the method has repeatability 
and reproducibility for all impurities and results tabulated in (Table 7).

The accuracy was assessed by preparing triplicate (n=3) sample solu-
tions spiked with all known related substances (Imp-1, Imp-2, Imp-3, 
Imp-4, Imp-5 &Imp-6) from LOQ level to 150% of corresponding pro-
posed level at four different levels at LOQ, 50%, 100% and 150% level 
and the same were analyzed as per methodology. The experimental 
results revealed that 96.4 % -104.5 % recoveries were obtained for 
all the investigated related compounds. Therefore, based on the re-
covery data (Table.8) the estimation of related compounds that are 
prescribed in this report has been demonstrated to be accurate for 
intended purpose and is adequate for routine analysis

to regression coefficient by linear least-square regression method and 
found regression was at least 0.999 for all analytes, demonstrated 
good linear response for the impurities across the concentration range 
of interest.  From linearity experiment of each component, relative 
response factor (RRF) of each component was also established. RRF 
is an important analytical parameter frequently used in quantitative 
analysis and it was determined as the ratio of slope of the regression 
line of main drug component to that of corresponding each impurity 
and is listed in (Table 6).
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Analytes

Method 
P r e c i -
sion (M) 

(n=6)

N T RS* Mean
%w/w

% RSD

R u g g e d n e s s 
(R)  (n=6)

N T RS* Mean
%w/w

% RSD

Overall 
% RSD     

(M+R)

Imp-1

Imp-2

Imp-3

ENT

Imp-4

Imp-5

Imp-6

8761

11195

38681 

41455

65646

620675

789967

1.1

1.2

0.9

0.9

1.0

1.0

1.1

-

-

-

2.7

-

-

-

0.144

0.173

0.306

0.522

1.064

0.152

0.157

2.1

1.2

0.3

1.1

0.4

2.0

1.9

9632

12333

40945

43512

67310

636932

765123

1.0

0.9

1.0

1.1

1.2

1.1

1.0

-

-

-

2.5

-

-

-

0.151

0.182

0.319

0.500

1.120

0.164

0.154

0.7

0.5

0.6

1.8

0.2

0.6

0.6

2.96

2.92   

2.23

2.69

2.68

4.13

1.77

Table 7: Results of System suitability, Method Precision and Ruggedness

* Resolution between from Imp-3 and ENT from system suitability solution. N- Denotes Theoretical plates. T- Denotes 
Tailing factor.  RS- Denotes Resolution

*Overall % RSD and 95% Confidence Interval (±) of 50%, 100% and 150%.
Table 8: Results of accuracy from LOQ to 150 % level of Sample concentration.

Analytes

                                                   Mean % recovery (n=3) Over all statistical param-
eters for 50%-150% levelsLOQ 50% 100% 150%

% 
recovery

% RSD % recovery % 
recovery

% recovery % 
RSD*

95% Confi-
dence Inter-
val (±)*

Imp-1 100.7 1.1 101.3 102.1 100.3 1.3 1.0
Imp-2 103.3 0.6 101.3 100.7 100.4 1.0 0.7
Imp-3 100.7 1.7 100.5 99.4 99.1 1.1 0.8
Imp-4 99.7 3.0 103.3 102.0 101.7 1.0 0.8
Imp-5 96.4 3.5 103.0 104.5 102.5 1.4 1.1
Imp-6 101.8 3.7 100.4 101.1 99.3 1.4 1.1
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Limit of Detection (LOD) and Limit of Quantification 
(LOQ)
Linearity experiment data used for the determination of LOD and LOQ 
concentration by using residual standard deviation (σ) and slope (S) of 
calibration method and LOD and LOQ values were predicted using for-
mula 3.3 σ / slope for LOD  and 10 σ / slope for LOQ and established the 
LOD and LOQ precision (n=6) at these predicted concentration levels. 
The results were summarized in Table 5.

Robustness
In order to demonstrate the robustness of the method, system suit-
ability parameters were verified by making deliberate change in chro-

matographic conditions, i.e. change in flow rate by ±10%, change in pH 
of the buffer by ±0.2 units, change in column oven temperature by 
±50C and change in organic composition of mobile phase ±1% absolute, 
in organic composition of mobile phase ± 2% absolute, the impurities 
are co-eluted, hence not robust at this variation. The sample spiked 
with all known impurities at proposed level was injected in above de-
liberate changed chromatographic conditions and efficient of method 
was checked with system suitability parameters like Resolution, Tailing 
factor, Theoretical plates and RRT’s were monitored. In all the delib-
erated varied chromatographic conditions all analyte peaks were ad-
equately resolved and elution order of analytes remains not changed 
significantly and it demonstrates robustness of the developed meth-
od. Robustness results were shown in (Tables.9.1 &9.2).

                                                                                                                            RRT’S of spiked sample
Name 

of analyte
As such Flow rate

Variation
Wavelength 

Variation
Organic compo-

sition
Variation

Column tempera-
ture

Variation

pH
Variation

- -10% +10% -5nm +5nm -1% +1% -5°C +5°C -0.2 +0.2

Imp-1 0.37 0.36 0.34 0.37 0.37 0.37 0.38 0.37 0.37 0.36 0.36

Imp-2 0.44 0.44 0.41 0.44 0.44 0.45 0.41 0.43 0.42 0.42 0.42

Imp-3 0.95 0.95 0.95 0.95 0.95 0.95 0.94 0.95 0.95 0.95 0.95

Imp-4 1.47 1.46 1.50 1.47 1.47 1.45 1.58 1.49 1.52 1.51 1.49

Imp-5 2.12 2.06 2.24 2.12 2.12 2.72 2.37 2.23 2.44 2.37 2.27

Imp-6 2.59 2.50 2.73 2.59 2.59 3..33 2.89 2.71 2.98 2.89 2.76

ENT 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Table 9.2 : Results of Robustness on RRT of spiked sample of specified known impurities

                                                                                                           System Suitability

Parameter
As such Flow rate Wavelength Organic composition Column temperature pH

- -10% +10% -5nm +5nm -1% +1% -5°C +5°C -0.2 +0.2

USP Resolution 2.4 2.5 2.5 2.4 2.4 2.7 2.2 2.6 2.7 2.1 1.9

USP Plate count 35930 40830 35759 35930 35949 48848 24606 39944 43257 23508 20607

USP Tailing 1.1 1.1 1.1 1.1 1.1 1.0 1.0 1.0 1.0 1.1 1.2

Table 9.1: Results of Robustness study on system suitability
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Solution stability
Solution stability of the sample solution is critical and necessary to 
assess stability of standard and sample solutions during product de-
velopment, stability evaluation and routine evaluation. Stability of the 
sample solution was evaluated by spiking all known related substances 

Table 10: Results of solution stability of standard and known impurities from spike sample

Conclusions
In this present paper, a novel development technique for impurity pro-
filing for ENT using Acquity QDa-mass detector coupled online with 
PDA detector on RP-HPLC for systematic identification and quantifica-
tion of related substances in their tablets dosage forms and validated 
successfully. The behavior of ENT under stress conditions and iden-
tification of mass for unknown degradation products were studied 
by coupled PDA-QDa mass detection. Besides, systematic study was 
conducted on isolation and characterization of degradation products 
formed in accelerated stability samples of different container closure 
packing material using LC-MS-MS and NMR analytical techniques. Val-
idation experiments provided proof that developed the new stabil-
ity indicating HPLC method is linear in the proposed working range 
as well as accurate, precise and robust. Due to these characteristics, 
the method has stability indicating properties being fit for its intended 
purpose. Hence, the information presented herein could be very use-
ful for quality monitoring as well as impurity profiling of ENT tablets 
formulation during manufacturing and stability studies.
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