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ABSTRACT 
Sacubitril/Valsartan (SAC/VAL) is a combination drug used for the treatment of heart failure. In the present work, 
novel and rapid, sensitive, specific, and robust ultra high-performance liquid chromatography method was developed 
and validated for the simultaneous estimation of SAC/VAL in presence of their seven related impurities and 
degradation products. The chromatographic separation was achieved on Accucore XL C8, (100 × 4.6) mm; 3 μm 
reverse phase column maintained at 30°C. The peaks were eluted using tetrahydrofuran (THF) and 0.1% perchloric 
acid in water (8:92, %v/v) as a mobile phase A and THF:water:acetonitrile (5:15:80, %v/v/v) as mobile phase B in a 
gradient mode. The flow rate was set at 0.6 ml/minute and the analytes were monitored in the range of 200–400 nm 
using a Photo Diode Array (PDA) detector for 21 minutes run time. The method was validated as per ICH Q2 (R1) 
guideline and all the validation parameters were found within the acceptance criteria. The forced degradation study 
for SAC/VAL showed that the drugs were prone to acidic, alkaline, and neutral hydrolytic as well as oxidative stress 
conditions. All the degradation products were separated from each other, SAC/VAL and their impurities showing the 
stability indicating power of the method. The newly developed method can be used for estimation of assay and related 
substances from bulk or their finished products with good efficiency.

INTRODUCTION
Heart failure is a complex clinical syndrome, which 

occurs due to the reduced ability of the heart to pump an adequate 
supply of the blood throughout the body. It has become a growing 
epidemiologic problem and a leading cause of morbidity and 
mortality. Globally, around 26 million people suffer from heart 
failure (Savarese and Lund, 2017). Blockade of renin angiotensin 
aldosterone system system using angiotensin-converting 
enzyme (ACE) inhibitors, angiotensin II receptor blockers, 
mineralocorticoid receptor antagonists, etc. have been pivotal to 
treat heart failure and to reduce associated mortality (Jhund and 
Mcmurray, 2016; Riegger, 1989).

Sacubitril/valsartan (SAC/VAL) is a novel acting, first 
in a new class of drugs approved for the treatment of heart failure. 
It consists of neprilysin inhibitor prodrug “Sacubitril” (SAC) and 
angiotensin receptor blocker “Valsartan” (VAL) in their anionic 
forms along with sodium cations and water in the molar ratio of 
1:1:3:2.5, respectively. This single molecule having two distinct 
moieties has been proven superior to conventional ACE inhibitors 
in the treatment of chronic heart failure (Cada et al., 2015; Iborra-
egea et al., 2017). The combination is sold under the brand name 
“Entresto” by Novartis and has been approved in more than 57 
countries, including India. It was approved by U.S. Food and 
Drug Administration in July 2015 in the United States (US) and 
in September 2015 in the European Union. It was approved by 
Therapeutic Goods Administration in September 2016 in Australia 
(Dargad et al., 2018; Fala, 2015). 

VAL, (S)-2-(N-((2ʹ-(2H-tetrazol-5-yl)-[1,1ʹ-biphenyl]-
4-yl)methyl)pentanamido)-3-methylbutanoic acid, is official 
in United States Pharmacopeia (USP). The estimation of VAL 
and its related impurities using High-Performance Liquid 
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Chromatography (HPLC) are described in the official monograph 
(“United States Pharmacopeia and National Formulary (USP 35-
NF 30), Rockville, MD: United States Pharmacopeia Convention, 
2012.,” n.d.). Different analytical methods have been reported in 
the literature for the estimation of VAL alone or in combination 
with another drug from the drug substance, dosage forms or human 
plasma (Bianchini et al., 2011; Francotte et al., 1996; Grace et al., 
2011; Li et al., 2000; Macek et al., 2006; Nie et al., 2006; Pires  
et al., 2015; Ran et al., 2015; Sampath et al., 2009; Tatar and Sag, 
2002). SAC, 4-(((2S,4R)-1-([1,1ʹ-biphenyl]-4-yl)-5-ethoxy-4-
methyl-5-oxopentan-2-yl)amino)-4-oxobutanoic acid, is a prodrug 
that metabolize into sacubitrilat (LBQ657). The simultaneous 
estimation of SAC/VAL complex from drug substance, formulation 
or human/rat plasma has been reported using various analytical 
methods, including UV spectroscopic method (Eissa et al., 2018), 
High-Performance Thin-Layer Chromatography (HPTLC) (Ragab 
et al., 2018), High-Performance Liquid Chromatography (HPLC) 
(Attimarad et al., 2018; Mahmoud, 2018; Moussa et al., 2018; 
Ragab et al., 2018), and Liquid chromatography-tandem mass 
spectrometry (LC-MS/MS) (Haranadha et al., 2016). A chiral 
separation of SAC/VAL from their enantiomer using HPLC 
method has also been reported (Zhou et al., 2018). However, 
most of the reported HPLC methods consume a larger amount 
of solvents and time. In contrast, the Ultra High-Performance 
Liquid Chromatography (UHPLC) method provides sensitive, 
selective output with better resolution in a shorter duration, which 
offers cost-effective outcomes. Hence, we intend to opt for a 
faster chromatographic technique, UHPLC, for the estimation of 
SAC/VAL in presence of their process related and degradation 
impurities. To the best of our knowledge, no such literature is 
reported till date for SAC/VAL. Hence, the main objective of this 
study was to develop and validate rapid, specific, and sensitive 
stability indicating UHPLC method for the estimation of SAC/
VAL in the presence of their process related and degradation 
impurities from the drug substances. The UHPLC method was 
developed and validated as per ICH Q2 (R1) guideline.

MATERIALS AND METHODS

Samples, reagents, and chemicals
Pure standard of SAC/VAL, as well as individual standards 

of SAC and VAL, were obtained as a gift sample from Torrent 
Pharmaceuticals Ltd, Ahmedabad. Seven known process-related 
impurities (Table 1) were purchased from MSN Ltd. From that,  
three impurities were of VAL and four impurities were of SAC. 

HPLC grade methanol and acetonitrile were purchased 
from J.T. Baker (USA) and tetrahydrofuran (THF) was 
purchased from RENKEM (Thane, India). Analytical grade 
perchloric acid (70%), sodium hydroxide pellet, hydrogen 
peroxide, hydrochloric acid etc. were procured from Merck 
(Mumbai, India). Purified water used during the entire studies 
was obtained using Millipore Milli-Q plus (Make & Model: 
Millipore Corporation, Bangalore, India & Millipore Milli Q 
Plus ZD5211584) purification system.

Equipment and apparatus
The UHPLC analysis was performed on Acquity H class 

system (Waters Corporation, USA), which was equipped with a 
quaternary solvent manager, sample manager, an auto-injector, a 

photodiode array, and TUV detector. Empower 3.0 software was 
utilized for system monitoring, control, and data acquisition. 

The chemical and thermal stress degradation were 
carried, respectively, using a water bath (Jelo Tech; Korea) and a 
hot air oven equipped with a vacuum (Jelo Tech; Korea). Power 
Soni-405 (Branson 8800, USA) ultrasonicator was used to dissolve 
the samples. The pH of the mobile phase and solutions were 
measured using 780 pH Meter (Metrohm, Herisau, Switzerland).

UHPLC conditions
Various trials were conducted for the method 

development. Final chromatographic separation was achieved on 
Accucore XL C8, (100 × 4.6) mm; 3 μm reverse phase column by 
maintaining the temperature at 30°C. In the optimized method, 
the mobile phase A consisted of a mixture of THF and 0.1%v/v 
perchloric acid (in water) buffer (8:92, %v/v), while mobile phase 
B consisted of a mixture of THF:water:acetonitrile (5:15:80, 
%v/v/v). Mobile phase A and B were set at linear gradient 
programme [time (minute)/mobile phase-B (%): 0.0/25, 3.0/25, 
12.0/35, 17.0/80, 19.0/25, and 21.0/25]. The flow rate was set at 
0.6 ml/minute, the injection volume was kept 2 μl. The samples 
were scanned in the range of 200–400 nm using a PDA detector 
and the monitoring wavelength was set at 240 nm.

Sample preparation

Preparation of stock solutions for the standard drug and impurities
The mixture of water and acetonitrile (50:50, %v/v) 

was used as a diluent in the preparation for samples. Accurately 
weighed 25 mg of SAC and VAL standards were individually 
transferred to different volumetric flasks of 25 ml. Around 20 ml 
of the diluent was added and sonicated for 15 minutes to dissolve 
the drugs completely. The volume was made up to the mark with 
the diluent to obtain the stock solution of 1 mg/ml.

Accurately weighed equivalent 5 mg of each impurity, 
i.e., Desvaleryl-Valsartan (DES-VAL), Butyryl-Valsartan 
(BUT-VAL), Benzyl-Valsartan (BEN-VAL), Diacid-Sacubitril  
(DIA-SAC), Cyclic-Sacubitril (Cyc-SAC), Methyl-Sacubitril 
(MET-SAC), and Maleic-Sacubitril (MAL-SAC) was transferred 
individually to seven different volumetric flasks of 50 ml. About  
35 ml of the diluent was added and the flasks were further sonicated 
to dissolve the impurities. The volume was made up to the mark to 
obtain the stock solution of 0.1 mg/ml for each impurity. 

Preparation of solution for assay and related substances method
Precise and appropriate volumes from the stock solutions 

for SAC, VAL, and seven impurities were transferred into the same 
volumetric flask and diluted with the diluent to obtain a solution 
containing SAC (1 μg/ml), VAL (1 μg/ml), DIA-SAC (5 μg/ml), 
DES-VAL (1.5 μg/ml), BUT-VAL (1.5 μg/ml), BEN-VAL (1.5 μg/
ml), Cyc-SAC (1.5 μg/ml), MET-SAC (1.5 μg/ml), and MAL-
SAC (1.5 μg/ml). This solution was used for related substances 
estimation method. For the assay method, SAC and VAL standard 
stock solutions were diluted to obtain concentration of 100 μg/ml 
for each drug.

Preparation of system suitability solutions
System suitability solution was prepared by diluting 

appropriate volumes from the stock solutions for SAC, VAL, 
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Table 1. Chemical structures of SAC, VAL, and their related impurities.

Name Structure Origin of Impurity

Sacubitril and its impurities

SAC

NH
O

O OH
O

O

H3N

Chemical Formula: C28H41N2O5
+

Molecular Weight: 485.63

-

Diacid Impurity (DIA-SAC)

NH
O

O OH
O

O

Chemical Formula: C22H25NO5

Molecular Weight: 383.44

Process and degradation impurity

Cyclic Impurity (Cyc-SAC)

HN

O

Chemical Formula: C18H19NO

Molecular Weight: 265.35

Process and degradation impurity

Methyl Impurity (MET-SAC)

NH
O

O O
O

O

H3N

Chemical Formula: C27H38N2O5

Molecular Weight: 470.60

Process impurity

Maleic Impurity (MAL-SAC)

NH
O

O O
O

O

H3N

Chemical Formula: C28H38N2O5

Molecular Weight: 482.61

Process impurity

Continued
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Name Structure Origin of Impurity

Valsartan and its impurities

VAL

N
NHN

N
N

O

OHO

Chemical Formula: C24H29N5O3

Molecular Weight: 435.52

-

Desvaleryl Impurity (DES-VAL)

N
NHN

N
N

OHO

Chemical Formula: C19H21N5O2

Molecular Weight: 351.40

Process and degradation impurity

Butyryl Impurity (BUT-VAL)

N
NHN

N
N

O

OHO

Chemical Formula: C23H27N5O3

Molecular Weight: 421.49

Process impurity

Benzyl Impurity (BEN-VAL)

N
NHN

N
N

O

OO

Chemical Formula: C31H35N5O3

Molecular Weight: 525.64

Process impurity

SAC/VAL complex

SAC/VAL complex

N
NHN

N
N

O

OHO

NH
O

O OH
O

O

3Na 2.5 H
2
O

Chemical Formula: C48H62N6Na3O10

Molecular Weight: 952.01

-

Table 1. Continued.
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and seven impurities to obtain a solution with SAC (1 mg/ml), 
VAL (1 mg/ml), DIA-SAC (5 μg/ml), DES-VAL (1.5 μg/ml), 
BUT-VAL (1.5 μg/ml), BEN-VAL (1.5 μg/ml), Cyc-SAC (1.5 
μg/ml), MET-SAC (1.5 μg/ml), and MAL-SAC (1.5 μg/ml). Six 
replicate injections of the sample were injected in the UHPLC 
and the peak area, asymmetry, resolution, theoretical plates were 
calculated. 

Preparation of SAC/VAL sample solution
About 50 mg of the SAC/VAL complex sample was 

weighed accurately and transferred to 25 ml of volumetric 
flask. About 20 ml of the diluent was added and sonicated for  
15 minutes. The volume was made up to the mark to obtain a final 
concentration of 2 mg/ml of SAC/VAL. This solution was used 
for the related substance method. For the assay method, the above 
solution was diluted using the diluent to obtain the solution of  
200 μg/ml of SAC/VAL. 

Analytical method validation
The developed UHPLC method was validated as per ICH 

Q2 (R1) guideline for the validation of analytical procedures to 
ensure the acceptable performance of the method for the proposed 
determination.

Limit of Detection (LOD) and Limit of Quantification (LOQ)
LOD and LOQ of the drugs and impurities were 

estimated at the respective signal-to-noise ratio of 3:1 and 10:1 
by injecting a series of diluted samples with known concentration 
for SAC/VAL and all impurities. Precision was performed by 
injecting six replicate samples of SAC/VAL and all impurities 
at LOQ level and by calculating % relative standard deviation 
(RSD) of peak areas.

Linearity
Linearity was carried out to demonstrate the detector 

response is proportional to the concentration of SAC/VAL and 
their impurities in the specified range. Linearity test solutions 
were prepared in triplicate at seven concentration levels ranging 
from LOQ to 150% with respect to specification limit for related 
impurities and 50% to 150% with respect to sample concentration 
for the assay method. The calibration curves for peak area versus 
concentration (μg/ml) were plotted and determination coefficients 
(r2) were calculated for each analyte. The response factor (RF) and 
relative response factor (RRF) were established using the slope of 
a linear curve.

Accuracy 
The closeness of agreement between the true value and 

the value found was determined by accuracy study. The accuracy 
of the related substances method was evaluated in triplicate by 
the standard addition method. Wherein, each impurity was spiked 
at LOQ, 100% and 150% level in the SAC/VAL solution. The 
spiked concentrations for DIA-SAC impurity were LOQ, 5.00 
and 7.50 μg/ml, whereas the spiked concentrations for DES-
VAL, BUT-VAL, BEN-VAL, Cyc-SAC, MET-SAC, and MAL-
SAC impurities were LOQ, 1.50 and 2.25 μg/ml in the 2 mg/ml 
of SAC/VAL solution. The percentage recovery for SAC/VAL 

and all impurities were calculated at each level. The percentage 
recovery was calculated for each added concentration. For the 
assay method, 50%, 100%, and 150% of each drug were spiked 
in the SAC/VAL sample in the triplicate and percentage recovery 
was calculated at each level. 

Precision
The closeness of agreement between a series of 

measurements was exhibited by the precision study. Repeatability 
and intermediate precision of the related substances method were 
evaluated using six replicate samples of the standard impurity 
solution at 100% level in the 2 mg/ml SAC/VAL solution. 
Repeatability and intermediate precision of the assay method 
were carried out using six replicate injections of the SAC/VAL 
at 100% level. The %RSD was calculated for each drug and 
impurity.

Specificity/stress degradation study
Stress degradation study was performed on SCA/VAL 

drug complex to establish the stability indicating property and 
to prove the specificity of the developed analytical method. The 
stress degradation study was carried as per ICH recommended 
conditions. The acid and base hydrolysis were carried out using 1 N 
HCl at 60°C for 30 minutes and 0.5 N NaOH at room temperature 
for 10 minutes, respectively. The acid and base degraded samples 
were neutralised before dilution. Neutral hydrolysis was carried 
by adding sufficient water to wet the sample, which was further 
placed in the hot air oven for 3 days at 60°C. Oxidative degradation 
was carried out using 15% H2O2 at 60°C for 30 minutes, while 
photolytic degradation was carried out by exposing the samples 
with 1.2 million lux hours of visible radiation and 200 W*hour/
m2 UV radiation, simultaneously. Thermal stress was given using 
a hot air oven at 80°C for 5 days. 

The SAC/VAL concentration was kept at 2 mg/ml for 
related substances method, whereas it was kept 200 μg/ml for 
estimation of the %assay. All the prepared sample solutions were 
filtered through 0.22 µm nylon syringe filters prior to the injection 
in UHPLC. 

Robustness
The robustness of the proposed developed method was 

checked by deliberately altering the instrumental conditions. 
The flow rate of the developed method was 0.6 ml/minutes, so 
it was changed ± 0.1 ml/minute, i.e., 0.5 ml/minutes and 0.7 ml/
minute. Similarly, the effect of column temperature was studied 
by varying it by ± 5°C, i.e., 25 and 35°C instead of 30°C. 
The impact of mobile phase on the results was evaluated by 
changing the mobile phase ratio by 2% for both mobile phase A 
and B. The resolution and selectivity between the nearby peaks 
of SAC/VAL and their impurities were assessed in all the altered 
conditions.

RESULTS AND DISCUSSION
The objective of the present study was to develop 

rapid, economic, sensitive, and specific UHPLC method for the 
estimation of SAC/VAL in presence of their related impurities as 
well as degradation products. 
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Method development and optimization
The main target for the development of the 

chromatographic method was to achieve separation between 
the drugs, their related substances and degradation products. 
Various trials were conducted to achieve the optimum resolution 
by changing column, mobile phase, flow rate, and column oven 
temperature. 

Initially, 0.05 M potassium hydrogen phosphate 
buffer (pH 1.7 with orthophosphoric acid) was used as a mobile 
phase-A, while acetonitrile and water in the ratio 90:10 (%v/v) 
was used as a mobile phase-B in a different gradients at a flow 
rate of 0.6 ml/minute with C18 (100 mm × 4.6 mm; 1.7 μm) 
column at 30°C. But, peak elution was early, the resolution was 
poor and the peak shapes of the impurities were not proper. 
Hence, further trials were conducted using the same mobile 
phase using C8 (100 mm × 4.6 mm; 3 μm) column. When the 
system suitability solution was injected, base to base separation 
of the impurities was not observed between the impurity peaks. 
So, acetonitrile was replaced with methanol in mobile phase-B. 
But, still satisfactory results were not achieved. Furthermore, 
THF was added in mobile phase-A (phosphate Buffer: THF, 
92:8, %v/v) and mobile phase-B (THF:water:Acetonitrile, 
5:15:80, %v/v/v). Different gradients were tried, which resulted 
in good resolution between the main peak and related substances, 
except Cyc-SAC impurity peak and VAL peak as they merged 
with each other.

Hence, the phosphate buffer was replaced by 
0.1% perchloric acid in mobile phase-A for further method 
development. First, the trials were started with perchloric acid 
in water: THF (95:5, %v/v) as a mobile phase A and a mixture 
of THF, water and acetonitrile (5:10:85, v/v/v) as mobile phase 
B in a gradient mode [time/mobile phase-B (%): 0.0/30, 7.0/50, 
9.0/63, 11.0/63, 12.0/63, 15.0/30]. All the impurities and main 
peak separated well from each other. However, an unknown 
degradation product of oxidative stress condition found to be 
merging with VAL peak. So, various gradient programs were 
tried with different proportions of buffer and organic phases. 
From which, satisfactory results were achieved with the 
optimized chromatographic conditions including Accucore XL 
C8 (100 mm × 4.6 mm; 3 μm) column as a stationary phase and 
a mixture of THF: 0.1% (v/v) perchloric acid in water (8:92, 
%v/v) as a mobile phase A and a mixture of THF, water and 
acetonitrile (5:15:80, v/v/v) as mobile phase B. The equilibration 

flow rate was 0.6 ml/minute with the linear gradient programme 
as, time/mobile phase-B (%): 0.0/25, 3.0/25, 12.0/35, 17.0/80, 
19.0/25, and 21.0/25. The injection volume was kept 2 μl and 
column oven temperature was maintained at 30°C. The use of 
this optimized method, resulted in elution of VAL and SAC at 
about 14.5 and 15.2 minutes, respectively. The representative 
chromatogram is shown in Figure 1.

System suitability
In order to verify the system performance, system 

suitability was evaluated. Six replicated injections of the system 
suitability solution were injected in the UHPLC system and the 
parameters, such as resolution, tailing factor, theoretical plates, 
and peak area were measured. The results of the system suitability 
study are given in Table 2, which suggested that all the parameters 
were within the specified acceptance criteria. 

Analytical method validation
Analytical method validation was performed to prove 

the reliability and consistency of the results within the scope of 
its intended use. The parameters including precision, accuracy, 
linearity, LOD, LOQ, specificity, and robustness were evaluated 
as per ICH Q2 guideline. The results of method validation are 
summarized in Table 3.

Limit of Detection (LOD) and Limit of Quantification (LOQ)
The LOD and LOQ of SAC/VAL and their impurities 

were estimated at the measurable response at the signal-to-noise 
ratio 3:1 and 10:1, respectively. The found LOD and LOQ values 
for the SAC, VAL and their impurities are presented in Table 3. 
The results suggested that the developed UHPLC method was 
sensitive for the detection and quantification for SAC, VAL, and 
their related impurities. 

Linearity
The linearity of the method was demonstrated using 

a series of seven concentrations in the range of LOQ to 150% 
for each impurity. The calculated linear regression equations 
and determination coefficients (r2) are given in Table 3. The 
determination coefficients (r2) were found not less than 0.990 over 
the working range for all impurities. 

The linearity for assay method was established in the 
range from 50% to 150% for SAC and VAL. The calculated 

Figure 1. UHPLC Chromatogram of SAC/VAL and their process related impurities in optimized chromatographic conditions.
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linear regression equations for SAC was found to be y = 1,3371x  
+ 68.619, whereas for VAL it was found to be y = 12,586x − 32.921. 
The determination coefficients (r2) were found to be greater than 
0.995 over the working range for SAC and VAL.

The results of the linearity study for related impurity 
method and assay method exhibited an excellent correlation 
between proportional concentration (μg/ml) of analytes and their 
peak areas and both methods were linear in the given range.

Accuracy
The accuracy of the related impurity method was 

performed by spiking each impurity into SAC/VAL solution 
at LOQ, 100% and 150% level. The calculated % recovery are 
given in Table 3, which were within the acceptance criteria of 80% 
to 120%. The accuracy of the assay method was determined at 
50%, 100%, and 150% level. The %recovery for both the drugs 

were found in the range of 98.7 to 101.0, which were within the 
acceptance criteria of 98% to 102%. The results of the accuracy 
study showed that the method was accurate. 

Precision
The repeatability and intermediate precision of 

the related impurities were evaluated using the six replicate 
injections of the impurity solutions spiked in the SAC/VAL 
solution. The %RSD for each impurity such as DES-VAL,  
BUT-VAL, BEN-VAL, DIA-SAC, Cyc-SAC, MET-SAC, and 
MAL-SAC were up to 4.00% and 4.67%, respectively, for 
repeatability and intermediate precision. The obtained results were 
within the specified criteria. The precision of the assay method 
showed %RSD of SAC and VAL were within the acceptance limit 
of 2%. The results suggested that the method was precise as per 
ICH guideline. 

Table 2. System suitability parameters.

Name of Analyte (n = 6) RT (minutes) RRT Resolution Theoretical plates Tailing factor %RSD

DES-VAL 1.27 0.09 - 5203 1.15 0.59

DIA-SAC 9.12 0.63 17.45 23621 1.03 0.33

BUT-VAL 10.69 0.74 6.01 26595 1.01 0.24

Cyc-SAC 12.95 0.89 8.02 35254 1.00 0.15

MET-SAC 13.52 0.93 2.76 45236 1.03 0.45

VAL 14.52 1.00 4.84 176952 1.04 0.12

SAC 15.24 1.05 5.60 263651 1.08 0.13

MAL-SAC 16.60 1.14 12.87 485362 1.06 0.54

BEN-VAL 17.74 1.22 11.94 612351 1.11 0.29

n = 6 determinations, RT = retention time, RRT = Relative retention time, RSD = Relative standard deviation.

Table 3. Validation data report.

Validation Parameters DES-VAL DIA-SAC BUT-VAL Cyc-SAC MET-SAC MAL-SAC BEN-VAL VAL SAC

Limit of detection (LOD) (μg/ml) 0.05 0.01 0.03 0.05 0.04 0.02 0.03 0.05 0.04

Limit of Quantification (LOQ) (μg/ml) 0.30 0.10 0.25 0.20 0.26 0.35 0.25 0.20 0.25

Precision 

Precision at LOQ (n = 6) (%RSD) 0.67 0.21 0.45 0.42 0.38 0.55 0.81 0.15 0.16

Method Precision (n = 6) (%RSD) 2.67 0.98 2.86 2.50 4.00 2.67 2.86 0.26* 0.28*

Intermediate Precision (n = 12) (%RSD) 4.00 1.40 3.33 3.13 4.67 3.33 3.33 0.47* 0.46*

Linearity and Range (n = 3)

Linearity range (μg/ml) (LOQ/50%*–150%) 0.30-2.25 0.10-7.50 0.25-2.25 0.20-2.25 0.26-2.25 0.35-2.25 0.25-2.25 0.20-1.50 0.25-1.50

Determination coefficient (r2) 1.0000 1.0000 0.9999 0.9992 0.9997 1.0000 0.9999 0.9996 0.9999

Linear equations y = 11932x  
- 0.4025

y = 14273x  
- 0.1863

y = 12189x 
 - 31.629

y = 20136x  
+ 186.96

y = 13493x  
+ 29.377

y = 15166x 
+ 57.052

y = 10242x  
- 20.594

y = 12586x  
- 32.921

y = 13371x  
+ 68.619

RF 1.05 0.94 1.03 0.66 0.99 0.88 1.23 - -

RRF 0.95 1.07 0.97 1.51 1.01 1.13 0.81 - -

Accuracy

LOQ/50%* Level 
(n = 3)

% Mean recovery 98.8 98.1 101.8 99.8 98.1 101.4 99.7 100.1* 98.7*

%RSD 0.71 1.45 2.37 0.89 0.41 2.48 2.85 0.55* 0.45*

100% Level  
(n = 3)

% Mean recovery 98.6 100.1 98.1 100.1 99.8 98.4 99.4 99.5* 100.2*

%RSD 1.73 0.58 1.86 0.55 0.71 0.15 1.39 0.53* 0.89*

150% Level  
(n = 3)

% Mean recovery 100.1 100.2 99.6 100.3 99.8 99.4 100.0 101.0* 100.0*

%RSD 0.35 0.26 0.46 0.46 0.36 1.13 0.47 0.15* 0.44*

n: determination, * for assay method.
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Specificity
All peaks corresponding to SAC, VAL, and their 

impurities were separated from the blank peaks. Peak purity of 
each peak was measured using a PDA detector. Each peak was 
found to be pure, homogenous and their purity angle was less than 
the purity threshold. It suggested that there was no interference 
from the blank in the method and the method was able to detect/
quantify the drugs in the presence of their impurities.

Considerable degradation of SAC/VAL was observed 
after acidic, alkaline, oxidative, and neutral hydrolytic stress 
conditions. The major degradation products generated during 
stress degradation study are summarized in Table 4. 

In acidic, alkaline, and neutral hydrolytic conditions, two 
known impurities, i.e., DIA-SAC and Cyc-SAC were generated 
as major degradation products. In acidic condition, one additional 
known impurity DES-VAL was generated as a minor degradation 
product along with one unknown degradation product generated at 
RRT 1.19 (Fig. 2a), whereas in alkaline condition, no significant 
unknown degradation products were observed (Fig. 2b). In neutral 
hydrolytic condition, one unknown degradation product was 
observed at RRT 1.19 (Fig. 2c).

Under the influence of the oxidative stress condition, two 
known impurities, i.e., DIA-SAC and Cyc-SAC were formed as 

degradation products along with two major unknown degradation 
products formed at RRT 0.79 and 1.05 (Fig. 2d). From the results, 
it was suggested that DIA-SAC and Cyc-SAC were common 
impurities formed as degradation products under hydrolytic and 
oxidative stress conditions. 

The drug was found to be stable under thermal and 
photolytic conditions as there were no additional peaks observed. 

The peak purity of the stress degraded samples were 
evaluated using a PDA detector and peak purity angle was found 
less than the purity threshold indicating satisfactory purity of the 
peaks. Each peak was well separated from each other and from 
blank, which exhibited stability indicating power of the developed 
UHPLC method. The percentage assay of each stress sample  
(at 200 µg/ml) was evaluated against a qualified standard and the 
mass balance was calculated. The results are given in Table 4. The 
mass balance of SAC/VAL is summarized in Table 4, which was 
found to be within the specified limits.

Robustness
The robustness study of UHPLC method was established 

by making deliberate minor variations in the chromatographic 
parameters as mentioned in the experimental section. The effect of 
the change in the chromatographic parameters on the resolution, 

Table 4. Stress degradation report.

Stressor Conditions Name of major DPs 
with RRT

% 
Degradation

Total 
%Degradation

% 
Assay

Mass Balance (%assay+% 
process impurity+%DPs)

Purity 
angle

Purity 
threshold

SH

Control 
sample

Without stressors DES-VAL (~0.09) 0.06 0.15 99.6 NA 11.2 80.2 Pass

DIA-SAC (~0.63) 0.05 8.6 52.3

Unknown DP4 (~1.19) 0.04 2.3 8.8

Acidic 1N HCl at 60°C for 
30 minutes

DES-VAL (~0.09) 0.82 18.7 80.5 99.2 1.4 6.5 Pass

DIA-SAC (~0.63) 15.10 0.1 0.6

Cyc-SAC (~0.90) 2.55 0.6 2.7

Unknown DP4 (~1.19) 0.15 1.5 6.9

Alkaline 0.5 N NaOH at 
Room Temperature 
for 10 minutes

DIA-SAC (~0.63) 10.22 11.9 87.5 99.4 0.1 0.7 Pass

Cyc-SAC (~0.90) 1.11 1.1 4.7

Neutral 
hydrolysis 

Wetted the sample 
with sufficient 
quantity of water at 
60°C for 3 days

DES-VAL (~0.09) 0.06 5.5 93.8 99.3 8.0 40.3 Pass

DIA-SAC (~0.63) 1.52 1.5 6.9

Cyc-SAC (~0.90) 2.56 3.2 7.8

Unknown DP4 (~1.19) 1.20 0.9 3.9

Oxidative 15% H2O2 at 60°C 
for 30 minutes

Unknown DP1 (~0.37) 0.23 20.5 79.3 99.8 0.9 4.9 Pass

DIA-SAC (~0.63) 0.08 8.0 29.7

Unknown DP2 (~0.79) 10.89 1.5 8.2

Cyc-SAC (~0.90) 0.12 3.1 12.9

Unknown DP3 (~1.05) 8.10 2.3 10.7

Thermal 80°C for 5 days DES-VAL (~0.09) 0.06 0.30 99.3 99.6 10.7 57.3 Pass

DIA-SAC (~0.63) 0.04 7.5 30.1

Cyc-SAC (~0.90) 0.04 10.7 43.2

Unknown DP4 (~1.19) 0.08 4.7 8.9

Photo 1.2 million lux 
hours of visible and 
200 W*hr/m2 UV 
radiation

DES-VAL (~0.09) 0.06 0.16 99.3 99.5 0.9 4.4 Pass

DIA-SAC (~0.63) 0.04 0.6 1.5

Unknown DP4 (~1.19) 0.06 1.2 8.6

DPs = Degradation products, RRT = Relative retention time, NA = Not applicable, SH = Spectral homogeneity.
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theoretical plates, and asymmetry was observed. The resolution 
data are given in Table 5. The results showed that the resolution, 
theoretical plates, and asymmetry for SAC, VAL, and their 
impurities were within acceptance criteria. The %RSD calculated 

for the obtained results between nominal and deliberately changed 
parameters were within acceptance criteria, which demonstrated 
that the developed UHPLC method was robust and reliable within 
the given range.

Figure 2. UHPLC chromatograms for a) Acidic degradation b) Alkali degradation c) Neutral hydrolytic degradation and d) Oxidative 
degradation of SAC/VAL.
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CONCLUSION
A rapid and economical UHPLC method was developed 

for the estimation of SAC, VAL, and their related impurities. The 
method was validated as per ICH Q2 R2 guideline and the results 
showed the ability of the method to produce precise, accurate, linear, 
specific, sensitive, and robust results within the validated range. 
The stability indicating potential of the method was confirmed 
using a forced degradation study. The SAC/VAL complex was 
labile to acidic, alkaline, and neutral hydrolytic conditions as well 
as oxidative stress conditions, whereas it was stable to thermal and 
photolytic stress conditions. The developed method can be useful 
for analytical scientists to ensure the quality and stability of active 
pharmaceutical ingredients and finished products.
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