
Development and Validation of HPLC Method for Simultaneous Estimation
of Methylcobalamin and Duloxetine Hydrochloride in Capsules

States Pharmacopoeia. Literature review revealed

that  UV/Vis ib le  spec t rophotometr i c  [4 ,5 ] , 

spectrouorimetric [6], HPLC method [7], stability 

indicating RP-HPLC [8], HPTLC [9], UPLC [10] and 

LC-MS [11] methods are reported for estimation of 

duloxetine hydrochloride from bulk, tablet, capsule, 

plasma and other biological uids.

UV spectrophotometric [12] and HPLC [13, 14] 

methods are reported for simultaneous estimation of 

MTH and DUL in pharmaceutical dosage form. It was 

thought of interest to develop a precise, accurate and 

robust HPLC method for simultaneous estimation of 

both drugs in capsules. The method is validated as per 

ICH Q2 (R1) guidelines [15].
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 INTRODUCTION

Methylcobalamin (MTH) is chemically carbanide-

cobalt(3+);[5-(5,6-dimethylbenzimidazol-1-yl)-4-

hydroxy-2-(hydroxymethyl)oxolan-3-yl] 1-[3-[(4Z, 

9Z,14 Z)- 2,13,18-tris (2-amino-2-oxoethyl)-7,12,17-tris 

(3-amino-3- oxopropyl)-3, 5, 8, 8, 13, 15, 18, 19-

octamethyl-2, 7, 12, 17- tetrahydro-1H-corrin-21-id-3-

yl] propanoylamino] propan-2-yl phosphate (Fig.1). It 

is a vitamin supplement [1]. Literature review revealed 

that UV/Visible spectrophotometric [2] and HPLC [3] 

are reported for estimation of Methylcobalamin from 

bulk, tablet, capsule. Duloxetine hydrochloride (DUL) 

is chemically (3S)-N-Methyl-3-(1-naphthyloxy)-3-(2-

thienyl)propan-1-amine (Fig.2).It is an antidepressant 

drug used to treat depression [1]. It is ofcial in United 
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Materials

Pure drug samples of methylcobalamin and 

duloxetine hydrochloride were obtained as gift 

samples from Elite Pharma Pvt. Ltd. Ahmedabad, 

Gujarat, India. Commercial pharmaceutical capsules 

(Aristo pharmaceutical Pvt. Limited. Mumbai, 

Maharastra Gujarat, India) was purchased from local 

pharmacy.

Methanol, acetonitrile, potassium dihydrogen 

phosphate, ortho phosphoric acid were purchased 

from Finar Chemicals, Mumbai, India. The HPLC 

grade water was prepared in hounse using Milli-Q 

water system (Millipore, India). 

Instrumentation and Chromatographic Conditions

The HPLC system (Shimadzu LC-2010, Shimadzu 

Corporation, Japan) equipped with UV detector was 

used for method development. Chromatographic 

separation was carried out using phenomenex C-18 

column with 250×4.6mm internal diameter and 5μm 

particle size as stationary phase and methanol: 

phosphate buffer (pH-3.5): acetonitrile 60:35:5(v/v/v) 

as mobile phase at a ow rate of 0.8 ml/min. The 

detection was carried at 280 nm and runtime was 15 

min. The injection volume was 20 μl/min and before 

injection all the standards, sample solutions as well 

mobile phase were ltered through membrane lter of 

0.45μm then sonicated for 5 min before use to remove 

dissolved gases. The column was saturated for at least 

30min with the mobile phase owing through the 

system.

Preparation of standard stock solutions

Accurately weighed standard MTH (10 mg) was 

transferred into 100 ml volumetric ask, dissolved and 

diluted up to the mark with methanol to obtain stock 

solution containing 100µg/ml of MTH. Accurately 

weighed standard DUL (100 mg) was weighed and 

transferred to 100 mL volumetric asks and diluted up 

to mark with methanol to obtain stock solution 

containing 1000µg/mL DUL.

Preparation of working standard solution

Aliquots of standard stock solution of MTH (15 

mL) and DUL (30 mL) were transferred to a 100 mL 

volumetric ask and diluted up to the nal volume 

with mobile phase to get the nal concentration of 

MTH and DUL 15µg/mL and 300µg/mL respectively.

Validation of the proposed method

The proposed method was validated in compliance 

with the ICH guidelines. The specicity of the method 

was ascertained by comparing standard drug and 

sample solutions. Linearity of the method was 

evaluated by linear regression analysis by preparing 

standard solutions of MTH (15-40 µg/mL) and DUL 

(300-800 µg/mL) at different concentrations of the 

drug. The peak area of all solutions was measured and 

then calibration curve was plotted between peak area 

versus corresponding concentration of the drug. 

System suitability test was performed by injecting 20 

µL of standard solution, containing 15 µg/mL of MTH 

and 300 µg/mL of DUL, six times. Resolution (R), 

column efciency (N), tailing factor (T) and precision of 

injection repeatability were analyzed. The intra-day 

and inter-day precisions (% RSD) were determined by 

analyzing three concentration levels of MTH (25, 30, 35 

Fig. 1. Chemical structure of methylcobalmin

Fig. 2. Chemical structure of duloxetine hydrochloride
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µg/mL) and DUL (500, 600, 700 µg/ml) three times on 

the same day and three different days, respectively. 

Accuracy was determined by calculating recovery of 

both the drug by standard addition method at three 

different concentration levels of drug. LOD and LOQ 

were calculated from standard deviation of slope and 

average of intercept from the calibration curve. 

Robustness of the method was determined by small 

changes in mobile phase ratio (±2%), ow rate (±0.2ml 
-1min ), wavelength (±2 nm) and pH (± 0.2 unit). The 

Solution Stability was checked for solution for 24 and 

48 hours at room temperature.

Analysis of MTH and DUL in Formulation 

Twenty capsules were opened and transferred the 

contents (each capsule containing 30 mg of DUL and 

1.5 mg of MTH) equivalent to 30 mg of DUL and 1.5 mg 

of MTH into a 100 mL volumetric ask, make up the 

volume up to mark. Then solution was ltered through 

0.45μ membrane lter. So, nal solution was found to 

contain 15μg/mL of MTH and 300μg/mL of DUL. 20μl 

of this solution was injected in HPLC column followed 

by detection of both peak at 280 nm. The analysis was 

repeated for ve times.

RESULTS AND DISCUSSION

T h e  H P L C  m e t h o d  w a s  o p t i m i z e d  f o r 

simultaneous estimation of MTH and DUL. The mobile 

phase system consisting of methanol:50 mM 

phosphate buffer:acetonitrile (60:35:5 v/v/v) lead to 

good resolution and sharp peaks of MTH and DUL at 

retention time 3.12±0.02 and 6.81±0.02, respectively 

(Fig. 3). 

Fig. 3. HPLC chromatograms of (A) standard solution 

of MTH (25 µg/mL, Rt: 3.126 min) and DUL (500 

µg/mL, Rt: 6.818 min), (B) sample solution of MTH (25 

µg/mL, Rt: 3.121 min) and DUL (500 µg/mL, Rt: 6.789 

min) at 280 nm; mobile phase:methanol:50 mM 

phosphate buffer:acetonitrile, pH 3.5, adjusted with 

orthophosphoric acid in ratio of 65:35:5 (v/v/v).

The results of the system suitability test (Table 1) 

showed that the optimized chromatographic 

c o n d i t i o n s  a r e  a d e q u a t e  f o r  s i m u l t a n e o u s 

determination. The resolution between MTH and DUL 

peaks was found to be 6.84.

Chromatograms of standard drug solution and 

sample solution were compared and it showed 

identical retention times for both drugs (Fig. 3). The 

peak purity indices for both drugs from standard and 

sample solution were found to be 0.999.

Linearity data for the calibration curves showed 

linear relationships between peak area and 

concentration through in the ranges of 15-40 µg/ml for 

MTH and 300-800 µg/ml of DUL. Linear equations for 

the calibration curves were y=19243x+4828.7 and 
2y=21659x+482978 with r  being 0.999 and 0.999 for 

MTH and DUL, respectively. 

The results of robustness testing revealed that the 

peak area are not affected upon slight changes in 

mobile phase composition, pH of mobile phase, mobile 

phase ow rate and detection wavelength. The stability 

of working standard solutions of MTH and DUL were 

evaluated to verify that any spontaneous degradation 

occur when the samples were prepared. The stability 

prole for standard solutions of MTH and DUL were 

studied at 25°C for 48 h. The results were expressed as 

percentage of drug remaining. The data obtained 

Parameters MTH DUL

Retention time (min) 3.12 6.81

Resolution 6.84

Theoratical Plates 8743 17647

Tailing factor 1.30 1.42

Injection repeatabili ty 
(%RSD)

0.086 0.14

Table 1. Results of system suitability test (n=6)

Theoretical 
content

% Recovery % RSD

MTH
(µg/ml)

DUL
(µg/ml)

MTH
(µg/ml)

DUL
(µg/ml)

MTH
(µg/ml)

DUL
(µg/ml)

27 540 99.47 99.65 0.61 0.28

30 600 99.93 99.93 1.00 0.26

33 660 99.23 99.04 0.58 0.58

Table 2. Accuracy data of the proposed method (n=3)

CHARUSAT JOURNAL Vol. 1 II Issue 1 II September 2017

showed that sample solutions were stable during 48 h 

when stored at 25°C with degradation less than 2%.

The proposed method was employed for assay of 

MTH and DUL from combined pharmaceutical 

formulation available in the market. The assay results 

are shown in Table 3.

CONCLUSIONS

This method was found to be specic, precise, 

accurate and robust. The proposed method was 

successfully applied for assay of MTH and DUL from 

commercially available pharmaceutical dosage form.
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determination. The resolution between MTH and DUL 

peaks was found to be 6.84.

Chromatograms of standard drug solution and 

sample solution were compared and it showed 

identical retention times for both drugs (Fig. 3). The 

peak purity indices for both drugs from standard and 

sample solution were found to be 0.999.

Linearity data for the calibration curves showed 
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showed that sample solutions were stable during 48 h 

when stored at 25°C with degradation less than 2%.

The proposed method was employed for assay of 

MTH and DUL from combined pharmaceutical 

formulation available in the market. The assay results 

are shown in Table 3.

CONCLUSIONS

This method was found to be specic, precise, 

accurate and robust. The proposed method was 

successfully applied for assay of MTH and DUL from 

commercially available pharmaceutical dosage form.
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Earthquake Response of TFPS-isolated Elevated
Steel water tank under Near-f ault ground motions

1 2
Ankita K Shah , Vijay R Panchal *

 INTRODUCTION

For  industries and power plants, storage tanks of 

uid are very curious structures due to their variable 

storage level. It is important to provide effective 

technique to prevent effect of a strong external 

disturbance. In the past many failure of water tank has 

been recorded due to earthquake. As Triple Friction 

Pendulum System (TFPS) is derivative of Friction 

Pendulum System (FPS), so it may be very adequate 

device for controlling earthquake effect on a structure 

during earthquake excitation.

Shenton and Hampton (1999) have studied the 

seismic response of elevated water tanks. In that they 

had discrete three degree of freedom model of isolated 

tank. And he compared elevated tank with xed based 

tank and found that seismic isolation is effective in 

reducing the base shear, overturning moment and tank 

wall pressure. Shrimali and Jangid (2002) investigated 

performance of different isolation system for storage 

tank of uid and found that sliding type isolation is 

more powerful then elastomeric bearing. Panchal and 

 Abstract: 

In this study, the elevated steel water tank isolated with Triple Friction 

Pendulum System (TFPS) under normal component of near-fault ground 

motions is evaluated. TFPS is placed at top and bottom level of tower structure. 

Mathematical model of storage tank is distinct with four degree of freedom 

model includes tower structure, sloshing mass, isolation system and impulsive 

mass. Comparison is made between tank isolated with TFPS at top of tower and 

tank isolated with TFPS at bottom of tower. From the comparison, it is observed 

that tower displacement, isolator displacement, base shear and impulsive 

displacement are less in tank isolated with TFPS at top of tower than tank 

isolated with TFPS at bottom of tower. On the other hand, convective 

displacement is increased in the tank isolated by TFPS at top of tower.

Keywords: Elevated steel water tank, base shear, TFPS, SAP 2000
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Jangid (2008) investigated advanced VFPS which 

controls isolator displacement base shear in desirable 

assortment for near fault ground motion. Seleemah 

and Sharkway (2011) examine accuracy in prediction 

for modeling of isolated tank using SAP 2000 and 3D 

BASIS ME. Authors found that SAP 2000 is successful 

in producing results as compared to 3D BASIS ME. 

Malu and Pranesh (2014) presented the behavior of 

Pure Friction (PF), Friction Pendulum System (FPS), 

Conical Friction Pendulum Isolator (CFPI), Variable 

Frequency Pendulum Isolator (VFPI), Polynomial 

Friction Pendulum Isolator (PFPI), Variable Friction 

Pendulum Isolator (VFPS), Variable Frequency and 

Variable Friction  Pendulum  Isolator  (VFFPI)  and  

Variable Friction Isolator (VFI) in Sliding Isolation 

Systems. Nerkar and Nayak (2016) examine the seismic 

performance of water tank using nite element 

method.

For that they have taken circular and rectangular 

water tank with different water level, and static and 

dynamic time history analysis was performed on it. It is 
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