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Abstract 

A rapid, selective and sensitive liquid chromatography–tandem mass spectrometry (LC–MS/MS) assay has been 

proposed for the determination of Clavulanic acid (CA) in human plasma using Diclofenac sodium as internal standard 

(IS). The analyte and IS were extracted from human plasma via solid phase extraction and the chromatographic 

separation was achieved on Inertsil ODS-3, 50 x 4.6 mm, 5µ column under isocratic conditions. Detection of CA and IS 

was done by tandem mass spectrometry, operating in positive ionization and multiple reaction monitoring (MRM) 

acquisition mode. The protonated precursor to product ion transitions monitored for CA and IS were m/z 365.2→240.2 

and 409.2→228.2, respectively. The method was fully validated as per the US FDA guidelines. The linear dynamic range 

of CA was 7.564 - 897.893 ng/mL. The intra-batch and inter-batch precision (%CV) was ≤ 14.1% while the mean 

extraction recovery was 84.48 % across quality control levels. It was successfully applied to a bioequivalence study of 

Cefdinir/CA (125 mg/62.5 mg) suspension formulation in 32 healthy Indian male subjects under fasting condition. 
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1. INTRODUCTION 

Clavulanic acid ((Z)-(2R,5R)-3-(2-hydroxyethylid 

ene)-7-oxo-4-oxa-1-azabicyclo(3,2,0)-heptane-2-

carboxylate), produced by Streptomyces 

clavuligerus is a potent inhibitor of the β-

lactamase, which is produced by certain 
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 چکیده
توسط  عنوان استاندارد داخلیهسدیم بدیکلوفناکدر پالسمای انسان با استفاده از  یک روش سریع، انتخابی و حساس برای تعیین کالوالنیک اسید

های پالسمای انسان توسط استخراج فاز جامد استخراج گردید و جداسازی ارائه گردید. آنالیت از داخل اسپکترومتری جرمی متوالی-کروماتوگرافی مایع

توسط  استاندارد داخلی و کالوالنیک اسید شناسایی تحت شرایط ایزوکراتیک انجام شد. مترمیلی 05×4.1ابعاد  با ODS-3توسط ستون  کروماتوگرافی
 نسبت جرم به بار های باشده یونعملکرد یونیزاسیون مثبت و در مد نمایش واکنش چند گانه صورت گرفت. ماده اولیه پروتونه اسپکترومتری جرمی متوالی با

 اسیدکالوالنیک  خطی دینامیکی برای محدودهایجاد نمود.  استاندارد داخلی و کالوالنیک اسید برای رتیبرا به ت 453.2→ 228.2و  901.2→245.2

این  در سطح کنترل کیفی بود. 84.48استخراج% بازدهیبود ضمن اینکه  ≤%64.6 (%CV) هاگیریبود. دقت اندازهلیتر نانوگرم بر میلی 838.839-4.014
مرد سالم هندی  92بر روی  (mg) 0/12-mg 620در یک سوسپانسیون با فرمول کالوالنیک اسید/سفدینیری مطالعهمیزی برای آطور موفقیتهروش ب

 صورت گرفت.
 

 هاي کلیديواژه

 .مطالعه سینتیک دارو ؛استخراج فاز جامد ؛پالسمای انسان ؛اسپکترومتری جرمی متوالی-کروماتوگرافی مایع ؛کالوالنیک اسید
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microorganisms and responsible for the resistance 

against penicillins [1] (Fig. 1).  It is considered as 

a broadspectrum β-lactamase competitive 

inhibitor with activity against many β-lactamases 

of both gram-positive and gram-negative bacteria 

[2]. Cefdinir is frequently used as an antibacterial 

formulation for the treatment of infection caused 

by β-lactamase-producing organisms that are 

resistant to amoxicillin alone [3].  

 

 
Fig. 1. Structure of CA. 

 

Clavulanic acid is stable against gastric acids and 

well absorbed after oral administration with a 

peak serum level occurring within 1–2 hr [4]. It is 

slightly protein bound (20–30%) and extensively 

metabolized in the liver with an elimination half-

life of about 1 hr. Serum concentration profiles 

for amoxicillin and CA are broadly similar in 

infants and children regardless of 

formulation/dosage ratio [5]. 

The chemical analysis of CA in biological 

matrices is not straightforward and reveals certain 

difficulties. Higher polarity of CA makes it 

difficult to extract from biological matrices and 

may cause it to elute among endogenous, polar 

substances in reversed-phase chromatography [6]. 

Several methods including microbiological assay 

[7], enzymatic assay [8], UV spectrometry [9] and 

capillary electrophoresis [10] have been reported 

for the determination of CA in biological 

matrices. Moreover, various high-performance 

liquid chromatography methods have been 

developed and validated for the assay of 

simultaneous estimation of CA with amoxicillin 

in pharmaceutical preparations and biological 

fluids using special techniques such as precolumn 

derivatization, derivatization followed by solid 

phase extraction, post column derivatization, β-

cyclodextrin stationary phase, amperometric 

detection and ion pair technology [11-18]. 

Bioequivalence study of tablet formulation of 

amoxicillin–CA was performed by Sourgens et al. 

[19, 20].  Although, ultraviolet (UV) detection of 

CA in biological matrices is difficult because of 

the low detection wavelength and consequently 

owing to the presence of endogenous compounds 

absorbing at this wavelength [12, 21].   

Another important resisting factor in the bio-

analysis of CA is its stability. Clavulanic acid is 

very unstable at both low and high pH values 

[14]. Ellis et al. documented that CA is stable for 

3 to 4 h in extracted human plasma samples at 

room temperature [13]. These authors therefore 

limited the number of samples that could be 

analyzed per day. Passali et al also reported a 

rapid degradation of CA in human serum at room 

temperature [22]. In this manuscript, the stability 

of CA is thoroughly tested according to the 

Guidelines for Bioanalytical Method Validation 

of The Food and Drug Administration (FDA) 

[23]. 

In the last 10 years, liquid chromatography 

coupled to mass spectrometry (LC-MS) is widely 

used. The selectivity and sensitivity are the most 

important features in comparison to other 

detection techniques. This research work 

describes a chromatographic method for the 

determination of CA in human plasma with LC-

MS/ MS, which copes with the above mentioned 

drawbacks and is able to detect CA at a 

quantification limit (LOQ) of 7.56 ng/ml, which 

is much lower than reported in the literature.  The 

proposed method has been successfully applied to 

a bioequivalence study of Test formulation to 

reference in 32 healthy Indian males.  

 

2. EXPERIMENTAL 
2.1. Chemicals and materials 

Formulation of Cefdinir/CA with COA was 

procured from Neutec AC Ar-Ge San. ve Tic. 

(A.Ş, Turkey), while Diclofenac sodium (IS, 

99.40%) was from RA CHEM Pharma LTD 

(Ahmedabad, India). HPLC grade methanol was 

obtained from J. T. Baker (USA). HPLC grade 

ACN and molecular biology grade Ammonium 

acetate were procured from Sigma-Aldrich 

(Germany). AnalChem PLEXUS (1 cc, 30 mg) 

extraction cartridges were procured from Varian 

Inc. (Palo Alto, CA, USA). Water used for LC–

MS/MS was prepared using Milli Q water 

purification system from Millipore (USA). 

Control buffered (K2EDTA) human plasma was 

procured from Seha blood bank (Hyderabad, 

India) and was stored at −20°C. Haemolysed 

plasma and Lipemic plasma were procured from 

Rajya Lakshmi Charitable Trust Blood Bank 

(Dilsukhnagar, India). 

 

2.2. LC–MS/MS instrumentation and settings 

A Shimadzu liquid chromatography system 

(Kyoto, Japan) with Inertsil ODS-3, 50 x 4.6 mm, 

5µ column from Chromatopak Analytical 

Instrumentation India Pvt. Ltd. (Mumbai, India) 

was used in this study. The mobile phase 

consisted of ACN: 2 mM ammonium acetate in 

deionized water, pH 3.0 ± 0.01 (80:20, v/v). The 

column temperature was maintained at 25 ± 2 °C. 

The autosampler temperature was maintained at 

4°C and the flow rate was set at 0.8 mL/min for 
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isocratic conditions. Ionization and detection of 

analyte and IS was performed on a triple 

quadrupole mass spectrometer, API-3000 

equipped with Turbo Ion spray®, from MDS 

SCIEX (Toronto, Canada) operating in the 

positive ion mode. Quantitation was done using 

MRM mode to monitor protonated precursor → 

product ion transition of m/z 365.2 → 240.2 for 

CA and 409.2 → 228.2 for IS. All the parameters 

of LC and MS were controlled by Applied 

Biosystems Analyst 1.6.2 The source dependant 

parameters maintained for CA and IS were 

Courtain gas (CUR): 25 psi, ion spray voltage 

(ISV): 4500 V, Sheath gas pressure: 20 psi, 

capillary temperature: 300°C, entrance potential 

(EP): 10 V. The compound dependent parameters 

like declustering potential (DP): 60V, collision 

energy (CE): 10V and collision pressure were 

optimized at 60V, 10V and 1.1psi for CA and 

50V, 10V and 1.1psi for IS, Dwell time 200 msec. 

 

2.3. Preparation of standard stock and plasma 

samples 

The standard stock solution of CA (250.0 µg/mL) 

and working solution of IS (500 µg/mL) were 

prepared by dissolving requisite amount in 

methanol. The calibration standards (CSs) and 

quality control (QC) samples [LLOQ QC (7.57 

ng/mL), lower limit of quantitation quality 

control; LQC (21.83 ng/mL), low quality control; 

MQC-2/MQC-1 (454.72/272.83 ng/mL), medium 

quality control; HQC (757.87 ng/mL), high 

quality control; ULOQ QC (897.89 ng/mL), upper 

limit of quantitation quality control] were 

prepared by spiking blank plasma with respective 

working spiking solution, not more than 5% 

spiking solutions.  

 

2.4. Protocol for sample preparation 

Aliquots 500 µL STD blank, STD zero, CC, QC 

samples and subject samples into pre-labelled 

polypropylene tubes.  50 µL of IS dilution (0.500 

µg/mL) into polypropylene tubes, and vortexed to 

mix. 100 µL of 2% ortho phosphoric acid was 

added. Prior to loading plasma samples, HLB 

1CC-30mm cartridge cartridges were prewashed 

with 1.0 mL of methanol, followed by 1.0 mL of 

deionized water and centrifuged for 1 min at 4000 

RPM after each step. Plasma samples were then 

applied to these conditioned cartridges and after 

centrifugation for 2 min at 1811 × g, washing was 

done with 1.0 mL of 5% methanol, followed by 

centrifugation for 1 min at 1811 × g. Elution was 

carried out with 1.0 mL of Elution solution 

followed by centrifugation for 1 min at 1811 ×g. 

The eluent was evaporated to dryness under 

gentle stream of nitrogen (15 psi) at 40 ◦C. The 

residue was Reconstituted in 300 µL of mobile 

phase solution and 15.0 µL was used for injection 

On LC-MS system. 

 

2.5. Method validation 

The method was validated for selectivity, 

sensitivity, interference check, carryover check, 

linearity, precision and accuracy, reinjection 

reproducibility, limit of detection (LOD), 

recovery, ion suppression/enhancement, matrix 

effect, stability and dilution reliability following 

the USFDA guidelines [17].  

 

2.5.1. System Suitability, Carry Over and 

Specificity 

The chromatographic system was tested in order 

to evaluate suitability. System suitability was 

performed by injecting six consecutive injections 

of Unextracted STD.  

Carry over experiment was performed to verify 

any carryover of analyte, which may reflect in 

subsequent runs. The sequence of injections was 

such that carry over from aqueous as well as 

extracted samples can be calculated.  

Test for specificity was carried out in six plasma 

lots of blank human plasma collected with 

K2EDTA as an anticoagulant. They were 

processed with and without the analyte and IS to 

check for any interference peaks.   

 

2.5.2. Linearity, Accuracy and precision, 

Sensitivity 

To define the relationship between concentration 

and area ratio, calibration curves containing 8 

non-zero standards for CA was prepared. The 

simplest regression equation that described the 

calibration curves of CA was y = mx+c (weighing 

factor 1/x2).                                   

To assess the precision and accuracy of the 

developed analytical method, six distinct 

concentrations in the range of expected 

concentrations were evaluated using six 

determinations per concentration. Precision and 

accuracy was assessed at within-day basis (intra-

batch), which defines those parameters during a 

single analytical run and at between-day basis 

(inter-batch), which measure the between day 

variability, possibly involving different analysts, 

reagents, etc.  

Six samples at LLOQ level were processed and 

LLOQ was determined for CA. Response of drug 

should be 5 times higher than baseline. 

 

2.5.3. Recovery, Matrix Effect, Haemolyzed And 

Lipemic Plasma Effect 

Recovery was evaluated by comparing the 

analytical results of extracted samples at four 

distinct levels (LQC, MQC1, MQC2 and HQC) 
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with unextracted standards that represent 

comparison samples. 

Six lots of matrix blanks were processed in 

triplicate. The resultant supernatant was spiked 

with the drug (LQC level) and internal standard 

and analyzed along with an equivalent preparation 

of unextracted sample at LQC concentration. 

Absolute matrix effect (ME) was calculated by 

taking ratio of mean peak area ratio in presence of 

matrix ions to mean peak area ratio in absence of 

matrix ions. 

The experiment was evaluated by spiking two 

distinct concentrations (high and low) in matrices 

containing Haemolyzed, Lipemic plasma and 

comparing the results against samples spiked with 

pooled matrices. 

 

2.5.4. Reinjection Reproducibility, Ruggedness, 

Dilution Integrity 

To evaluate the reinjection reproducibility quality 

control samples of a Precision and Accuracy 

batch were reinjected immediately at the end of 

the batch under the same detection conditions. 

Ruggedness was carried out, by performing 

Precision and Accuracy batch on a different 

column, by different analyst.  

Dilution integrity for CA was evaluated by 

preparing quality control samples at 2 times the 

concentration of the highest standard. A stock 

solution of 1795.788 ng/mL was prepared and this 

was diluted to 1/5 and 1/10 of the original 

concentration and analyzed against calibration 

curve. 

 

2.5.5. Stability 

All stability results were evaluated by measuring 

the concentration (CA/IS) of stability samples 

against freshly prepared comparison standards at 

LQC and HQC levels. Stock solutions of CA and 

IS were checked for short term stability at room 

temperature and long term stability at 4˚C. Bench 

top stability, processed sample stability, Auto 

injector stability, Interim stability, Dry extract 

stability, freeze–thaw stability at −20˚C and Drug 

and IS Dilution Stability were performed at LQC 

and HQC levels using six replicates at each level. 

 

2.6. Pharmacokinetics study  

The study plan was defined as “An open label, 

single dose, single period oral bioavailability 

study of test Cefdinir/CA (125 mg/62.5 mg) 

suspension in 32 healthy Indian subjects under 

fasting conditions”. All the subjects were 

informed of the aim and risk involved in the study 

and written consent were obtained. The 

procedures followed while dealing with human 

subjects were based on International Conference 

on Harmonization, E6 Good Clinical Practice 

guidelines [24]. The subjects for study were 

fasted 10 h before administration of the drug 

formulation. Blood samples were collected using 

K2EDTA anticoagulant pre-dose before dosing at 

(0.0) and post-dose at 0.33, 0.67, 1.00, 1.33, 1.67, 

2.00, 2.33, 2.67, 3.00, 3.33, 3.67, 4.00, 4.33, 4.67, 

5.00, 6.00, 7.00, 8.00, 10.00, 12.00, 16.00 and 

24.00 hrs of administration of drug. Blood 

samples were centrifuged at 2500 × g at 4°C 

(Eltech centrifuge, India) for 10 min and plasma 

was separated, stored at−20°C until use. Plasma 

concentration–time profile of CA was analyzed 

by noncompartmental modeling method using 

WinNonlin Version 6.4. and all pharmacokinetic 

parameters (AUCi, AUCt, Cmax) were evaluated 

using Statistical analytical software (SAS version 

9.4). 90% CI (confident Interval and T/R ratio 

were compared to conclude the bioequivalence of 

test to reference formulation particular for CA. 

 

3. RESULT AND DISCUSSION  
3.1. Method development 

Different trials have been conducted on an 

analytical column Inertsil ODS-3, 50 x 4.6 mm, 5 

µ with mobile phase ACN: 2 mM Ammonium 

Acetate pH: 3(80:20) has been selected. (Table 1). 

 
Table 1. Summary of trails conducted for optimization of mobile phase. 

Trial No. Mobile Phase composition(v/v) Extraction Technique Result 

TRIAL-1 ACN : 2 mM Ammonium Acetate 

pH:3 ( 90:10)  

LLE  Extraction with organic 

solvent but area of analyte 

and IS were not found  

TRIAL-2 ACN : 2 mM Ammonium Acetate 

pH: 3 ( 80:20)  

Precipitation Method  Peak shape and response of IS 

was not good  

TRIAL-3 ACN : 2 mM Ammonium Acetate 

pH:3 ( 80:20)  

SPE  using HLB 1CC-30mm 

cartridge  

Response of analyte and IS 

were good but not constant  

TRIAL-4  ACN : 2 mM Ammonium Acetate 

pH: 3 ( 80:20)  

Precipitation followed By SPE 

using HLB 1CC-30mm cartridge  

Peak area was found constant 

And  recovery was good  

TRIAL-5  ACN : 2 mM Ammonium Acetate 

pH:3 ( 80:20)  

Linearity & P&A ( HLB 1CC-

30mm cartridge)  

Within acceptance criteria  
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3.2 Method Validation 

3.2.1. System suitability, Carry Over, Specificity 

The % CV of system suitability was observed in 

the range of 0.00 to 0.48 % for retention time of 

drug and 0.4 to 1.2 % for area ratio of drug (Fig. 

2).  

 

 
Fig. 2. Representative Chromatogram of Unextracted 

STD.  

 
While screening for specificity all six plasma lots 
with K2EDTA anticoagulant were found to be 
free from significant interferences i.e. area of the 
peak at the retention time of analytes in blank 
samples was observed in the range of 0.0 of the 
area of the analytes in the extracted LLOQ 
sample, which is NMT 20% as per acceptance 
criteria.  Fig. 3-5 demonstrates the specificity 
results with the chromatograms of STD Blank, 
STD Zero (Blank with ISTD) and peak response 
of CA at LOQ concentration. 
 
3.2.2. Linearity, Accuracy and Precision, 

Sensitivity 

On the basis of chromatograms, area of drug and 

IS area ratio (drug/IS) were calculated. All eight 

calibration curves were linear over the 

concentration range of 7.564 – 897.893 ng/mL 

with correlation coefficient r ≥ 0.99 (Table 2). 
 

 
Fig. 3. Representative Chromatogram of STD Blank. 

 

 
Fig. 4. Representative Chromatogram of STD Zero 

(Blank+ISTD). 

 
Fig. 5. Representative Chromatogram of LQC. 

 

Table 2. Linearity data of CA in Human plasma. 

STD ID Nominal 

Conc.(ng/mL) 

Acceptance 

Range 

Back Calculated Conc. 

(ng/mL) (n = 3) 

±S.D. % CV % Accuracy 

STD 1 7.564 9.08 7.64 0.12 1.5 101.0 

6.05 

STD 2 28.01 32.22 27.05 1.64 6.1 96.6 

23.81 

STD 3 93.38 107.39 91.49 1.49 1.6 98.0 

79.37 

STD 4 186.76 214.78 197.62 7.59 3.8 105.8 

158.75 

STD 5 373.52 429.55 375.23 12.47 3.3 100.5 

317.50 

STD 6 574.65 660.85 588.99 14.99 2.5 102.5 

488.45 

STD 7 718.31 826.06 678.05 9.54 1.4 94.4 

610.57 

STD 8 897.89 1032.58 944.49 51.74 5.5 105.2 

763.21 

R2 0.9973 
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A straight-line fit was made through the data 
points by least square regression analysis to give 
the mean linear equation y = (0.0093 ± 0.0017)x 
+ (0.0003 ± 0.0002) where y is the peak area ratio 
of the analyte/IS and x the concentration of the 
analyte.  The intra-batch precision (% CV) ranged 
from 2.8 to 6.4 and the accuracy was within 97.0 
to 114.3%. For the inter-batch experiments, the 
precision varied from 3.3 to 14.1 and the accuracy 
was within 91.0 to 109.1% as shown in Table 3. 
Six samples at LLOQ level were processed and 
LLOQ was 7.564 (ng/mL) for CA. The analyte 
response at the LLOQ should be at least 5 times 
the response compared to blank response. 
Accuracy was found 119.0% for LLOQ which is 
within 80-120% of nominal concentration and 
Precision was found 10.9 which are ≤ 20%. 
 

3.2.3. Recovery, Matrix Effect, Haemolyzed and 
Lipemic Plasma Effect 
The relative recovery of the analyte is the ‘true 

recovery’, which is unaffected by the matrix as it 

is calculated by comparing the area ratio response 

(analyte/IS) of extracted (spiked before 

extraction) and unextracted (spiked after 

extraction) samples. The recovery data at 

different QC levels are presented in Table 4.  

Further, the relative matrix effect the % CV for 

LQC samples was observed 4.0 % for CA, which 

is NMT 15 % as per the acceptance criteria. The 

average matrix factor value calculated as the 

response of post spiked sample/response of neat 

solution (in mobile phase) at the LLOQ level was 

0.78, which indicates a minor suppression of 

about 3%. Precision of quality control samples 

spiked in haemolized plasma were found 2.1 and 

8.4 at HQC and LQC level respectively. For 

lipemic plasma % CV was found 1.7 and 6.7 at 

HQC and LQC level, respectively as shown in 

Table 5.   

 

Table 3. Intra and inter-day precision and accuracy of CA in human plasma 
Set QC Level Actual Conc.     

(ng/mL) 
Mean Conc. 
Recovered 
(ng/mL) 

S.D. %CV % Accuracy 

Intra Batch Validation Data (n = 6) 
I HQC 757.87 866.54 24.376 2.8 114.3 

MQC 1 454.72 510.95 32.492 6.4 112.4 
MQC 2 272.83 285.475 14.42 5.1 104.6 
LQC 21.83 21.179 1.027 4.9 97.0 
LOQ QC 7.57 8.625 0.480 5.6 113.9 

II HQC 757.87 789.38 79.67 10.1 104.2 
 MQC 1 454.72 476.68 46.59 9.8 104.8 
 MQC 2 272.83 280.74 7.34 2.6 102.9 
 LQC 21.83 19.66 0.85 4.3 90.1 
 LOQ QC 7.57 6.78 0.81 12.0 89.5 
III HQC 757.87 825.30 28.457 3.4 108.9 
 MQC 1 454.72 464.26 50.546 10.9 102.1 
 MQC 2 272.83 267.75 17.860 6.7 98.1 
 LQC 21.83 18.74 2.108 11.2 85.9 
 LOQ QC 7.57 6.84 0.720 10.5 90.4 
Inter Batch Validation Data(n = 3) 
 HQC 757.87 827.08 38.61 4.7 109.1 
 MQC 1 454.72 483.96 24.18 5.0 106.4 
 MQC 2 272.83 277.99 9.18 3.3 101.9 
 LQC 21.83 19.86 1.23 6.2 91.0 
 LOQ QC 7.57 7.42 1.05 14.1 97.9 

 
Table 4. Recovery of CA from human plasma 

QC Level A  
(%CV) 

B  
(%CV) 

% Recovery Aa (%CV) Ba (%CV) % Recovery 

HQC 402341  
(5.2) 

354767  
(5.0) 

88.2 648684 
(4.2) 

617244 (4.4) 95.2 

MQC 1 219909 
(10.1) 

188002 
(14.6) 

85.5 649557 
(6.1) 

639415 
(11.3) 

98.4 

MQC 2 149050 
(23.2) 

105940 
(22.5) 

71.1 625981 
(3.7) 

595622 
(9.5) 

95.2 

LQC 7437 
(6.4) 

9451 
(8.9) 

93.1 644658 
(5.4) 

757512 
(8.2) 

97.5 

Mean 
Recovery % 

  84.48   96.58 

%CV   25.8   12.6 

A: mean area response of six replicate un-extracted samples;B: mean area response of six replicate extracted samples 

CV: coefficient of variation; a Values for internal standard, Diclofenac sodium. 
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Table 5. Haemolyzed and Lipemic Plasma Effect 

Set QC Level Mean Conc. Recovered(ng/mL) S.D. %CV % Stability 

At 0.0 hrs HQC 793.70 21.12 2.7 - 

LQC 20.72 1.55 7.5 - 

Haemolyzed HQC 757.63 15.84 2.1 95.5 

LOQ  19.97 1.70 8.4 96.4 

Lipemic HQC 735.62 12.21 1.7 97.1 

LOQ 18.65 1.25 6.7 90.0 

 

3.2.4. Reinjection Reproducibility, Ruggedness, 

Dilution Integrity 

% Reproducibility for the quality control sample 

was found within range of 95.1 to 109.1% which 

is within the limit of 85 – 115 %. Ruggedness was 

performed by analyzing the CC and QC samples 

by a different analyst. The accuracy for CC 

Standards other than LLOQ standard was ranged 

from 85.9 to 113.4 %, which was within the 

acceptance limits of 85 to 115 %.  

Dilution integrity for CA was evaluated by 

preparing quality control samples at 2.0 times the 

concentration of the highest standard. A stock 

solution of 1795.788 ng/mL was prepared and this 

was diluted to 1/5 and 1/10 of the original 

concentration and analyzed against calibration 

curve. The precision values for dilution integrity 

of 1/5 of (359.16 ng/mL) and 1/10 of (179.58 

ng/mL) and 2.0 and 2.6 % respectively, while the 

accuracy results were 101.2 and 106.2, 

respectively. 

 

3.2.5. Stability 

Short term stock solution (STSS) 

The % stability for drug and IS was found as 

101.6% and 102.0% for CA and IS respectively, 

which is within the acceptance limits of 90-110 

%. Stock solution of CA and IS were stable for 

the short duration of 08 hrs 18 min and 08 hrs 17 

min respectively. 

 

3.2.6. Long term stock solution (LTSS) 

The % stability for 3 days was found as 109.0% 

and 104.9% for CA and IS respectively, which is 

within the acceptance limits of 90 to 110 %. Stock 

solution of CA and IS were stable for the long 

term  of  3 days 21 hrs 02 min and 3 days 21 hrs 

09 min respectively. 

 

3.2.7. Drug and IS Dilution Stability 

The % stability of drug and IS dilution were 

found 98.2 % and 101.7% respectively which is 

within the acceptable range of 90 – 110%. Test 

performed indicate that dilution when maintained 

at 2-8°C for 09 hrs 30 min, 09 hrs 04 min for 

Drug and ISTD respectively, did not present 

significant degradation. 

3.2.8. Auto Injector Stability 

The % stability at HQC and LQC were found 99.4 

and 97.1%, respectively which is within the 

acceptance criteria of 85 – 115%. Stock solution 

of both drug and IS were stable for the duration of  

01day 08 hrs 39 min in Auto injector. 

 

3.2.9. Bench Top Stability  

The % stability of the duration 7 hrs 01 min at 

room temperature for HQC and LQC level were 

found 99.4% and 96.6%, respectively which is 

within acceptance criteria of 85–115%.  

 

3.2.10. Long term stability 

The samples were stored in deep freezer below -

25°C and after 03 days 19 min samples were 

retrieved and thawed at room temperature, 

processed and analyzed. The % stability for HQC 

and LQC were fond 94.9% and 112.7%, 

respectively which is within the acceptance 

criteria of 85 – 115%. 

 

3.2.11. Dry Extract Stability 

To evaluate dry extract stability six quality 

control samples at two distinct concentrations 

(High QC and Low QC) were processed as per 

method SOP and the dried extract (without 

reconstitution) was stored in refrigerator for 20 

hrs 11 min. The extracts stored in refrigerator 

were also retrieved and reconstituted along with 

the extracts of fresh CC and QC samples and 

injected. The % stability of 20 hrs 11 min for 

HQC and LQC were fond 94.4% and 107.6%, 

respectively which is within the acceptance 

criteria of 85-115%. Test performed indicates that 

the dry extract of CA in human plasma when 

stored in refrigerator is stable for 20 hrs 21 min. 

 

3.2.12. Freeze and Thaw Stability        

Freeze thaw stability of the spiked quality control 

samples was determined during 4 freeze thaw 

cycles stored at below -20 °C. The % nominal for 

LQC and HQC were 100.1 % and 101.8 %, 

respectively for CA, which is within the 

acceptance limits of 85 to 115 %. The % CV for 

LQC and HQC was 7.3 % and 1.6 % respectively 

for CA which is within the acceptance limits of 

NMT 15 %. 

 

3.3. Application of the method on human subjects 

Fig. 6 depicts the mean (±S.E.M.) plasma 

concentration–time profile of CA after a single 

oral administration of Cefdinir/CA (125 mg/62.5 
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mg) suspension 32 healthy male volunteers. The 

calculated pharmacokinetic parameters are shown 

in Table 6. 

 

 
Fig. 6. Mean plasma concentration-time profile of CA 

after oral administration of Cefdinir/CA (125 mg/62.5 

mg) suspension to 32 healthy male volunteers.  

 
Table 6. Mean (±S.E.M.) pharmacokinetic parameters 

of CA following a single oral administration of 

Cefdinir/CA (125 mg/62.5 mg) suspension to 32 

healthy male volunteers. 

Parameter Cefdinir/CA (125 

mg/62.5 mg) suspension 

Cmax (ng/mL) 95.38±11.57 

Tmax (hr) 1.33 ± 0.14 

t1/2 (hr) 1.65 ± 0.23 

AUC0–t  (ng hr/mL) 173.19 ± 25.64 

AUC0–∞  (ng hr/mL) 185.57 ± 37.42 

 

4. CONCLUSIONS 

A rapid, sensitive, and robust LC-MS/MS method 

for CA in human plasma was developed using 

solid phase extraction a silica column coupled 

with tandem mass spectrometry for detection. The 

method employs only 200 μL plasma for 

processing using solid phase extraction. The 

method was linear over the concentration studied 

i.e. 7.582 – 896.681 ng/ml of CA. The method 

was selective in presence of plasma interferences. 

Recovery was consistent at higher, middle and at 

lower level and % CV for recovery was well 

within acceptance criteria for all three QC levels. 

The method has been successfully validated as 

per USFDA guidelines and used for the analysis 

of clinical samples of 32 healthy male volunteers. 
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