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Introduction
Liquid chromatography-tandem mass spectrometer (LC-MS) 

systems using an electrospray ion source coupled with tandem mass 
analyzers (LC-ESI-MS/MS) have been applied to a wide variety of 
studies in pharmaceutical analysis and life sciences. With LC-ESI-
MS/MS now considered the benchmark for measurement of drugs 
and their metabolites in biological matrices, the high selectivity of 
tandem mass spectrometry, with successive mass filtrations, leads to 
little or no observed interference even though there may be relatively 
high concentrations of co-extracted and co-eluted matrix components 
present. These characteristics have led to a growing trend of high-
throughput analysis that incorporates little or no sample preparation 
and minimal chromatographic retention. Moreover, LC-MS has 
unprecedented capabilities especially for the molecules which are 
incompatible with GC-MS due to high polarity, high mass and thermo 
labile in nature and allowed for the elimination of derivatisation steps 
prior to injects, saving on time and reagent cost. With LC-ESI-MS/
MS having these characteristics of high selectivity, sensitivity and 
throughput, it is not surprising that this technology is being increasingly 
used in the clinical laboratory. Though it is considered as a powerful 
tool for the quantitation of drug at a very low level, it s selectivity was 
challenged by Tang et al. [1] while studying the effect of conductivity 
and ion intensity in electro spray. They coined the term matrix effect, 
wherein along with the analyte of interest other endogenous matter 
of matrix also ionize and results in suppression or enhancement of 
response of analyte. Thereby accuracy of the data is compromised. 
Therefore ion-suppression and/or ion-enhancement due to matrix 
effect has been one of the major unknown variables of concern that 
could adversely affect the accuracy and precision of the assay results for 
biological sample assay in LC-MS/MS methods [2].

Eeckhaut et al. [3], in their review article on matrix effect 
discussed in detail about the assessment of matrix effect, parameters 
like sample preparation technique, chromatographic conditions and 
mass spectrometric conditions that needs to be optimized to the best 
to eliminate matrix effect. In their review article they emphasised 
that during validation of any bioanalytical technique, quantitative 
assessment of matrix effect is must to ensure precision and accuracy of 
data. Large amount of literature is available on the factors which causes 
the occurrence of matrix effect in the developed method. These include 
endogenous substances in the matrix [4,5], exogenous materials 
such as buffers, ion pairing agents [6], co-medication [7], type of soft 
ionization technique i.e., atmospheric pressure chemical ionization 
(APCI) or electro spray ionization (ESI), source design [8]. At the same 
time, number of approaches was reported to minimize or to eliminate 
the matrix effect while developing the methods in biological matrix. 
These include change in chromatographic conditions [9,10], sample 
preparation techniques [11,12], selection of ionization source and 
polarity [13-15], stable isotope labeled- internal standard, decrease the 
amount of sample [16].

Therefore upon literature review, it was evident that to control the 
matrix effect various parameters which included sample processing 
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Abstract
In this research work we have tried to emphasis that the synergistic approach is required wherein during method 

development sample processing and instrument i.e., mass spectrometer shall be evaluated in synchronized manner 
to get the best possible combination of processing technique and instrument model to get a method with no or 
minimal matrix effect. To perform this research work polar molecule niacin is considered as a model drug to evaluate 
the synergistic approach. Plasma was treated with three different conventional sample preparation procedures 
(PPT, LLE and SPE) and samples processed with the three methodology were then analyzed on three different 
instrument models of AB Sciex i.e., API-3000, API-3200, API-4000. Except for type of sample processing technique 
and instrument model, rest of the parameters like aliquot volume, internal standard working solution volume and 
chromatographic conditions were kept constant to avoid contribution of these factors due to these variables. 
Samples were analyzed using Inertsil® CN-3 as an analytical column and mobile phase consist of acetonitrile - 
solution-1(0.002% formic acid in water, v/v) in the ratio of 70:30, v/v. Result evidently showed that matrix effect was 
minimized through SPE technique over LLE technique and behavior of the co-elute matrix also changed significantly 
with ion-source design of the mass spectrometer. Consequently, the development result clearly showed that matrix 
effect was nullified by samples prepared by SPE technique and analyzed on API-3000. Results obtained from API-
3000 and API-4000 models were also comparable in terms of matrix effect. API-3000 in combination with solid phase 
extraction procedure was selected to further validate the method as API-4000 showed charge competition of internal 
standard. Overall, the results indicate that extraction procedure plays a crucial role to control matrix effect but to get 
the best result LC have to be coupled with mass spectrometer with proper ion source.
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techniques, the mode of ionization, and optimization of pretreatment 
of sample have been investigated, but the role of instrument model 
based on source design and the sensitivity of instrument have not 
been reported till date. In this research work, we investigated the role 
of conventional sample processing techniques and instrument models 
in controlling the matrix effect. Samples processed by conventional 
sample processing techniques (i.e., PPT, LLE and SPE) were analyzed 
on different models of mass spectrometer (i.e., API-3000, API-3200 
and API-4000). 

Based on the level of sensitivity, different models of instruments 
have been designed. This research work involves comparison of API-
3200, API-3000 and API-4000 models of mass spectrometer from AB 
Sciex [17]. The orders of sensitivity of the machines are: API-4000>API-
3000>API-3200. API-4000 and API-3200 has the same source design 
and API-3000 has different source design. This difference in source 
designs also contributes to the matrix effect. In some cases, problem 
of matrix effects could be resolved by using a MS instrument of other 
model or manufacturer [18,19]. In today’s scenario, many regulatory 
bodies ask to demonstrate that there will not be any matrix effect if two 
different models of MS with different source designs are being used 
like API-3200 and API-3000 of sciex in analysis of single compound 
or drug.

In some research work, role of ionization source was also studied. 
A detailed review of literature suggested that the best approach to 
eliminate or minimize matrix effect in LC-MS/MS include use of APCI 
ionization source [5,20-22] for analysis. AS per the study done by Liang 
et al. [23] being a less sensitive source, matrix effect observed on APCI 
is also less. However, the APCI source has its own boundaries for use as 
it cannot be used for thermo labile molecules and has a low sensitivity. 
In case of the model drug selected for research, satisfactory sensitivity 
could not be attained on the APCI source. ESI source is the workhorse 
for routine bioanalysis in industries. Therefore research was conducted 
using the ESI source on which required sensitivity could be attained for 
the molecule.

In this research work, we emphasized that there is no generic 
method for detecting and eliminating the matrix effect. For each 
molecule it needs to be investigated independently. Consequently, 
while developing bio-analytical methodology for any molecule, 
optimization and selection of sample processing methodology 
and instrument model and ionization technique shall be done in 
combination. Synergistic approach is required to evaluate matrix effect 
wherein all the parameters need to be optimized in combination and 
not individually.

Rational for selection of model drug

It is reported that polar compound exhibits higher degree of matrix 
effect in reverse phase chromatography [24]. Therefore, niacin is 
selected as a model drug in this research work, as it is polar in nature. 
Niacin is easily ionizable because of which its extraction procedure 
could be easily developed with multiple processing techniques. The 
required sensitivity for this analyte could also be achieved on all the 
three instrument models. To develop a bio-analytical method in 
reverse chromatography for polar molecule with minimal or no matrix 
effect is a challenging task. Since in the reverse phase chromatography, 
co-elution of phospholipids may also take place with similar retention 
time of target analyte. This is probably the cause for higher value of 
matrix effect for polar molecule in reverse phase chromatography. For 
development an assay method for niacin, reverse phase chromatography 
is selected due to shorter analysis time. As matrix effect is mainly due 

to endogenous phospholipids, SPE techniques helps in the effective 
cleaning of the sample when compared to other techniques because it 
selectively helps to remove the phospholipids from SPE cartridge by 
washing and extract the analyte of interest during extraction.

Experimental
Chemicals and materials

Working standards of Niacin and Nicotinic-d4 acid (internal 
standard, IS structure shown in Figure 1) were purchased from USP 
and CDN isotopes respectively. All reagents used were of ACS grade 
or higher, with solvents of HPLC grade or higher. Acetonitrile were 
procured from Fluka (Sigma-Aldrich, steinheim, USA). Milli-Q water 
(Millipore, Moscheim Cedex, France) was used in the preparation 
of solutions. Blank human plasma containing lithium heparin was 
obtained from Panexcell clinical lab private limited, Navi Mumbai, 
India.

LC-MS/MS instrumentation and chromatographic conditions

Chromatographic conditions: LC-MS/MS analysis was performed 
using Shimadzu Prominence LC system (Shimadzu Corporation, 
Kyoto, Japan) consisting of two delivery pumps (LC-20AD), an on-
line solvent degasser (DGU-20A3), an auto sampler (SIL-HTc) and 
a column oven (CBM-20A) coupled to AB Sciex mass spectrometer. 
Chromatographic separation was carried out on a Shimadzu scientific 
instrument (Shimadzu Corporation; Kyoto, Japan) with Inertsil® CN-3 
column (100 × 4.6 mm, 5 µm). A mobile phase consisting of acetonitrile 
and solution-1 (0.002% Formic acid water, v/v) in the ratio of 70:30, v/v 
was delivered at a flow rate of 1.0 mL/min with 25% split ratio. The total 
analysis run time for each sample was 7.0 min. The column oven and 
auto sampler temperatures were maintained at 45 ± 1°C and 10 ± 1°C, 
respectively. 

Mass spectrometric conditions: Samples prepared by different 
techniques were analyzed with API-3200; API-3000 and API-4000 
triple quadrupole mass spectrometer (MDS Sciex, Toronto, Canada) 
equipped with an electrospray ionization source operating in positive 
polarity. Ultra high purity nitrogen was used as the nebulizer, auxiliary, 
collision and curtain gases. Analytes were monitored by MRM 
transitions of m/z 124.1/ 80.1 for niacin and 128.1/84.1 for nicotinic-d4 
acid with dwell time of 400 millisec for both. Data acquisition and 
processing were performed using Analyst version 1.4.2 software 
(MDS Sciex, Toronto, Canada). Product ion spectra are shown in 
Figure 2 for niacin and IS. The parameters optimized on three models 
of instruments i.e., API-3000; API-3200 and API-4000 by infusing 
solution of niacin and nicotinic-d4 acid into the mass spectrometer, 
are as follows: On API-3200/4000 - collision activated dissociation 
gas (CAD): 10, curtain gas (CUR): 25, nebulizer gas (GS1): 50 and 
heater gas (GS2): 55, ion spray voltage: 5500 V, source temperature: 
500°C; declustering potential (DP): 45 V, entrance potential (EP): 10 
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Figure 1: Chemical structures of (A) Niacin and (B) Nicotinic-d4 acid.
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V, collision energy (CE): 11 V and collision cell exit potential (CXP): 2 
V for both niacin and nicotinic-d4 acid.

On API-3000 - CAD: 8, CUR: 15 and nebulizer gas (NEB): 8, ion 
spray voltage: 5500 V, source temperature, 475°C, DP: 50 V, EP: 10 V, 
Focusing Potential (FP): 120 V, CE: 30 V and CXP: 14 V for both niacin 
and nicotinic-d4 acid.

In API-3200 and API-4000, mass parameters were kept same as 
both the instruments have identical turbo-V source design. Since API-
3000 has different source design, mass parameters were optimized 
independently to get the desired response. 

Sample preparation

Preparation of stock solutions, calibration standards and quality 
control samples: Stock solutions were prepared in dimethyl sulfoxide 
- acetonitrile (50: 50, v/v) at concentration of 5 mg/mL and 1 mg/mL 
for Niacin and Nicotinic-d4 acid, respectively. Working solutions of 
niacin prepared in methanol-water (50:50; v/v), were used to prepare 
calibration standards (CS) at eight different concentrations (50.6-
25022.7 ng/mL) and at four concentrations (50.7, 129.9, 9992.7 and 
19985.4 ng/mL) for quality controls (QC) by 2% spiking in human 
plasma. Blank human lithium heparin plasma was screened prior to 
spiking to ensure that it was free from endogenous interference at 
retention times of niacin and IS. The (bulk) spiked CS and QC samples 
were stored below -50°C and protected from light until analysis. The 
IS working solution (500.0 ng/mL) was prepared in methanol-water 
(50:50, v/v).

Experimental design

The main aim of this experimental design was to evaluate the role 
of sample processing and instrument model on Matrix effect (flow 
diagram, Figure 3) in synergy. So, selected parameters like recovery 
(process efficiency), absolute matrix effect and relative matrix effect 
performed according to USFDA [25], EMEA [26] guidelines with 

described sample processing techniques and analyzed on different 
models of mass spectrometry. 

Matrix effect
Matrix effects are of two types, absolute and relative. The two main 

techniques used to determine the degree of matrix effects (or absolute 
matrix effect) qualitatively as well as quantitatively on an LC-ESI-MS/
MS method are post-column infusion and post-extraction addition 
method respectively.

Post-column infusion method: Matrix ion suppression effects on 
the MRM LC-MS/MS sensitivity were evaluated by the post-column 
analyte infusion experiment. A reference solution containing 500.0 
ng/mL of niacin and IS in mobile phase was infused post-column via 
a ‘T’ connector into the mobile phase at 10 µL/min, employing an 
infusion pump. Aliquots of 10 µL of extracted blank plasma were then 
injected into the column by the auto sampler, and MRM LC-MS/MS 
chromatograms were acquired for niacin and IS. Any dip in the baseline 
upon injection of blank plasma would indicate ion suppression.

Post extraction addition technique: As extraction protocol 
involves a terminal drying step, hence spiking (addition of reference 
sample) was carried out in post-extracted blank plasma (normal 
plasma, hemolyzed plasma and lipemic plasma; 6 lots of each type of 
plasma) sample to perform matrix effect. The concentration of both 
niacin and IS in reference sample representing the final extracted 
concentrations in QC samples (at LQC, MQC and HQC level). The 
control sample (neat sample) was a reference solution prepared at an 
appropriate concentration in mobile phase.

Absolute matrix effect (ion suppression / ion-enhancement) was 
determined by the following equation:

The positive value represents the % of ion suppression and the 
negative value represents the % of ion enhancement. 

For calculating the IS-normalized matrix effect of the method, peak 
area ratio (analyte peak area/ IS peak area) was considered instead of 

 

 
Figure 2: MS-MS scans of Niacin and Nicotinic-d4 acid.
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peak area of the analyte and by following equation it was calculated. 
This can be a good indicator of variability contributed by the internal 
standard.

Mean peak area ratio in post extracted sample IS normalized matrix effect 
Mean peak area ratio in neat solution

 
− =  

 

This approach can be useful for evaluating matrix effect during 
clinical sample analysis, as variation in area response of internal 
standard can be used as a parameter to assess matrix effect in biostudy.

Relative matrix effect: The more important parameter in the 
evaluation of a bio-analytical method in biological matrix is the 
demonstration of the absence of “relative matrix effect”. The word 
relative referring to the comparison of matrix effect values between 
different lots (source) of biological matrices. Relative matrix effect 
was evaluated using eighteen different lots of human lithium heparin 
plasma including six different lots of hemolyzed and six different lots of 
lipemic plasma, processed in duplicate samples at limit of quantification 
quality control (LOQQC) and HQC levels and the area ratio (i.e., peak 
area response of analyte / peak area response of IS) was used to check 
the acceptability of the result. The standard deviation for each lot was 
calculated along with % CV and % accuracy at each level. The precision 
(%CV) at HQC level and LOQQC level from the nominal concentration 
was expected to be <15.0 and <20.0 respectively. Similarly the mean 
accuracy at HQC level should be within ± 15.0% and for LOQQC it 
should be ± 20.0% of the nominal concentration. 

Process efficiency: Process efficiency (PE) or recovery was 
determined by measuring the mean peak area response of six replicates 
of extracted QC samples (at LQC, MQC, and HQC level) against the 
mean peak area response of neat aqueous solution. PE of niacin was 
estimated by using the following equation: 

Mean peak area response of analyte in extracted samples % PE  100
Mean peak area response of analyte in neat sample

= ×

Acetonitrile extraction: For sample preparation, 100 µL of plasma 
and 50 µL of IS dilution (500.0 ng/mL), 750 µL of 1% formic acid in 
Acetonitrile was added. This mixture was then vortexed for 30 s and 
centrifuged (5 min at 4000 rpm) for precipitation of proteins. The clear 
supernatant was separated and then dried at 50°C under a stream of 
nitrogen at 20 psi. The dried residue was reconstituted individually 
with 500 µL of mobile phase and 10 μL of the reconstituted sample 
was injected into LC-MS/MS system for analysis. Since samples were 
precipitated by using acetonitrile, term acetonitrile extraction has been 
used.

Liquid-liquid extraction: Plasma sample (100 µL) was aliquoted 
in polypropylene tube (16 × 125 mm) and 50 µL of the IS working 
solution (500.0 ng/mL) was added and 750 µL of 1% formic acid in 
water was added and vortexed (approximately for 30 s), followed by 

the addition of 3 mL of an extraction solvent (ethyl acetate). The sample 
was extracted on a reciprocating shaker at 100 rpm for 30 min. After 
centrifugation at 4000 rpm for 5 min, the aqueous layer was frozen in 
a dry ice-methanol bath. The organic layer was decanted into a glass 
tube (13 × 100 mm) and evaporated to dryness under nitrogen stream 
at 50°C. The dried residue was reconstituted individually with 500 µL 
of mobile phase and 10 μL of the reconstituted sample was injected into 
LC-MS/MS system for analysis.

Solid phase extraction: 100 µL of plasma sample was pipetted into 
polypropylene tubes (12 × 75 mm) and 50 µL of ISTD working solution 
(500.0 ng/mL of IS) was added with the use of multistepper. Samples 
were vortexed approximately for 30 s. Samples were pretreated with 750 
µL of 1% formic acid solution and vortexed again (approximately for 
30 s). Before extraction, the sorbent of the extraction cartridge (Oasis® 
MCX, 30 mg/1 cc) was conditioned with 1 mL of 10% liquor ammonia 
in acetonitrile followed by 1 mL of solution-1. Then, the pretreated 
samples were loaded onto the cartridge (Oasis® MCX, 30 mg/1 cc) and 
spun in centrifugation at 1500 rpm (or 453 g) for 1 min at 2-10°C. 
The cartridges were washed with 1 mL of 1% formic acid followed by 
1 mL of methanol. Compounds were then eluted with 1 mL of 10% 
liquor ammonia in acetonitrile solution. Extraction was performed on 
refrigerated centrifuge. After each addition, samples were centrifuged 
at 1500 rpm for 1 minute at 2-10°C. The extracted samples were 
evaporated to dryness at 20 psi and 50°C under a stream of dry nitrogen 
using a Zymark TurboVap LV evaporator (Caliper, Hopkinton, MA, 
USA). The dried residue was reconstituted individually with 500 µL of 
mobile phase and 10 μL of the reconstituted sample was injected into 
LC-MS/MS system for analysis.

Results and Discussion
In this experimental work our aim was systematic assessment of 

matrix effect by evaluating conventional sample processing techniques 
and different API instrument models in combination and strategic 
steps to be followed to nullify the matrix effect. During conduct of the 
experiment, samples processed with all the three processing techniques 
were analyzed on all the three instrument models. Results were then 
compared across the models and sample processing techniques to 
mark out the best combination with respect to process efficiency and 
matrix effect. Using a Stable isotope labeled internal standard is the 
best way to control or eliminate matrix effect. So, Nicotinic-d4 acid was 
selected as an internal standard.

Optimization of mass parameters

Initially mass parameters were tuned in APCI and ESI ion sources, 
but inadequate response was observed in APCI ion source and desired 
sensitivity could not be achieved for niacin in all the API models under 
the developed chromatographic conditions. In ESI source, niacin 
and IS formed protonated molecules [M+H]+. Several fragment ions 
were observed in the product ion spectra of both niacin as well as IS. 
Fragment ion 80.1 was selected for niacin and 84.1 for nicotinic-d4 acid 
as these ions are in abundant, selective and produced stable response 
(Figure 2). During mass parameter optimization it was observed that 
mass parameters CE and CAD played vital role in achieving highest 
sensitivity with stable response for niacin. 

Optimization of chromatographic conditions

Chromatographic analyses of niacin and IS was carried out under 
isocratic conditions to obtain adequate response, sharp peak shape, 
and a shorter analysis time. The use of volatile buffers like ammonium 
formate and ammonium acetate (in combination of methanol-
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Figure 3: Flow Diagram of experimental plan.
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acetonitrile) for the separation of niacin had been also evaluated. It was 
observed that the pH of mobile phase and selection of column were 
critical parameters. Chromatographic separation was tried using various 
combinations of methanol-acetonitrile, acidic buffers and additives 
(like formic acid, glacial acetic acid and liquor ammonia solution) on 
different C18, C8, cyano and phenyl reversed phase columns with 5 μm 
particle size (viz., several like Xterra C18, Chromolith RP-18, Atlantis 
HILLIC, Ascentis C8 Poroshell 120 EC-C18, Ascentis express, Sunshell 
C18, Kinetex C18, Hypurity advance, Zorbax SB-C18, Zorbax SB-CN, 
Discovery C18, Unisol C18, Luna C18(2), kinetex PFP and ACE C18 
PFP). The analytes showed nonlinear behavior on Chromolith RP-
18 column while HILLIC column was marked unsuitable due to co-
eluting matrix compounds especially with haemolysed plasma samples. 
In most of the columns, the endogenous peak (adjacent to the peak of 
interest) merged with the target analyte i.e., niacin. Column with fused 
core technology was also evaluated to attain resolution between niacin 
and the endogenous peak, but due to high back pressure these column 
could not be used.

Inertsil® CN-3 column provided good peak shape for niacin with 
acetonitrile as organic component in combination with formic acid 
solution in mobile phase. Niacin and the endogenous compound were 
chromatographically well separated on Inertsil® CN-3 (150 × 4.6 mm, 
5 µm) column with high S/N ratio for niacin. This could be due to 
lower carbon loading of the column, enabling the selectivity by base 
material of the column and lower carbon load reduces RT of niacin and 
increased high throughput. Additionally, column oven temperature 
was optimized to 45°C. With the increase in temperature to 45°C, 
resolution of peak of analyte from the other endogenous substances 
improved further.

Control of variables
In order to draw the accurate results, except for the extraction 

techniques and instrument models, other parameters which includes 
volume of plasma (aliquot volume); volume of addition for IS working 
solution, the concentration of IS working solution, pretreatment of the 
samples prior to extraction; final solvent composition of reconstituted 
extract, final reconstitution volume of the extracted samples, model of 
HPLC (Shimadzu) and LC parameters (like mobile phase, flow rate, 
analytical column, injection volume and rinsing solution) to be used 
on three different API models i.e., API-3200, API-3000, API-4000 
for analysis were kept constant across analysis. Here, various variable 
factors had to be controlled to ensure precise comparison of results. 
Therefore for each extraction procedure, the equal volume of plasma 
(100 µL) was aliquoted, so that the starting endogenous matrix levels 
are identical in all methods; pretreatment was kept exactly same so 
that sample constitution is same prior to extraction; reconstitution 
composition is chosen same for all methods, to solubilize both highly 
polar and non-polar compounds, dried extract reconstituted with same 
volume (500 µL) so that the final concentration of endogenous matter is 
same across different processing techniques, injection volume was kept 
constant so that equal volume of sample is loaded onto the analytical 
column. Same analytical column was used on three instruments so that 
chromatographic separation and retention time is also same across 
instrument models. Chromatographic conditions like rinsing solution 
(acetonitrile-methanol-water, 60:20:20, v/v/v) composition and mobile 
phase composition was also kept alike on all three models for identical 
chromatographic separation.

Optimization of sample preparation

As the purpose of this research is to evaluate the role of sample 
processing technique on matrix effect, initially individual method was 

optimized for each extraction technique which gives better results in 
terms of higher process efficiency and less matrix effect. In general, high 
throughput sample analysis has led the common practice of preparing 
samples by the simplest, fastest method possible, which often means 
using PPT. Although the PPT is quick and easy step to extract the 
target analyte from the biological matrix but fails to effectively remove 
enough of the endogenous plasma components (i.e., phospholipids).

During extraction step optimization, different protein precipitating 
agents like ACN, MeOH, acidic MeOH, basic MeOH, acidic ACN, and 
basic ACN were evaluated to increase the process efficiency. It was 
observed that in acidic condition, the process efficiency of niacin is 
increased but high value of % ion suppression (Table 1) was also noted. 
High value of % ion suppression leads to significant decrease in the S/N 
ratio of niacin and observed S/N value was less than 3 which is not an 
acceptable value as per current regulatory guidelines. Hence, further 
matrix evaluation exercises were not carried out with PPT technique as 
it was evident from the obtained results that PPT will lead to massive 
matrix effect. Besides this, samples processed by PPT technique were 
not clean and injection of these samples onto analytical column 
resulted in fluctuation of area response and retention time of analytes. 
This fluctuation might be due to the deposition of phospholipids on the 
analytical column and its impact on the subsequent analysis. 

Niacin being a polar compound and zwitterionic in nature, 
liquid-liquid extraction was a method of choice as it can be easily 
be extracted out in any polar solvent [27,28]. Initially for LLE, ethyl 
acetate, tertiary butyl methyl ether (TBME), diethyl ether was tried 
to check the extraction efficiency for higher recovery. From the Table 
2 data, we concluded that due to polar nature of niacin, the process 
efficiency is maximum in ethyl acetate which is also polar in nature. 
To further enhance the process efficiency and minimize the matrix 

Liquid-liquid extractiona Protein precipitation
Extraction 
condition PE (%) % Ion   

Suppression
Precipitating 
agent

% Ion   
Suppression

500 µL of 
water 48.9 32.2 Acetonitrile 62.6

500 µL of 1% 
formic acid in 
water (v/v)

67.2 18.6
1% formic acid 
in acetonitrile 
(v/v)

56.4

500 µL of 1% 
Liq. Ammonia 
in water (v/v)

57.6 24.1
1% Liq. 
Ammonia in 
acetonitrile 
(v/v)

71.3

750 µL of 1% 
formic acid in 
water (v/v)

74.7 12.1 Methanol 52.7

1% formic acid 
in methanol 
(v/v)

76.1

1% Liq. 
Ammonia in 
methanol (v/v)

76.1

aBy using ethyl acetate based on results from Table 1.

Table 1: Process efficiency and matrix effect of niacin using LLE and PPT under 
different extraction conditions at LQC level analyzed on model API-3000.

Extracting solvent Process Efficiency (%)
Ethyl acetate 65.4
Di ethyl ether 48.6

Tertiary butyl methyl ether 41.3
Preparation of sample: 500 µL of 1% formic acid in water solution as 
pretreatment for 100 µL of plasma.

Table 2: Optimization of extracting solvent for liquid-liquid extraction based on 
process efficiency at LQC level analyzed on model API-3000.
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effect composition of pretreatment solution was optimized. From 
various trials it was observed that sample pretreatment should be done 
with 750 µL of 1% formic acid in water (v/v) to get higher recovery 
and less matrix effect. Addition of acidic solution during sample 
preparation step caused the ionization of phospholipids and the 
ionized phospholipids (hydrophilic nature) remains in the aqueous 
layer which leads to minimized matrix effect. Finally LLE technique 
were developed using ethyl acetate as extracting solvent and formic 
acid solution as a pretreatment solution.

During optimization of SPE technique different cartridges like 
reverse phase and polymer based were evaluated to get the higher 
recovery. Since Niacin is polar compound with acidic nature, ion 
exchange cartridges were preferred over normal polymer or silica 
based cartridges. Oasis MCX cartridge particularly has given better 
results as the target analyte is polar in nature and easily ionizable with 
acidified pretreatment solution, matrix effect was nullified but required 
S/N ratio at limit of quantification (LOQ) level could not be achieved. 
So, several trials were taken for optimization of conditioning, washing 
and elution steps (Table 3). Finally, acidified wash solution and basic 
elution solution is found suitable for higher recovery and almost zero 
matrix effect.

All the three processing techniques were optimized on API-3000 
and then bioanalytical methodologies were extended to other two 
models of mass spectrometer i.e., API-3200 and API-4000.

Matrix effect and process efficiency

Post-column infusion method: In post column infusion method, 
first we analyzed a reference solution (aqueous sample) to locate the 
retention time (RT) of target analyte, which is the most important 
factor for qualitative assessment of matrix effect by ‘T’ joint experiment, 
where any dip in the baseline upon injection of blank plasma would 
indicate ion suppression. Niacin and nicotinic-d4 acid were eluted from 
the column at the retention time (RT) region of 2.8 to 2.9 min with set 
chromatographic conditions. In PPT technique, severe perturbations 
in the response were seen with all the precipitating agents as evident by 
post column infusion experiment. A massive ion suppression (~75%) 
was observed at the retention time of niacin and nicotinic-d4 acid and 
also between 4.5-5.0 min using acidic acetonitrile as precipitating agent 
as shown in Figure 4A. Additionally, significant enhancement was 
also observed in the region of 2.5-3.0 min. Replacing acetonitrile with 
methanol resulted in the decreased response. Though considerable 
improvement of ion suppression was observed, when ‘T’ joint 
experiment was performed using the blank sample prepared with LLE 
technique (Figure 4B). The suppression zone is slightly separated from 
the RT of the analyte (2.83 min) and hence the absolute matrix effect 
is improved as compare to PPT technique. In same chromatographic 
conditions, when ‘T’ joint experiment was performed using the blank 
sample prepared with SPE technique (Figure 4C), no suppression zone 

was observed at the RT of analyte (2.83 min). Blank plasma sample 
prepared by SPE technique was also analyzed on API-4000 and API-
3200 instrument to perform ‘T’ joint experiment as shown in Figure 
4D and 4E respectively. On API-3200, zone of ion-enhancement was 
observed at the retention time of analyte and IS (Figure 4D). Similar 
result was obtained for matrix suppression zone on API-3000 and API-
4000 for SPE.

Post-extraction method and absolute matrix effect: During initial 
stage of method development, significant matrix related problem were 
observed in post column evaluation with PPT technique and process 
efficiency was quite low for niacin, hence further research work was not 
continued using PPT technique. Absolute Matrix effect was evaluated 
using eighteen lots of human plasma, with the samples prepared by 
the extraction methodologies of all the three types and then analyzed 
on different instrument models by post extraction addition method. 
The matrix ionization suppression or enhancement of the analyte was 
assessed at three QC concentration levels. Upon comparison of results 
tabulated in Table 4 following observations were made- 

a) Ion-suppression and ion-enhancement across different QC 
levels in each technique on each model were consistent.

 b) For LLE methods ion-suppression was observed on API-3000 
and API-4000, whereas on API-3200, ion-enhancement was 
observed. 

c) With SPE method, significant decrease in matrix effect was 
observed on API-3000 and API-4000 when compared with the 
LLE method. However on API-3200, ion enhancement was still 
observed as it was observed with the LLE method. 

d) Minimum matrix effect was observed in sample prepared by SPE 
technique when compared between SPE and LLE techniques. 
Similar trend was observed on all the models of instrument that 
is API-3200, API-3000 and API-4000. 

e) Best combination wherein % ion-suppression within 2 was 
observed was when sample processed by SPE method were 
analyzed on API-3000.

f) Another interesting observation made was that charge 
competition between analyte to IS was much more on API-
4000 when compared to API-3000.

Global matrix effect data for SPE and LLE method are shown in 
Figure 5, from where we concluded that ion suppression is minimal for 
developed SPE method over the LLE method and it is also concluded 
that API-3000 data is more promising over API-4000.

Upon comparison of results across instrument model, on API-3000 
and API-4000, comparable results in terms of % ion suppression were 
observed. However on API-3200, substantial ion enhancement was 

Conditioning
Optimization

Washing Optimization Elution Optimization S/N ratio PE (%) %Ion suppression

0.5 mL of MeoH followed by 0.5 mL of water 1 mL of MeoH followed by 1 mL of 
water

1 mL of 10% of Liq.NH3 
in MeoH

Fail 81.4 8.1

0.5 mL of MeoH followed by 0.5 mL of water 1 mL of MeoH followed by 1 mL of 
water

1 mL of 10% of Liq.NH3 
in ACN

Fail 89.5 4.9

0.5 mL of MeoH followed by 0.5 mL of water 1 mL of 1% formic acid in water (v/v) 
followed by 1 mL of MeoH

1 mL of 10% of Liq.NH3 
in ACN

Fail 95.5 3.6

1 mL of 10% of Liq.NH3 in ACN and 1 mL of 1% Formic acid 
in water

1 mL of 1% formic acid in water (v/v) 
followed by 1 mL of MeoH

1 mL of 10% of Liq.NH3 
in ACN

Fail 99.5 0.5

Preparation of sample: 750 µL of 1% formic acid in water solution as pretreatment for 100 µL of plasma based on results from Table 2.

Table 3: Process efficiency and matrix effect of Niacin after SPE with Oasis MCX cartridge at LQC level analyzed on model API-3000.
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 4A: PPT(API-3000)

 

4C: SPE(API-3000)

 

4B: LLE(API-3000)
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4D: SPE(API-3200)

 

4E: SPE(API-4000)

Figure 4: Qualitative assessment of matrix effect through ‘T’-joint experiment (API-3000).

observed with both the processing methods (Table 4). The mechanism 
of matrix induced ion suppression or ion enhancement is still not 
fully understood, this is in part due to the fact that the mechanism 
of electrospray ionization has proven to be very difficult to establish. 
Since exact mechanism of ion suppression is still not very clear [22], 
the ion enhancement observed on API-3200 can be attributed to the 
competition between a ions of niacin and the co eluting, undetected 
matrix components.

Process efficiency: Process efficiency (PE) for niacin was estimated 
at three QC concentration levels prepared by different extraction 
techniques and analyzed on different models of mass spectrometer. 
The results shown in Table 5 indicates that PE was less in LLE when 
compared to SPE technique, almost 10-25% of analyte signal has been 
suppressed by co-eluting substances using LLE samples, although it 
was consistent across QC levels independent of instrument model. It 
indicates that co-eluted of endogenous substances has caused grater 

ion-suppression of the analyte and resulted in less recovery. 

Relative matrix effect: Results of relative matrix effect were found 
to be acceptable as accuracy and precision of QC samples were within 
the limits. Variation caused by different type of plasma (i.e., normal 
plasma, haemolyzed plasma and lipemic plasma) are presented in Table 
6, which indicates that the use of different plasma types, including 
hemolyzed and lipemic did not cause much variation in the estimation 
of concentration at LOQQC and HQC levels. Results on instrument 
models API-4000 and API-3000 were better compared to API-3200. 
The relative matrix effect results indicate that source design has no 
impact on matrix effect for niacin under the optimized conditions. The 
results of API-3000 and API-4000 were almost comparable although 
the sources of API-3000 and API-4000 were completely different. 
But, API-3000 was found to be most effective as API-4000 produced 
charge competition on the peak area response of IS as is evident from 
Figure 6. To rule out the sensitivity factor of the instrument on charge 
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competition, mass parameters are optimized in such way to produce 
the same LOQ area response on both instruments, but still charge 
competition phenomena was observed on API-4000.

Based on the above stated observations it was concluded that, the 
order of choice of instrument shall be API-3000>API-4000>API-3200. 
This research work clearly indicates that during method development of 
any compound two important parameters that is sample preparartion 
technique and mass spectrometer based on the sensitivity of the 
instrument shall be selected in combination to nullify matrix effect.

Selection of internal standard: In LC-MS/MS analysis, selection 
of IS with similar chromatographic and mass spectrometric behavior 
to that of analyte is of utmost priority. It is usually assumed that an 
analyte and stable isotopic labeled internal standard have identical 
physicochemical properties and thus, isotopic labeled internal standard 
are chosen for a correct quantification of analyte in LC-MS/MS assay.

Isotopic labeled internal standard (nicotinic-d4 acid) was selected 
as an internal standard for assay method of niacin due to the following 
reasons: a) In reverse phase liquid chromatography, similar retention 
time was observed for nicotinic-d4 acid and niacin, b) In mass 
spectroscopy similar fragmentation was observed for both niacin and 
nicotinic-d4 acid, c) Equivalent extraction recovery (process efficiency, 
PE) was observed that was observed for niacin. Niacin and nicotinic-d4 
acid are eluted from the analytical column at same retention time, 
which causes the similar degree of ion-suppression are imposed on 
the two compounds. Similar type of ion-suppression for both two 
compounds uphold the area ratio in post-extracted sample as well as 
neat solution and the value of IS-normalized matrix effect falls within 
0.8-1.2, which is as per the current regulatory guidelines.

Method validation: Based on the method development data, 
even though % ion-suppression on API-3000 and API-4000 varied 
only by 0.2%, API-3000 was chosen for method validation as on API-
4000 charge competition was observed between analyte and IS i.e., 
with increase in the concentration of analyte, IS peak area decrease. 
A complete method validation was performed on API-3000 using SPE 
extraction technique as per the current USFDA, EMEA guidelines. The 
calibration curve was shown to be linear from 50.6 ng/mL to 25022.7 

Matrix type Ion enhancement/Ion suppression of Niacin in API-3000 ion source across the QC levels
LQC MQC HQC

SPE LLE SPE LLE SPE LLE
NP 2.55 9.20 -0.31 7.35 -0.91 4.26
HP 1.47 12.65 1.99 7.76 0.29 10.59
LP 1.53 11.12 0.81 8.30 -0.97 10.89

Matrix type Ion enhancement/Ion suppression of Niacin in API-3200 ion source across the QC levels
LQC MQC HQC

SPE LLE SPE LLE SPE LLE
NP -19.38 -41.45 -31.45 -65.28 -26.53 -52.94
HP -23.71 -78.92 -31.59 -21.43 -46.42 -67.52
LP -17.78 -72.03 -32.27 -49.74 -34.69 -58.99

Matrix type Ion enhancement/Ion suppression of Niacin in API-4000 ion source across the QC levels
LQC MQC HQC

SPE LLE SPE LLE SPE LLE
NP 4.58 10.97 -0.87 11.81 1.38 12.15
HP 0.91 10.85 0.73 19.02 -0.37 10.85
LP -0.04 12.65 1.78 16.42 0.07 11.61

NP=Normal Plasma; HP=Hemolyzed Plasma; LP=Lipemic Plasma
Positive value indicates ion-suppression and negative value indicate ion-enhancement

Table 4: Ion-enhancement/ion-suppression for niacin across QC level analyzed on different API models prepared with different extraction techniques (n=6).
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Figure 6: Charge competition phenomena observed on different API models 
across QC levels.

QC level API-4000 API-3200 API-3000
SPE LLE SPE LLE SPE LLE

LQC 94.5 78.2 83.5 69.2 99.6 75.1
MQC 91.5 74.4 85.1 61.9 99.5 72.6
HQC 91.0 77.1 87.9 67.2 101.1 69.3

Table 5: Process efficiency of niacin across QC level (sample prepared by SPE 
and LLE and analyzed on different API model; n=6).
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ng/mL for niacin in plasma. Calibration curve was constructed using 
peak area ratio of analyte to internal standard and by applying linear, 
weighted least squares regression analysis with weighting factor of 
1/(concentration)2. The correlation coefficient (r) was greater than 
0.99 during the course of precision and accuracy batches. The results 
of three precision and accuracy batches are summarized in Table 7. 
The intraday precision and inter-day precision (%CV) ranged from 
2.0-14.2 and the intra-day and inter-day accuracy ranged from 88.6-
109.2%. Stability of stock solutions of niacin and IS were established 
for 16 days at 1-10°C and % stability of niacin and IS were 96.2 and 
100.3 respectively. Niacin was proved to be stable in plasma for three 
freeze-thaw cycles. Bench top stability of niacin was established for 
6.78 h in human plasma in ice cold water bath and under low light 
conditions. Auto sampler stability was assessed for ~77.0 h and long 
term stability was established at -50°C for 133 days. The observed mean 
nominal concentration of niacin was found to be within ± 15% of their 
respective nominal concentration and % CV was less than 15 at LQC 
and HQC levels (Table 8).

Conclusion
Much of the literatures propose that the best approach to eliminate 

or minimize matrix effect is to use APCI source and solid phase 
extraction technique for sample preparation. Based on our results it was 
concluded that there is no generic method to eliminate matrix effect in 
bioanalysis. Each molecule needs to be investigated independently for 
matrix effect. Like in case of model drug-niacin, SPE is the technique 

Plasma type Calculated concentration (ng/mL)
API-3000 API-3200 API-4000

LOQQC HQC LOQQC HQC LOQQC HQC
SPE LLE SPE LLE SPE LLE SPE LLE SPE LLE SPE LLE

Normal 49.3 49.1 20386.4 19978.7 55.0 48.8 19655.2 19458.6 57.8 53.9 21148.8 20725.9

Heamolyzed 49.3 52.0 20638.6 21257.8 52.0 48.3 19776.9 19381.4 53.0 53.0 19983.1 19183.8

Lipemic 50.3 56.5 20712.0 20090.7 56.5 51.8 19725.0 20316.8 58.8 54.2 20668.1 21288.2

Nominal value at LOQQC level 50.7 ng/mL and at HQC level 19985.4 ng/mL

Table 6: Relative matrix effect (n=6).

QC level %intra-run accuracya %Inter-run accuracyb %intra-run precisionc %Inter-run precisionb

LOQQC (50.7 ng/mL) 109.2 104.3 14.2 13.8
LQC (129.9ng/mL) 100.3 99.4 2.0 2.3

MQC (9992.7 ng/mL) 95.0 94.8 2.0 2.1
HQC (19985.4 ng/mL) 88.7 88.6 2.4 2.1

an=6, expressed as 100 × (mean calculated concentration)/(nominal concentration) 
bValues obtained from all three runs (n=18) 
cn=6

Table 7: Intra-and inter-run.

Stability Level A %CV B %CV % Change

Auto sampler stability (~77 h, 10°C
LQC 125.2 3.8 124.5 2.7 -0.56
HQC 19379.1 1.3 19557.5 2.0 2.02

Bench top stability (~6.78 h, in ice cold water bath)
LQC 123.0 5.4 125.5 3.1 2.03
HQC 19828.5 1.0 19370.7 1.0 -2.31

Freeze-thaw stability (Thee freeze-thaw cycle)
LQC 123.0 5.4 118.9 1.9 -3.37
HQC 19828.5 1.0 19733.9 1.0 -0.48

Long term stability (133 days, below -50°C
LQC 126.3 4.1 123.1 2.2 -2.53
HQC 19633.2 1.3 19841. 1.1 1.06

A=comparison sample concentration (ng/mL); B=stability sample concentration (ng/mL);
CV=coefficient of variation;

Table 8: Stability of niacin under different storage conditions (n=4).

of choice to minimize matrix effect, on turbo ion source on instrument 
model API-3000 without compromising on the recovery and sensitivity 
of the method. On API-4000, matrix effect observed was comparable 
to API-3000 but due to charge competition observed between analyte 
and IS, API-3000 was instrument of choice for further consideration. 
In charge competition as the concentration of analyte increased, area 
response of IS (Nicotinic-d4 acid) decreased. Therefore, in the presence 
of charge competition, internal standard could not be used as an 
indicator of matrix effect. In BE study, it will not be possible to identify 
that variability observed in area response of internal standard is due to 
change in concentration of analyte or it is due to change in the matrix 
of the subject. 

In this research work, we emphasized that while developing bio-
analytical methodology for any molecule, optimization and selection of 
sample processing methodology and instrument model and ionization 
technique shall be done in combination. Additionally, selection of 
instrument model shall be done based on the requirement of sensitivity 
of the bioanalytical method for an analyte, as selection of highly 
sensitive instrument may lead to charge competition or enhance the 
matrix effect as sensitivity for endogenous phospholipids may increase 
proportionally.
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