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Highly Sensitive and Ultrafast Liquid
Chromatography-tandem Mass Spectrometry Internal

Standard Method for Determination of Alpha-Tocopherol
in Serum and Application of Validated Method on Patient

Serum Samples in Pakistan
Humera Shafi Makhdoom, Mohammad Dilawar Khan, Omar Rasheed Chughtai, Zeerak Abbas, Areeba Azad and

Hijab Batool
Departments of Chemical Pathology and Toxicology, Chughtai Healthcare, Lahore, Pakistan

ABSTRACT
Objective: To optimize and validate a specific,  sensitive and fast liquid Chromatography coupled to triple quadrupole Mass Spectro-
metric (LC-MS / MS) technique for accurate detection of serum α-tocopherol (Vitamin E) levels.
Study Design: An experimental based study.
Place and Duration of Study: The Clinical and Forensic Toxicology section of Chughtai Lab, Jail Road Lahore, from April to September 2022.
Methodology: Methanol was used to deproteinize serum samples. The chromatographic separation was achieved using an Agilent Infini-
ty-Lab Poroshell 120EC-C18 column, Agilent 6470 LC-MS/MS (equipped with an Electron Spray Ionization source) in gradient elution
mode using 0.1% LCMS grade formic acid in water and LCMS-grade methanol as mobile phases. Hexa-deuterated α-tocopherol was
employed as internal standard to minimise matrix interferences.
Results: The retention time of α-tocopherol was 3.0 ± 0.1 minutes. The linear concentrations obtained were ranged from 0.05-2 mg/dL
with  ≥0.985% coefficient  of  linearity.  Detection  and  lower  quantification  limits  determined  were  0.025mg/dL  and  0.05mg/dL,  respec-
tively. Recovery ranged from 96.5 to 99.8% and ionization suppression was -15.2% and -15.9% at high and low concentrations of α-toco-
pherol in serum. Intra-day and inter-day coefficient variation values were 4.2-4.9% and 5.0-5.9%, respectively.
Conclusion: An efficient and reliable tandem mass spectrometric technique for vitamin E analysis in serum was optimized, validated,
and applied to 80 patient samples. This method has usefulness in clinical application for the accurate determination of vitamin E without
potential matrix interferences.

Key Words: Vitamin E, LC-MS/MS, Tocopherol, Internal standard, Validation.
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INTRODUCTION
Vitamin E, a micronutrient that belongs to fat-soluble vitamins has
a crucial significance in the realisation as well as regulation of
physiological activities in human body. Naturally, four forms of
vitamin E (α-, β-, γ-, and δ-tocopherols) and tocotrienols (unsatu-
rated-analogues of the four forms of tocopherol) exists. The α-To-
copherol is the most pharmacologically active form and suitable
biomarker for in-vivo evaluation of vitamin E status. It acts as a
peroxyl  radical  scavenger  and  has  protective  role  within
membranes and lipoproteins.1
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The antioxidant function of α-Tocopherol has significance in the
prevention  of  oxidative  stress-associated  diseases  such  as
diabetes  mellitus,  cancer,  cataracts,  cardiovascular,  central
neuro-degenerative,  and  age-associated  macular  degenera-
tion diseases.1,2 The protective role of fat-soluble vitamins in
some cancers and coronary heart diseases has been suggested
by epidemiological studies whereas few studies have indicated
increased mortality linked to excessive vitamin E use but it has
disputed acceptance.3-6

Accurate and precise measurement of vitamin E in clinical labo-
ratories is quite difficult due to the molecular structural proper-
ties of the vitamin, availability of certified reference material,
standard measurement quantification methods, and reference
testing laboratories. The blood concentration of vitamin E is rela-
tively variable and low due to the very small size of the molecule
and  the  unavailability  of  specific  information  on  vitamin
stability in blood.7,8 Existing studies regarding the stability of
vitamin  E  in  blood  provide  contradiction  in  findings.  For
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instance, one study claimed that the change in blood tocopherol
level  at  ambient  temperature was -1.0% for  72 hours  while
another  study  reported  it  as  4.8%.9,10  Therefore,  even  after
using the same method the variation in results of different labo-
ratories exists.

Different extraction and analysis methods for serum vitamin E
determination  have  been  reported  historically.11-19  These
methods  involved  laborious  extraction  procedures  and  high
solvent  consumption  which  rendered  them  time-consuming
and expensive to use in clinical laboratories. More commonly
utilised methods for estimation of serum vitamin E are reversed
phase  liquid  chromatography  methods  coupled  to  ultravio-
let-visible or diode array detectors.11,12 The major limitation is
inability in separation of co-eluted interferences with liquid chro-
matography which can be resolved by the use of mass spec-
trometry.  Vitamin  E  is  a  hydrophobic  molecule  and  carrier
proteins in blood help in its transportation. An accurate and
precise estimation of this vitamin requires the breakage of vita-
min-protein bond linkage. Further, it is a too small molecule
(<500Da) having a single hydroxyl group that renders its ioniza-
tion difficult.

In mass spectral analysis, ionization is one of the most critical
steps.13  Liquid  chromatography  equipped  with  a  triple
quadrupole mass spectrometer (LC-MS/MS) is a sensitive tech-
nique  as  compared  to  HPLC  methods.14,15  This  technique
combines the resolving power of high-pressure liquid chroma-
tography with highly selective detection of mass spectrometer.
This combination allows more precise and accurate quantifica-
tion of vitamin E. This fast analytical method has additional
benefits of reduced specimen volume and flow rate of mobile
phases which further accounts for its cost-effectiveness. The
objective of this study was to optimise and validate the clinical
UHPLC-MS/MS technique for the determination of serum α-toco-
pherol levels.

METHODOLOGY

Certified reference materials of α-tocopherol (1 mg/mL) and α-
tocopherol  d6  (500  µg/mL)  were  purchased  from  Cerilliant,
Round Rock, Texas, USA. LCMS grade methanol, acetonitrile,
water,  and formic  acid  were  bought  from Merck  Chemicals.
Analytical grade monobasic sodium phosphate and n-hexane
were  purchased  from  Merck  Chemicals.  SeraCon-DL  matrix
from SeraCare (Massachusetts, USA) was used as blank matrix
for vitamin E. The study was started in April 2022 and completed
in September 2022. An Agilent 1260 Infinity II Ultra High Pres-
sure  Liquid  Chromatograph  (UHPLC)  equipped  with  6470
tandem mass spectrometer (MS/MS) was employed for the esti-
mation of vitamin E in the serum samples. Reversed phase C-18
analytical  column (Agilent  Infinity-Lab Poroshell  120EC-C18;
2.1mm x 50mm x 2.7µm) was utilised to achieve chromato-
graphic separation. LCMS grade methanol and 0.1% formic acid
in water were used as mobile phases after filtration through a
0.2µm nylon filter and degassing in an ultrasonic bath. For the
elimination of phospholipids co-eluted with vitamin E and to
achieve peaks with high resolution, gradient elution mode was

employed. Separation was carried out at the column tempera-
ture set at 35oC with mobile phase flow rate of 0.3mL/min. Other
instrumental operating parameters are presented in Table I.

Stock solutions of α-tocopherol (10mg/dL) and α-tocopherol d6
internal standard (50 µg/mL) in methanol were prepared and
stored at -20°C. Stock solution of α-tocopherol and α-tocopherol
d6 were diluted with methanol to prepare working standard solu-
tion of α-tocopherol (2.5 mg/dL) and working internal standard
solution (5µg/mL) of α-tocopherol d6. Working control solution
of α-tocopherol (2.5 mg/dL) was prepared by dilution of the
stock  solution  of  α-tocopherol  with  LCMS  grade  methanol.
These solutions could be stored for six months without signifi-
cant loss of vitamin E at -20°C and for three months at 4°C, if
protected from light. Five calibration levels (0.05, 0.25, 0.5, 1.0,
and 2.0 mg/dL) and two positive control samples (0.75 and 1.5
mg/dL) of α-tocopherol were prepared by spiking working stan-
dard solution of α-tocopherol (2.5 mg/dL) in SeraCon-DL matrix.
SeraCon-DL matrix was also used as negative quality control
sample. The calibration levels, positive and negative controls
were extracted using the following procedure:

To 100 µL serum sample in an eppendorf tube, 50 µL 0.1M Phos-
phate buffer (pH 7.2), and 100 µL methanol were added. The
tube  was  vortexed  for  30  seconds  and  then  centrifuged  at
13000 rpm for 15 minutes. Two hundred µL of supernatant from
eppendorf tube was transferred to another labelled eppendorf
tube, and 25 µL working internal standard solution and 1000 µL
n-hexane were added. The tube was capped tightly, vortexed
for 30 seconds, rotated for 10 minutes to ensure maximum parti-
tioning  of  analyte  in  two  immiscible  liquid  layers  and  then
centrifuged at 4000 rpm for 15 minutes. Hexane layer was trans-
ferred to a glass culture tube and subjected to complete evapo-
ration using nitrogen evaporator at 50°C. After evaporation, it
was reconstituted with 100µL methanol (LCMS grade) and trans-
ferred to an amber-colored LC-vial containing 150 µL glass vial
insert. The LC vial was screw capped and analysed on LC-MS/MS
using operating parameters mentioned in Table I.

The proposed method had been validated according to the Clin-
ical and Laboratory Standards Institute document C62-A, FDA-
guidelines on bio-analytical method validation, and Scientific
Working  Group  Toxicology  validation  guidelines.  Calibration
curves were plotted using five calibration levels of α-tocopherol
in SeraCon-DL matrix. Each level was run in triplicate for five
days. The ratio of α-tocopherol peak area to its internal standard
vs. the nominal spiked concentrations by a linear least squares
regression model was used. The coefficient of determination
(r2) was ≥0.985. All the calibration levels must have ≤20% preci-
sion (% CV) and ±20% accuracy for α-tocopherol. The lowest
precise and accurate concentration of the calibration curve was
accepted as lower limit of quantitation (LLOQ). LLOQ precision
and accuracy were kept at ≤30% and ±30%, respectively. The
limit of detection (LOD) was evaluated from a linear calibration
curve or designated as half of the lowest calibration level for
practical reasons. LOD concentration was analysed in triplicate
for five days in order to determine precision. LOD precision must
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be ≤20%. To validate selectivity, high levels of ϒ-tocopherol (50
µg/ml, analog for α-tocopherol) were spiked into low-QC and
high-QC samples to fabricate interference-introduced serum.

After analysis, the recovery of the α-tocopherol in these positive
control samples should remain at ±20% of target concentration.
Both accuracy and precision were investigated at low, medium,
and high concentration levels (0.15, 0.75 and 1.5mg/dL of α-toco-
pherol) in serum sample. Each level was run in triplicate for five
days  to  determine  the  inter-day  and  intraday  precision.  The
values of accuracy were kept at ±20% of target concentration
and precision at ≤20%. Pre- and post-injections of back-ground
matrix with the highest calibration level were studied to evaluate
the carry-over effect. The results were targeted at less than 15%
of LLOQ. The ion suppression / enhancement study or matrix
interference  was  evaluated  by  comparing  the  results  of  two
different sets of samples. The α-tocopherol and internal standard
peak areas of neat standard samples were compared to matrix
samples  fortified  with  neat  standards  after  extraction.  Both
groups were spiked with high (1.5 mg/dL) and low (0.15 mg/dL)
levels of α-tocopherol. To estimate the effect on ion response at
each  concentration,  average  area  of  each  set  was  used  as
follows:

The average suppression or enhancement should not exceed ±
25% and the coefficient of variation (% CV) for each concentra-
tion should be ≤15%. The stability of α-tocopherol and internal
standard stock and working solutions was performed for three
months at 4°C and six months at -20°C. Stability study of low
(0.05 mg/dL) and high (2.00 mg/dL) concentrations of α-toco-
pherol in serum matrix was carried out after storing at room
temperature (25°C for 24 hour), refrigeration temperature (4°C
for 48 hours), and freezing temperature (-20°C for a month).
After  three  cycles  of  freezing  (-20°C)  and  thawing  (25°C),
freeze-thaw stability was assessed too. Stability of reconsti-
tuted extract was evaluated at 4°C for two days and at room
temperature for half day. The effectiveness of the proposed
method was checked by analysing eighty serum samples of
patients submitted to the author’s laboratory. Samples were
categorised into three groups based on age and each group is
further sub-categorised into two sub-groups based on gender
as presented in Table III to interpret the study findings. To the
best of the author’s knowledge, the study to determine serum
vitamin E levels in Pakistan has not yet been published.

RESULTS
The results of analytical method validation study are presented
in Table II.

The linear range of 0.05–2.0 mg/dL for α-tocopherol in serum was
obtained with  ≥0.985 coefficient  of  linearity  (r2).  Established
LLOQ and LOD were 0.05 mg/dL and 0.025 mg/dL, respectively.
The accuracy at LLOQ was 100.1% with the precision ranged
from 4.6-5.5%. The typical LC-MS/MS chromatogram of α-toco-
pherol and its calibration curve in serum matrix are presented in
Figures 1 and 2, respectively.

After introducing analog interference, the recovery of α-toco-
pherol  determined  a  range  within  80–120%  that  reflected
efficient selectivity of the author’s method. Furthermore, carry
over was not observed even after analysing the highest concen-
tration (2 mg/dL) during the entire study. The accuracy was deter-
mined 96.5 – 99.8% for the low, medium and high levels. The
intra-day precision of low, medium, and high levels was 4.2-4.9%
whereas,  the  inter-day  precision  determined  was  5.0-5.9%.
These results showed excellent reliability and reproducibility of
this method in serum samples. At low (0.15 mg/dL) and high
concentration (1.5 mg/dL), % ion suppression was -15.9% and
-15.9% for α-tocopherol. The results obtained were within the
acceptable range. α-tocopherol and internal standard stock, and
working solutions can be stored well at 4°C for three months
-20°C for six months, without any significant changes in their
concentration if protected from light. The α-tocopherol stability
in serum sample is less than that for neat standard solution and
can be stable at 25°C for a day, 4°C for two days and, -20°C for a
month. Little degradation had been observed following three
consecutive freeze-thaw cycles.  Additionally,  after  extraction
and reconstitution, the extract showed good stability at 4°C for
two days and ambient temperature in the auto-sampler for half
day. The percentage observed changes in concentration were
determined during the stability study are presented in Table II.

A validated method was applied to the serum samples of eighty
patients in fasting state. Results range obtained for each age
group and gender-based subgroup are presented in Table III.

DISCUSSION
Analysis of vitamin E (α-tocopherol) in biological fluids like serum
is quite difficult due to the low-concentration in biological fluids,
presence of proteins, lipids, and inorganic salts at high concentra-
tion in the matrix. An efficient extraction method is essential to
eliminate the matrix interferences for reliable analysis. Various
HPLC methods exist in literature,11,12,16-19 which are subjected to
laborious sample preparation steps like saponification or expen-
sive solid-phase extraction techniques to reduce the matrix inter-
ferences in vitamin E analysis. Most of the published LC-MS/MS
methods has reported the determination of fat-soluble vitamins
simultaneously, which is not cost-effective for clinical laboratories
which receive test requests for vitamin E analysis only. Andreoli
and colleagues did not use isotopic internal standards to compen-
sate matrix interference in their study.20 Capote et al. simultane-
ously  determined  fat  soluble  vitamins  with  LC-MS/MS  using  a
greater sample volume (1000 μL) following a solid phase extrac-
tion technique, which was unsuitable for routine tests in a clinical
set up.21 Midttun and colleagues although, used an appropriate
sample volume with faster analysis but they used chloroform for
extraction which is carcinogenic.22 Similarly, Albaharani used a
reduced sample volume with fast analysis time, but it required
longer sample preparation process as compared to this study.13 In
contrast, Ertugrul demonstrated analysis of fat-soluble vitamins
simultaneously, using low sample volume but major limitations
include longer analysis time and reduced sensitivity, probably due
to matrix interferences as they used only protein precipitation
technique for sample preparation.23
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Table I: LC-MS/MS operating parameters for the estimation of vitamin E in serum.
UHPLC parameters Value
Injection volume (µL) 5
Needle wash time (sec) 20
Mobile phase A 0.1% Formic acid in water
Mobile phase B 100%Methanol
Gradient Elution Mode 0.00 min 75% B

0.10 min 100% B
0.50 min 100% B
3.20 min 100% B
5.00 min 75% B

Stop time (min) 5
Post time (min) 2
MS/MS parameters Value (+)
Ionization Air Jet stream (AJS) electron spray Ionization (ESI)
Polarity Positive
Gas temperature (oC) 300
Sheath gas temperature (oC) 325
Nitrogen gas flow (L/min) 10
Nebulizer pressure (psi) 40
Capillary voltage (V) 4000
Nozzle voltage/ charging (V) 1500
MRM transitions used
Compound Precursor ion Product ion Dwell time

(ms)
Fragmentor voltage (V) Collision Energy (V)

Alpha-Tocopherol 431.2 165.1 50 50 15
Alpha-Tocopherol 431.2 83 50 50 25
Deuterated Alpha-Tocopherol (d6) IS 437.5 171.1 50 50 5

Table II: Validation Summary for α-tocopherol determination in serum by LCMSMS.
Parameters Observed value
Limit of detection (LOD)* LOD conc. (mg/dL) Intra-day

precision (% CV)
Inter-day precision (% CV)

 0.025 5.3 5.2
Lower Limit of Quantitation
(LLOQ)*

LLOQ conc.
(mg/dL)

Intra-day precision (% CV) Inter-day
Precision (%
CV)

Accuracy
(%Recovery)

0.05 5.5 4.6 100.1
Linearity and calibration curve** Linear range

(mg/dL)
Correlation coefficient (r2) Linear equation

0.05-2.00 0.9908-0.9997 y = 109.673598 * x + 2.957161
Precision (% CV)* Intra-day Precision Inter-day Precision
Low conc. (0.15 mg/dL) 4.6 5.9
Mid conc. (0.75 mg/dL) 4.9 5.4
High conc. (1.50 mg/dL) 4.2 5.0
 Accuracy (% Recovery)* Low conc.

(0.15mg/dL)
Medium conc. (0.75mg/dL) High conc. (1.50mg/dL)

 96.5 99.3 99.8

Ionization suppression Low conc. (0.15 mg/dL) High conc. (1.50 mg/dL)
Relative standard deviation of analyte (%) 5.0 2.0
Relative standard deviation of IS (%) 2.0 1.0
Ionization suppression of analyte (%) -15.9 -15.2
Ionization suppression of IS (%) -14.1 -12.4
Stability study                                                                                          % Observed change in concentration
Stability of standard solutions α-tocopherol Internal Standard
Stock solution at 4oC for 3 months -2.79 -1.66
 Stock solution at -20oC for 6 months -1.70 -1.12
Working solution at 4oC for 3 months -3.19 -2.34
Working solution at -20oC for 6 months -2.30 -2.01
Three Freeze-Thaw Cycle At low conc.

(0.05 mg/dL)
At high conc. (1.50 mg/dL)

-6.85 -4.44
Stability in biological matrix 25oC (24hr) 4 oC (48hr) -20 oC (30 days)
At low conc. (0.05mg/dL) -4.79 -3.46 -7.19
At high conc. (1.50 mg/dL) -6.58 -4.17 -5.10
Stability of reconstituted extract 25oC (12hr) 4 oC (48hr)
At low conc. (0.05mg/dL) -3.88 -2.73
At high conc. (1.50 mg/dL) -4.01 -3.97
*Reported LOD/LLOQ, precision, and recovery values are based on fifteen determinations at each concentration. **Linear equation based on three determinations for
each concentration of five concentrations per day for five days.

In this study, serum sample was used to extract vitamin E to
minimise  potential  matrix  interferences  as  compared  to
blood.  During the method optimisation,  the authors  used
high  purity  organic  solvents  to  ensure  compatibility  with
mass  spectrometric  analysis.  Protein  precipitation  with
organic  solvent  alone  was  not  sufficient  to  reduce  matrix

interferences and resulted in reduced sensitivity; therefore,
protein precipitation followed by liquid-liquid extraction tech-
nique was opted for. The reported sample preparation proce-
dure was based on trying several options for the selection of
appropriate  buffer  solution,  precipitating solvent,  extraction
solvent, and then optimisation of volume of serum, and each
solvent to ensure better recovery of vitamin E.
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Table III: Application of validated method for determination of serum vitamin E by LCMSMS.
Age
(years)

Gender
(M=Male,
F= Female)

Sample
size (n)

Observed Serum
Vitamin E level
range (mg/dL)

Optimal reference
Range25 (mg/dL)

Cut off value
of vitamin E
for
deficiency
(mg/dL)

Interpretation based on findings

≥1 to ˂12 M 10 0.17-0.35 0.3-0.9 ˂0.3 4 out of 10 males were vitamin E deficient
F 10 0.10-0.42 3 out of 10 females were vitamin E

deficient
≥12 to ˂20 M 10 0.38-0.73 0.6-1.0 ˂0.6 7 out of 10 males were vitamin E deficient

F 10 0.18-0.63 5 out of 10 females were vitamin E
deficient

≥20 to ˂85 M 20 0.05-0.69 0.5-1.8 ˂0.5 16 out of 20 males were vitamin E
deficient

F 20 0.07-0.59 12 out of 20 females were vitamin E
deficient

Figure 1: Typical LC-MS/MS total ion chromatogram of alpha-toco-
pherol in serum (0.05mg/dL).

Figure  2:  Linearity  curve  for  alpha-tocopherol  in  serum  (0.05  -
2.0mg/dL).

Methanol was selected to precipitate protein because it was
used  to  prepare  in-house  calibrators/controls  (including
isotopic internal standard), compatible with hexane and LC-M-
S/MS analysis. Hexane is widely used as extraction solvent in
literature for vitamin analysis11,24 as it is immiscible with water
and less dense than water and methanol. Due to these phys-
ical properties and better recovery of vitamin E as compared
to other extraction solvents,  hexane became the potential
extraction  solvent  in  this  study.  The  finalised  extraction
method showed good agreement with recommendations for
vitamin E analysis based on literature evidences.12 The most

crucial  step  in  method  development  is  to  prepare  matrix
matched in-house calibrators and controls to ensure compati-
bility. In vitamin E analysis, the actual issue was faced by
analysts is to find suitable matrix which is free of endogenous
vitamin E. The authors of this study used SeraCon-DL for this
purpose, although it contained endogenous 25-OHD3 but it
showed no interference with vitamin E analysis.

Reversed-phase chromatography was used in this study. To
ensure  better  chromatographic  separation,  many  columns
were tried but best separation was achieved on the Agilent
Infinity-Lab  Poroshell  120EC-C18;  2.1mm  x  50mm  x  2.7  µm
chromatographic column. Similarly, to eliminate co-elution of
phospholipids  and  better  resolution,  various  mobile  phase
gradient  elution  profile,  flow  rate,  injection  volume,  and
column  temperature  were  investigated  during  this  study.
MS/MS parameters were optimised using vitamin E solution in
methanol and serum samples. The most commonly used ioni-
sation mode in literature for vitamin testing is based on atmo-
spheric pressure chemical ionisation but the authors of the
current  study  demonstrated  better  results  using  electron
spray ionization (ESI) operated in positive-ion mode and multi-
ple-reaction  monitoring  (MRM).  Single-ion  transition  for
isotopic  internal  standard  and  two  ions  (quantifier  and  qual-
ifier) transitions for α-tocopherol were utilised.

The authors of this study have reported a sensitive as well as
selective  tandem  mass  spectrometric  method  for  α-toco-
pherol (vitamin E) analysis using low sample volume (100 μL)
was developed. The studied method demonstrated excellent
performance  pertaining  to  the  precision,  accuracy,  and
reportable  range  for  vitamin  E.  The  authors  tried  to  fill  the
analytical  and  knowledge  gaps  in  existing  studies.  The
proposed technique was successfully  applied to quantitate
vitamin  E  in  serum  specimens  of  eighty  patients.  67.5%
males  and  50% females  were  found  vitamin  E  deficient,  but
these values need to be further verified by increasing sample
size and elaborating criteria for sample selection for future
studies.  Extended study to determine the status of  serum
vitamin E in native population was beyond the scope of the
author’s  current  study  and  will  be  carried  out  specifically  in
the future. This method has been extensively validated and is
reproducible in clinical or diagnostic laboratories for patient
sample testing.
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CONCLUSION

The  studied  method  is  an  efficient,  reliable,  and  precise
method  for  vitamin  E  analysis  in  serum  samples.  Low
sample volume utilisation is an ideal condition for clinical
laboratories  especially,  when  multiple  tests  have  to  be
performed and submitted sample size is limited. Use of six
sites deuterated internal standard, simple extraction steps,
better extraction recovery and extensive gradient elution to
further minimise interferences have made this method a
suitable candidate for utilisation as reference method.
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