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a b s t r a c t

We are presenting the first ultra-high pressure LC (UHPLC) method for rapid quantitative measurement of
vitamin A, E (�- and �-tocopherol), �-carotene and CoQ10 from human serum. The chromatography was
performed on Shield RP18 UHPLC column with UV detection. The method was validated based on linearity,
accuracy, matrix effects study, precision and stability. The calibration was linear over the following range:
0.09–10.0 for retinol and �-tocopherol, 0.05–5 for �-carotene, 0.9–100 for �-tocopherol and 0.14–15 mg/L
for CoQ10. The limit of detection and quantitation for retinol, �-tocopherol, �-carotene, �-tocopherol and
CoQ10 were as follows 0.07/0.024, 0.018/0.06, 0.004/0.12, 0.078/0.261, 0.008/0.028 mg/L. The recoveries
were above 85%. The inter- and intra-assay precision was below 10%. Reference intervals were established
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for children and adults. Because of its low cost, extremely short analysis time (2 min) and excellent chro-
matographic reproducibility this UHPLC method can easily be adopted for high-throughput clinical and

.
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. Introduction

Adequate dietary intake of nutrients such as vitamin A (retinol),
and carotenoids (such as �-carotene–vitamin A precursor) is

ssential for normal development and health maintenance. Vita-
in E (comprised of a group of eight tocopherols and tocotrienols)

s the major and most potent lipid soluble antioxidant in vivo. Act-
ng as radical scavenger vitamin E (�- and �-tocopherol) has been
eported to interrupt the lipid peroxidation [1]. Similarly vitamin

reacts indirectly with active oxygen species to inhibit free rad-
cal synthesis by increasing the activities of detoxifying systems.

nother major lipid peroxidation inhibitor is coenzyme Q (CoQ10
r ubiquinone), which also plays an important role in the mito-
hondrial electron-transfer. Because of their powerful antioxidants
otential, carotenoids, retinol, tocopherols and coenzyme Q have

Abbreviations: CoQ10, coenzyme Q-10; CVD, cardiovascular disease; GC, gas
hromatography; LC, liquid chromatography; UV, ultraviolet; UHPLC, ultra-high
ressure liquid chromatography; PDA, photodiode array; BHT, butylated hydrox-
toluene; THF, tetrahydrofuran; LOD, limit of detection; LOQ, limit of quantitation;
DA, food and drug administration; IUPAC, International union of pure and applied
hemistry; CLSI, Clinical and Laboratory Standards Institute; BEH, bridged ethylene
ybrid.
∗ Corresponding author. Tel.: +1 800 221 4640; fax: +1 678 638 2847.

E-mail address: epaliakov@metametrix.com (E.M. Paliakov).
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een linked with prevention of serious diseases, e.g., cardiovascu-
ar, eye diseases, atherosclerosis, bone calcification, neurological
isorders (e.g., Parkinson’s and Alzheimer’s), cancer, cataracts and

mproving child growth [1–9]. Supplementation with coenzyme
10 has been studied for its effect on hypertension [10,11], some
eurodegenerative diseases [12], in reducing migraine headaches
13], as a possible marker of oxidative stress [14] and increased risk
f atherosclerosis [15]. Direct measurement of the serum concen-
ration of these important vitamins is essential for the evaluation
f nutritional status of a patient. Due to the ease of simultaneous
nalysis vitamins A, E, �-carotene and coenzyme CoQ10 are often
eported together as a profile of fat-soluble vitamins. Decreased
oncentrations of these principal molecules can reveal the need
or increased dietary intake. The aim of this study was to create a
obust, cost effective, clinically validated UHPLC method for simul-
aneous analysis of vitamin A, �-carotene, vitamin E and CoQ10 from
uman serum. The most common technique used for the separation
f fat-soluble vitamins and CoQ10 has been reversed-phase high
erformance liquid chromatography (HPLC) [16–23]. Detection of

at-soluble vitamins and CoQ10 in HPLC is typically carried out using

V–vis [17–21] or fluorescence [19,22,23]. The recent introduc-

ion of ultra-high pressure liquid chromatography (UHPLC) offers
he possibility of significantly increased efficiency of the chro-

atographic separation through the utilization of columns packed
ith smaller diameters particles (1.7 �m) that can withstand high

http://www.sciencedirect.com/science/journal/15700232
http://www.elsevier.com/locate/chromb
mailto:epaliakov@metametrix.com
dx.doi.org/10.1016/j.jchromb.2008.11.012


9 romat

b
t

a
a
i

2

2

a
h
S
e
p
t
b

2

m
v
�
(
t
o
(
t
s
t
r
f
a
(
T
p
t
v
i
t

2

d
p
d
t
r
P
b
a
w
u

w
v
t
a
o
c
a

d
l
q

2

m
c
w
(
t
t
s
t
3
e
2
c
T
m
t

2

U
c
w
v
4
K
s
u
(
M
c
A
d
d
i
t
s
i
p
a
b

2

e
a
I
s
u
s
p
f
b

0 E.M. Paliakov et al. / J. Ch

ackpressures compared to the conventional HPLC instrumenta-
ion.

The present work describes a validated 2 min UHPLC method for
nalysis of four fat-soluble vitamins and CoQ10 that can be easily
dopted for high-throughput clinical and pharmacokinetics stud-
es.

. Experimental

.1. Chemicals and reagents

All-trans-retinol, �-tocopherol, �-tocopherol (50 mg/L in hex-
ne), �-tocopherol, �-carotene, CoQ10, vitamin K1, butylated
ydroxytoluene (BHT) and sodium chloride were purchased from
igma–Aldrich (St. Louis, MO, USA). HPLC grade acetonitrile,
thanol, methanol, 2-propanol and hexane (95% n-hexane) were
urchased from VWR International (Batavia, IL, USA). HPLC grade
etrahydrofuran (THF) was purchased from Fisher Scientific (Pitts-
urgh, PA, USA).

.2. Calibration and internal standard solutions

A stock calibration solution was prepared from commercial vita-
ins in BHT/THF solution (30 mg/L). The final concentration of the

itamins in the stock solution was as follows: retinol (200 mg/L),
-tocopherol (200 mg/L), �-tocopherol (2000 mg/L), �-carotene

100 mg/L) and CoQ10 (300 mg/L). Five working standard solu-
ions were prepared from the stock solution for the calibration
f the assay. The highest working calibration standard solution
cal 5) was prepared by dilution of the stock calibration solu-
ion (0.5 mL) with ethanol (9.5 mL). The remaining four standard
olutions were prepared by dilution of cal 5 with ethanol to
he desired calibration ranges. The working calibration ranges for
etinol, �-tocopherol, �-tocopherol, �-carotene and CoQ10 were as
ollows: 0.18–10 mg/L, 0.18–10 mg/L, 1.80–100 mg/L, 0.09–5 mg/L
nd 0.27–15 mg/L, respectively. A stock internal standard solution
7600 mg/L) was prepared from the commercial vitamin K1 in THF.
he working internal standard solution (106.4 mg/L, 236 �M) was
repared in ethanol daily by addition of the vitamin K1 stock solu-
ion (0.35 mL) and a BHT/THF solution (2.5 mL, 30 mg/L) to a 25 mL
olumetric flask. All solutions were protected from light and stored
n glass vials with Teflon-lined caps and stored at −70 ◦C. No solu-
ion was used for longer than 2 months.

.3. Blood and QC samples

Serum collected from 12 h fasting patients was used for method
evelopment and was obtained from anonymous intra-laboratory
atient samples with unknown medical histories. In addition blood
rawn from fasting in-house volunteers with known medical his-
ories was simultaneously collected in plasma (EDTA) and sera (SST
ed top) tubes and used for verification of the reference intervals.
rotected from light the specimens were immediately separated
y centrifugation and stored in amber plastic tubes at −20 ◦C until
nalysis (0 days to 2 months). The serum intra-laboratory samples
ere received frozen in amber plastic tubes and stored at −20 ◦C
ntil analysis.

Two levels of quality control samples (normal and elevated)
ere prepared from freshly pooled sera, collected from in-house

olunteers. Half of the serum was divided into micro-centrifuge

ubes and frozen at −70 ◦C to be used as a normal control. A known
mount of standard solution (1%, v/v) was added to the other half
f the pooled sera to prepare the elevated control such that the
oncentration of each analyte will be within the calibration range
nd above the observed normal patient range. The samples were
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ivided into tubes and stored at −70 ◦C. One sample of each control
evel was prepared and analyzed in duplicate with every batch for
uality control.

.4. Sample preparation

All preparations were conducted in dim light in order to mini-
ize the photodegradation of the analytes. Specimen, calibrators,

ontrols and a blank (0.5 mL) were individually mixed with the
orking internal standard solution (0.1 mL). A BHT/THF solution

1 mL, 30 mg/L) was added to precipitate proteins and protect
he vitamins from radical oxidation during the sample prepara-
ion. Ethanol (0.5 mL) was added to the patient and control serum
amples to match solvent composition to the calibrators. Addi-
ion of 3.5 mL NaCl (4%) to the calibrators and the blank and
.0 mL to the patients and controls was followed by liquid–liquid
xtraction with hexane (4 mL). After centrifugation for 10 min at
000 rpm, the organic layer from each tube was transferred to a
lean glass tube and evaporated to dryness at 38 ◦C under nitrogen.
he resulting oils were reconstituted with 2-propanol (0.15 mL),
ixed well, transferred to an amber sample vial and injected into

he UHPLC.

.5. Instrumentation and chromatography

The chromatographic system consisted of a Waters ACQUITY
PLC system (Milford, MA, USA) with a PDA detector. Instrument
ontrol was accomplished by Waters MassLynx V4.1. Quantitation
as performed by QuanLynx V4.1 at a wavelength of 324 nm for

itamin A, 291 nm for �- and 298 nm for �- and �-tocopherol,
53 nm for �-carotene, 274 nm for CoQ10 and 266 nm for vitamin
1. The results were calculated based on the response (area/internal
tandard area) of the analytes. The separation (2 �L injection vol-
me) was carried out on an ACQUITY Shield RP18 BEH column
2.1 mm I.D. × 50 mm length, 1.7 �m particle size; Waters, Milford,

A, USA) maintained at 40 ◦C. The mobile phases used for the assay
onsisted of acetonitrile:de-ionized water (90:10, mobile phase
, MPA) and methanol:2-propanol (70:30, mobile phase B, MPB)
elivered at a flow rate of 1.25 mL/min. Initial mobile phase con-
itions of 90:10 – MPA:MPB were held for 0.4 min, followed by

ntroduction of MPB by a concave gradient (Waters # 8) from 0.4
o 1 min to a final composition of 20:80 – MPA:MPB. This compo-
ition was held for 0.4 min. At 1.4 min the system was returned to
nitial conditions: 90:10 – MPA:MPB and maintained for a 0.6 min
ost-run. The total run time was 2 min. A typical chromatogram of
standard and a patient, represented as the sum of all wavelengths
etween 260 and 500 nm is shown in Fig. 1.

.6. Method validation

The method was validated including an evaluation of matrix
ffects, linearity, limit of detection (LOD) and quantitation (LOQ),
ccuracy, precision and stability following protocols from FDA,
UPAC and CLSI [24–26]. Matrix effects were evaluated using a
tatistical comparison of the slope of a calibration curve (area
nder the curve vs. standard concentration) obtained from four
ets of standard solutions prepared with and without matrix
resent [27,28]. The Student’s t-test was used to evaluate any dif-

erence or bias between the two slopes. A significant difference
etween the slopes or between each concentration is indicative of

matrix effect. To evaluate the ability of an internal standard to

orrect for any matrix effect, the calculation was repeated based
n slope comparisons generated from calculated analyte response
s. standard concentration. The LOD and LOQ were determined
rom the average of five replicate calibration standard solutions
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ig. 1. UV map and chromatograms of five fat-soluble vitamins in working standar
mall window above the bottom chromatogram shows the separation between �-
he bottom patient chromatogram) were as follows: retinol – 0.61 mg/L, �-tocopher

nd calculated using the equations: LOD = 3 × (standard error for
he y estimate)/slope. LOQ = 10 × (standard error for the y esti-

ate)/slope. Accuracy was evaluated using a spike and recovery
xperiment from a pooled serum sample, spiked with a stan-
ard solution at five different concentration levels. The serum
amples were spiked with no more than 10% of initial serum
olume and the recovery was calculated based on the average
f three successive measurements for each level and expressed
s the percent of the analyte recovered. Inter- and intra-assay
recision was determined using normal and elevated control sam-

les. The inter-assay precision was calculated from two runs of
ach control level collected over 10 days (n = 20). The intra-assay
recision was calculated from 10 runs of each control level col-

ected in 1 day (n = 10). Stability was evaluated in prepared and
nprepared samples stored under varying conditions to mimic

p
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tion (upper and middle) and in human serum (bottom). The chromatogram in the
-tocopherol at 298 nm. The measured concentrations of the analytes in serum (on
.38 mg/L, �-tocopherol – 5.50 mg/L, �-carotene – 0.10 mg/L and CoQ10 – 0.76 mg/L.

hipping and storage. The long-term sample stability was evalu-
ted on a freshly collected pooled serum sample at three different
oncentration levels, prepared by spiking the pooled sera with
tandard solutions, as well as an un-spiked blank. The resulting
our levels were stored at three different conditions: room tem-
erature, refrigerator (4 ◦C) and freezer (−20 ◦C). Additionally the
tability was monitored throughout three freeze–thaw cycles. The
tability was determined based on the % difference in the con-
entration from the initial reading. The preparation stability was
valuated from the comparison of quantitative results of three pre-

ared samples evaluated over 3 days stored on the instrument.
atient ranges were collected from intra-laboratory samples. The
alues for normal and abnormal results were established using
he MedCalc statistical program (MedCalc Software, Mariakerke,
elgium).
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. Results and discussion

.1. Chromatography

A reversed-phase chromatographic method for the analysis of
at-soluble vitamins was developed using UHPLC separation with
DA UV–vis detection (260–500 nm). Three different ACQUITY
PLC columns were studied for chromatographic separation:
henyl, octadecyl (C18) BEH and Shield RP18 BEH Shield. The phenyl
olumn did not yield acceptable retention. The C18 and Shielded
P18 columns allowed comparable separation of the analytes. The
P18 BEH Shield column was selected for the assay, because it fur-
ished slightly faster separation compared to the C18 BEH column
2 min – RP18 Shield compared to 2.5 min run time – C18 BEH).

hen combined with the UHPLC the BEH technology allowed for
n excellent separation at a flow rate of 1.25 mL/min and pressure
f ∼600 bar (at 40 ◦C).

For the separation of �- from �-tocopherol, which differ struc-
urally by one methyl group, different solvent mixtures were tested
y varying the amounts of de-ionized water in MPA and 2-propanol
n MPB. The solvent mixtures allowing the best baseline separation
f the two tocopherols were established followed by optimizing the
atios of the two eluents (MBA and MPB). Combination of 20:80

MPA:MPB resulted in complete baseline separation of the two
omologues, as seen in Fig. 1 on the UV map and the expanded

nlay chromatogram (above the bottom chromatogram) at 298 nm
specific absorbance maximum for �-tocopherol). In addition, sep-
ration of the isomeric vitamin E tocopherols (�-, �- and �-) has
roven difficult by reversed-phase chromatography, as they dif-

er only in the position of the methyl group on the aromatic ring
16,19,21,22]. Standard solutions of �- and �-tocopherol were ana-
yzed revealing only partial separation (�- 0.69 min, and �- 0.71 min
etention time) of the two positional isomers. However, the lack of
ull baseline separation was not a significant issue as the concen-
ration of �-tocopherol in human serum has been reported to be
ery low when compared to that of �- and �-tocopherol. Therefore,
he two isomers are commonly reported together as the sum of �-
nd �-tocopherol [19,22].

The fat-soluble vitamin K1 was chosen as internal standard,
ecause of its close structural resemblance with the analytes from
he assay and its suitable retention time (elutes in the middle of the
un, Fig. 1). In humans vitamin K1 is present in low concentration
evels (ng/mL) [29]. Patient samples prepared without addition of
itamin K1 internal standard revealed no peaks in the area of elution
f vitamin K1, therefore, it could successfully be used as an internal
tandard for the method. As an added measure, the concentration of
itamin K1 was prepared such that the final vial composition would
e at a concentration 236 �M, which is nearly 5 orders of magnitude
igher than the reported upper values of the normal population

ange (less than 3 nM) [30,31], therefore any vitamin K1 variations
rom the patient sample will have very insignificant affect on the
roper quantitation of the assayed fat-soluble vitamins, even in
atients eating vitamin K enriched foods.

able 1
ensitivity and population ranges of fat-soluble vitamins and CoQ10 from serum.

nalyte Sensitivity

LOQ (mg/L) LOD (mg/L

etinol 0.024 0.007
+ �-Tocopherol 0.060 0.018
-Tocopherol 0.261 0.078
-Carotene 0.012 0.004
oQ10 0.028 0.008

a The 95% reference interval upper and lower limits of the range.

3

C

ogr. B 877 (2009) 89–94

A simple sample preparation was used for the assay. The
iquid–liquid extraction step utilized an aqueous NaCl solution,
nstead of the most commonly used water, allowing better separa-
ion of the organic from the aqueous layer while reducing emulsion
ormation. 2-Propanol was chosen for reconstitution over THF and
tOH/ACN mixture, because it furnished the best analyte solubility.

A mobile phase composition of de-ionized water (10%, v/v)
n acetonitrile (90%, v/v) for MPA and 2-propanol (30%, v/v)
n methanol for MPB were found to produce a stable baseline
hroughout the gradient while giving good compound resolution,
articularity between �- and �-tocopherol as highlighted by the

nlay chromatogram in Fig. 1.
The reproducibility of the method was evaluated using both cal-

bration and patient samples and the retention time reproducibility
as calculated as a % difference from the initial injection. After 30

onsecutive injections of a standard solution the change in reten-
ion times was less than 2.0% for each analyte (data not shown). The
eak area reproducibility was evaluated as well by injecting three
ets of six calibrators. The calculated % difference among the three
njections for each level and analyte was less than 10% (data not
hown).

In addition, the reproducibility of analyte retention time in over
0 patient samples within one batch was determined. The relative
etention time was acceptably within ±0.02 min (data not shown).

.2. Linearity and limits of detection and quantitation

A calibration curve consisting of a blank and six standard solu-
ions was prepared. The linear range was as follows: 0.09–10.0 mg/L
or retinol and �-tocopherol, 0.93–100 mg/L for �-tocopherol,
.05–5 mg/L for �-carotene and 0.14–15 mg/L for CoQ10. These cal-

bration ranges cover the 95% reference interval for all analytes.
ll slopes had a calculated correlation coefficient (r2) greater than
.999. The relative standard deviation (%R.S.D.) from the expected
alues was used to evaluate linearity over the calibration range. Cal-
ulated deviations from standard values, based on recovery, were
ess than 7% in all cases. The LOD and LOQ are listed in Table 1. Both
OQ and LOD indicate sufficient sensitivity for the method, given
hat clinically significant results are higher than the LOQ.

.3. Accuracy

The accuracy of each analyte was evaluated based on the recov-
ry of five concentration levels spiked into pooled serum (see
ection 2.6 for more experimental details). As shown in Table 2,
he averaged percent deviation from the theoretical value for the
ecovered spike for each analyte was less than the acceptable 15%
25].
Patient ranges

) Adults (mg/L)a Children (mg/L)a

0.30–1.44 0.21–0.74
0.07–3.36 0.02–2.14
4.24–30.01 3.80–23.27
0.10–2.71 0.03–1.93
0.48–3.01 0.28–4.28

.4. Matrix effect study

A stock solution was prepared from commercial vitamins and
oQ10 in BTH/THF solution (30 mg/L). The final concentrations
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Table 2
Recovery of fat-soluble vitamins and CoQ10 from human serum.

Retinola �-Tocopherola �-Tocopherola �-Carotenea CoQ10
a

Base
Conc. (mg/L) 0.72 0.97 12.60 0.51 0.79
Spike (mg/L) 0 0 0 0 0
% Recovery N/A N/A N/A N/A N/A

sp. 1
Conc. (mg/L) 1.03 1.29 15.79 0.67 1.30
Spike (mg/L) 0.30 0.30 3.00 0.15 0.45
% Recovery 104 108 106 109 113

sp. 2
Conc. (mg/L) 1.34 1.55 18.49 0.82 1.82
Spike (mg/L) 0.60 0.60 6.00 0.30 0.90
% Recovery 104 97 98 104 114

sp. 3
Conc. (mg/L) 2.00 2.07 23.76 1.06 2.78
Spike (mg/L) 1.20 1.20 12.00 0.60 1.80
% Recovery 107 92 93 92 110

sp. 4
Conc. (mg/L) 3.45 3.52 38.33 1.73 4.87
Spike (mg/L) 2.40 2.40 24.00 1.20 3.60
% Recovery 114 107 107 102 113

sp. 5
Conc. (mg/L) 5.93 5.53 58.60 2.71 8.18

the sa

o
(
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Spike (mg/L) 4.80 4.80
% Recovery 109 95

a The concentration values were based on the mean of three samples analyzed in

f the analytes were as follows: retinol (200 mg/L), �-tocopherol
200 mg/L), �-tocopherol (2000 mg/L), �-carotene (100 mg/L) and
oQ10 (300 mg/L). Calibration standard # 5 was prepared from the
tock solution (0.5 mL) and pooled serum (9.5 mL, for the matrix
urve) or ethanol (9.5 mL, for the non-matrix curve). The other four
alibration solutions (500 �L final volume) were prepared by dilu-
ion of cal 5 with serum pool or ethanol to the desired concentration
anges (Part 2.2). Four sets of matrix and non-matrix calibrators (cal
–5) and a blank were prepared and run as patients according to
he procedures outlined in Section 2.4. Two linear regression plots

ere generated for all analytes. Plots for the area under the curve

AUC) and the response factor vs. the standard concentrations were
ompared. All of the analytes had a t-value less than 2.45, which
ndicated that the two slopes are considered statistically the same

ig. 2. The linear regression plots of AUC vs. concentration of calibration solution in
ater and serum matrix, used to determine the matrix effects for �-tocopherol.
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48.00 2.40 7.20
96 92 103

me batch.

nd therefore the matrix does not produce a significant effect on
he area or response of the analytes or internal standard. A repre-
entative of the regression plots is shown in Fig. 2 for �-tocopherol.

.5. Reference interval

The reference ranges were established on multiple 50 mm RP18
hield BEH UHPLC analytical columns from intra-laboratory sam-
les of 160 fasting adults (ages 13 and up) and 120 fasting children
0–12 years) with unknown medical histories. In addition, the adult
ormal ranges were confirmed with samples from 20 healthy in-
ouse volunteers. The upper and lower limits were calculated using
95% reference interval (Table 1).

The calculated LOD and LOQ for all analytes were below the low
imit of the normal range for adults. The calculated LOD value for �-
ocopherol (0.018 mg/L) was close to the lower limit of the normal
ange for children, therefore concentration values for this vitamin E
nalog, which were lower than its calculated LOQ (0.06 mg/L) were
eported as less than the LOQ.

.6. Precision

Inter-assay precision was measured by the variation of two
ontrol concentrations (normal and elevated) over 10 days. The
ntra-assay precision was calculated from 10 samples of each con-
rol level measured in a batch. The % C.V. for all analytes from intra-
nd inter-assay precision studies was below 5% and 10% for each
evel, respectively (Table 3).

.7. Stability
A light protected pooled serum sample (500 �L) and three
piked serum samples from each storage condition: room tem-
erature (25 ◦C), refrigerator (2–4 ◦C) and freezer (−20 ◦C) were
repared and analyzed over several days. The results from the study
how that the analytes were stable after 2 days of storage at room
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Table 3
Inter- and intra-assay precision (% CV) of fat-soluble vitamins calculated on two levels of serum quality controls.

Control level Retinola (mg/L) (%CV)b � + �-Tocopherola

(mg/L) (%CV)b
�-Tocopherola

(mg/L) (%CV)b
�-Carotenea

(mg/L) (%CV)b
CoQ10

a (mg/L) (%CV) b

Normal
Intra (n = 10) 0.69 (2.1) 0.96 (3.6) 13.29 (2.3) 0.49 (2.6) 1.04 (4.6)
Inter (n = 20) 0.72 (6.1) 0.89 (8.3) 13.51 (6.7) 0.53 (7.3) 1.07 (8.2)

Elevated
Intra (n = 10) 2.63 (2.7) 7.56 (2.8) 2.17 (2.6) 3.02 (3.1) 5.61 (2.4)

ts (be
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[29] M. Kamao, Y. Suhara, N. Tsugawa, T. Okano, J. Chromatogr. B 816 (2005) 41.
Inter (n = 20) 2.67 (3.2) 7.11 (7.5)

a The average concentration from 10 experiments (within run) and 20 experimen
b % CV, coefficient of variation (or %R.S.D., relative standard deviation).

emperature. All analytes were stable for three freeze–thaw cycles,
or 3 weeks of refrigerator and for 8 weeks of freezer storage.

To test the stability of a prepared sample, three different patient
amples were freshly prepared and analyzed in duplicate each day
ver a 4-day period. Between readings, the samples were protected
rom light and stored in the instrument’s refrigerated storage com-
artment at 10 ◦C. The % difference of analyte concentration from
he initial day of the preparation to the day of analysis was calcu-
ated for each analyte. No analyte deviated more than 15% from the
nitial values over a 3-day period.

. Conclusion

In summary, we are presenting the first UHPLC method for
he analysis of four fat-soluble vitamins and CoQ10 from human
erum. The selected chromatographic conditions allowed complete
aseline separation of the two vitamin E homologues (�- and �-
ocopherol) and therefore their accurate quantitation. The total run
ime of 2 min is two to three times faster compared to currently
eported HPLC methods for analysis of similar panel of nutrients
17,18,21,22]. The assay has been operated for approximately 1 year
n our lab and no interferences have been observed.

The method was validated by linearity, accuracy, matrix effect
tudies, LOD, LOQ, precision and stability. Patient ranges were
stablished for children and adults based on more than 280 serum
amples. The established LOQ values for all analytes were suitable
or clinical evaluation.

The sensitivity in addition to the low cost (from the classical
iquid–liquid extraction sample prep, relatively cheap standards
nd instrumentation used for the analysis) of the assay allow for
fast evaluation of the nutritional status of patients of various age
roups.
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