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A  new  flow-injection  (FI)  and  high  performance  liquid  chromatography  (HPLC)  with  chemiluminescence
detection  method  has  been  proposed  for the  determination  of  �-lipoic  acid  (LA).  The assay  is based  on
the  measurement  of  chemiluminescence  (CL)  produced  during  the  reaction  of  �-lipoic  acid  with  potas-
sium  permanganate  in a sodium  hexametaphosphate  medium  (pH  3). This  reaction  is accompanied  by  a
weak  CL,  which  is  greatly  increased  in the  presence  of  a formaldehyde  solution.  The  proposed  FI method
allows  the  determination  of  LA  over  the  range:  0.5–20  �g mL−1 with  LOD  4  × 10−3 �g mL−1.  An  introduc-
harmaceutical preparation
ood  products

tion  of HPLC  into  the flow  manifold  improves  selectivity  of the  method  and  allows  the  determination  of
LA  in  a complex  sample.  The  chromatographic  linear  range  is  2.5–30  �g  mL−1 with  LOD  1.774  �g mL−1.
Chromatographic  separation  was  achieved  by isocratic  elution  (acetonitrile/potassium  dihydrogen  phos-
phate,  pH 3,  adjusted  with  phosphoric  acid):  30/70  using  a Cosmosil  5C18-MS-II  (4.6  mm  ×  150  mm  I.D.)
column  at  a flow  rate  of  1.0  mL  min−1.  The  presented  methods  were  utilized  to determine  the  �-lipoic
acid  content  in “Alfa-lipoic  acid”  capsules  and  in  food  products.
. Introduction

Lipoic acid (LA, 1,2-dithiolane-3-pentanoic acid or 6,8-thioctic
cid, Fig. 1) is a natural ubiquitous compound which is distributed
n every cell of all eukaryotic and prokaryotic organisms, microor-
anisms, plants, animals and humans [1]. Being soluble in water
nd fats, it is widely distributed both in cellular membranes
nd the cytosol. Due to this property, it acts as the connector
etween lipophylic (tocopherol, coenzyme Q10) and hydrophilic
ntioxidants (vitamin C, glutathione) [1,2]. It is essential for
any processes such as oxidative decarboxylation of pyruvate to

cetyl-CoA [1,2]. LA is reduced in mitochondria to its thiol form,
ihydrolipoic acid (DHLA). It retains powerful antioxidant proper-
ies in both forms: reduced (dihydrolipoic acid) and oxidised (lipoic
cid). The redox potential of the DHLA/LA couple is −320 mV  [3]. It is
nvolved in the regeneration of exogenous and endogenous antioxi-
ants, such as vitamin C, vitamin E and glutathione, the chelation of
etal ions and the repair of oxidized proteins [2,4]. LA is known as a

cavenger of hydroxyl radicals, singlet oxygen, hydrogen peroxide,
ypochlorous acid, peroxynitrite and nitric acid. DHLA quenches

eroxyl and superoxide radicals [4]. Lipoic acid exists in biolog-

cal systems in three forms: free �-lipoic acid, weakly protein
ound LA by hydrogen bonds, and strongly protein bound LA

∗ Corresponding author. Tel.: +48 85 745 78 17; fax: +48 85 747 01 13.
E-mail  address: elaw@uwb.edu.pl (E. Wołyniec).

039-9140/$ – see front matter ©  2012 Elsevier B.V. All rights reserved.
oi:10.1016/j.talanta.2012.02.064
© 2012 Elsevier B.V. All rights reserved.

(lipoyllysine) via covalent bounds [1]. There are no recommended
daily consumption level of LA [5], but clinical data points to the
fact that supplementation with LA supports the therapy of arte-
riosclerosis, diabetes, cataracts, liver diseases and AIDS [1,2]. LA has
been successfully used as a therapeutic agent for the treatment of
diabetes, neurodegenerative disorders, mitochondrial cytopathies,
radiation damage [1,2], in cases of poisoning with mercury, arsenic
and cadmium [1,2] and human immunodeficiency virus (HIV) infec-
tion [6]. Moreover, lipoic acid has been widely reported to induce
apoptosis in various cancer cell lines [7]. Studies on the application
of LA in geriatrics seem to be very promising [1,2]. LA content in food
varies over a wide range. Animal products, especially red meat, con-
tain 0.25–2.36 �g LA/g [1]. Plant food is characterized by a higher
level of LA, e.g. the LA level in potatoes varies from 1.5 �g LA/g up
to 4.2 �g LA/g [8].

Numerous chromatographic methods with electrochemical, MS
or fluorescent detections have been reported for the determination
of lipoic acid in pharmaceutical preparations and dietary supple-
ments [9–13], biological fluids [3,14–21] and food samples [8,21].
The assay of lipoic acid in food or biological samples is not an
easy analytical task. As �-lipoic acid mainly exists in biological
samples in bound forms [8], an analyst should apply an isolation
procedure which is efficient for the extraction free fraction or total

content of the analyte. Durrani et al. [8] proposed a chromato-
graphic determination method of free �-lipoic acid in different
food matrices: eggs, mayonnaise, green peas and potatoes. The
authors obtained the best isolation after ultrasonification of the
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methanol. After that, an appropriate volume of this solution was
Fig. 1. Structures of lipoic (A) and dihydrolipoic acids (B).

amples for 1 h in 0.5% of glacial acetic acid in methanol at room
emperature. Because the extracts of the samples were transpar-
nt, they had only to be centrifuged before injection into the HPLC
ystem. Separation of the total contents of �-lipoic acid requires
he use of a hydrolisation step of the samples. For this purpose,
cidic hydrolysis with the use of inorganic or organic acids was pro-
osed [21]. Mattulat and Baltes [21] have released protein-bound

ipoic acid by enzymatic hydrolysis with �-lipoyllysine prior to its
ssay using HPLC and GC/MS methods. Nowadays, lipoic acid is
sed in the therapy of some diseases as well as dietary supplements
1,2], thus, there are some methods devoted to its determination in
harmaceuticals. Corduneanu et al. described the procedure of the
etermination of lipoic acid in dietary supplements using cyclic,
ifferential pulse and square wave voltammetry with a glass car-
on electrode [22]. Abbas and Radwan have proposed a selective
ensor, based on a mercuric lipoate ion-pair as a membrane carrier
or direct potentiometric and flow-injection determination of LA
n pharmaceutical preparations and urine [23]. Ziyatdinova et al.
ave developed procedures for the determination of lipoic acid by
oltammetry and coulometric titration with electrogenerated halo-
ens and a biamperometric indication of the titration end-point in
odel solutions [24]. Electrodes modified with carbon nanotubes
ere used for the electrochemical determination of lipoic acid in
harmaceuticals [25].

Chemiluminescence detection has become a useful tool in
ood analysis due to its low cost, high sensitivity and simplicity
26]. Many chemiluminescence reagents have been investigated
ut only a limited number: luminol [27], diaryloxalates, tris(2,2′-
ipyridyl)ruthenium(III) and potassium permanganate have been
idely used in analytical chemistry. Chemiluminescence produced
uring reduction of acidic potassium permanganate has been used
o determine a variety of compounds such as: pharmaceuticals,
ntioxidants, pesticides, environmental pollutants, food and clini-
al samples [28]. Different applications of this reagent in chemical
nalysis have also been reviewed by Hindson and Barnett [29]. As
hemiluminescent reactions proceed very quickly and the emis-
ion of luminescence lasts very briefly, it requires detection at
he moment of mixing reagents. The application of flow meth-
ds allows fast and reproducible merging of the reagents and the
ample in the mixing cell, which is mounted close to the detec-
or. The main disadvantage of chemiluminescent methods is their
ow selectivity [26]. This drawback can be eliminated by the imple-

entation of a separation unit into the flow system which allows
n increase in the selectivity of determination [30]. Fluorescent or
lectrochemical detectors are used as conventional detectors for
iquid chromatographic assays, but chemiluminescence detectors
urpass them. They allow to obtain lower detection limits by a
0–102 order of magnitude than the conventional detectors [26].
s luminescence detectors do not require external sources of light,

hey are characterized by the lack of background. The only source
f background is the dark current of the photomultiplier. These fea-
ures allow to reach a high relation of signal to background and this
eads to a significant increase in the sensitivity of determination and
n the lowering of the limit of detection.
In the current study, a flow injection chemiluminescence (FI-CL)
ethod for the determination of lipoic acid is proposed. The oxida-

ion of lipoic acid in the reaction with potassium permanganate in
 96 (2012) 223– 229

sodium  hexametaphosphate medium (pH 3) is accompanied by a
weak chemiluminescence, which is greatly enhanced by formalde-
hyde. Next, the elaborated FI-CL method has been successfully
implemented into the HPLC system and applied to the determi-
nation of free �-lipoic acid in some food stuffs.

2. Experimental

2.1. Apparatus

The flow-injection set-up shown schematically in Fig. 2, con-
sists of a Gilson Miniplus 2 peristaltic pump, a Model 5021 rotary
injection valve (Rheodyne, Cotati, CA) and a flow luminometer (KSP,
Poland) with a coiled PTFE tube of 1 mm I.D. (length of 25.0 cm in
six windings). The photomultiplier was  operated at 1100 V, and the
detector response was  recorded on a 386-series personal computer
with KSP software. The flow system was  made of PTFE tubing of
0.8-mm I.D.

2.1.1.  Utilized chromatographic system
A Varian 920-LC set consisting of a quaternary gradient pump,

an autosampler with a 50 �L sample loop, a UV–Vis detector and
Galaxy chromatographic software were used for extracts analy-
sis. Chromatographic separations were performed with a Cosmosil
5C18-MS-II (4.6 mm × 150 mm  I.D.) column (150 mm × 4.6 mm
I.D.). The flow rate of the mobile phase (acetonitrile: 0.05 M KH2PO4
(pH 3) = 30:70, v/v) was  set at 1 mL  min−1. The UV–Vis detector was
set at 210 nm.

Chemiluminescence spectra were performed using a Hitachi F-
7000 fluorescence spectrophotometer.

2.2.  Chemicals

�-Lipoic acid (LA) and sodium hexametaphosphate (SMP) were
obtained from Sigma–Aldrich (Steinheim, Germany), potassium
permanganate, formaldehyde and ortho-phosphoric acid from
POCh (Gliwice, Poland). Acetonitrile was  purchased from J.T. Baker
(Germany). All the reagents used were of an analytical or a chro-
matographic grade.

The  stock standard solution of lipoic acid was prepared by
dissolving 0.100 g of the substance in methanol. The oxidizing solu-
tion of potassium permanganate was  prepared daily by dissolving
0.0395 g of the substance in a 250 mL  1% solution of sodium hex-
ametaphosphate. The solution of 1% sodium hexametaphosphate
was prepared by dissolving 10 g of the substance in 1 L bidistilled
deionised water and adjusted to pH 3 with phosphoric acid. The
solution of 3 × 10−1 mol  L−1 formaldehyde was  prepared by dilut-
ing 5.7 mL  of the concentrated solution in a 250 mL 1% solution of
sodium hexametaphosphate. Working standard solutions contain-
ing lipoic acid were prepared by diluting a concentrated standard
solution of LA (1000 �g mL−1) with 1% of a sodium hexametaphos-
phate solution.

2.2.1.  Sample preparation for pharmaceuticals
“Alpha-lipoic acid” (A-Z Medica, Poland) capsules with a cer-

tified amount of 100 mg  of LA were used for flow analysis. Each
capsule contains maltodextrin. The contents of the capsule were
transferred into a beaker and diluted with 20 mL  of methanol. Next,
the obtained solution was filtrated and the clean filtrate was trans-
ferred to a 100-mL calibrated flask and made up to the mark with
diluted with MilliQ water to adjust the concentration of analyte to
the linear calibration range. The obtained working solution of the
capsule was then directly injected into the FI system.
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were also recorded. All spectra shown in Fig. 3 have a maximum
emission at 620 ± 4 nm,  but their intensities are different. The emis-
sion peak appeared in a mixed system: KMnO4–LA–HCHO and is
ig. 2. Schematic diagram of the optimized flow-injection system used for the dete
edium (pH 3) solution; R, reagent stream, potassium permanganate solution; P, per
,  waste.

.2.2. Food samples
Different  samples of potatoes, tomatoes and broccoli were

btained from a local market. The fresh potatoes were peeled,
ut into cubes, crushed and homogenised. The other food sam-
les were washed, dried under folded tissue paper, crushed and
omogenised. Next, 0.5 g of homogenisate was weighed into 12-
L test tubes, dissolved in 3 mL  of acetonitrile and shaken for

 min  at room temperature. The mixture was then centrifuged at
000 rpm for 10 min. The supernatant solution was transferred

nto 5-mL vials. Next, its volume was reduced to 1-mL under a
ently applied stream of nitrogen. The prepared extracts were then
ransferred into autosampler vials and 50 �L was  injected into the
PLC-system. The extraction procedure was based on work of Chng
t al. [20], but conditions for extraction were modified. Average
ecovery of lipoic acid was calculated as 107.18% ± 17.01.

. Results and discussion

.1.  Flow method

.1.1.  Selection of oxidant
Preliminary  experiments were designed to examine a range of

xidants for the possible generation of CL emission with lipoic
cid. Various oxidizing systems were tested in the assembly
f Fig. 2A: 1 × 10−3 mol  L−1 solutions KMnO4, K2Cr2O7, KBrO3,

 × 10−2 mol  L−1 Ce(SO4)2 (all oxidants were dissolved in 1 mol  L−1

2SO4) and 1 × 10−2 mol  L−1 solutions NBS (N-bromosuccinimide),
2O2, 1 × 10−3 mol  L−1 K3[Fe(CN)6] in 1 × 10−1 mol  L−1 NaOH. It
as  found that a very weak CL emission was only produced from
he reaction between lipoic acid and acidic KMnO4, but in the case
f when an oxidant was dissolved in 1% of the sodium hexam-
taphosphate solution. Therefore, it was decided to investigate the
ffect of a few potential sensitizers on the CL emission produced
tion of lipoic acid: C, carrier stream, formaldehyde in sodium hexametaphosphate
c pump; S, sample injection point; FC, flow cell; L, flow-luminometer; PC, computer;

during  the oxidation of lipoic acid. The sensitizers, including 2,7-
dichlorofluoresceine, fluoresceine, rhodamine B and rhodamine 6G,
calcein and formaldehyde, were tested. Formaldehyde gave the
greatest CL enhancement intensity and it was selected as a sen-
sitizer for further investigation.

In  order to explain the possible mechanism of the chemilumi-
nescence reaction, the chemiluminescence spectra of the reactions
of lipoic acid and KMnO4 products generated with and without
the addition of formaldehyde and reaction of KMnO with HCHO
Fig. 3. Chemiluminescence spectra from the reactions of potassium permanganate
(5  × 10−4 mol  L−1) in sodium hexametaphosphate (1%, m/v; adjusted to pH 3 with
phosphoric  acid) with lipoic acid (10 �g mL−1) (A); formaldehyde (0.3 mol  L−1) (B);
lipoic  acid (10 �g mL−1) and formaldehyde (0.3 mol  L−1) (C).
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Table 1
Parameters of optimized FI system for determination of lipoic acid.

Optimized parameter Studied range Optimal value

Concentration of KMnO4 [10−3 mol  L−1] 0.1–2 1
Concentration of (NaPO3)6 [%] 0.25–1 1
Concentration of HCHO [mol L−1] 0.2–0.6 0.3
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Table 2
Analytical characteristics of the determination of lipoic acid by the proposed FI-CL
method.

Linear range (�g mL−1) 0.05–20

Calibration equationa

I = (a ± SD)C + (b ± SD)
I = (287.1 ± 2.9)C + (750.6 ± 87.5)

Correlation  coefficient 0.9998
Detection limitb

(�g mL−1)
0.004

Repeatability R.S.D. (%),
n  = 20

0.5

The  day-to-day
reproducibility R.S.D.
(%)

3.3

Sample  throughput
(samples/h)

95

a −1
Flow rate [mL  min ] 2.4–6.4 5.2
Sample volume [�L] 200–900 700
Photomultiplier voltage [V] 700–1100 1100

bout 10-times greater than the peak for the system KMnO4–LA.
n the other hand, formaldehyde also reacts with KMnO4, but this

eaction is accompanied by a weak chemiluminescence. The emit-
er of chemiluminescence was probably an excited manganese(II)
pecies of unknown constitution [31]. When the reaction occurs in
he presence of formaldehyde, energy is transferred from excited

anganese(II) to formaldehyde to form HCHO in an electroni-
ally excited state, which emits more light, because this compound
as a higher quantum efficiency. All reactions were observed only

n cases of when the reagents were dissolved in sodium hex-
metaphosphate adjusted to pH 3 with phosphoric acid. Sodium
exametaphosphate plays the essential role in these reactions, and

s often used in a chemiluminescence reaction of potassium per-
anganate [32].

.1.2.  Optimization of chemical and instrumental variables
Optimization of chemical (concentration of reagents: KMnO4,

CHO, (NaPO3)6) and instrumental variables (the volume of
njected sample, flow-rate, photomultiplier voltage) was  per-
ormed changing one variable in every turn and keeping the others
t their optimum values. All of them were optimized mainly with
espect to the sensitivity, on the basis of the maximum of the CL
mission intensity. The ranges of the various experimental vari-
bles tested and the optimum values finally chosen are summarized
n Table 1. Fig. 4 shows data obtained during optimisation process
f chemical and instrumental variables. The optimum potassium
ermanganate and formaldehyde concentrations were found to
e 1.1 × 10−3 and 3 × 10−1 mol  L−1, respectively. It was observed
hat at concentrations higher and lower than the optimal ones,
here was a sharp decrease in the CL (Fig. 4A and B). Potassium
ermanganate reacts with lipoic acid to produce light emission

n the sodium hexametaphosphate medium (pH 3). Therefore,
he influence of the concentration of sodium hexametaphosphate
n the CL reaction was examined. As can be seen (Fig. 4C), the
L signal increased with raising the sodium hexametaphosphate
oncentration up to 1%. Greater concentrations of sodium hex-
metaphosphate were difficult to prepare because its solubility in
ater is limited, so a 1% concentration of (NaPO3)6 was selected.

The  flow rate is a critical parameter in the CL-FIA system. If
t is too high or too low, the maximum emission from excited

olecules can appear before or after the flow cell. The CL signal
arkedly increased (Fig. 4D) with the increase of a flow rate up

o 2.6 mL  min−1 per channel (5.2 mL  min−1 total final flow rate), so
his flow rate was selected.

.1.3.  The analytical performance of the developed FIA-CL system
The  performed method has been evaluated under optimal

etection conditions by the determination of the linearity, detec-
ion limit, precision, reproducibility and sample throughput. The
alibration curve CL intensity (I, nA) versus LA concentration
C, �g mL−1) shows good linearity in the concentration range:
.05–20 �g mL−1. The linear correlation coefficient is 0.9998, the
imit of detection (defined as a signal-to-noise ratio of 3:1) is
.004 �g mL−1. The precision of method has been evaluated by
he analysis of 20 replicates of the sample containing 10 �g mL−1

R.S.D. = 0.50%). The sampling rate is 95 samples h−1. The method is
I: CL intensity (nA); C: concentration of lipoic acid (�g mL ).
b Concentration of lipoic acid that generates signal equal to the blank plus three

times  standard deviation.

characterised by good day-to-day reproducibility expressed as rel-
ative standard deviation of calibration graphs recorded over three
different days (R.S.D. = 3.34%). The results obtained under the opti-
mum experimental conditions described above are listed in Table 2.

3.1.4. Application to real samples
To demonstrate the applicability of the developed FIA-CL system

for the determination of lipoic acid, it was applied to the determi-
nation of lipoic acid in a commercially available pharmaceutical
product “Alfa-lipoic acid”. The obtained results are in agreement
with the declared amount (100 mg  in a capsule). The relative error
in comparison with the declared amount is 1.25%. Recovery of lipoic
acid from the pharmaceutical samples was  satisfactory (Table 3).

3.2. HPLC method with chemiluminescence detection

The chemiluminescence detection of LA described above is char-
acterised by great sensitivity, which allows us to use it for LA
determination in food samples. As the chemiluminescence mea-
surement is characterised by low selectivity, an intense separation
step of analyte is necessary before analysis. The sample prepara-
tion procedure can be greatly simplified if the FI-CL system will be
used as a detection technique after LC separation. The manifold B
(Fig. 2) was  employed for chromatographic separation and deter-
mination of the analyte. It is known that introduction of organic
solvents into the reaction system suppress emission of chemilu-
minescence but a reduction of their amount in the mobile phase
resulted in a longer retention time of the analyte, so a combination
of chromatographic separation with chemiluminescence detection
required a compromise between an acceptable decrease in chemi-
luminescence intensity and an extension of retention time. For this
purpose, many chromatographic systems were examined. Among
them, the modified method of Teichert et al. [14] appeared to be
compatible with post column reaction. The retention time of lipoic
acid recorded in these conditions was  16.7 ± 0.1 min. It was found
that an introduction into the flow system of a stream composed
of 30% of acetonitrile and 70% of KH2PO4 adjusted to pH 3 with
phosphoric acid, causes an increase of selectivity and an acceptable
decrease in the intensity of emitted chemiluminescence. A 50 �L
sample loop was used for HPLC-CL determination of LA.

A  new calibration graph was  recorded using integrated HPLC-
FIA-CL system. For this purpose chromatograms were recorded and
a new graph of CL intensity of LA peaks versus concentration of the

standards was plotted. In order to minimise the influence of the
natural matrix and errors connected with the sample preparation
step, each standard solution was prepared by the addition of an
appropriate volume of working solution of lipoic acid to 0.5 g of
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Fig. 4. Influence of chemical, hydrodynamic and instrumental parameters on relative CL intensity of lipoic acid. (A) Effect of concentration of KMnO4; (B) effect of concentration
of  HCHO; (C) effect of concentration of (NaPO3)6; (D) effect of flow-rate; (E) effect of sample volume; (F) effect of photomultiplier voltage (concentration of LA 10 �g mL−1).

Table  3
Results of lipoic acid determination in pharmaceutical preparation samples by FI-CL method.

Concentration
of lipoic acid
[�g  mL−1]

Determined x
[�g  mL−1]

X̄ ± SD Concentration of added
standard  [�g mL−1]

Determined x
[�g  mL−1]

X̄ ± SD Recovery [%]

5.0 4.8 4.9 ± 0.1 10.0 15.3 15.3 ± 0.1 104
5.0  4.8 10.0 15.3
5.0 5.0 10.0 15.4

5.0 4.9 4.9 ± 0.1 15.0 19.6 19.6 ± 0.0 98.0
5.0  4.8 15.0 19.6
5.0 5.0 15.0 19.6
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Table  4
Analytical characteristics of HPLC-FI-CL method.

Linear range (�g mL−1) 2.5–30

Calibration equation y = 1.14C − 1.95 (C-lipoic acid
concentration)

r2 0.988
LOD (�g mL−1) 1.774
LOQ (�g mL−1) 1.913
Intra-day R.S.D. 3.42% for 5 �g mL−1
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1.67% for 15 �g mL
Inter-day R.S.D. 6.91% for 10 �g mL−1

omogenised potatoes and next isolated according to the proce-
ures given in Section 2. The average recovery was  calculated to
e 107.18% ± 17.01. The recorded calibration curve has the regres-
ion equation of y = 1.14C − 1.95. The detection limit for LA was
.77 �g mL−1 per 50 �L injection volume at signal-to-noise ratio
f 3, while the limit of quantification was 1.91 �g mL−1 (at a signal-
o-noise ratio of 10). To determine the intra-day precision of the
nalytical process, two levels of LA (5 and 15 �g mL−1) were stud-
ed six times on the same day. The reproducibility was  estimated
y the determination of lipoic acid at 10 �g mL−1 on three different
ays. The analytical performance of the new HPLC-FIA-CL method
f LA determination is shown in Table 4.

The evaluated method was applied to the determination of
he contents of free �-lipoic acid in some food samples. For
his purpose, samples of fresh potatoes, tomatoes, spinach and

roccoli were investigated by standard addition. Representative
hromatograms obtained from the analysis of LA in potatoes and
pinach samples are presented in Fig. 5.

able 5
esults of LA determination in food products.

Product Determined concentration of LA with
standard addition method, �g mL−1 (n = 3)

Fresh potatoes 5.37
Fresh tomatoes 1.66
Fresh spinach 2.23
Fresh broccoli 0.65
Fresh pig’s liver 0.35
4. Conclusions

To the best of our knowledge, it is the first time, when the CL
reaction of lipoic acid with potassium permanganate in sodium
hexametaphosphate medium (pH 3) with the use of formaldehyde
as a sensitizer has been reported for the FIA determination of lipoic
acid.

Chemiluminescence as a detection technique used with HPLC
system seems to be very attractive due to its high sensitivity and
selectivity. An introduction of HPLC unit into the flow manifold
improves selectivity of the method and allows the determination
of LA in complex samples, such as food products. The integra-
tion of HPLC separation with CL-detection is not an easy analytical
task. Utilized organic solvents depressed the intensity of chemi-
luminescence, so the composition of the chromatographic mobile
phase should be adjusted to the CL-detector. In our case, a mix-
ture of acetonitrile: KH2PO4 (pH 3) = 30:70 appeared to be the
best. The proposed method is rapid, precise, accurate and econom-
ical. It is simpler than fluorescent methods. As molecule of lipoic
acid does not possess any of fluorophore groups, the use of fluo-
rescent detector demands chemical modification of LA molecule
by introduction into it some fluorescent markers. HPLC methods
with fluorescence detection allow the determination of lipoic acid
in biological samples, but derivatization steps are time consum-
ing [16,17] and create risk of analytical errors. Electrochemical
detectors which sensitivity [18,19] is comparable with those of
fluorescence detectors are very often characterized by narrow cal-
ibration range. Additionally many of them requires a laborious
reconstitution of electrodes. MS  detectors coupled with LC [20] or
GC [21] methods of separation are suitable for the quantification
of lipoic acid in complex matrices. They are characterized by high
sensitivity and selectivity. The main drawback of such equipment
is high price, so they are not still belonging to standard equipment
of laboratories. Their utilization is very costly, so they rather are not
appropriate for routine determination of countless amount of sam-
ples. The proposed new FIA-CL and HPLC-FIA-CL methods are free
of mentioned above limitations of others detection techniques. The

used systems are easy to construct using commercially available
or home-made chemiluminescence detectors. So it could be easily
implemented in every laboratory and used for routine analysis of LA
(Table 5).
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