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The spectrophotometric study of thioctic acid solutions
to develop the method of its quantitative determination

Type |l diabetes mellitus is a heterogeneous and multifactorial disease, which develops in the metabolic syndrome
and significantly increases the risk of developing complications, such as angiopathy, neuropathy, retinopathy, nephropa-
thy. Therefore, creation of new drugs that will affect all links of pathogenetic mechanism of the disease is presently
topical. The main line treatment of the abovementioned pathologies is the use of antioxidant therapy. Antioxidants are
important on different “lines of defense”: in the extracellular fluid, membrane and the cell cytosol. Thioctic acid belongs
to these substances. The analysis of thioctic acid is of some difficulties as it has high propensity for different transfor-
mations, first of all, oxidation and polymerization. Therefore, the search of cost-neutral and at the same time rapid and
effective methods of drug analysis remains relevant.

Aim. To study the possibility to determine thioctic acid by the spectrophotometric method.

Materials and methods. The object of the study was the substance of thioctic acid. Adsorption spectra of the solu-
tions obtained was recorded on an Evolution 60-S spectrophotometer in the cells with the layer thickness of 10 mm.

Results and discussion. It has been found that the adsorption spectrum of thioctic acid solution in 0.1 M hydro-
chloric acid solution contains a wide absorption band with the maximum at 334 nm; it can be used to quantify the
concentration of thioctic acid solutions by the method of one-component one-wave spectrophotometry according to
the method of standard.

Conclusions. The study conducted shows the possibility to quantify the concentration of thioctic acid solutions in
solutions of hydrochloric acid that model the acidic medium of the gastric juice by the method of one-component one-
wave spectrophotometry according to the method of standard in the maximum at 334 nm.
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I. B. KoBanescbka, O. A. PybaH, B. O. 'pygbko

CnektpocoTomMeTpnuUHe JOCNIOXKEeHHSA PO34YUHIB TIOKTOBOI KUCIIOTU 3 METOHO
PO3pOOKN MeTOOUKM i KiNIbKICHOro BU3HAYEHHA

Llykposun giaber Il Tuny € reteporeHHUM Ta 6aratoakTopHUM 3axXBOPIOBaHHSAM, ke PO3BMBAETLCA B Hagpax MeTa-
6onivYHOro CMHAPOMY i 3HAYHO MiABUILLYE PU3KK PO3BUTKY YCKNAOHEHb, TaKMX SIK aHrionatis, Hermponarisi, peTuHonarTis i
Hedponaris. ToMy akTyanbHMM € CTBOPEHHS HOBUX MpenaparTiB, ki YAHUTUMYTb BMNIAVB Ha BCi NNAHKW NaTOreHETUYHOIO
MexaHiamy 3axBoptoBaHHs. OCHOBHMUM HanpsiMKoOM fiKyBaHHS 3a3Ha4YeHNX NaTonorii € 3aCTOCyBaHHS aHTUOKCUAAHT-
HOT Tepanii. AHTMOKCUOAHTM HEOOXiOHI Ha PiBHNX «MiHISIX 3aXUCTY»: B MO3aKNiTUHHIN pianHi, Ha MembpaHi i B umMTo30mi
KNiTHW. [1O0 Taknx pe4oBWH BIOHOCATb TIOKTOBY KMCMOTY. AHani3 TIOKTOBOI KMCNOTU CTAHOBWTL NEBHI TPYAHOLLi B CUny
T BUCOKOI CXMNBHOCTI 40 Pi3HOMaHITHUX NepeTBopeHb, B NepLly Yepry, OKUCHEHHs i noniMepusadii. AKTyanbHUM 3a-
NMLWAETLCS MNOLUYK HEe 3aTpaTHUX Ta BOQHOYAC LWBMAKNX | eDEKTUBHUX METOAIB aHanidy nikapcbkux 3acobis.

Tomy meToro JaHOT po6OTY € BUBHEHHSI MOXIIMBOCTI BU3HAYEHHS TIOKTOBOI KMCIOTM CNEKTPOGOTOMETPUYHNM METOZOM.

MaTtepianu Ta metoau. O6’exTom gocnigxeHHs Byna cybcTaHuis TIOKTOBOI KuCroTu. AOcopOuinHi cnekTpu oTpu-
MaHMX PO34MHIB 3HIManu Ha cnekTpodoTtomeTpi Evolution 60-S B kioBeTax 3 ToBLMHOWO wapy 10 MMm.

Pe3ynbraTty Ta ix o6roBopeHHs. BctaHoBneHo, LWo B aacopbuUiiHOMy CcnekTpi po34mHy TiokToBOI kucnotn B 0,1 M
PO34MHI XNOPUCTOBOAHEBOI KMCNOTU MICTUTBCS LUMPOKa MOXuna cmyra nornmHaHHA 3 Makcumymom npu 334 Hwm, LWwo
MOXe OyTV BMKOPUCTaHO A5si KiflbKiCHOrO BU3HAYEHHSI KOHLEHTPALLi pO34MHIB TIOKTOBOI KMCNOTWU METOAOM OLHOKOM-
NMOHEHTHOI OOHOXBUITLOBOI CNEKTPOOTOMETPIi 38 METOAOM CTaHAAPTY.

BucHoBku. [NpoBegeHe AOCNIMKEHHSI NOKa3y€e MOXINMBICTb KiflbKICHOr0 BU3HAY€HHS KOHLIEHTpaLUil pO34mMHIB TiOK-
TOBOI KNCIOTW B PO34MHAX XITOPMCTOBOAHEBOI KUCIOTK, AKi MOLEMIOOThb KMCMNE CepefoByLLE LUYHKOBOIO COKY METO-
[OM OOHOKOMMOHEHTHOI OAHOXBUITLOBOI CNEKTPOOTOMETPIT 38 METOAOM CTaHAAPTY B MakCMMyMi npy 334 HM.

Krnroyoei cnnioga: miokmoea Kucrioma;, criekmpoghomomempuyHUl aHania; uykposut diabem; KifbKicHe 8U3Ha4YeHHsI

W. B. Koeanesckas, O. A. PybaH, B. A. pyabko

CnekTpocoToMmeTpmnyeckoe uccriegoBaHme pacTBOPOB TUOKTOBOW KUCIIOThI C LiefNbHo
pa3paboTkn MEeTOAUKN ee KOJNMIMYeCTBEHHOro onpeaeneHus

Caxapru?l anaber llI-tnna aensaetca reTeporeHHbIM " MHOFO(*)aKToprIM 3aboneBaHneM, KOTOpO€E pa3BMBaETCA B
Hegpax meTabonunyeckoro cMHOpoma u 3Ha4YnuTeslIbHO NOBbILWAEeT PUCK pas3BUTUA OCMOXHEHWU, TaKUX KaK aHrmonaTus,
Hel;lpOI'IaTVIFI, peTnHonaTma n Hed)ponaTvm. |_|03TOMy aKTyanbHbIM ABNAETCA CO34aHMe HOBbIX NpenapartoB, KOTOPbIe
6y}J,yT UMETb BNUSIHUE Ha BCE 3BEHbSI MATOrEHETUYECKOro MexaHuama 3aboneaHmsi. OCHOBHbIM HanpasrneHnem ne-
YeHNA yKa3aHHbIX naTonornn siBNsieTcs npuMeHeHune aHTMOKCUOAHTHOWN Tepanun. AHTUOKCMAAHTbI HeO6XOD,I/1MbI Ha
Pa3nnUYHbIX «JIMHUAX 3aLUNUTbI». BO BHEKMNETOYHOM XNOKOCTH, B MeM6paHe 1 B LMTO30M€e KneTkun. K Taknum Bellectsam
OTHOCAT TUOKTOBYO KUCIOTY. AHanmn3 TMOKTOBOM KUCMOTbI npencrtaendeT onpeneneHHble TOygHOCTU B CUIy ee Bbl-
COKOW CKITOHHOCTW K pas3nn4yHbIM I'IpeO6pa3OBaHVIF|M, B NepBylo o4epenb, OKUCNEHNO N nonuMmepusaunn. |_|03TOMy
akTyalibHbIM OCTaeTCcA NOUCK He 3aTpaTHbIX 1 0OAHOBPEMEHHO 6bICprIX n Gd)Ct)eKTI/IBHbIX MEeToa0B aHanmsa.
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Llenbto gaHHom pa6OTbI ABNAETCA N3y4eHne BO3MOXXHOCTU onpeaeneHna TMOKTOBOW KUCIOTbI CNEKTPOOTOMETPU-

YeCKMM MeToaOoM.

Martepuansl u metoabl. O6GbeKTOM MccneaoBaHus Obina cyoCcTaHLUMa TUOKTOBOWM KUCMNOThl. AOCOpOUMOHHBbIE
CMEeKTPbI NMOMyYeHHbIX PACTBOPOB CHMManu Ha cnektpogotomeTpe Evolution 60-S B ktoBeTax ¢ TonwmHou cros 10 mm.
PesynkraThl 1 X ob6cyxaeHuUe. YCTaHOBNEHO, YTO B aACOPOLIMOHHOM CNeKTpe pacTBOpa TMOKTOBOW KUCNOTLI B
0,1 M pacTtBoOpe COMnsiHOWM KNCNOTbl COAEPKUTCA LLUMPOKasi ONoca NormoLweHnsi C MakcMMymom npu 334 HM, 4TO MOXeT
ObITb MCNOMb30BaHO A1 KONIMYECTBEHHOIO ONpeaeneHnst KOHLEHTPaLMN pacTBOPOB TUOKTOBOW KUCIOTbI METOAOM

OAHOBOJSTHOBOW CNEKTPOOTOMETPUM NO mMeToay CctaHaapTa.

BbiBoabl. [poBeaeHHOe nccnenoBaHne NokasbiBaeT BO3MOXHOCTb KONTMYECTBEHHOTO ONpPeAeNneHnst KOHLEeHTpa-
LUK pacTBOPOB TMOKTOBOM KUCIOTbI B pAaCTBOPAX COMSIHOWM KMCMOTbI, KOTOpble MOOENMPYHOT KACIYHO Cpeay XXenyaou-
HOro coka MeTo4oM OOHOKOMMOHEHTHOW CNeKTPOOTOMETPUN MO MEeToAy CTaHAapTa B Makcumyme npu 334 HM.

Knroueenie crioea: muokmosas Kucrioma; criekmpogomomempuyeckull aHanu3s; caxapHbili Ouabem;

Kosriu4yecmeeHHoe onpedeneHue

Modern medicine has a wide arsenal of drugs with the
metabolic action, but along with the favorable pharma-
cological action and sufficient degree of clinical effici-
ency they cause a number of undesirable side reactions.

In this regard, the search of highly efficient drugs
that suppress inflammation and have minimal side ef-
fects remains relevant. One of the approaches is the search
for such agents among drugs of the metabolic type ac-
tion. Being a coenzyme of cocarboxylase and an impor-
tant participant in the process of biological oxidation in
the metabolism of lipids and carbohydrates, thioctic acid
belongs to substances of this series. It is used as a hepato-
protector in the treatment of diabetic neuropathy, arte-
riosclerosis, intoxication. One of the interesting proper-
ties of thioctic acid is its antioxidant activity. It is known
that the antioxidant system of the body regulates the in-
tensity of free radical oxidation of lipids of cellular membra-
nes. The weakening of the antioxidant protection leads
to accumulation of underoxidized metabolites, it causes
degradation of membrane structures, inflammation, aging
and may result in appearance of tumors [1, 2].

It has been shown that many antioxidants usually
have the anti-inflammatory properties (vitamin E, ascor-
bic acid, mexidol, dimephosphon, etc.) However, having
a high safety most of them are inferior to NSAIDs by
their effectiveness. Unlike other antioxidants thioctic acid
and its restored form (dihydrolipoic acid) promote re-
generation of oxidized endogenous antioxidants, provi-
ding a powerful support for the work of other antioxi-
dant parts of the body [3]. However, there is a limited
number of domestic drugs with thioctic acid at the Ukrai-
nian market, indicating the expediency of their creation.
To assess the effectiveness of technological developments
of new medicines it is necessary to study the release of
the active ingredient from the composition of the expe-
rimental samples of a drug form. For this purpose it is
necessary to develop a method for quantitative determi-
nation of the substance studied.

The analysis of thioctic acid has certain difficulties
due to its high propensity to a variety of changes, first
of all, oxidation and polymerization. Today, there are a
lot of methods to quantify thioctic acids, such as high
performance liquid chromatography (HPLC), electroche-
mical, gravimetric, polarographic, spectrometric, and fluo-
rescent methods of analysis. The State Pharmacopoeia of

Ukraine (SPhU) offers quantitative determination using
HPLC with an electrochemical detector. The electroche-
mical detector application allows identifying simulta-
neously different chemical forms of thioctic acid both
oxidized and restored ones. This method is highly sen-
sitive to the presence of impurities, their potential of
reduction is close to the potential of thioctic acid reduc-
tion, and it causes difficulties in interpreting the results
of analysis [4, 5].

The search of cost-neutral and at the same time rapid
and effective methods of drug analysis is still relevant.
These are, in particular, optical methods of analysis that
are most popular because of relative simplicity of equip-
ment, high accuracy and sensitivity. The difficulty to de-
termine thioctic acid is that acid molecule does not con-
tain the most common chromophore or fluorescent groups.
Therefore, the aim of this work is to study the possibility
to determine thioctic acid by the spectrophotometric method.

Materials and methods

The object of the study was the substance of thioc-
tic acid. The sample of this acid was dissolved in 96 %
ethanol (first dilution), the necessary aliquot was dilu-
ted with water and 0.1 M solutions of hydrochloric acid
or sodium hydroxide. Adsorption spectra of the solutions
obtained was recorded on an Evolution 60-S spectro-
photometer in the cells with the layer thickness of 10 mm.

The study of oxidation on the spectral characteris-
tics of thioctic acid was conducted by interaction of its
solutions with an excess of salt monopotassium solu-
tion of peroxymonosulfuric acid (Caro acid) in borate
buffer solution with pH 9.5.

Results and discussion

Thioctic (a-lipoic) acid — 1, 2-dithiolane-3-pentanoic
acid (Scheme).

The structure of thioctic acid has no such common
chromophores as aromatic or heteroaromatic cycles, but
the presence of the carboxyl group and 1,2-ditiolan cycle
containing lone-pair electrons suggests that the compound
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will be non-transparent for ultraviolet light and, there-
fore, development of the spectrophotometric method for
quantitative determination of thioctic acid in solutions
is possible.

The range of 0.1 % alcoholic solution of thioctic acid
is characterized by two absorption bands. A wide high
intensity band of absorption in the far ultraviolet region
at 200-240 nm is characteristic for many organic sub-
stances of both natural and synthetic origin, which con-
tain functional groups with lone-pair electrons in their
structure (Fig. 1). In our case, we can assume that the
basis of absorption is electronic transitions in the car-
boxyl group. Thioctic acid solutions are of a pale yel-
low-green color. In the adsorption spectrum it is illus-
trated by the presence of a wide, but not very intense
absorption band in the near ultraviolet with the maxi-
mum at 332-335 nm (4£,,,, 334 nm) due to the presence
of the disulfide bond in the 1,2-dithiolane cycle in its
structure.

Fig. 1. The adsorption spectrum of 0.1% thioctic acid solution in ethanol

After dilution of the alcoholic solution with water
the adsorption spectrum of 0.05 % alcoholic-water so-
lution of thioctic acid (Fig. 2) is also characterized by
two absorption bands in the far and the near ultraviolet;
their position is virtually unchanged, however, in the near
ultraviolet there is an unusual hypochromic effect since
the optical density of this solution decreases more than
twice in the process of double dilution of the solution
with water. The expansion of the absorption band in the
near ultraviolet to 330-338 nm can be noted.

After dilution of the alcoholic solution of 0.1 M HCI
the adsorption spectrum of 0.05 % thioctic acid solution
in the alcoholic-water solution of hydrochloric acid is
almost identical with the range of the alcoholic-water
solution of the similar concentration (Fig. 2), indicating
the absence of protonation of any functional groups.

The change of the reaction medium to the alkaline
one alters the nature of thioctic acid absorption only in
the distant ultraviolet radiation (Fig. 3).
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Fig. 2. The adsorption spectrum of 0.05% thioctic acid solutions in the neutral and acid media
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Fig. 3. The adsorption spectrum of thioctic acid solution in the alcoholic-water solution of sodium hydroxide

After dilution of the alcoholic solution with 0.1 M
sodium hydroxide solution the adsorption spectrum of
0.05 % solution of thioctic acid in the alcoholic-water
solution of sodium hydroxide is characterized by the in-
tense absorption band in the range of 215-240 nm with
a distinct narrow maximum at 225 nm. Thus, the inten-
sity of the absorption band is reduced by approximately
30 % compared to the wide band in the neutral and acid
media. The 1,2-dithiolane cycle is isolated from the
electronic impact of the carboxyl group by four methy-
lene groups; therefore, the absorption band in the near
ultraviolet by its position and intensity corresponds to a
similar band in the absorption spectra of solutions with
the similar concentration in the neutral and acid media.

It is known that thioderivatives show reducing pro-
perties and have the ability to oxidize. In order to study
the effect of oxidation on the adsorption spectrum of the
substance the interaction of thioctic acid solution with

the excess of the monopotassium salt of peroxymonosul-
furic acid (Caro acid) was performed. The reaction was
carried out in the medium of borate buffer with pH 9.5.
The solution of the monopotassium salt of peroxymono-
sulfuric acid was added to the alcoholic solution of thi-
octic acid, diluted to the volume by the buffer solution,
kept for 20 min, and the adsorption spectrum was regis-
tered in relation to the control solution with the corres-
ponding composition.

The nature of the adsorption spectrum of the oxida-
tion products of thioctic acid obtained changes (Fig. 4).
As the solution is alkaline, the absorption band in the
distant ultraviolet becomes narrower, less intense and
has a marked maximum at 215 nm. The absorption band
in the near ultraviolet disappears at all. Instead, there is
an intense absorption band in the range of 230-250 nm
with a wide flat maximum at 243 nm, its presence can
be explained by formation of oxidation products — sul-
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Fig. 4. The adsorption spectrum of dilution of thioctic acid oxidation products with the monopotassium salt of peroxymonosulfuric

acid in the buffer solution medium with pH 9.5
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Fig. 5. The calibration graph of dependence of thioctic acid solutions in 0.1 M solution of hydrochloric acid on their concentration

fones or sulfoxides. The absence of absorption in the
range of 330-338 nm indicates that oxidation products
of thioctic acid do not prevent its possible quantitative
determination using the spectrophotometric method by
the absorption band with the maximum at 334 nm, which
increases the specificity of analysis.

Thus, our spectral studies have shown that the ad-
sorption spectra of thioctic acid solutions, in particular
in 0.1 M solution of hydrochloric acid, contain a broad
sloping absorption band with the maximum at 334 nm,
which can be used to quantify the concentration of thioc-
tic acid solutions by the method of one-component one-wave
spectrophotometry according to the method of standard.

It is known that one of the main conditions of the
possibility to use the spectrophotometric method for quanti-
tative determination is subordination of light absorption
of the solutions analyzed to Beer-Lambert law. Devia-
tions from the direct subordination of Beer-Lambert law
can be caused by solvation, association, dissociation and
complexation, which can occur in solutions, especially
with increasing their concentration.

The check of Beer-Lambert law application is to
construct a graph of dependence of the optical density
on the concentration of the solution expressed one or
another way.

Light absorption of solutions obeys Beer-Lambert
law only within the concentrations, in which the optical
density depends directly proportional on the concentra-
tion of the solution, and the calibration curve is a straight
line (Fig. 5).

The specific absorption rate

1% 1

Al em EA

is constant in the same range (taking into account some
deviations caused by dispersion of solution preparation).

The results of checking subordination for light ab-
sorption of thioctic acid solutions in 0.1 M solution of
hydrochloric acid according to Beer-Lambert law are pre-
sented in Table and Fig. 5.

The analysis of the experimental data obtained shows
that light absorption of thioctic acid solutions in 0.1 M
solution of hydrochloric acid is linear and obeys Beer-
Lambert law within the whole range of the concentra-
tions studied from 1.25 to 12.50 < 10-2 %. The intensity
of absorption is sufficiently low; the specific absorption
rate is only 6.148 = 0.106.

The presence of rectilinear dependence between the
concentration and optical density suggests the possibi-
lity of determining the concentration of thioctic acid
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Table

The results of checking subordination for light absorption of thioctic acid solutions in 0.1 M solution
of hydrochloric acid according to Beer-Lambert law

No. 1 2 3 4 5 6 7 8 9 10
x-10%,% 125 | 250 | 375 | 500 | 625 | 750 | 875 | 1000 [ 1125 | 12.50
A 0.081 | 0150 | 0227 | 0305 | 0380 | 0459 | 0537 [ 0620 | 0692 | 0.770
%
o 648 | 600 | 605 | 610 | 608 | 612 | 614 | 620 | 615 | 6.16

solutions in 0.1 M solution of hydrochloric acid by the
method of one-component one-wave spectrophotometry
with further calculation of the concentration according
to the method of standard.

CONCLUSIONS

1. In order to develop the spectrophotometric method
for determining the concentration of solutions of thioc-
tic acid to study its bioavailability as part of the dosage
forms the research of the adsorption spectra of thioctic
acid solutions in different media has been conducted.
It has been found that the adsorption spectrum of thioc-
tic acid solution in 0.1 M solution of hydrochloric acid
contains a broad sloping absorption band with the maxi-
mum at 334 nm, which can be used to quantify the con-
centration of thioctic acid solutions by the method of
one-component one-wave spectrophotometry according
to the method of standard.

2. The study of the adsorption spectra of the solu-
tion of thioctic acid oxidation products with the mono-
potassium salt of peroxymonosulfuric acid has shown
that they do not absorb ultraviolet radiation in the range
of 334 nm; therefore, oxidative degradation products do

not distort the results of spectrophotometric quantitative
determination of thioctic acid by the absorption maxi-
mum at 334 nm.

3. In order to determine the limits of subordination of
light absorption of thioctic acid solutions to Beer-Lam-
bert law the calibration graph of dependence of the op-
tical density of the solutions on the concentration has
been built. It has been found that light absorption of thioc-
tic acid solutions in 0.1 M solution of hydrochloric acid
in the maximum at 334 nm is linear and obeys Beer-
Lambert law within the whole range of the concentra-
tions studied from 1.25 to 12.50 ¢ 10 %. The intensity
of absorption is rather low, and the specific absorption
rate is only 6.148 + 0.106.

4. The study conducted shows the possibility to quan-
tify the concentration of thioctic acid solutions in solu-
tions of hydrochloric acid that model the acidic medium
of the gastric juice by the method of one-component one-
wave spectrophotometry according to the method of stan-
dard in the maximum at 334 nm.
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