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Scientific data on the availability and application of methods for the determination of
iodine-containing compounds in herbal raw materials, food products and medicinal prod-
ucts has been analyzed. It has been established that in most methods of iodine detection,
an organic component of food interferes analysis. Dry ashing procedure (dry digestion) in
muffle furnace at 400-500°C or treatment with concentrated acids (wet digestion) at the
presence of oxidizing agents is used to eliminate the potential interference. Inversion
voltammetry is used for the iodine determination in food products but it has a number of
disadvantages, in particular, toxicity of mercury, its relative easy oxidizability and rela-
tive complexity of used equipment. The content of total iodine in herbal raw material is
determined by the titrimetric method. The technique has been developed for the determi-
nation of tyrosine and its iodinated derivatives by high performance liquid chromatogra-
phy. The article presents the parameters of chromatographic separation of tyrosine and
iodinated derivatives.

Keywords: iodine-containing organic compounds, laminaria, high performance liquid
chromatography.

IIpoanamusupoBaHLl JaHHLIe HAYUYHON JMHTEpPaATypPhl OTHOCUTENLHO HAJIWUUA U ACHEKTOB
MpUMEeHeHUs MeTOJOB OIpefeleHHA COeAUHeHU Moga B JeKAPCTBEHHOM PACTUTEILHOM
coipbe (JIPC), IHUIEeBLIX MPOAYKTAX U JeKapCTBEHHLIX CPeACTBAX. Y CTAHOBJIEHO, UTO B 0OJIbL-
IIUHCTBEe CHOCO00B eTeKTUPOBAHMA HoJa oOpraHMyYecKasd COCTABJSIONIAA PACTUTEILHOTO
CBIPbs (IUIIEBOTO MPOAYKTA) MeIlaeT MPOBeAeHUI0 aHaausa. s yeTpaHeHWs HTOTO BJIU-
HUS HCIOJL3yeTCA TeXHUKA IeJOYHOIo CcyXoro coxkurauusa (T cyxoe  oszojeHue) B MyQeabHOR
neun npu remueparype or 400 xo 500°C mam o6paboTKa CHUIBHBIMM KHUCJAOTAMMU B IPUCYTCT-
Buu orkucaureaeil ("Mokpoe” ososeHue). Iad onpepeseHus iioga B 00beKTAaX GUOJOIMUECKO-
ro IPOMCXOMIEHUSI, B YACTHOCTU B IIPOAYKTAX HUTAHU, IPUMEHSIETCH W METOJ MHBEPCHOH-
HOIl BOJIBTAMIIEPOMETPHU, ONHAKO OH XaPAKTEePHBYeTCH PHAIOM HEIOCTATKOB AallllapaTypbl.
Hnsa JIPC comepsxanue obiero iona onpegenserca TUTPUMETPUUECKUM MeTomoM. Paspabora-
HA METOAHMKA OIpPeHesleHNs TUPOSHHA W €ro MOAWPOBAHHBIX IIPOMSBOMHBIX METOIOM BBICOKO-
s PeKTUBHON KUAKOCTHOU xXxpomarorpaduu. IIpuBegensl mapaMmerpsl XpoMarorpapuuecKoro
pasgesieHns TUPOSHHA W MOLUPOBAHHBIX IIPOM3BOIHBIX.
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Po3podkxa MeTOmWKM KiJBKiICHOTO BHU3HAYCHHA HOMOPTaHIYHUX CHOJYK METOJAOM BHUCO-
koedekTnBHOT piguHHOI Xpomartorpadii. [.M.Bradumupoea, B.A.I'eopziany, B.I.I'ycapos,
T.C.Tuwaxoea, [].C.XapueHrkro.

ITpoananisoBano gaHi HayKOBOI JiTepaTypM IIOI0 HASBHOCTI Ta acHeKTiB 3aCTOCYBaHHSA
MeTOMiB BU3HAUEHHSA CIOJYK Hoxy y JiKapcbkiii pocamnniit cuposuni (JIPC), xapuoBux
MPOLYKTaX Ta JiKapchbKUX 3acobax. BusHauewo, mio y O6iabimocti cmocobiB meTeKTyBaHHS
oy opraHiuHa CKJAJOBa POCIUHHOI CUPOBMHU (XapUOBOTO TPOAYKTY) 3aBAKaE MPOBETEHHIO
aHasmisy. [Ina yCyHEeHHS ILOTO BIJUBY BUKOPUCTOBYETHLCSA TEXHIKA JYMKHOTO CYXOTO CHAJTIO-
Bauus ("cyxe"” ozoseHHdA) y mydenabHill neui npu Temuepatypi Bix 400 po 500°C a6o oGpobra
CUJIBHUMM KHCJIOTAMHU y NPUCYTHOCTI oxucaroBauiB (" mMoxpe” oszosnenHs). i BUSHAUEHHS
ony B 00’¢KTax GioJOriyHOrO MOXONMKEHHHA, S0KpPeMa y IIPOAYKTAX XapuyBaHHH, 3aCTOCO-
ByeTbesa 1 meroj iHBepciiinoi Boabramnepomerpii. Huaa JIPC Bmicr saranpHOro #ogy BusHa-
YaeThbCAd TUTPUMETPUYHHUM METOAOM. P0O3po0/ieHO MeTOAWKY BHU3HAUYEHHS THUPOSUHY i HOro
MomoBaHUX IIOXiTHMX MeTOmOM BHCOKoedheKTHBHOI pimmuuol xpomaTtorpadii. Hasemgeno mapa-

MeTpu xpomarorpadivyHoro moginy TUpPOSUHY i HOMOBAHMX IMOXITHUX.

1. Introduction

Iodine-containing compounds of natural
and synthetic origin are essential for pro-
phylaxis and treatment of thyroid function
abnormalities. Species of brown algae are
absolute leaders among the natural sources of
iodine-containing compounds, the most com-
mon of which is laminaria used as food and
medicinal products [6—8]. Iodine compounds
in the thallus of laminaria include different
inorganic and organic compounds [1, 9].

Iodine content varies depending on the
place of growth of algae, season, the
method of iodine analysis in plants, and
also on the part of the plant taken for the
iodine analysis.

Methods of identification and quantita-
tive determination of iodine-containing com-
pounds depend on the chemical forms of io-
dine in the investigated objects, as well as
in herbal substances. In natural water, espe-
cially seawater, iodine mainly exists as io-
dide and iodate. Iodine in herbal objects can
be found in organic and inorganic forms.
Algae and marine products are rich sources
of iodine, which contain mainly organic
compounds of iodine among other halogen-
containing compounds. Organic compounds
of iodine in biological specimens can be de-
termined by classical chemical methods
after their pre-isolation or by more ad-
vanced spectroscopic methods. Gas chroma-
tography and high performance liquid chro-
matography are ones of express methods for
the determination of these compounds. The
catalytic, electrochemical, titrimetric, and
spectrometric methods are used for analysis
of the inorganic iodine species [4, 8, 10, 12].

Practically all methods of iodine analysis
need preliminary sample preparation; it is a
critical step in iodine analysis in food, food
ingredients and herbal raw material [4, 11,
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13]. An organic component of food inter-
feres with the analysis in most methods of
iodine detection. Dry ashing procedure (dry
digestion) in muffle furnace at 400-500°C
or treatment with concentrated acids (wet
digestion) at the presence of oxidizing
agents is used to eliminate potential inter-
ference [2, 9].

Many analytical methods have been de-
veloped for the analysis of iodine in differ-
ent biological samples. In particular, inver-
sion voltammetry (IVA) is used for iodine
determination in food products [3]. IVA has
a high sensitivity and it is a very accurate
electrochemical method. Voltammetric de-
termination of iodine is based on the ability
of iodide-ions to deposit on the surface of a
mercury electrode in the form of insoluble
salt of mercury (Hg,l,) at the potential of
electrodissolution of metallic mercury; fur-
ther, cathodic reduction of the precipitate
takes place when the potential changes. The
analytical signal is a value of the cathodic
peak of iodide proportional to its concentra-
tion in optimal conditions. But this method
has a number of disadvantages, in particu-
lar, toxicity of mercury, its relative easy
oxidizability and relative complexity of
used equipment.

The determination of total iodine in the
thallus of laminaria as herbal raw material
is regulated by the requirements of the State
Pharmacopoeia of Ukraine (SPhU). Prior to
the SPhU’s publication, a general monograph
of State Pharmacopoeia XI, ed. 2 "Thallus of
laminaria” was used; according to its recom-
mendations, the iodine content in lami-
naria was determined by burning the raw
material in a closed oxygen-filled flask [5].
By analogy with the monograph "Kelp” of
the European Pharmacopoeia [2], SPhU rec-
ommends using a more advanced method for
the determination of iodine; the procedure
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pKa(HL/H+L)=10.01 =
0.15

Fig. 1. Possible ionic forms of tyrosine.

pKa(H2L/H+HIL)=9.09 +
0.10

pKa(H3L/H+H2L)=2.25 +
0.10
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Fig. 2. Chromatograms of the total reference solution, pH of buffer is 2.5.

includes alkaline mineralization of raw mate-
rial with further determination of iodine by
the titrimetric method (titrant is a 0.01 M
sodium thiosulfate solution, indicator is a
starch) [13].

Taking into consideration the sufficiently
high content of organic compounds which
play a crucial role in the therapeutic action of
laminaria and laminaria-based remedies, the
aim of our research was to develop a method
for the determination of iodine-containing or-
ganic compounds by high-performance liquid
chromatography (HPLC), that is a modern,
highly-sensitive and accurate method for de-
termination of biologically active compounds.

2. Experimental

The analysis was performed on a Varian
ProStar liquid chromatograph (Varian,
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USA) consisting of a high-pressure gradient
system ProStar 210; a spectrophotometric pho-
todiode array detector ProStar 3830; an
autosampler ProStar 400 with the volume of
20 ul; a column heating oven ProStar 500 with
a Waters XbridgeTM column C18 (150 mm,
4.6 mm, 3.5 um) with a pre-column.

The following reagents were used: ace-
tonitrile "gradient grade” (Sigma-Aldrich),
methanol "gradient grade” (Sigma-Aldrich),
trifluoroethanoic acid (Fluka), water for
chromatography (Millipore Direct-Q5).

The following standards were used: D,L-
tyrosine (SigmaAldrich, 145726), 3-iodo-L-
tyrosine (SigmaAldrich, 18250), 3.5-diiodo-
L-tyrosine (SigmaAldrich, D0754).

Preparation of standard solutions.

D,L-tyrosine, ~1 mg/ml. Dissolve approxi-
mately 25 mg of D,L-tyrosine in 25-mL volu-
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Fig. 3. Identity of peak-pairs composition for
every component by UV-diode array for every
peak. Absorbance spectrum of peaks with the
retention time 2.27 min and 2.92 min (tyro-
sine). Absorbance spectrum of peaks with the
retention time 5.92 min and 9.46 min
(monoiodtyrosine).

metric flask containing 10 mL of water,
5 mL of methanol and 200 ul of 300 g/1
solution of potassium hydroxide and dilute to
volume with water.

3-Iodo-L-tyrosine, ~1 mg/mL was prepared
similarly to the solution of D,L-tyrosine.

3.5-Diiodo-L-tyrosine, ~1 mg/mL was
prepared similarly to the solution of D,L-ty-
rosine.

Total tyrosine solution (contains 0.33
mg/mL of tyrosine and its derivatives) was
prepared by the mixing solutions of tyro-
sine and its derivatives in the ratio 1:1:1

(v/v/v).
3. Results

The first stage of developing the method
for the determination of tyrosine and its
iodinated derivatives in herbal raw material
— monoiodtyrosine (3-iodo-L-tyrosine, MIT)

Table 1
Column Waters XBridge™ C18
3.5 um, 150x4.6
Column 25°C
temperature
Mobile phase A 0.1 % CF;COOH in 5 %
acetonitrile
Mobile phase B 0.1 % CF;COOH in
acetonitrile
Flow rate 1.0 ml/min;
Detector Spectrophotometric
Detection 223 nm
wavelength
Injection volume 20 ul

and diiodotyrosine (8.5-diiodo-L-tyrosine,
DIT) — was the selection of the chroma-
tographic conditions under which it would
be possible to determine all the components
simultaneously. Tyrosine, MIT, and DIT are
inner salts. Depending on the pH of a mo-
bile phase, several retention mechanisms
can be simultaneously realized for ionogenic
compounds during the analysis. As a result,
the compounds elute, and two peaks are ob-
served, each of them corresponds to the mo-
lecular or protonated (deprotonated) forms.
Acidic or basic eluents, inhibiting (or en-
hancing) hydrolysis and transferring the
compound into one of the possible ionic
forms, are used to avoid this phenomenon.

The pKa value of tyrosine was deter-
mined in order to estimate the pH value at
which amino acid is fully protonated (depro-
tonated). It was found that the presence of
the two forms is possible in the range of pH
from 2.25+0.10 to 10.011+0.15. That’s why
it is meaningful to use mobile phases with
pH less than 2.15 or higher than 10.26 at
the chromatographic separation (Fig. 1).

The abovementioned statement was con-
firmed experimentally. The chromatograms
were obtained using a 50 mM perchlorate
buffer with pH 2.5 (mobile phase A) and
acetonitrile (mobile phase B) as a mobile
phase (gradient elution, content of mobile
phase A:

0 min — 10 min — 90 %;

10 min - 18 min — 90 % — 30 %;

18 min — 22 min — 30 %;

22 min — 23 min — 80 % — 90 %;

23 min — 25 min — 90 %),
where every component of the total refer-
ence solution appeared in the form of two
well separated peaks (Fig. 2, the order of
the peak-pairs appearance: tyrosine,
monoiodtyrosine, and diiodotyrosine (in
ionized and molecular forms or in the form

Table 2. Gradient timetable

Time Mobile phase | Mobile phase
A, % B, %
0 95 5
2 95 5
2512 95 — 40 5— 60
12 > 13 40 — 10 60 — 90
18 10 90
18 —» 20 10 —» 95 90 - 5
30 95 5
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Fig. 4. Chromatogram of the resultant refer-
ence solution with the use of 0.1 % tri-
fluoroacetic acid.

of inner salt)). The identity of the peak-pairs
to the composition of every component was
confirmed by the comparison of electronic ab-
sorption spectra obtained with the use of an
UV-diode array for every peak (Fig. 3). Si-
multaneous detection of the compounds is
possible at the tyrosine absorption maximum
taking into account the compounds’ absorp-
tion maxima (at the wavelength of 223 nm).

When the mixtures of 50 mM per-
chlorate buffer (pH 2.0) with addition of
5 % acetonitrile as a mobile phase A and
50 mM perchlorate buffer (pH 2.0) with ad-
dition of 60 % acetonitrile as mobile phase
B (gradient eluation, content of mobile
phase A:

0 min —» 5 min — 100 % — 90 %;

5 min —» 15 min — 90 % — 0 %;

15 min — 22 min — 0 %;

22 min — 283 min — 0 % — 100 %;

23 min — 25 min — 100 %)
were used, the chromatograms (after com-
plete separation of the components) showed
the iodinated derivatives as individual
peaks, and the split peak of tyrosine. (Fig.
4, the order of the peak appearance: tyro-
sine, monoiodtyrosine, and diiodtyrosine).

A rapid analytical method capable to de-
termine tyrosine and its derivatives was de-
veloped in the present research.

The chromatographic conditions proposed
for the determination of tyrosine and its
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derivatives in the herbal raw material are
the following.

As can be seen from the above, we have
proposed a procedure for the simultaneous
determination of tyrosine and its iodinated
derivatives by the HPLC.

4. Conclusions

A highly-sensitive method for the deter-
mination of tyrosine and its iodinated de-
rivatives in the raw of laminaria saccharina
by the high-performance liquid chromatog-
raphy has been developed. Conditions for
the analysis and sample preparation proce-
dure have been chosen. This method can be
applied for the determination of iodine-con-
taining compounds in herbal raw materials,
dietary supplements, medicinal products or
food. The proposed method is modern, com-
prehensible and characterized by a variety
of advantages during analysis, high repeat-
ability; control of analysis, information
processing and presentation of final results
is completely automatic.
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