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Optimization of L-arginine and thiotriazoline compound analysis

by high-performance liquid chromatography method

L. I. Kucherenko'?, 0. V. Khromylova?, I. A. Mazur*?, Z. B. Moriak*

Zaporizhzhia State Medical University, Zaporizhzhia, Ukraine, >SPA “Farmatron”, Zaporizhzhia, Ukraine

Cardiovascular diseases are the leading cause of death and disability in most countries of the world. Therefore, the crucial task
of pharmacy and medicine is the creation of drugs for the treatment of these pathologies. As a result of pharmacological studies,
the optimal ratio of L-arginine with thiotriazoline — 4:1 was found. It was proposed to use modern, high-precision method of high-
performance liquid chromatography (HPLC) to determine the active substances in the dosage form.

Objective. The purpose of our study is to develop a method for the simultaneous determination of L-arginine and thiotriazoline
standardization in model mixture by high-performance liquid chromatography, in particular the selection of the mobile and stationary phase.

Materials and methods. L-arginine (manufactured by Sigma-Aldrich, China), thiotriazoline (manufactured by the State Enterprise
Chemical Reagents Plant of the Scientific and Technological Complex Institute of Single Crystals of the National Academy of
Sciences of Ukraine) was used for the study. The studies were carried out using a modular BISCHOFF HPLC system (BISCHOFF
Analysentechnik GmbH, Germany) with a Lambda 1010 spectrophotometric detector.

Results. At first, the determination was carried out on the reverse phase, with L-arginine practically not retained (coming out at the “dead
volume”), and the use of cyanated phase did not significantly affect the retention of L-arginine. Further, the retention time of L-arginine
increased slightly under ion-pair chromatography on the reversed phase, in determining and using the eluent with tetrabutylammonium.
The most acceptable result was obtained by using an ion buffer reagent acid buffer — 0.05 % solution of trifluoroacetic acid.

Conclusion. Thus, according to the obtained results, we believe that the use of an acid buffer —0.05 % solution of trifluoroacetic
acid is one of the promising ways for the simultaneous determination of L-arginine with thiotriazoline in the model mixture
along with the ion-pair reagent. In the future, we are going to use this technique for the standardization of a combined drug
which includes L-arginine and thiotriazoline, in solid and liquid dosage forms.

Niabip onTMMaAbHMX YMOB aHaAi3y cymili L-apriHiHy 3 TioTpua3oniHom
MEeTOAOM BUCOKOE(EKTUBHOI PiAMHHOI Xpomatorpadii

A. |. KyuepeHko, 0. B. Xpomunbosga, I. A. Masyp, 3. b. Mopsak

CepLieBo-CyanHHi 3aXBOPIOBAHHS — OCHOBHA MPUYMHA CMEPTHOCTI Ta iHBarigHOCTi HaceneHHs B 6araTbox KpaiHax CBiTy. ToMy akTyarnbHM
3aBAaHHAM hapMaLlii Ta MeaULIMHL € CTBOPEHHS NiKapChKuX npenapartiB Ans nikyBaHHS LX NaTororin. Y pesynkrati hapMakonorivHux
LOCTIimKEHb BUSIBUNM ONTUMAsTbHE CiBBIAHOLLEHHS L-apriHiHy 3 TioTprasoniHom — 4:1. [1ns1 BU3HAYeHHS! ito4nX PEHOBMH Y NiKapChbKil
¢hopmi 3anpornoHyBany BUKOPVUCTOBYBATM Cy4aCHWA BUCOKOHYTIIMBIIA METOZ, BUCOKOEEKTUBHOI pignHHOI Xpomatorpadii (BEPX).

MeTa po60Tu — po3pobrieHHs METOAMKM OAHOYACHOMO BU3HAYEHHsI L-apriHiHy Ta TiOTpMasoniHy B MOAENbHIl CyMilli METOAOM
BUCOKOEEKTUBHOI pignHHOI Xpomarorpadii (BEPX), sik-ot nigbip pyxomoi Ta Hepyxomoi caau.
Marepianu Ta metoau. [ins gocnimkeHb BukopucToByBanu L-apriHiH (Bupo6HuK «Sigma-Aldrich», KHP), Tiorpuasoni (O «3a-

Bog XiMiyHux peakTugiB» HTK «IHCTUTYT MoHokpucTanie» HAH Ykpainu). JocnimkeHHs 30iMCH1M 3 BUKOPUCTAHHSM MOAYNbHOI
cuctemu BEPX BISCHOFF (BISCHOFF Analysentechnik GmbH, ®PH) 3i cnekrpodotomeTpunyHum getektopom Lambda 1010.

PesynkraTtu. Cnoyatky BU3Ha4eHHst NPOBOANIN HA 0BepHeHiN dhasi, Npu LboMy L-apriHiH NpakTUYHO He YTPUMYETLCS (BUXOQUTb
Ha «MepTBOMY 06’EMi»), a BAKOPUCTaHHS LiaHOBaHOi ha3u No36aBuIo 3Mory CyTTEBO BMAMHYTY HA YTpUMyBaHHS L-apriHity. [ani
NPy BU3HAYEHHI B yMOBaX ioHNapHoi xpomarorpadii Ha 06epHeHilt thasi 11 BUKOPUCTaHHI eNtoeHTy 3 TeTpabyTunamoHiem geLo
30inbLUMBCS Yac YTPUMYBaHHS L-apriHiHy, @ HanbinbLL NPUIHATHWA pe3ynsTaT OTPUMarnu, BUKOPUCTOBYHOUM NOPSIA 3 iOHNApHUM
peareHToM kucnoro Bycepa 0,05 % posunHy TPUhTOPOLLTOBOI KUCHOTY.

BucHoBku. BignosigHO 4O OTpUMaHUX pesysnbTaTiB BBaXAEMO MEepPCnekTUBHAM NSt OQHOYACHOTO BU3HAYeHHs L-apriHiHy
3 TIOTPWA30MiHOM y MOAENbHIN CyMiLli BUKOPUCTOBYBATU NOPSiA 3 iOHMapHUM peareHToM kucnmin Bycep — 0,05 % po3qunH
TpUETOPOLTOBOI KMCNOTU. Hapani Lo METOAMKY NnaHyeMO BUKOPUCTOBYBATU ANs CTaH4apTW3aLi KOMBGIHOBaHOTO NikapCbKOro
npenapary, 4o Ckrnaay Sikoro BXoaaTb L-apriHiH i TIOTpuasoniH y TBepamx i pigkux nikapcbkux chopmax.

Moa6op onTMMaAbHbIX YCAOBUM aHaAM3a cmecH L-apruHuHa ¢ THOTPUA3OAMHOM
METOAOM BbICOKO3()PEKTUBHOU XMAKOCTHOM Xpomartorpapum

A. W. KyuepeHko, O. B. Xpombinésa, U. A. Masyp, 3. b. Mopsik

CeppeyHo-cocyaucTble 3a60neBaHNst — OCHOBHAs NPUHIKHA CMEPTHOCTY M MHBANMAHOCTM HaceneHms B BOMbLUIMHCTBE CTpaH Mupa.
MoaTomy akTyanbHOM 3agadeit hapmMaLmn U MeanuvHbl SBMSIETCS Co3haHne NekapCTBEHHbIX NMPenapaToB Ass NeYeHNst AaHHbIX
natonorui. B peaynsrate npoBefeHHbIX (hapMakonornyeckux NccneaoBaHnii yCTaHOBNEHO ONTUMAanbHOE COOTHOLEHVE L-apru-
HWUHa C TMoTpHasonuHom — 4:1. [ins onpeaeneHus 4efCTBYIOLLMX BELLECTB B NIEKapCTBEHHON (hopMe NPEeAnoXeHO UCnomnb3oBaTh
COBPEMEHHbIN, BbICOKOYYBCTBUTENbHbI METOZ, BbICOKOI(EKTUBHON XMAKOCTHOI XpomaTorpadmm (BOXKX).
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(DyHAaMeHTa/\bH bl€ NCCAEAOBAHUA

Llenb pa6otkl — pa3paboTka METOAMKM OBHOBPEMEHHOIO ONpeaeneHns L-apruHnHa 1 TMOTpMas3onnHa B MOAENBHOM CMec
METOLIOM BbICOKOI(PEKTUBHON XMAKOCTHON XpomaTorpacdum (BIXKX), a umeHHo nogbop noaBuKHOI 1 HEMOABWXKHOI hasbl.

Marepuans! u Mmetoab!. [ins nccnenosaquii ncnonb3osani L-apruHnH (nponssoaumtens «Sigma-Aldrichy, KHP), Tuotpuasonnt
(M «3aBog xummyecknx peaktueoBy HTK «HcTuTyT MoHOKpucTannos» HAH YkpauHbl). MiccnenoBaqus npoBoaunv € UCMorb-
30BaHWeM MogynbHol cuctembl BOXKX BISCHOFF (BISCHOFF Analysentechnik GmbH, ®PI") co cnektpocdoTomeTpuyiecknm
nerektopom Lambda 1010.

Pesynkratbl. CHavyana onpegeneHne nposoannu Ha obpalleHHon dase, Npy 9TOM L-apruHuH NpakTU4Yecku He yoepxmBa-
eTcs (BbIXOAWT Ha «MepTBOM O6beMey), a 1CMoNb3oBaHWe LMaH1poBaHHOW dasbl He NO3BOMNIIO CYLLECTBEHHO MOBNATHL
Ha yaepxuBaHue L-apruHuHa. [anee npu onpefeneHun B YCrOBUSIX MOHNAPHOW xpomaTtorpadum Ha obpatueHHomn dase u
ICNONb30BaHNW arkoeHTa C TeTpabyTUIaMMOHWEM HECKOMbKO YBENUYMNOCh BPEMS YAepKuBaHus L-apruHuHa, a Hanbonee
npuemnemblit pesynstat Gbin NonyYeH Npu UCNoNb30BaHWM HapsiAy C MOHNapHLIM peareHToM kucnoro Bydepa — 0,05 % pac-
TBOpPa TPUTOPYKCYCHOW KNCMOTHI.

BriBoabI. CornacHo nonyyeHHbIM B xofe paboThbl pesyrnkratam cHuTaeM NeperekTUBHbIM 15t OIHOBPEMEHHOIO OnpeaeneHns
L-apruHuHa ¢ TMOTPMA30NMHOM B MOZENBHOM CMECH UCMONb30BaTh HApsiZy C MOHNAPHBIM peareHToM Kucnblii 6ycep — 0,05 %
pacTBOp TPUTOPYKCYCHOM KUCTOTbI. B AanbHeliLiem 3Ty MeToauky nnaH1pyeM UCronb30BaTh Ans CTaHaapTU3aLmm KOMOUHMPO-
BaHHOIO NekapCTBEHHOrO Npenapara, B COCTaB KOTOPOro BXOAST L-aprHUH U TUOTPUA3OoH B TBEPABIX M KAKUX TeKapCTBEHHBIX

Table 1. The results of tl

dopmax.

Cardiovascular diseases are the leading cause of death and
disability in most countries of the world. Brain strokes affect
up to 35 % of the adult able-bodied population of Ukraine,
while up to 25 % of survivors need outside help for the rest
of their days. Therefore, the crucial task of pharmacy and
medicine is the creation of drugs for the treatment of these
pathologies [1,2]. Recently, the issue of the role of nitrogen
oxide system, as well as substances related to its metab-
olism in the prevention of cardiovascular diseases, has
been actively discussed. The metabolic precursor of nitric
oxide (NO) — the neurotransmitter amino acid L-arginine
is of particular interest. The search for the possibility of en-
hancing the protective properties of L-arginine by combining
with substances capable of improving the energy supply of
the ischemic myocardium and increasing the bioavailability
formed from NO L-arginine is also of undoubted interest.
Such substances include thiotriazoline. Thiotriazoline is
able to enhance the cardioprotective effect of L-arginine
potentiating its NO-mimetic mechanism [3,4]. As a result of
the carried out pharmacological studies, the optimal ratio
of L-arginine with thiotriazoline — 4:1 was found [3,4]. Such
dosage form as tablets was offered for a new combination
drug. To date, modern physical-chemical methods of analysis
are increasingly being used to standardize drugs. In connec-
tion with this, it was offered to use a modern high-precision
method of high-performance liquid chromatography (HPLC)
to determine the active substances in the dosage form. This

he determination of L-arginine and thiotriazoline by HPLC

method allows simultaneously carrying out both identification
and quantitation the of active substances in one weight [5-7].
For this, firstly, it is necessary to select the optimal conditions
for the analysis of active substances (L-arginine and thiotri-
azoline), namely the mobile and stationary phases.

Objective

The purpose of study: to develop a method for the simulta-
neous determination of L-arginine and thiotriazoline stan-
dardization in a model mixture by high-performance liquid
chromatography, in particular the selection of the mobile
and stationary phase.

Materials and methods

L-arginine (manufactured by Sigma-Aldrich, China), thiotri-
azoline (manufactured by the State Enterprise Chemical
Reagents Plant of the Scientific and Technological Complex
Institute of Single Crystals of the National Academy of
Sciences of Ukraine) was used for the study. The studies
were carried out using a modular BISCHOFF HPLC system
(BISCHOFF Analysentechnik GmbH, Germany) with a
Lambda 1010 spectrophotometric detector. In this work we
used the following columns: Prontosil 120-5-CN, Hypersil
ODS-C18-5u. Water; 0.05 % aqueous solution of trifluoro-
acetic acid; Bu,NHSO, 3.4 g/l in water; Bu,NHSO, 3.4 g/l,

w - __

Prontosil 120-5-CN

2 Prontosil 120-5-CN

3 Hypersil ODS-C18-!

4 Hypersil ODS-C18-:

5 Hypersil ODS-C18-!

Water

Aqueous solutions with a concentration of 0.04 mg/ml of L-arginine and thiotriazoline.

Double peaks near dead column volume

0.05 % aqueous solution 210 ~2 4.1

of trifluoroacetic acid

Solutions in the eluent with a concentration of 0.04 mg/ml L-arginine and thiotriazoline.
Acceptable peak shape and thiotriazoline retention time.

Negative or double peaks of L-arginine.

5u Bu,NHSO, 3.4 g/l aqueous ~ 2

=

0 ~25 -8

A solution in an eluent with a concentration of 0.04 mg/ml arginine and thiotriazoline.

Fuzzy peak of L-arginine. Double peak of thiotriazoline.

5u Bu,NHSO, 3.4 g/, 0.02M 2
Na,HPO, aqueous

=

0 ~25

A solution in an eluent with a concentration of 0.04 mg/ml L-arginine and thiotriazoline.
High background. Negative peak of arginine.

Double peak of thiotriazoline.

5u Bu,NHSO, 3.4 g, 210 23 5.2
0.05% aqueous solution

of trifluoroacetic acid

Solutions in an eluent with 1:1 concentrations of L-arginine and thiotriazoline (0.4 mg/ml).
In general, the shape of the peaks has improved.
Unidentified peak in 10 min

A: L-arginine, T: thiotriazoline;
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TR: peak retention time of analyte.
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0.02MNa,HPO, in water, Bu,NHSO, 3.4 g/, 0.05 % solution
of trifluoroacetic acid in water were used as the eluents. In
the course of work, glass measuring utensils (class A) were
used. The concentrations of active substances were studied
in the range from 0.04 mg/ml to 0.4 mg/ml.

Results and discussion

According to the literature data, the determination of aliphat-
ic amino acids by HPLC, considering their low absorption,
is usually carried out after their preliminary derivatization by
various modifying reagents [7-9]. However, with the simulta-
neous determination of L-arginine and thiotriazoline, the use
of such derivatization would be impractical. Therefore, in
choosing the method of analysis, we stopped at detection in
a wavelength of 210 nm without modification of L-arginine.

Atfirst, the determination was carried out on the reverse
phase, with L-arginine practically not retained (coming out
at the “dead volume”), and the use of cyanated phase did
not significantly affect the retention of L-arginine.

Further, the retention time of L-arginine increased slight-
ly under ion-pair chromatography on the reversed phase, in
determining and using the eluent with tetrabutylammonium.
The most acceptable result was obtained by using an ion
buffer reagent acid buffer — 0.05 % solution of trifluoroacetic
acid (Table 1).

Therefore, ion-pair chromatography using an acid
buffer — 0.05% trifluoroacetic acid solution (Table 1, item
5) was offered to determine L-arginine with thiotriazoline in
a model mixture.

The studies were carried out using a modular BIS-
CHOFF HPLC system (BISCHOFF Analysentechnik GmbH,
Germany) with a Lambda 1010 spectrophotometric detector.

Analysis conditions:

— Column Hypersil ODS-C18-5u, 4.6 x 250 mm, particle
diameter 5 pym.

— Eluent: an aqueous solution containing 3.4 g/l
Bu,NHSO, and 0.05 % trifluoroacetic acid.

— Mobile phase rate: 1 ml/min.

— Detector analytical wavelength: 210 nm.

— Injection volume: 20 pl.

Under these conditions, the retention time of the thiotri-
azoline peak is about 5.4 min, the retention time of the L-ar-
ginine peak is about 2.4 min.

Preparation of solution.

Solution 1. 0.01 g (accurate weight) of thiotriazoline is
dissolved in 5 ml of eluent in a volumetric flask for 25.0 ml
and brought to the mark with the eluent. A solution with a
concentration of 0.4 mg/ml is obtained (Fig. 7).

Solution 2. 0.01 g (accurate weight) of L-arginine is
dissolved in 5 ml of eluent in a volumetric flask for 25.0 ml
and brought to the mark with the eluent. A solution with a
concentration of 0.4 mg/ml is obtained (Fig. 2).

Solution 3. 0.01g (accurate weight) of thiotriazoline and
0.01g (accurate weight) of L-arginine are dissolved in 10
ml of eluent in a volumetric flask for 25.0 ml and brought to
the mark with an eluent. A solution with a concentration of
0.4 mg/ml of each component is obtained (Fig. 3).

According to modern requirements, we have calculated
such factors as the distribution coefficient, the number of
theoretical plates, the symmetry factor to determine the ef-
ficiency and selectivity of the method.
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Fig. 1. Chromatogram of thiotriazoline solution.
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Fig. 2. Chromatogram of L-arginine solution.
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Fig. 3. A chromatogram of the solution of the thiotriazoline and L-arginine mixture with a content

of 0.4 mg/ml.

As aresult, the following parameters for the suitability of
the chromatographic system were obtained: the efficiency
of the chromatographic system, calculated by the peak
of L-arginine was 2160 theoretical plates, by the peak
of thiotriazoline — 3993 theoretical plates; the distribution
coefficient of the peaks of L-arginine and thiotriazoline was
11.6; the symmetry factor of the L-arginine peak is — 1.25,
thiotriazoline — 1.0).
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Conclusions

Thus, according to the obtained results, we suppose that
the use of an acid buffer — 0.05 % solution of trifluoroacetic
acid is one of the promising ways for the simultaneous
determination of L-arginine with thiotriazoline in the model
mixture along with the ion-pair reagent. In the future, we
are going to use this technique for the standardization of a
combined drug which includes L-arginine and thiotriazoline,
in solid and liquid dosage forms.
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