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Llenb BcemupHoro gHAa ¢ap-
MaLeBTa — CnocobCTBOBaTb BCEM
BMAAM [eATeSIbHOCTU, MOMOraio-
wym dapmaLeBTam KauyeCTBeHHO
BbINONHATL CBOE MpefHa3Haue-
H/Me MO COXPaHEeHW K ynyulle-
HMIO 30pOBbA JIIOAEN, a TaKxke
obecneumnBaoWwymM  3aWUTy  MX
- NpaB 1 MHTEPECOB.
BceMupHbIin geHb dapmaLeB-
Ta GyfeT ncnonb30oBaTbCA YneHa-
mu FIP BO BCex yrosnikax 3eMHOro
Wwapa AnAa OCBELeHNA BANAHMS,
yAEeNbHOro Beca 1 LeHHoCTU papmaLieBTMUecKon npopeccun, ee ponu
B Y/Ny4ylleHMM 3[40POBbA Mepepn NMLOM FOCYAapCTBEHHbIX OPraHoB,
npeacTaBUTeNnAMU ApYrux npodeccuin, coumanbHbix ceTell 1 oblecTsa
B LieSIoM.

Moatomy FIP npusbiBaeT cneuymanucTtos nopaepxatb BcemmpHbin
JeHb dapmaLieBTa BCEMY BO3MOXHbIMU Criocobamu, B TOM umcnie ny-
Tem nybnukaumm B CBOUX NPOGUIsAX coumanbHbIX ceTer oduLmanbHbIX
dboTomaTepranos, 1 B YaCTHOCTM CreLunanbHO pa3paboTaHHOro nnakaTa
«l care for you» («fl 3a60uycb 0 Bac»), a Tak»e COOTBETCTBYOLLUMX N306pa-
XeHui Ha cnyxebHom 6anaxe.

OT cebs IMYHO XOuy MpW3BaTb BCEX MPOBM30POB U dapmaLeBToB
MCnonb3oBaTb BceMmpHbIii ieHb papmaLieBTa Kak NpeKpacHyo BO3MOX-
HOCTb 1151 NpoMnaraHabl Halwen Npodeccny, N Kak FOBOPUSIN B CTapUHY:
BCTPETUM MpPa3fHUK AOCTOMHBIM TPYAOM M HOBbIMW CBEPLUEHVAMM Ha
6naro yenoseka.

(bonee nodpobHyto UHpopMayul MOXHO Haumu Ha calime http://
www.fip.org/worldpharmacistsday)
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3anopoXCKMiN rocyaapCTBEHHbIN MeIVLUHCKUI YHBEPCUTET, 3anopoXbe, YKpanHa

The 2-mercaptobenzothiazole determination
by UV spectrophotometric method in bulk

OnpepeneHune 2-MepkanTobeH30Tnazona
YO-cnekTpopOTOMETPUYECKNM METOAOM B CyOCTaHLNN

Abstract

A simple, rapid, sensitive and low cost UV-spectrophotometric method has been developed for
quantification of 2-mercaptobenzothiazole in bulk and validated for linearity, range, accuracy, pre-
cision, ruggedness and robustness. The valid maximum absorbance was recorded at the 324 nm
in the concentration ranges 0.3-0.8 mg/100 mL of 2-MBT in water — methanol (1:1) solution after
20 min of stirring. The limit of detection was found to be 0.09 mg/100 mL, while limit of quantifica-
tion was 0.26 mg/100 mL. The calibration curve was linear with r?=0.9986. The proposed technique
could be used for future studies of 2-MBT in pharmaceutical dosage forms.

Keywords: 2-mercaptobenzothiazole, validation, UV-spectrophotometry.

Pe3lome

[lnAa KonuuecTBeHHOro onpefeneHns 2-mepkKantobeH3oTrasona B cybctaHumm 6bin pa3paboTaH 1
BaNUANPOBaH Ha IMHENHOCTb, ANana3oH NPUMEHEHWA, TOYHOCTb, NPaBUIbHOCTb, MPELN3NOHHOCTb
1 po6acTHOCTb MPOCTON, BbICTPBIN, UYBCTBUTENBHBIN 1 Hefloporoi YP-cnekTpodoToMeTpUYeCKuin
mMeTof. MakcManbHY0 ONTUYECKYI0 MAOTHOCTb PErncTpupoBany npu 324 HM B MHTepBane KOoH-
ueHTpauwni 2-MBT 0,30-0,80 mr/100 mn B pactBope Boaa — meTaHon (1:1). bbino yctaHoBneHO, uTo
npenen obHapyxeHua paseH 0,09 mr/100 mn, B TO BpeMa Kak npenen KonmyecTBeHHOro onpeae-
nenua - 0,26 mr/100 mn. KoadduumeHT koppenaumm coctasnsaet 0,9986. MpeanoxeHHbIn meTog
MOXeT ObITb MCnonb3oBaH AnAa Gyaylwmx nccnegoaHuii 2-MBT B nekapCTBEHHbIX Y KOCMETONOT -
YyecKunx npenaparax.

KnioueBble cnoBa: 2-mepKanTobeH3oTuason, Banvaauus, YD-cnektpodoTometpus.

B INTRODUCTION

The antifungal resistance progressed each year against the widely used
drugs, so it is always up-to-date to search for novel fungicidal agents or to
investigate the old ones. 2-Mercaptobenzothiazole (2-MBT) is an important

«PeuenT», 2016, Tom 19, N2 3 339
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commercial chemical, used in the production of rubber products and as a
starting material to make other chemicals in USA and Europe (Fig. 1) [1]. It
is also a corrosion inhibitor in oils, greases, and cooling fluids; is added as a
stabilizer in polyether polymers to resist damage by air and ozone [2].

But, what is more important, it is effective antifungal agent [3, 4], also
mentioned as inhibitor of dopamine B-hydroxylase [1].

Among the reported methods of 2-MBT determination were found
mainly chromatographic, mass-spectrometry or electrochemical detec-
tions. Namely, application of HPLC tandem mass spectrometry in positive-
electrospray ionization mode using isotope-dilution quantification [5],
electrochemical [6] or UV [7] detection. Also there was GCMS method [8].
The capillary electrophoresis with amperometric detection for the simul-
taneous presence of 2-aminothiazole, 2-aminobenzothiazole and 2-MBT in
river water [9]. The co-precipitation with Cu(ll)-MBT to detect Pb?*" and Cd*
in vegetables [10], cathodic stripping voltammetry by catalytic cobalt peak
[11], or resonance Rayleigh scattering method, based on the interaction
with gold nanoparticles [12]. The simplest found one was UV spectropho-
tometry of chloroform extract from flotation liquors, obtained after acidi-
fying it to less, than pH 2 or after adjusting the pH to 7-8 with ammonium
acetate [13].

Still, there was found no simple, fast and accurate method to determine
quantity of 2-MBT in bulk in cheaper solvents, than chloroform, just by UV
absorption as the most commonly used technique in the Ukrainian analyti-
cal laboratories. Hence, in this paper, such procedure of 2-MBT determina-
tion with UV-vis spectrophotometer is proposed and validated.

B EXPERIMENTAL SECTION

Instrumentation

Substance was weighted using analytical balances Kern ABT 120-5DM,
KERN&Sohn GmbH, Germany. UV spectra were recorded on Analytic Jena
UV-vis spectrophotometer Specord 200 (190-400 nm), Germany.

Reagents and solutions

All of the chemicals were of the highest purity available from the LAB-
SCAN (Ireland) and were used without any further purification. The dis-
tilled water was used throughout the experiments. Working substance of
2-MBT was purchased from “Orgsintez’, Berezniki, Perm’region, Russia. CAS
is 149-30-4.

According to the National Center for Biotechnology Information of U.S.
National Library of Medicine data, 2-mercaptobenzothiazole synonyms also
are ROTAX, AG 63, Rokon, CAPTAX, Accelm, Kaptax, Mertax, Accel M [2]. It is
beige or light yellow powder with a faint odor. Molecular formula is C.H,NS,
Formula weight is 167.25. M.p. is 177-181 °C. Density is 1.42. F.p. is 243 °C.
Water solubility is <0.1 g/100 mL at 19 °C. It is stable, incompatible with
strong oxidizing agents and flammable.

O = (s

Fig. 1. 2-mercaptobenzothiazole tautomeric forms
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Validation

Standard solution (0.0005% (w/V)) was prepared by dissolving 0.0500 g
of the 2-MBT in the 100.0 mL flask with water — methanol (1:1) solution by
thorough stirring for 20 min. Then 1.00 mL was quantitatively transferred to
100.0 mL flask and diluted in water — methanol (1:1) solution. The working
standard solutions (0.0003-0.0008% (w/V)) were made quantitatively in the
same way. All solutions were stored at 18-20 °C.

The analytical curve of 2-MBT was constructed by a UV-vis spectropho-
tometer absorption data monitored 5 times for each sample at the wave-
length of maximum absorbance at the 324 nm in 3 mL cuvette with 1 cm layer.

The regression equation was obtained by the method of least squares
for n=6 with regression analysis’ calculations in Microsoft Excel 2007 [14].
Using this linear equation, coefficient of determination (r?), and detection
limits, linearity and accuracy were determined [15]. Precision (repeatability
of the method) was evaluated by repeated absorption detection and the
results were expressed as the mean standard deviation (SD) and the per-
cent relative standard deviation RSD (%). For intra-day analysis the samples
were analyzed six times a day at 09:00 am, 11:00 am, 01:00 pm, 03:00 pm,
05:00 pm, and 07:00 pm, while for inter-days stability was analyzed for 6 con-
secutive days at 09:00 am.

B RESULTS AND DISCUSSION

It was already mentioned, that in 1976 year Cox proposed procedure
of 2-MBT determination involving HPLC with UV detection at A max of the
325 nm in water [7]and Jones et al. in 1975 year — in chloroform extract with
A max of the 329 nm [13]. So, in our studies, it was decided to use methanol-
water solution (1:1), because, it's cheaper and, usually, pharmaceutical forms
with as lipophilic, so hydrophilic ingredients should be diluted in it. Besides,
when studying extraction of 2-MBT with chloroform, Jones et al. discussed
the influence of various organic and inorganic substances presented in the
flotation liquors, and had found, that only few compounds had absorption
higher, than 300 nm, and even if they had, they were in so law quantity, that
their absorbance lead to a very small positive error [13]. The only impurities,
that could interfere, were copper cyanide or residuals of metals, that could
form insoluble precipitates with 2-MBT. Still, chloroform was very expensive
solvent and procedure involving acidifying the liquor to less than pH 2 or ad-
justion to the pH of 7-8 with ammonium acetate was too long process. Thus,
water - methanol solution was considered as the most optimum choice.

The solubility of 2-MBT was lower in water (neutral pH), but in water-
methanol solution, it increased, due to protonation at the pyrimidine type
Nitrogen with formation of 2-MBTH*, and (Fig. 2).

The obtained UV spectrum was in good correlation with previously ob-
tained results by Galvéo et al. [16], when they investigated the tautomeric,
acid-base and ion-pair formation equilibrium of 2-MBT forms (Fig. 3).

H

H '
N NH*
s — =S
®[S>: S
Fig. 2. 2-mercaptobenzothiazole tautomeric forms in water-methanol solution
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Fig. 3. UV-spectrum of 0.0005% (w/V) solution of 2-MBT in methanol-water (1:1)

Absorbance at the 324 nm

1,2

11

The absorbance maximums were detected at the 206, the 232 and the
324 nm in methanol-water (1:1) solution. It was already experimentally and
computationally proved, that the thione form of 2-MBT had more favorable
hydrogen bonding and -1 stacking interactions, than thiole and equilib-
rium for the reaction of conversion between the associated tautomers was
displaced towards 2-MBT thione isomer even in the very acidic medium
(pH=2-6) [16]. In our case the pH was neutral, and in the spectrum, besides
deeply discussed by Galvao et al. two thione form peaks at the 232 nm and
the 324 nm, the strong peak at the 206 nm demonstrated presence of the
2-MBTH*.

Consequently, the last peak at the 324 nm was chosen for investigations
and, finally, the linear correlation between absorbances and concentration
was achieved in range of 0.3-0.8 mg/100 mL (Fig. 4).

Validation of the method was prepared in accordance to the analytical
methods validation parameters [16].

The appropriate concentrations, calculated accuracy and recovery data
are presented in the table 1.

L /
0,9 //
0,8
07 y=1.3349x + 0.0071
’ R?=0.9986
0,6 -
0,5
0,4 T T T T 1
0,3 0,4 0,5 0,6 0,7 0,8

Concentration, mg/100ml

Fig. 4. Analytical curve of 2-MBT in water-methanol (1:1) solution
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Table 1

Concentration of working 2-MBT solutions in water - methanol (1:1) solution, their maximum

absorbances at the 324 nm, recovery and accuracy data

# Conc., %, Conc., AAmax %RSD of Conc. found,
w/V mg/100 mL of 5 meas. Amax mg/100 mL

1 0.0003 0.3 0.3993 0.0417 0.2938

2 0.0004 0.4 0.5421 0.0163 0.4008

3 | 0.0005 0.5 0.6787 0.0190 0.5031

4 1 0.0006 0.6 0.8157 0.0207 0.6057

5 0.0007 0.7 0.9512 0.0181 0.7072

6  0.0008 0.8 1.0609 0.0300 0.7894

Mean

SD

RSD,%

Accuracy, %
Recovery, %

The linearity was evaluated by linear regression analysis by the least-
square regression analysis. The analytical curve of 2-MBT had good coeffi-
cient of determination - 0.9986 (Fig. 3).

The accuracy of the method was proven by recovery of six different con-
centrations of the calibration range (99.90+1.29%) with 99.90+1.18% per-
cent of recoveries (table 1).

Slope, intercept and coefficient of determination were found from the
regression analysis’ calculations (table 2).

The limit of detection (LOD) was found to be 0.087 mg/100 mL, while
limit of quantification (LOQ) was 0.264 mg/100 mL. While it was reported,
that the nominal UV detection limit of chloroform extract was higher -
0.01 mg/100 mL [13], as well as for LC-MS-MS determination: LOD was
0.00004 mg/100 mL [5] and for HPLC-ED it was 0.00032 mg/100 mL [6]. Still,
the paper was dealing cheap, simple method of substance detection in bulk,
but not traces of the 2-MBT, according the best values of Amax — 0.6-0.8 for
Beer’s law. Thus, the obtained data were efficient for determination.

Calculations of the method ruggedness have shown its good reproduc-
ibility: during the day RSD was 0.61% and during the week — 1.12% (Table 3).

Recovery

97.9349
100.1948
100.6218
100.9564
101.0349
98.6778
99.9034

1.2936

1.1820
99.9034+1.2936
99.9034+1.1820

HPLC-
ED [6]

0.00032

Table 2
Linearity data, accuracy, precision and comparison with other methods results of 2-MBT detection
Parameters A S RO
water —- methanol (1:1) | chloroform [13] [5]
Slope 1.3349 —* -
Intercept 0.0071 - -
Linearity (mg/100 mL) 0.3-0.8 - -
Regression equation y=1.3349x-0.0071 - -
r2 0.998 0.99 0.998
SE of intercept 0.0144 - -
SD of intercept 0.0353 - -
LOD (mg/100 mL) 0.0873 0.01 0.00004
LOQ (mg/100 mL) 0.2644 - 0.0001

* - not found in the paper.
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Table 3 B CONCLUSIONS

Intra-day and inter-day precision data of 0.0005% 2-MBT solution in water - methanol (1:1) It was found, that 2-MBT in bulk could be simply, low-cost, fast and

Amax 1 2 3 4 5 6 Mean  sD %RSD accurately quantitatively determined by UV spectroscopy in water-meth-

Intra-day 0.6787 | 0.6776 | 0.6747 0.6758 0.6698 0.6673  0.6740  0.0045 | 0.6069 anol (1:1) solution by the maximum absorption at the 324 nm. Validation

Inter-day | 0.6787 | 06756 | 06771 | 0.6638 0.6629  0.6604 06698 0.0082  1.1208 of the proposed method showed, that calibration curve had good linear-
ity (R2=0.9986) in the concentration range between 0.3-0.8 mg/100 mL.

The robustness of the method was studied through temperature in-
fluence, stirring and usage of the different methanol series. It was found,
that usage of the cuvette without glass cap, due to methanol evaporation,
slightly resulted the absorbance results. The mechanical stirring for 20 min
of each flasks and temperature of 20-25 °C were the best conditions to ob-
tain accurate data.

Hence, to detect the amount of 2-MBT in bulk the next methodic is pro-
posed.

Quantitatively place 0.0300-0.0800 g of 2-MBT in the 100.0 mL flask,
dissolve it in water — methanol (1:1) solution. Stir for 20 min. Quantitatively
transfer 1.00 mL of obtained suspension into the 100.0 mL flask, add water -
methanol solution (1:1) to obtain 0.0003-0.0008% (w/V) final solution. Stir
for 10 min. Determine the amount of 2-MBT by employing UV absorption at
the wavelength of the 324 nm in comparison to water — methanol (1:1) solu-
tion in 3 mL cuvette with 1 cm layer.

Calculate the sample concentration in accordance to the next calibration
equation:

Ai—0.0071

C, % (w/V) of final solution = ————,
1.3349x1000

(M
where Aj - absorbance of the investigated sample in 0.0003-0.0008%
(w/V) concentration in water - methanol (1:1) solution at the 324 nmin 3 mL
cuvette with 1 cm layer;
Or in comparison to measured absorption of standard solution:
Aix0.0005
C, % (W/V) of final solution = —o— "2, 2
0.6787
where Ai — absorbance of the investigated sample in water-methanol
(1:1) solution at the 324 nm in 3 mL cuvette with 1 cm layer;
0.0005 - concentration of the standard solution with absorbance of
0.6787 at the 324 nm, % (w/V);
or concentration in the initial sample:
AixCyx100.0x100.0

C, % in bulk = , 3
6(w/V)inbu A,x1.00x/ G)

where Aj —absorbance of the final experimental sample solution;

C, - concentration of the standard solution of 2-MBT is 0.0005, %;

100.0, 100.00 - flasks dilutions volume, mL;

A, - maximum absorbance of 0.0005% standard solution at the 324 nm
is 0.6787,

1.00 — sample volume taken by pipette, mL;

| - cuvette layer, 1 cm;

«Recipe», 2016, volume 19, N° 3

The LOD was found to be 0.09 mg/100 mL, and LOQ was 0.26 mg/100
mL. Such criteria like accuracy, precision, robustness and ruggedness also
showed high validity and reproducibility, when vigorously stirring for 20 min
at the 20-25 °C. The proposed simple technique could be successfully used
in developing countries in small laboratories for determination of 2-MBT in

bulk or for future studies of the pharmaceutical dosage forms.
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AnddepeHumpoBaHHana neyebHas TakTnKa
XPOHNYECKON OOCTPYKTUBHOM OGONE3HW NErKnX
C YYETOM KIIMHUYECKMX GEHOTUIMOB

The differentiated therapeutic tactics chronic obstructive
pulmonary disease based on clinical phenotypes

Pe3lome

Llenbto nccnepoBaHma ABMAOCH NoBbieHWe 3bPeKTMBHOCTY 6a3UCHON Tepanumn XPOHUYECKON
ob6cTpykTUBHOM 60ne3Hun nerkux (XOBJ1). Ha ocHoBaHuM BbiABNeHUA KpuTepres 3GGeKTUBHOCTU
neyeHnsa npu pasHbix peHotnnax XOBJ1 yctaHoBNeHO, uTo H6asncHaa Tepanvsa UMeeT NONoXnTeNb-
HOe BNUsIHUE Ha pAJ NapaMeTPOB roMeoCTasa y BCeX NaLMeHTOB, HO ONTMalbHbI 3pdeKT obecne-
ynBaetca anddepeHLNPOBaAHHBIM NMOAXOAOM K BbI6OPY afieKBaTHOrO pexuma.

KnioueBble cnoBa: xpoHuyeckasa obcTpyKTBHaA 6one3Hb nerkux (XOBJ1), deHotunbl, cxembl 6a-
31ICHOM Tepanuu.

Abstract

The aim of the study was to increase the effectiveness of chronic obstructive pulmonary disease
basic therapy (COPD). Based on the identification of criteria for the effectiveness of treatment with
different phenotypes of COPD, it found that basic therapy has a positive influence on a number
of parameters of homeostasis in all patients, but the best effect is provided a differentiated ap-
proach to the choice of an adequate regime.

Keywords: chronic obstructive pulmonary disease (COPD), phenotypes, basic treatment scheme.

B BBEJAEHWE

HeobpaTrMble M3MeHeHNA CO CTOPOHbI BCEX COCTaBNALWMX pecnupa-
TOPHOW CUCTEMBI, KOTOPble Her36eXHO BO3HMKAIOT B MpoLiecce nporpeccu-
poBaHua XOBJ1, 06ycnoBnvBaloT HeloCTaTOUHY0 3$PEeKTUBHOCTL leueHns
3ToN natonorun. Kpome Toro, reTeporeHHOCTb KNMHUYECKMX MPOABNEHUIA
W CNoxHocTb naTtoreHesa XOBJ1 TpebyloT KoppeKumnn CTaHLapTHbIX CXeM
neyeHnsa n auddepeHLMpoBaHHbIX NMOAXOAOB K BbI6OPY 6a3nCHbIX NieKap-
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