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ABSTRACT

A highly simple and sensitive catalytic spectrophmtric method for the determination of tiopronised on its
inhibitory effect on the hemoglobin-catalyzed thaction of HO, and acid chrome blue K(ACBK) was developed.
The concentration of tiopronin is linear with theerpentage inhibition (I1%) of system under the optim
experimental conditions. The calibration graphirehr in range 0.05 to 2 mg/L with the detectionitiof 8.5g/L.
The relative standard deviation was 4.1 % for 1iedwinations of 1.5 mg/L. This method can be usedHhe
determination of tiopronin in pharmaceutical prepions withsatisfactoryresults.
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INTRODUCTION

Tiopronin(N-(2-mercaptopropionyl), TP) is a synibethiol compound that has been used as an anttdoteavy
metal poisoning and a radioprotective agent. kffective in the treatment of cystinuria, rheumataithritis, as
well as hepatic disorders [1,2]. Additionally, iarcincrease intracellular concentration of glutatki and other
non-protein sulphydryl groups and thereby increas®mcellular defense against oxygen free radifzjlsSeveral
methods have already been reported for the quawitdetermination of tiopronin, including specthmpometry[4],
fluorimetry [5,6], chemiluminescence [7], revergathse high-performance liquid chromatography [&] eapillary
electrophoresis [9]. However, some methods lacksiteity and selectivity, others are laborious and
time-consuming.

Enzyme-catalyzed analytical kinetic methods havenbextensively used for substrate, enzyme, inhibdtod
activator analysis in several areas of analytibaingistry such as in clinical, pharmaceutical, agtical, industrial
applications and process monitoring [10]. Horsesfaglieroxidase (HRP; EC 1.11.1.7) is one of the rimygbortant
oxidases in biology. However, natural enzymes deelsnortcomings in some aspects, for example,akpensive
and unstable in solution and has strict requiremént the experimental conditions and storage enwirent in
order to retain its catalytic activity. Hemoglolitl{), a necessary vehicle for oxygen carriage inybdis the
natural quaternary structure as enzymes. In a rqmgyer Hbwas used based on its similar catalytic function as
HRP [11].

In this paper, a new spectrophotometric methoddasenhibitory effect of tiopronin on the hemogieizatalyzed
the reaction of KO, and ACBK was proposed. The experimental conditiomsthe system were optimized, and
tiopronin was detected by the decreased absorb@htemethod is very simple, sensitive and the aite limit is
8.5 ng/L. The method has been applied to the deternainadif tiopronin in pharmaceutical preparations with
satisfactoryresults.
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EXPERIMENTAL SECTION

Hemoglobin (bovine erythrocytes) solution was predaby dissolving certain amount of Hb (Shanghatitate of
Biochemistry, Shanghai, China) in distilled watedastored below 4. ACBK (Beijing Chemical Plant, Beijing,
China) stock solution was prepared by dissolvir@586 g of ACBK in 100 mL of water, which was i®ol/L in
ACBK and diluted appropriately before usexd4 solution was prepared by appropriately diluting10mL of 30%
H,0, (standardized by titration with KMnfpto 100 mL. It was stored in a brown bottle ine&igerator. Tiopronin
(Shanghai Institute of Biochemistry, Shanghai, @hisolution was prepared in the concentration 6f d/L.
Working solution was diluted appropriately befose wvith distilled water daily.

Doubly distilled water was used throughout. All@tlthemicals were of analytical-reagent grade.

The spectrophotometric detection was carried oua &+530 UV-VIS spectrophotometer (Jasco). The p@ities
were measured with a pHS-3C precision pH meterr(tai, China).

Each color comparison tube was filled with 2.00 oflpH 9.5 NH~NH,CI buffer solutions, 1.50 mL of 1.0xf0
mol/L ACBK, 0.50 mL of 1.0x18 mol/L H,O,, a proper amount of tiopronin solutions, and Infl0 of 5.0x10°
mol/L hemoglobin, and then diluted with water tohQ. After 18 min, absorbance was monitored atdblected

maximum absorption wavelength of 563nm. The pergmtinhibition (%I) was calculated on the base h&f t
following equation:

%I=100[(As—Ae)—(As—A)]/(As—Ae)=100[(A—A)/(As—A¢)]

where A, substrate absorbance along; gubstrate absorbance in presence of hemoglolinrdnibitor and A,
substrate absorbance in the presence hemoglohin onl

RESULTSAND DISCUSSION

The hemoglobin-catalyzed reaction is shown below:
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Fig.1. Absorbent spectra of the system

In this redox reaction between,®, and ACBK, different amounts of tiopronin had inkidoy effects on
hemoglobin-catalyzed reaction. In addition, thees\a good linearity between the amounts of tiopramd 1%, on
which a new method was based. The absorbent spafctramoglobin-catalyzed reaction were obtained arel
shown in Fig.1. It is noted that both in the abgeottiopronin and in the presence of tiopronirg, $pectral shapes
of the hemoglobin-catalyzed reaction were identieald were consistent with that of the case inabgence of
hemoglobin. They were similar in profile but diféert in size. The addition of tiopronin resultedhe inhibition of
tiopronin on hemoglobin activity.
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The variable and ranges studied and the conseqemathmended values are summarized in Table 1.

Table 1 Optimization study for tiopronin deter mination by inhibition of hemoglobin

Variable Range studied = Recommended value
pH 8.9-10.1 9.5
Hemoglobin (mol/L)  3.00-9.00%07 5.00%107
H,0, (mol/L) 3.00-8.00x10° 5.00%10°
ACBK (mol/L) 0.50-3.00x10° 1.50%10°
Time (min) 1-25 18

It is noted that tiopronin has less effect in assaxolving higher concentrations of hemoglobin. Tpercent
inhibition increased with increase in hemoglobima@entration at first, but decreased over 5.00% mol/L. So
5.00x 10" mol/L of hemoglobin was selected for further work.

The effect of HO, concentration on inhibition was studied. The 1%ré&ased with the increase in® up to
5.00x10° mol/L, above which it had little effect. Thus 5:000° mol/L H,0, was selected for further study. The
1% was greatest at pH 9.5. Considering the absebarensity getting too weak at very low ACBK centration,
1.50x10° mol/L  ACBK was chosen for further study.

The effect of temperature on the system was inyat&td in a range from room up to[50The time needed to reach
equilibrium, no more than 18 min, was prolongechwite decreasing temperature. Given decomposifiéiy©, at
high temperature, temperature was kept at roomeeatygre and the measurements were carried outlafterin.

From the results obtained under the recommendeditemms (Table 1), it was found that the degreénbfbition of
tiopronin on the hemoglobin-catalyzed reaction Viagar in the range 0.05 to 2 mg/L. The linear oese can be
fitted to an equation as follows:

1% = (16.903% 2.3586) (38.13%7 2.578f(r =0.9866n= 8

“c” is the concentration of tiopronin in mg/Lt™and “n” are the linear correlation coefficient and thentner of
experiments, respectively. The detection limitcaldted according to the @8 criterion (in which X’ is the slope
over the range of linear used ang™B the standard deviation (n=11) of the signahirthe blank), was found to be
8.5ug/L. The relative standard deviation for 11 regkcaetermination of 1.5 mg/L tiopronin was 4.08%heT
existing methods for the determination of tioproame summarized in Table 2. It can be seen thaptbposed
method is simple and sensitive.

Table 2 Comparison of existing method for the deter mination of tioproninwith proposed method?®

Detection limit  Linear range

Methods of determination (ug/l) (mg/L) References

SP(EI) 8.5 0.05 ~ 2 Proposed method in this paper
SP 200 0.39 —~ 15.7 [4]

FL 26.9 01~ 1 [5]

FL 150 0.15~ 20 [6]

CL 32.6 0.08 ~ 490 [7]

HPLC 12 0.04~ 4 [8]

LC-ESI-MS 12 0.03~8.2 [9]

2SP: spectrophotometry; El: enzymatic inhibition;:Fluorimetry; CL: chemiluminescence; HPLC: highrfmemance liquid chromatography;
LC-ESI-MS: high performance liquid chromatograpbiettrospray ionization-mass spectrometry

Several common amino, reducing compounds and wvimvere investigated for their interference for the
determination of 1.5 mg/L tiopronin. When the pdted relative deviation is larger than +5.0%, th@rmined
species may cause a significant alteration in &selts. The results are shown in Table 3. Reshltsvghat the
proposed method has good selectivity.

Table 3 The effect of various species on hemoglobin activity

Species Tolerance ratio
K*, Na, CI, C&*, Zr**, Mg®, glucose, fructose, BSA, methanol, 1000
Glycine, alanine, serine, threonine 500
Cystine, C&' 100
Cysteine, tyrosine, Ee 10
Fe'' 2
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The study carried out in this work was applied ébedmine tiopronin in tablets and injections. Faalgsis of tablets,
accurate amount of powered tablets were dissolvadluble distilled water and then the solution filéesred into a
100-mL calibrated flask. The injection solutionstiopronin were appropriately diluted with distdlevater. So, the
final concentration was in the working range fortlier sample analysis. In order to examine theligsHPLC
method was also used for determinations followingacedure described in literature [12]. The rasalitained by
the two different methods are statistically compaire Table 4. It can be seen that no significaffedénces were
found between them. This confirms the validity led imethod proposed in this work.

Table 4 Deter mination of tiopronin in phar maceutical preparations

Samples Label Proposed methodHPLC[12] t°
Tablets (mg) 100 98.6+1.8 99.1+16 1.96
Injection (mg) 100 100.1+ 0.7 99.6+0.8 257
3 Mean *standard deviation of five determinatioh$heoretical value is 2.78, n=5, with 95% confidetevel.

CONCLUSION

A new spectrophotometric method for trace amourtiagfronin determination was developed based oibitany
effect of tiopronin on Hb-catalyzed reaction. Therent method is very simple, sensitive and thed&n limit is
8.5ug/L. The current method can be used for the detatiain of tiopronin in pharmaceuticals wiglatisfactory
results.
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