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ABSTRACT

Thethiobarbiturates differ from other barbituratesin having a sulfur atom
to replacethe carbonyl oxygen at the C-2 position. The drug 2-thiobarbituric
acid was soluble in 95% ethanol and 5% water for sensitive detection and
measurement. All samples were examined at 340 nanometer wavelength.
An ultraviolet-visible instrument with one centimeter glass cuvettes was
suitablefor thisassay. Themolar extinction coefficient at 340 nmwas 349.9
Liter/(cm)(mole). An absorbance spectrum for 2-thiobarbituric acid in the
identical solvent used for assay is accomplished. The standard curve
ranged from 0.0000457 molar to 0.003830 molar, an 84x fold concentration
span. The lowest concentration assayed in this study was 0.006588 grams
per liter (6.588E-06 grams per milliliter) with the highest concentration
analyzed at 0.5521 grams per liter (5.5521E-04 grams per milliliter). This
methodology was found to be consistent during analysis and highly
sensitive. © 2013 Trade Sciencelnc. - INDIA
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activity than the corresponding oxybarbiturates®.

Theheterocydicorganic compound 2-thiobarbituric
acid (2-thioxodihydro- pyrimidine-4,6(1H,5H)-dione)
is considered to be a sedative and hypnotic drug re-
ferred to asamember of the group of general depres-
sants called thiobarbiturates¥l. Structural features of
thiobarbituratesinclude asulfur atomin place of the
carbonyl oxygen at the C-2 position in contrast to bar-
biturates retaining the oxygen atom at the C-2 position
or oxybarbiturates. In positioning asulfur atomto re-
place the carbonyl oxygen at the C-2 position does
produce agresater lipid solubility and morerapid onset

Thiobarbituratesin genera tend to bemoretoxic
than the oxybarbiturates and with some important
changesintheir pharmacodynamicg. Thiobarbiturates
areutilizedinmedicina gpplicationsgenerdly asanes-
theticswhich are administered intravenously or rec-
tally!*2, Derivativesof 2-thiobarbituric acid havefound
variousapplicationsin pharmacological and anaytical
applicationswith other types of derivativesbeingin-
vestigated for their anti-cancer and anti- viral activi-
tiedd.

Variouskindsof lipophilic thiobarbiturates are be-
ingstudiedfor clinically useful gpplicationsasmedica
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mentsin thetreatment of convulsionsand anesthesiol-
ogy!. Previous studies have shown that various de-
rivatives of thiobarbituric acid have been showntoin-
hibit theenzyméticactivity of thehepatitisCvirus(HCV)
NS5B polymerase®. Tyrosinase has been demon-
strated to play variousrolesin organismsand studies
arefocusingontheregulation of tyrosnaseactivity. Pre-
vious studies have shown that theinhibitory effect of
thiobarbituric acid ontyrosinaseisapotentialy usefull
reversible noncompetitiveactivity.

Inany case2-thiobarbituricacidisutilized asare-
agent for assaying malondia dehydewhichisamong
products found from lipid peroxidation(’-9,
Mad ondia dehydeisoneof severd low-molecular-weight
productsformed from thedecomposition of certain pri-
mary and secondary lipid peroxidation products®9.
Thesetype of assaysareimportant in handling of oxi-
dativestressincritica careenvironments®,

As a consequence of the various uses of 2-
thiobarbituric acid thereisagrowing need for method-
ologiesof analytical assay for thiobarbituratesin gen-
erd duetother dinicd, pharmacologicd, indudtrid, and
bio-analytica gpplication. Ultraviolet differential spec-
trophotometry hasbeen applied for measuring various
thiobarbiturates previoudy1?. Additionaly, assay by thin
layer chromatography has been successfully accom-
plished*¥, Themethodol ogy presented inthisstudy is
an accurateand highly sensitive gpproach for measure-
ment of thedrug 2-thiobarbituric acid.

EXPERIMENTAL

Reagentsand instrumentation

All reagents applied as solvents were analytical
grade and obtained from Sigma-Aldrich (P.O. box
14508, St. Louis MO 63178 USA). The 2-
thiobarbituric acid (2-thioxodihy- dropyrimidine-
4,6(1H,5H)-dione) asalight yellow powder, with only
dight water solubility used for standardsor preparation
of sampleswasobtained from Eastman Organic Chemi-
cals (PO. Box 431, Kingsport, Tennesee, USA or
AstraTech, 1 Deer Park Dr. Suite C, Monmouth Junc-
tion, New Jersey, 08852 USA).

Theabsorbancereadingswerecollected from Milton
Roy Spectronic 21D UV- Visible Spectrophotometer
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with stable precision 10nm bandwidth/spectral dlit-
width high resol ution continuous wavel ength range
(A.L.T., 12 Colton Road East Lyme, CT 06333). One
centimeter width glass cuvetteswere used throughout.
The anal yte 2-thiobarbituric acid dissol ved readily and
remai ned stablein 95% ethanol and 5% water. Solvent
utilized throughout the project was 95% ethanol and
5% water.

Sampleanalysisparameter sfor spectrophotomet-
ricanalysis

All samplesof 2-thiobarbituric acid weredissolved
inand foundto be highly solublewith thefollowing sol-
vent: 95.0% ethanol, 5.0% water. All measurements of
absorbance or percent transmittancewas accomplished
utilizing Milton Roy Spectronic 21D UV-Vis
Spectrophometer by this solvent system. Samples of
2- thiobarbituric acid were carefully dissolvedin sol-
vent of 95 % ethanol and 5% water then examined by
spectrometer in 1 cm glass cuvettes. Thisprovedto be
efficient and permitted very highly sensitivedetermina
tion of theanayte. All analytical samplesand solvent
mixtureswerestored in glasscontainersand sealed air
tight until use. To obtain the absorbance spectrum an
amount of 0.02728 gramsof 2-thiobarbituricacid was
dissolvedin 100 mL of 95% ethanol and 5% water for
scanning from 320 nmto 600 nm. Distilled water was
utilized throughout.

For extraction of 2-thiobarbituric acid frominert
solid then thefollowing stepswerefollowed: 1) Obtain
a2mL sizeportion of thesolid material and placeinto
afresh glass sealable sampletube; 2) Place4 mL to 8
mL of solvent 95% ethanol and 5% water and vortex
briskly for oneminute; 3) Allow thesuspensionto settle;
4) Vortex briskly for one minute; 5) Repeat steps (3)
and (4); 6) Allow the suspension to settleor filter or
centrifugeto pellet debris; 7) The supernatant can be
measured directly at 340 nm (or diluted appropriately
to obtain measurement of absorbance). Notethat con-
taminantssolubleinthed cohol solventwill interferewith
measurements.

Themolecular propertiesof 2-thiobarbituricacid
such asformulawei ght, octanol/water partition coeffi-
cient Log P, polar surface area, and Rule of 5 where
dtated weredetermined by utilizing chemicd informétics
system of Molinspiration (Molinspiration, Novaulica,
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SK-900 26 Slovensky Grob, Slovak Republic).
Numerical analysis

Whereindicated the numerical anaysisutilizing
Spearman/Kendall correlation, 95% dllipses, and nor-
mality test wasperformed by PAST version 2.06 (copy-
right Hammer and Harper 1999-2011). Summary sta-
tistical anaysiswasa so performed by Microsoft EX-
CEL (copyright 2010 Microsoft Corporation, Microsoft
Office Professiona Plus2010). Theonesamplet-test
and unpaired t-test with Wel ch correction, Wilcoxon
test, and Mann-Whitney test was performed by
GraphPad InStat version 3.00 (Copyright 1992-1998
GraphPad Software I nc. www.graphpad.com) for Win-
dows 95, San Diego CaliforniaUSA) and Graph Pad
online statistical analysis (www.graphpad.com/
quickcacslindex.cfm).

RESULTSAND DISCUSSION

The detection and measurement of 2-thiobarbituric
acid (aswdll asother thiobarbiturates) isnecessitated
duetoitsapplicationinclinica environmentsasan an-
esthetic®, industria usesfor thebio-andytica assay of
lipid peroxidation events®89, and anti-vird studieswith
potentia general use. A technique presented herecan
be accomplished utilizing ssmpleor moreadvanced ul-
traviolet-visible (UV-Vis) spectrometersand isan ef-
fectiveandfacile process. Somegenera advantagesof
UV-Visbased spectrometry are: 1) smpler operation;
2) lower cost; and 3) non-destructive determination of
analyte (e.g. the 2-thiobarbituric acid can beretrieved
fromthesolvent mixture). Also UV-Visabsorption spec-
troscopy hasbeen usedintheclinical laboratory and
industria facilitiesfor many yearsand universd inits
goplicationinandytica chemidry.

The drug compound 2-thiobarbituric acid
(C,H,N,0O,S) shown in Figurel is amember of the
thiobarbiturates group of sedative/hypnotic barbiturates
and considered distinct from oxybarbiturates. It hasa
polar surface areaof 58.196 Angstroms?, octanol/wa-
ter partition coefficient of Log-0.937, and zero viola-
tions of the Rule of 52, which identifies this
thiobarbiturate asan effective ora drug.

Onemagor aspect of salecting asuitable solvent for
anaysisby UV-Visspectrometry istheeffectivedisso-

lution of the ana yte which wasaccomplished hereby
useof thepolar solvent of 95% ethanol and 5% water.
Thismeanswas easy to perform and convenient. All
samples prepared in 95% ethanol and 5% water were
keptinair tight glass sampletubesuntil use. The com-
plete absorbance spectrum collected for 2-thiobarbituric
acidin 95% ethanol and 5% water isshownin Figure
2. A known amount of 2-thiobarbituric acid wasdis-
solved in 95% ethanol and 5% and measuring absor-
bance values at the respective wavel engths settings.
After complete analysisthefinal valuefor molar ab-
sorptivity (&) is determined to be 349.9 Liter/(cm)(mole).
At wave ength 400 nm the absorbance gpproacheszero
and remains up to 700 nm. At 320 nm wavelength a
significant background absorbance occurred fromthe
acohal solvent utilizedinthisstudy however a 340nm
thereisno background dueto an ethanol /water solvent
system. Consequently all determinationsfor thedrug
2-thiobarbituric acid in this solvent systemisaccom-
plished at 340 nm.

2-Thiobarbituric acid

(@)
2-thioxodihydropyrimidine-4,6(1H,5H)-dione
0=C1CC(=0)NC(=S)N1

HN
Molecular Formula=C_HN,0.8
Formula Weight = 144.15
S N
H

Figurel: Sructureand propertiesof 2-thiobarbituricacid.
Themolecular structure, common name, SMILESnotation,
and formula presented herefor the sedative/hypnotic com-
pound 2-thiobarbituricacid.

A standard curve representstherel ationship be-
tween two quantities. They are used to determinethe
value of an unknown quantity from onethat ismore
easily measured. Thestandard curve applied for assay
ispresented in Figure 3 over abroad range of molarity
vaues. Thestandard curveutilized in thisstudy ranged
from 0.00004570 molar to 0.003830 molar (a84x wide
rangeinmolar concentration values). By mass per vol-
umethisisarangefrom 0.00659 grams per liter (or
6.59E-06 gramsper milliliter) to 0.5521 gramsper liter
(or 5.521E-04 grams per milliliter).

A 95% confidencedlipsesisatwo-dimensional
andog of aconfidenceinterva which canbevisudized
on a 2-way plot*3. A 95% confidence éllipse, from
within 95% of the datapointsare expectedtolie, en-
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Figure2: Absorbance spectrum of 2-thiobar bituricacid from

320 nmto 700 nm obtained in glasscuvettesand 95% etha-
nol with 5% water.

compassed al entriesof the standard curveaswell as
al andyticd samplestakenfor completion of thisstudy
indusiveof solubilized and extract frominert solid. This
outcomeaffirmsthehigh level of consistency and re-
produci bility that was established in thisdetermination
for 2-thiobarbituric acid. Mol arity val ues and absor-
bancevd uesfor these standards passthe normality test
and therefore are well-model ed by anormal distribu-
tioni*4. The equation of theline derived from the stan-
dard curveis. y = 349.8696x + 1.7E-05. The Pearson’s
r correlationisr =1.000, with the coefficient of deter-
mination R?=1.000indicating that thisregressionline
fitsthedatawell. The coefficient of determination, R?,
isuseful becauseit givestheproportion of thevariance
(fluctuation) of onevariablethat ispredictablefromthe
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Figure 3: Sandard curve of assay by spectrophotometer.
The standard curve utilized in this study ranged from
0.00004570 molar to 0.003830 molar (a84x widerangein
molar concentration values).
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other variable. Itisameasurethat alowsestimatingthe
level of certainty in making predictionsfromacertain
model and istheratio of theexplained variationto the
tota variation4.

Comparison of actua molarity and cal culated mo-
larity based upon the equation of the linear standards
plot of absorbance against molarity, is presented in
TABLE 1. The percent recovery isaccurate at essen-
tialy 100 % at both high and low levels of concentra-
tion of 2-thiobarbituric acid. Thetwo groups of molar
data of actual and calculated values did not passthe
normality test and do not describeanormal distribu-
tion. Theunpairedt test performed on actual and cal-
culated mol aritiesindicate no reason to conclude that
theoveral meansof thesetwo groupsdiffer (twotailed
Pvalueis0.9997 then with critical value P=0.05)14,
Similarly theWilcoxon test for actua and calculated
molarities(see TABLE 1) providesalargevaueof P
indicating no reason to concludethe overall medians of
thesetwo sets of valuesdiffer (P=0.1573 then with
critical vaueP=0.05). TheMann-Whitney test showed
that actual and calculated molar valueshavethe same
distribution of scoreswith no significant differencebe-
tween thesetwo groups (absol ute value of z at 0.01639
withz . =1.645; twotailed Pvaueis0.9869 with criti-
cd vaueP=0.05; calculated U = 390.5 withcritical U
= 272)14,

Extraction of analytefrom inert solid support

The solvent used for spectrometer assay wasfound
to besuitablefor extracting thethiobarbiturate drug from
variousinert solid supportswhichinturn providesa
meansto assay the 2-thiobarbituric acid frominert solid
materials. From largeand small granules of sand and
slica-glassthedried thiobarbiturate compound wasdis-
solved into 95% ethanol and 5% water prior to UV-
Vis spectrometric assay asdescribed. Theliquid por-
tion of theextraction stepsiskeptinair tight containers
but can befiltered to remove solid aggregates present
or centrifuged to pellet the same.

A control specimen consisted of dissolved
thiobarbiturate that was dried to powder with-inthe
same glass containers utilized throughout the study.
These samplings can be measured by anidentical stan-
dard curve prepared as described previously. Repeat
samplingswere examined asdescribed with resultsthat
aredtaigtically repeatable and descriptive.
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TABLE 1: Percent recovery of analyte

Actual Molarity  Calculated Molarity Percent Recovery

0.002644 0.002644 100
0.002424 0.002424 100
0.002681 0.002681 100
0.002909 0.002910 100
0.003087 0.003087 100
0.003244 0.003244 100
0.003830 0.003830 100
0.003587 0.003587 100
0.0001486 0.0001486 100
0.0002744 0.0002743 100
0.0003172 0.0003172 100
0.0004001 0.0004001 100
0.001720 0.001721 100
0.0001200 0.0001200 100
0.0004944 0.0004944 100
0.0007059 0.0007059 100
0.0001972 0.0001972 100
0.0002086 0.0002086 100
0.0002286 0.0002286 100
0.001849 0.001849 100
0.003040 0.003041 100
0.002832 0.002832 100
0.0003658 0.0003658 100
0.001300 0.001300 100
0.00156 0.001561 100
0.002578 0.002578 100
0.0003715 0.0003715 100
0.002892 0.002892 100

Statidticad examination of measurementsshowed the
processto be consi stent and descriptive of the quantity
of drug present (see TABLE 2). A test for outliers per-
formed by Grubb’s test (also referred to as extreme
studentized deviate or ESD) for comparison of 12 con-
trol runswithdl test samples showed no outliersamong
thenumerica values of absorbance and molarity con-
centrations. For all control and test sample measure-
mentsthenumerica vauesof molarity and absorbance
passtesting for normdity and thereforefollow anorma
digtribution.

Inadditional molar and absorbancenumericd va-
uesof controls(1-12) and testing samples (13-29) fall
within 95% € lipses, indicating thesenumbersarewithin
95% confidenceintervals. Unpairedt test with Welch

correction for comparing control values(1-12) totests
(13-29) show that the mean of the controlsdo not dif-
fer fromtheoveral mean of tests(two-talled Pvaueis
0.4808 and greater than critical value P=0.05)1*4. In
addition thet-test comparison of meansindicatesthat
themean molarity va uefor controlsisnot significantly
different from mean molarity of al test samples(13-29)
wheretwo-tailed Pvaueis0.4563 and critical valueP
=0.05. Extracting by a coholic solvent frominert solid
material thus appears an effectivetool for measuring
the presence of 2-thiobarbituric acid that isdeposited.
Thismethodol ogy using a cohol-water solvent provides
an accurateand sengtivemeansto measuretheamount
of 2-thiobarbituric acidin specimensof pharmaceutica
origin.
TABLE 2: Extraction from solid materials

Number Sample Tested Molarity  Absorbance
1 control 0.0003858 0.135
2 control 0.0004115 0.144
3 control 0.0003744 0.131
4 control 0.0004115 0.144
5 control 0.0003773 0.132
6 control 0.0003858 0.135
7 control 0.0003601 0.126
8 control 0.0003887 0.136
9 control 0.000383 0.134
10 control 0.0004258 0.149
11 control 0.0004058 0.142
12 control 0.0004201 0.147
13 large sand particles 0.0004601 0.161
14 large sand particles 0.0004258 0.149
15 large sand particles 0.0004173 0.146
16 small sand particles 0.0004173 0.146
17 small sand particles 0.0004487 0.157
18 small sand particles 0.0004373 0.153
19 small sand particles 0.0004544 0.159
20 small sand particles 0.000403 0.141
21 small sand particles 0.0004344 0.152
22 small silica particles 0.0003401 0.119
23 small silica particles 0.0003544 0.124
24 small silica particles 0.0003058 0.107
25 small silica particles 0.0003715 0.13
26 small/large silicabeads  0.0003315 0.116
27 small/large silicabeads  0.0003058 0.107
28 small/large silicabeads  0.0002887 0.101
29 small/large silicabeads  0.0003144 0.11
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CONCLUSION

The sedative/hypnotic 2-thiobarbituricacidisde-
termined in an a cohol-water solvent system by UV-
Visspectrometer usng glasscuvettesat 340 nmwave-
length. A standard curveisefficaciousfor usewiththis
approach with very high linearity and correlation
(Pearson’s r=1.000, R? =1.000) with absorbanceto
molarity of set standards. Thelowest concentration as-
sayed in this study was 0.006588 grams per liter
(6.588E-06 gramsper milliliter) with thehighest con-
centration utilized at 0.5521 grams per liter (5.5521E-
04 grams per milliliter). The standard curve utilized
spanned an 84x breadth of molarity concentrations.
Comprehensivestatistica andysisindicated that accu-
racy by percent recovery of analyteisextremely high.
Extraction remova frominert solid support by theiden-
tical alcohol-water solvent effectively measured the
analyte. The methodology for the assay of 2-
thiobarbituric acidisapplicableto clinica, pharmaceu-
tica, environmentd, and industrid usage.
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ABBREVIATIONS
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extremestudenti zed deviate; cm, centimeter.
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