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ABSTRACT KEYWORDS
Diethylbarbituric acid (barbital), a hypnotic and sleeping aid, is assayed Barbital;
by reversed phase high-performance liquid chromatography utilizing a Dethylbarbituric acid;
column havingoctadecylsilyl (C-18) covalently bonded onto silica. All the HPLC;
test samples and column solvent wasprepared in 95% ethanol and 5% Barbiturates.

water. The barbital drug efficientlysolubilized into this solventsystem and
was stable for hours prior to analysis. Barbital eluted from the column
consistentlyat 1.7 minutes. The minimum concentration of analyte detected
in thiswork is0.0001680 molar which is 0.0309 milligrams/milliliter. The
highest concentration utilized in this work at 0.03669 molaror 6.758
milligrams/milliliter. The standard curve utilized for test determination had
correlation coefficient of Pearson’s r = 0.9992 (R? = 0.9984). The percent
recovery ratesfor barbital showed amean of 97.0% and standard deviation
+ 1.58% (standard error =0.345, mode = 96.9, sample variance =2.50, kurtosis
=-1.28) and median of 97.5%. Askewnessvalue of 0.101for percent recovery
indicates the percent recovery ratesare highly symmetric. The Spearmans’
rsof 1.000 for actual and calculated molaritiesindicating extremely high
positivecorrelation. © 2013 Trade Sciencelnc. - INDIA

INTRODUCTION the identical effect, but the lethal dose

levelremainsessentialy the same. Theclinica applica

Barbiturates are considered to be hypnotics and
sedativesl. M ost combinedsedative-hypnoticdrugsare
considered to be general depressants and depress
manycdlularfunctionsinvariousorgang®. Barbiturates
candistributethroughout al tissuesand fluidsif alowed
to pervade in the plasmafor long periods of time™.
Barbituratesare asaddicting as heroin and can beeven
more dangerousduring withdrawa . Withrepeated use
over substantial timeasubstantial tolerancewill occur
followed by anecessity torequire moredrug to achieve

tion of barbituratesisdetermined bytheduration of ac-
tion requiredbut with theredlization that the effect ofthe
drugincreaseswith dosage’”.

Thisgroup of agentsaredivided into three genera
categories: ultra-short active(havingeffectswithina
minute), short acting (with effectsfrom 15to 40 min-
utes), intermediateacting (having effectswithin 40 min-
utestoan hour), and long acting(effectdastingmorethan
an hour)* 2, The long-acting barbiturates, which
includesbarbital, are clinical agents usedas anti-convul-
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sants, for controlling ulcers, and highblood pressure™.
Barbital wasthefirst agent of thisgroup applied for
medica purposes?. All barbiturateshave similar struc-
tureto barbital and general centra nervoussystem de-
pressants, but will affect dl excitabletissuesinthebody®
4 Barbiturates adhereto both basic mechanismsof tol-
erancedeve opment, whichare:(1) tissuetolerance, and
(2) pharmacokinetictolerance 9.

Barbital hasbeen utilized asan antidoteto cocaine,
procaine hydrochloride, andother drugsapplied toin-
duce local anesthesial®. Treatment of
acutebarbituratepoi soningisby using diureticsto timu-
late urineexcretion such aswith sodium sulfateand glu-
cose, but barbita requiresthe useof ammonium chlo-
ride””. Barbita anesthesiacan be controlled through di-
uresis®. Previous identificationand assay of
variousbarbiturates has been accomplished at wave-
lengths of 240 nm but requiringpHstabilization at 10 or
20,

Sensitive assaysfor barbital poisoning areneeded
partly becauseit isutilized asacommon buffer in vari-
ous biology laboratorymani pul ations and incidents of
poi soninghave been documented*®. Deep ultravio-
let-visible (UV) reflected optical fiber sensorwith
spectrophotometric detectionhas been used for drug
detection at 200 nm*!, Agas chromatography-mass
spectrometry (GC-M S) method coupled with pulse
split lessinjection technique was devel oped for the
determination of 10 sedative-
hypnoticsincludingbarbital’*?. Somebarbiturates, in-
cluding barbital, were determined bymicellar liquid
chromatography with C18 column*, Liquid chro-
matography—atmospheric pressure chemical ioniza-
tion—mass spectrometry (LC—APCI-MS) methodfor
determination of barbital, amobarbital, phenobarbital,
and secobarbita in humanplasmaisbeen found suit-
able™, Barbital has been determined by absorption
(zero-order) UV spectraand first-order derivative
spectra®®, Other assay methodsincludeliquid chro-
matography-electrospray tandem mass spectrom-
etry®, rapid ultravioletmonitoring*”, capillary elec-
trophoresis*®, and el ectrokinetic supercharging!*9.

Thiswork presents methodol ogy for detectionand
assay of barbital accomplished byreversed-phase high
performance liquid chromatography in alcohol sol-
vent.

—= Fyll Paper
EXPERIMENTAL

Reagentsand instrumentation

All reagents applied as sol vents were analytical
grade and obtained from Sigma-Aldrich (P.O. box
14508, St. Louis MO 63178 USA). The
diethylbarbituric acid (barbital)compound for useas
standardsand preparation of sampleswasobtained from
Sigma-Aldrich. For theHigh PerformanceLiquid Chro-
matography (HPLC) analysis, anAlltech426 HPLC
Pump and Linear UV S200 detector wereutilized (2051
Waukegan Road, Deerfield, 111inois60015-1899 USA).
Solvent utilized throughout the project was95% etha
nol and 5% water.

Prepar ation of standardsand test sampleanaly-
Sis

For preparation of standards solutions, known
amountsof diethylbarbituric acid areweighed by ana
lytical balance and dissolved in the ethanol -water sol-
vent mixture. Themolarity of each sandardisidentical
to preparation of standard curve: 0.0001676 molar,
0.0003336 molar, 0.006575 molar, 0.01311 molar,
0.02198 molar, 0.0255 molar, 0.02997 molar,
0.03394molar, and 0.01912 molar. Thisisall4fold
range in  values.All test samples
contai ningdiethyl barbituric acid weredissolvedin-and
found to behighly solublewith thefoll owing solvent:
95.0% ethanal, 5.0% water. All measurementsof ab-
sorbance by HPL C and preparation of sampleswas
accomplished utilizing thissolvent system. For column
analysis by HPLC a reversed phase C-18
octadecylsilyl(C H,,) bonded phase packing
wasutilized for the column. The barbital analyte
elutedconsistently at 1.7 minutes. Detection was ac-
complished by ultraviolet detector set to240 nm, rise
time 0.1, range AUFS set to 1.0. The HPLC pump
was set to 2900 psigand one milliliter sampleswere
injected.

Numerical analysis

Whereindicated the numerical analysisutilizing
Spearman/Kendall correlation, Kruskal-Wallistest,
Mann-Whitney test, 95% elli pses, and K olmogorov-
Smirnov (twosampl es) wasperformed by PAST ver-
son 2.06 (copyright Hammer and Harper 1999-2011).
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Summary statistical analysiswas aso performed by
Microsoft EXCEL (copyright2010Microsoft Corpo-
ration, Microsoft Office Professiona Plus2010). The
paired t-testand Wil coxon matched-pairssigned-ranks
test was performed by GraphPadInStatversion 3.00
(Copyright 1992-1998 GraphPad Software Inc.
(www.graphpad.com) forWindows 95, San Diego
CdiforniaUSA).

RESULTSAND DISCUSSION

Determining the correct clinical dosage of barbitu-
ratefor thereduction of anxiety orsedation canbe prob-
lematic dueto thedifficulty of predicting the correct
concentrationand that evenadight overdosecanbele-
thal. Thedrug barbita actssmilarlyto alsedativesand
hypnoticswork by changing the amounts of gamma-
aminobutyric acid(GABA) inthebrain¥. The sudden
termination of barbital usage without
medical considerations can giveriseto dangerousside
effects. Thisfact callsfor suitablemethods of monitor-
ing drug contentand excretion.

Oxy-barbiturates are hypnotics of the barbiturate
group of drugsinwhich the atomattached at the car-
bon-2 positionisoxygen and virtually al hypnotic bar-
biturates areoxy-barbiturates¥. All oxy-barbiturates
have been shown to be soluble in
alcohol™.Consequently ethanol ischosen asasolvent
for solubilizing thishypnotic compoundand duetolow
absorbance at most wavelengths. Barbital hasanion-
ization exponentvalueat 25° Cof pKa= 7.8%. Inro-
dents the delay of activity for this hypnotic
afterintravenous administration ismeasured to be 22
minutes. As much as 65% to 90%ofatotal dose of
barbitalis excreted unchanged in humang?. For the
barbituratesgroupin genera, anincreaseinplasmaal-
kalinity such asthrough hyperventilation orincreasein
absorbed NaHCO, willincreasedrug urineexcretiont™.,
These facts andthecontinued clinical use of
barbituratesprompts methodsfor their detection.

Therdativemolecular structureof diethylbarbituric
acid (barbital, barbitone, 5, 5-diethyl pyrimidine-2, 4,
6(1H, 3H, 5H)-trione) is presented in Figure 1 with
SMILESnotationO=CINC(=O)NC(=0)C1(CC)CC,
molecular mass=184.193 g/mole, andpol arizability.
The pharmacokinetic hdf-lifeof thiscompoundis27.1
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H3C CH; BARBITAL, BARBITONE
0 O  DIETHYLBARBITURIC ACID, (VERONAL)

5,5-diethylpyrimidine-2,4,6(1H,3H,5H)-trione

HN NH 0=C1NC(=0)NC(=0)C1(CC)CC

A

o) Polarizability = 17.47 +0.5 10**cm®
Figurel: Molecular structureof barbital (diethylbarbituric
acid) with SMILESand formula designation

Molecular Formula = C,H,,N,O,

hoursto 33.5hours¥. The solid compound dissolved
readily in 95% ethanol/5% water and wasstable
throughoutthe study. Samplesof adl typeswerekept at
room temperature. Allsampleswereprepared in clean
glassandair tight tubesprior toinjection. Prior tosample
injection, asolvent-only injection wasdoneto sabilize
detectionbackgroundand setting of detector.

A standard curve applied hereispresentedin Fig-
ure 2 showing extremely highcorrelation (Pearson’s r=
0.9992) of molarity to area of elution (uV). The
coefficientof determination R?=0.9984 indicating an
extremely good fit of theregression lineto thedataand
extremely high prediction efficiency by thismodd. In
addition thisva ue of R? reflectsa99.84% explanation
of thedataby thismodd . Theactud linearequationy =
3037353.9x + 851.04 ( r = 0.9992) for the standard
curve. Theminimumconcentration of barbital detected
inthismethod 190.0001680 molar whichis0.0309mil-
ligramg/milliliter (30.9 micrograms/miilliliter or 30.9 parts

Concentration of Analyte vs. Area (Standard Curve)
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Figure2: Agandard curveof barbital determination having
r = 0.9992, R? = 0.9984, generalequation of liney =
3037353.9x + 851.04.

per million) with the highestconcentration at 0.03669
molar (6.758 milligrams/milliliter).

An assay by ultraviol et-visible spectrometer isnot
useful because of negligibleabsorbance by barbital in
ethanol solvent. Thisis shown clearly in Figure 3,
wherebarbital dissolvedin ethanol hasabsorbanceval -
ueslessthan 0.02 from thewavel ength of 320 nmto
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700 nm. These absorbance values show no
consistencyin trend and are consistently very low nu-
mericaly.

A typical dution profileisintroduced in Figure4,
showing anindividua peak elutingconsistentlyat 1.7
minutes. For thisplot, minutes areindependent variable
and (uV) asthe dependent variable. The solvent mix-
turefor column eution was 95% ethanol and5% wate.
TheHPLC pump was set to 2900 psig and onemillili-
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Figure 3 : Plot of barbital absorbance as a function of
wavelength.

240,0000 sy ——— — —
220,000
200000
180,000
PEAK

AREA
IN

uv

10,000 <—— BARBITAL
140,000
120,000
100,000
09000
000
w0
2000

& AT |

20,000,
[ 1 z 3 4 s [] 7 [] []

ELUTION IN MINUTES
Figure4: Atypical chromatogram of barbital sample. A
single peak elutesconsistently at 1.7 minutes..

ter sampleswereinjected. Detection wavelength set to
240 nm consistently.

A number of known samplesof about 0.001 molar
wereinjected into theinstrumentwith variation of wave-
length of detection. Thefindings presentedin Figure5
indicatethat aswave ength of detection decreasesfrom
280 nm to 210 nm the absorbanceincreases. Clearly
setting the detector wavelength at 280 nmwould give
very poordetection of barbital with very low level of
sengitivity. Asthedetector wave engthapproaches 210
nm the absorbance values for barbital increase but
interferencefrom the sol vent and detection noise could
be problematic. The detection wavel engthof 240 nm
selected for thismethodol ogy isan excellent choicethat

—= Fyll Peper

alowssengtivityand accuracy for andyteidentification
and quantitation.

Test samplesof any origin are encompassed within
the 95% confidenced lipses(ie. 95% confidenceinter-
va). Thestandard curvevaluesof barbital concentra-
tion fortest samplesfell withinthe 95% confidencein-
terval (ie. 95% of all entry values)i?.Shownin Figure
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Figure 5 : Variation of barbital absorbance at constant
molarity concentration and changein detection wavelength.
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Figure6: Data contained within 95% confidenceellipses.
Axis are computed as C (y-axis) and B (x-axis) for this
determination

6, thisoutcomeindicatesvery highinclusionand con-
sigtency of theanalysis?,

Determination of molarity vizavieby sandard curve
under conditions describedwas accurate and consis-
tent. Comparison of actual molarity by calculated
molarityutilizingastandard curveareviewedin TABLE
1 Determination of Molarity. ThePearson’s r correla-
tion amongst actud and cd culated molarity isextremdy
highat 0.9982. Summary of statisticsfor actuad and cal-
culated molarity valuesareviewed in TABLE 2. The
Spearman/Kendall correlation for statistical outcome
of TABLE 2 has Spearman’s rs =1.000 (Pearson’s r =
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TABLE 1: Actual and calculated nolarity

Calculated Actual Per cent
Molarity Molarity Recovery
0.03189 0.0335 95.2
0.03164 0.03236 97.8
0.03041 0.03119 97.5
0.02882 0.02871 99.6
0.02801 0.02741 97.8
0.02783 0.0266 95.4
0.02736 0.02606 95
0.02545 0.02522 99
0.02544 0.02494 98
0.02423 0.02319 95.5
0.02043 0.01945 95
0.01925 0.01879 97.5
0.01087 0.01037 95.2
0.01014 0.009959 98.1
0.009842 0.00955 96.9
0.007341 0.007012 95.3
0.00533 0.005239 98.2
0.004342 0.004328 99.7
0.003339 0.003239 96.9
0.002502 0.0024581 97.9
0.0009464 0.000995 95.1

TABLE 2: Satisticsof samplerecovery

Summary Calculated Molar Actual Molar
Statistic Concentration Concentration

Sample 0.000124 0.000125
Variance
Kurtosis -1.68738 -1.62045
Skewness -0.23452 -0.14611
Mean 0.017877 0.017646
Standard 0.002429 0.002441
Error
Median 0.02043 0.01945
Standard 0.011129 0.011188
Deviation
Range 0.030944 0.032505
Minimum 0.000946 0.000995
Maximum 0.03189 0.03350

0.9988), indicating perfect positive correlation, with
Mann-WhitneyU =50 whichislessthan thecritical
value of U =73 (a = 0.05)indicating the twosets of
statistical valuescomefrom identical populationg?Y,
Inaddition theK ruska-Wallistest outcomeof p=0.7624
indicatesno gatistical Sgnificantdifference betweenthe
two setsof resultsviewed in TABLE 2. Theseresults

clearlydemondtrating that actud molarity and caculated
molarity arenot significantlydifferentat all and canbe
considered but the same.

Thedetermined percent recovery rates(see TABLE
1, third column) for barbital showedamean of 97.0%
and standard deviation + 1.58% (standard error =
0.345, mode = 96.9, samplevariance= 2.50, kurtosis
= -1.28, skewness = 0.101) and median of 97.5%.
Askewness value of 0.101 indicates the percent re-
covery ratesare highly symmetric. Ofthesevaluesthe
minimum is95.0% to maximum of 99.7%, having a
range of 4.7%1.A negativevauefor kurtosis(-1.28)
indicatelow peakednessor platykurti cdistribution 23,

In so far as the relationship between cal culated
molarity fromstandard curvelinear equation (Sse TABLE
1, first column) to theactua molarities(see TABLE 1,
second column) of test samplesthe Pairedt test showed
highly effectiveand accuratepairing withnear zero dif-
ference between populations (one-tailed P value is
0.0678, two-tailedP vaueis0.1356). The Spearmans’
rsof 1.00 for actual and calculatedmolarities of test
samplesindicated extremely high positivecorrdationin
additiontotheK ruska-Walistest P=0.8307(P> 0.05)
indicating thereisno gatistica differencebetweenthese
two setsof vaues. In addition aKolmogorov-Smirnov
results of P=0.9999 (P >.05) indicate thatcal cul ated
and actual molaritiesare of the samedistribution (P>
0.05 so datai sessentially normally distributed) 23,

CONCLUSIONS

In summation, the sedativediethylbarbituric acid
(barbita) isidentified andquantifiedby reversed phase
high-performance liquid chromatography
utilizingoctadecylsilyl covdently bonded ontosolid silica
Utilizing sol vent 95% ethanol and 5%weter the barbital
solubilized readily and was stablefor severd hoursprior
to analysis.Anana ytepeak was consi stently observed
at 1.7 minutes. The minimum concentrationofanayte
detected inthiswork is0.0001680 molar (0.0309 mil-
ligrams/milliliter or30.9 partsper million) withthehigh-
est concentration at 0.03669 molar(6.758 milligramg/
milliliter). A standard curve showedacorrel ation coeffi-
cient of Pearson’s r=0.9992 with coefficient of deter-
mination of R?=0.9984, withthelinearmode explain-
ing 99.84% of variancefound indata. Percentrecovery
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was highlyefficient. Thisapproach clearly iseffective
and accuratefor thedetection of barbital.
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