[SSN : 0974-7419 Volume 16 Issue 9

a%za.[}/tica[ CHEMISTRY

A Judian Joaraal
/A P@p@f

ACAIJ, 16(9) 2016 [374-381]

Senditive spectrophotometric methods for microdeter mination of
dothiepin hydrochloride in pure form, pharmaceuticals and human
urine and blood

EmamA Ali**, Ahmed.M .Adawy?, M ohamed.F.El-Shahat? Alaa SAmin®
!ForenscChem Lab, Forensc M edicineAuthority, Ministry of Justice, Cairo, (EGY PT)
2Chemistry Department, Faculty of science, Ain ShamsUniversity, Cairo, (EGYPT)
3Chemistry Department, Faculty of science, Benha Univer sity, Benha, (EGYPT)
E-mail : emam_aam332010@yahoo.com

ABSTRACT KEYWORDS
Three new, rapid sensitive, economical and simple spectrophotometric Dothiepin hydrochloride;
methods (A-C) have been developed for the micro determination of Phenol red;
dothiepin hydrochloride (DOT) in bulk samples, dosage formsand in post- Cresol red;
mortem urine and blood samples. The methods are based on the on the Metanil yellow and post-
reaction between (DOT) and three acidic (sulphonphthalein)) dyes; namely mortem urine and blood
phenol red (PhR),cresol red(CR) and metanil yellow (MY') producing of a sample.

yellow colored ion-associatesfollowed by their extraction with methylene
chloride and measured at 396 nm,394 nm and 408 nm respectively. After
optimization, Beer’s law was obeyed in the concentration ranges 6.3-56.47
pg/mL, 3.16-41.42 pg/mL, and 3.12-28.18 pg/mL for methods A, B and C
respectively. The molar absorptivityand Sandell sensitivity of the reaction
produts were calculated. The results are well compared to those obtained
by official method using students t-and F tests.
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INTRODUCTION S

Dothiepin (Dosulepin) hydrochlorideisatricyclic
anti depressant with anoticeableaction. Itischemicaly
designatedas  3(6H)dibenzo[b,€]thiepin-11-ylidene) ‘
propyldimethylaminehydrochloride™3. Itisindicated

in the treatment of depression and anxiety. Several H

analytical methods described for the determination of

Dothiepin (Dosulepin) hydrochloridein biological and ek
pharmaceutica samplesinvolveaspectrophotometric o \\H
101 a number of high-performance liquid CHs
chromatographic (HPLC)*+18 GC-MSI-9 | C~ CH,NSHCI 3319

MS2021 - potentiometric??, Conductimetric®¥ and Sructuresof Dothiepin Hydrochloride (DOT)
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capillary electrophoresig?4,

The present study describessimple, sensitiveand
economica spectrophotometric methodsfor theandys's
of Dothiepinin pure, dosage formsand spiked urine
and blood samples. Themethodsbased on themethylene
chloride solubleion-associ ates complexesbetween the
Dothiepindrug (DOT) and someacid dyes(PhR, CR
and MY werereported. Analytical criteriaincluding
linearity, sengitivity, precision, accuracy and recovery
arediscussed.

EXPERIMENTAL

Apparatus

The €l ectronic absorption spectral wererecorded
on SHIMADZU 1601 UV-Vis spectrophotometer
equipped with quartz cell of 1 cmoptical path length
with aresolution of 0.1 nm. The pH measurements of
the prepared solutionswere adjusted using pH-meter
type Consort model P400.

Materials

Dothiepin hydrochloride (DOT) and Prothiaden
capsules (25 mg/cap) were provided from Cairo
Pharmaceuticd Company (Egypt)

Reagentsand chemicals

All chemica sused wereof analytica reagent grade.
Chemicals (suppliers) were as follows: Phenol red,
Cresol red Metanil yellow, Sodium acetatetrihydrate,
Disodium hydrogen phosphate, Sodium hydroxide,
Hydrochloric acid and Acetic acid are products of
Merck chemical company while Sodium sulphate
anhydrousisaproduct of BDH chemica company. The
common solvents as Chloroform (Lab-Scan product),
Methylene chloride (BDH product), Carbon
tetrachloride, Benzene (Prolabo product), Petroleum
ether, Toluene, n-Hexane and Cyclohexane (Merck
products).

Preparation of buffer solution

Acetate buffer solutions of pH values (3.0-6.0)
were madefromamixture of 0.1 M acetic acid (1050
g/L) and 0.1 M sodium acetatetrihydrate (13.6 g/L).
Phosphate buffer solutionsof pH values(7.0-11) were
made from a mixture of 0.1 M disodium hydrogen
phosphate (14.2 g/L), 0.1 M HCI and 0.1 M NaOH.

—= Pyl Paper
Procedurefor calibration curve

Into 125 ml separating funnel, 5.0 mL of reagents
CR, MY (1.0x10%M) and PHR (5.0 x10° M) were
added to different volumes of solution containing (1.0
x102 M) of DOT respectivelyand 3.0 mL of buffer
solution were added and the volume was made up to
10 mL with bidistilled water. Theyellow formed ion-
associ ateswereextracted by separating funnel with 10
mL methylenechloride by shaking for two minutesand
allowed to separateinto two layers. Filter theorganic
layer over anhydrous sodium sulphate, then completed
to 10 mL with the same solvent. The absorbance of the
extract was measured at the recommended wavelength
(Amax) against ablank (treated in the sameway in
absenceof theexamined drug).

Procedure for the assay of pharmaceutical
capsules

For theanalysisof DOT in[Prothiaden capsules
25 mg/cap] and, five content of capsuleswereweighed
into a small dish, powdered and mixed well, then
dissolvedin 100 mL bidistilled water, aturbid solution
was shaken well and filtered through afilter paper to
obtain aclear solution. Then, the clear solution was
diluted with bidistilled water in a100 mL calibrated
measuring flask. Successvedilutionswere prepared for
carrying out the subsequent studies. Thedrug content
of these solutionswas obtained by applying thegenerd
proceduretodiquot containing different volumesof drug
solution asdescribed above.

Procedurefor post-mortemurine

Five milliliters of post-mortem urine free from
investigated drug taken in a125 ml separating funnel
wasspiked with different volumesof solution containing
(1.0x103M) of DOT then 3.0 mL of buffer solution
were added and the volume was made up to 10 mL
with distilled water. The drug content of these solutions
was obtained by applying the general procedure to
diquot containing different volumesof drug solutionsas
descried above.

Procedurefor post-mortem blood

Five mL of investigated drugs free post-mortem
blood takenina125 mL separating funnel was spiked
with different volumesof solution containing (1.0x 10
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3M) DOT then 3.0 mL of buffer solution were added
and thevolumewasmade up to 10mL with bidistilled
water followed by 10 ml of methylenechloride. The
content was shaken for 5 min. Theorganic layer was
collected and dried with anhydrous sodium sulphateand
transferred into a dried beaker and evaporated on a
hot water bath, theresiduewasdissolvedin 1.0 mL of
acetoneand 3 mL of buffer solution and the volume
wascompleteto 10 mL with distilled water. Anaiquot
of resulting solution was analyzed following the
procedures described above, using blood treated by
the same way without adding the substance asablank.

Procedurefor stoichiometricrelationship

Job’s method of continuous variation was
employed; 2.0x 10°*M solutions of investigated drugs
weremixed with 2.0 x 1*3 M sol ution of each selected
reagent inwhichthetotal volume of drug and reagent
was kept constant!?, The reagentswere mixed with
each drugin variousproportionsaongwith the chosen
buffer solution, which then diluted in calibrated flask
with the appropriate solvent and the method was
accomplished asprevioudly illustrated in the general
procedure.

RESULTSAND DISCUSSION

In proposed methods, somevariablesinthereaction
conditions were studied and the influence of these
variableson thereaction wastested.

Selection of wavelength

Theabsorption spectrafor DOT ion-associateswith
PhR, CRandMY reagents show amaximum at 396nm,
394 nm and 408 nm respectively (Figure 1). The
wavel engths maximum absorbencies (Amax) of the
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Figurel: Absorption spectraof DOT ion-associateswith
CR,PhRandMY

drug-col oring reagent ion-associ ateswererecorded and
tested against reagent blanks (prepared in the same
manner without theaddition of drug).

Effect of pH

Theeffect of pH wasstudied using different buffer
systems such as phosphate and acetate buffers. The
maximum color intensity was observed in the pH
ranges (3.0-4.0), (3.0-4.0), and (2.0-4.0) for DOT ion
associateswith CR, PhR and MY, respectively asshown
inFigure(2).
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Figure2: Effect of pH on DOT ion-associateswith CR, PhR
andMY
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Selecting of extracting solvents

Severd water-immiscibleorganic solventsincluding
benzene, toluene, carbon tetrachloride, methylene
chloride, petroleum ether, chloroform, cyd ohexaneand
n-hexane had been checked to select the most
convenient solvent of the highest absorbance. It was
found that methylen chlorideisthemost suitable solvent
for the extraction of drug- coloring reagent ion -
associatesinall casesasshownin (Figure 3).
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Figure3: Effect of extracting solventson DOT ion-associ-
ateswith CR,PhRand MY
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Effect of dyeconcentration

Theeffect of dye concentration ontheintensity of
the color devel oped atsdl ected wavel engthswastested
using different milliliters of the reagent. Theresults
showed that 4.0 mL of 1x10*M of CR, MY, and 5.0
mL of 5 x10° M PHR reagent, were found to be
optimum for these proposed methods and excess of
these dyesdo not affect the color of the complex or the
absorbanceasshownin (Figure4).
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Figure4: Effect of Reagent concentration on DOT ion-asso-

ciateswith CR,PhRand MY

Effect of sequenceof addition

Severa different possible sequences of addition
were studied to select the most suitable one for
developing the most stable concerned ion-associates
showed the highest absorptivity. The best sequence of
mixingwas"‘drug-reagent-buffer-solvent” for the highest
absorbance and stability. Other sequences needed
longer timeinadditionto lower sability.

Effect of time

The effect of time on the formation of the ion-
associ ateswas studied by measuring absorbance of the
extractedion-asodiatesa increasngtimeintervas. The
results showed that the ion-associates were formed
amost instantaneously and the developed color
remained stablefor several hoursasshowninandthe
devel oped color remained stablefor severd hourswhich
are10, 12and 14 for DOT ion associateswith CR,PhR
and MY respectivety. After theseintervals, adecrease
in color intensity occurred. The effect of timeon the
gability of theion-associates is represented graphically
in(Figureb).

Effect of temperature
The effect of temperature on ion-associates

—> Fyll Poper

formationwas studied at temperaturerange 25-100°C.
Theresultsshowed that theion-associateswereformed
amostingtantaneoudyindl casesat room temperature
25+ 5°C and remained constant up up to 55°C for all
reagents. The effect of temperature on the stability of
Ion—associates is shown in (Figure 6).
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Figure5: Effect of timeon DOT ion-associateswith CR,

PhRandMY
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Figure6: Effect of temperatureon DOT ion-associateswith
CR,PhRandMY

Thecomposition of ion-associates complex
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The stoichiometry of the ion-associates formed
between investigated drugs and reagents has been
determined by implementing themolar ratio method and
continuous variation method®24, It wasfound that the
results obtained from molar ratio resultsmatched with
those obtai ned from continuous variation resultswhich
confirm the obtai ned stoi chiometry of thereactionsby
both methods. Results showed that theexistenceof 1:1
incaseof PHRand MY and found 2:1(drug: reagent) in
caseof CRwith DOT asshownin (Figure7, 8).

Conditional stability constant (k) of the ion-
associates

Theconditional stability constant (k) of theion-
ation complex wascd culated from the continuous
variation datausingthefollowing equation:

A/Am

[1- (A7Am)] ™2 Cy ()"
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Where A and A  were the observed maximum
absorbance and the absorbancevaluewhen all thedrug
is associated, respectively®”. C  is the mole
concentration of the drug at the maximum absorbance
and nisthestoichiometry which CR, PhRand MY ion
associates with DOT. Thelog k; values were found
3.862, 3.953and 4.378 for DOT ion associateswith
CR, PhRand MY, respectively. From theresultsthe
obtained ion associatescomplex ishigh stability
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Figure7: Molar ratioof DOT ion-associateswith CR, PhR
andMY
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Figure8: Continuousvariation of DOT ion-associateswith
CR,PhRandMY

Influenceof foreignions

No significant interference was observed in the
determination of DOT withreagents. CR, PhRand MY
from the presence of excipientscommonly used such
as glucose, lactose, starch, sucrose, magnesium
stearate, methyl paraben and propyl paraben.

Method validation
e Linearity of thecalibration curves

Under the experimental conditions described,
calibration graphs were obtained for each proposed
methods (Figure9). Thecalibration graphin each case
is described by the equation: A = a+ bc where A=
absorbance, a = intercept, b = slope and ¢ =
concentrationin ug/mL, Correlation coefficient, intercept
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Figure9: Sandard curvesof DOT ion-associateswith PhR,
MY andCR

and slopefor the calibration dataare summarizedin
TABLE 1. Also molar absorpitiveties (€) Sandell’s
sengitivity wereeva uated and recorded inTABLE 1.

For more accurate analysis Ringbom optimum
concentration rangeswere determined by plottinglog
[drug] inpg/mL against percent transmittance from which
thelinear portion of the curve givesaccurate range of
determination (TABLE 1).

The detection limit (LOD) and the limit of
guantitation, (LOQ) for the proposed method were
cd culated usingthefollowing equations

3S
LOD= ——f—

TABLE 1: Characteristicsand analytical dataof (DOT)ion-
associateswith PhR,CRand MY

Parameter DOT- DOT- DOT-
PHR CR MY
Amax (NM) 396 394 408
, 1 6.3- 3.16- 3.12-
Beer'slawrange (ugmL™) ez 4142 2818
Molar absorpitivity (g) (L
mol ™t em?) x 10° 0.355 0.878 1.77
. 1 6.63- 3.31-
Ringbom range(ng mL™) 562 3.341 248
2S)andell sensitivity(pg cm 0.09 0.026 0.018
Limit of detection(ugmL™) 2.3 1.92 0.89
Limit ofl quantification 6.2 581 2037
(ngmL™)
Intercept -0.0171 -0.0798  -0.0643
Slope 0.01126  0.02986  0.05721
Correlation Coefficient 0.99806  0.99818 0.9996
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TABLE 2: Theintra-day and inter-day precision and accur acy to deter mine(DOT) by theproposed methods

Method Intra-day I nter-day
Added Recovery Precision Accuracy Confidence Recovery Precison Accuracy  Confidence
ng mL? %32 RSD% Er% limit® % RSD% Erv limit®
15 99.55 0.37 -0.45 14.93 + 0.06 99.58 0.51 -0.51 14.93+ 0.08
DO-PHR 30 100.73 0.56 0.74 30.22+0.19 99.36 0.33 -0.64 29.81+0.12
35 101.68 0.17 1.68 35,59 +0.19 99.71 0.60 -0.82 34.71+0.23
40 101.87 0.29 18 40.75+ 0.13 99.10 0.45 -0.9 39.64+ 0.20
5 100.20 1 0.2 5.01 +0.05 98.40 0.81 -16 4,92 +0.045
DO.CR 10 98.40 0.6 -14 9.84 + 0.067 98.90 0.47 -11 9.89 + 0.08
15 100.93 0.66 0.94 15.14 +0.12 98.86 0.47 -1.13 14.83 + 0.08
20 99.20 0.25 -0.80 19.84+ 0.056 100.75 0.39 0.75 20.15+ 0.09
8 98.87 0.3 -1.12 7.91 +0.025 98.75 0.45 -1.2 7.90 + 0.04
12 100.33 0.49 0.33 12.04 + 0.067 99.00 0.42 -1 11.88 + 0.056
DO-MY 18 99.33 0.27 0.66 17.88+ 0.05 99.34 0.20 -0.67 17.88+0.04
24 101.50 0.77 15 2436 +0.21 102.37 0.61 23 2457 +0.16

n, number of determination, R.S.D. %, percentagerelativestandard deviation, Er%, percentageerror.; @mean of five determination;
b confidence limit at 95% confidence level and five degrees of freedom

TABLE 3: Spectrophotometric deter mination of (DOT). Prothiaden capsules (25 mg/cap)
Prothiaden capsule

Pure solution Urine samples Blood samples
25mg/ cap
reagent found found found found
Taken Recovery Taken Recovery Taken Recovery Taken Recovery
ng mL*? he N %2 ng mL™? he N %% pgmL* He L %%  pgmL* he N %2
mL" mL" mL" mL"
20 20.13 100.65 20 19.88 99.40 20 19.83 99.45 20 19.64 98.20
25 25.26 101.04 25 25.17 100.68 25 24.85 99.40 25 24.43 97.72
32 32.64 102.00 32 32.20 100.62 32 31.68 99.00 32 31.43 98.21
PhR 45 4571 101.58 45 44.50 98.88 45 44,75 99.44 45 44.42 98.71
Mean recovery + RSD* Mean recovery £+ RSD* Mean recovery £+ RSD* Mean recovery + RSD*

101.58 £ 0.22 99.89+0.33 99.32+0.23 98.21 + 0.65
6 6 100.00 6 6.04 100.66 6 5.91 98.50 6 5.73 95.50
12 11.89 99.08 12 12.12 101.00 12 11.88 99.00 12 11.73 97.75
18 18.12 100.66 18 9.16 100.84 18 17.88 99.34 18 17.64 98.00
CR 25 25.14 100.56 25 12.15 103.00 25 24.87 99.49 25 24.52 98.08
Mean recovery + RSD* Mean recovery = RSD* Mean recovery = RSD* Mean recovery = RSD*

100.07 £ 0.48 101.37+ 0.37 99.08+ 0.33 97.33+ 1.83
10 10.10 101.00 10 9.90 99.00 10 9.84 98.40 10 9.54 95.40
15 15.12 100.80 15 14.90 99.34 15 14.84 98.93 15 14.63 97.53
20 20.12 100.60 20 19.88 99.40 20 19.90 99.50 20 19.54 97.70
MY 25 25.12 100.48 25 25.12 100.48 25 24.74 98.96 25 24.61 98.44
Mean recovery + RSD* Mean recovery = RSD* Mean recovery = RSD* Mean recovery = RSD*
100.73+ 0.40 99.55+ 0.27 98.94+ 0.20 97.26+ 1.31

@M ean of six determination, RSD%, percentage relative standard deviation.
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LOQ= —x—

Where S is the standard deviation of replicate
determination valuesunder the same conditionsasthe
sample anaysisinthe absenceof theanayteandk is
sengitivity, the slope of the calibration graph. The
detectionlimitswerecd culated and recordedin TABLE
1 andtheresultsindicatethereasonably high sengitivity
of themethod. Also thelinear equationsfor absorbance
versus concentration, together with the correlation
coefficients, indicateexcd lent linearities.

) Precision and accuracy

The precision of the proposed methods was
cdculatedintermsof intermediate precison (intra-day
and inter-day). Four different concentrations of DOT
were anayzedin fivereplicates during the same day
(intra-day precision) and five consecutive days (inter-
day precision).

Percentagerdative standard deviation (R.S.D. %)
values of intra-day and inter-day found low values
indicating good precision and reproducibility
(repeatability) of the proposed methods (TABLE 2).

Percentagerelativeerror (Er %) asaccuracy of the
suggested methodswas cal cul ated using thefollowing
equation:

Found - added X100
Er%= |——

Added

Theresultsobtained are compiledin (TABLE 2)
and show that the accuracy was good. The average
percent recoverieswerein range (98.40%- 102.37%)
indicating good accuracy of the proposed methods.

e Analytical applications

Six replicate determinations, using reported coloring
reagentsat different concentration ranges, werecarried
out for pure DOT Prothiaden capsules (25 mg/cap)
and their spiked urine samples. Theoverall recoveries
are in the range (98.40-102.00%) reflecting a high
accuracy of theresults (TABLE 3).

The mean values obtained and the calculated
standard deviations are compared with those obtained
by the officia methods?! and by applying thet- and F-
testd?%3, |t wasfound that there are no significance
difference between proposed and the official methods

TABLE 4: Satitical treatment of data obtained for determination of (DOT) applying the proposed methodsin comparison

with ther eferencemethods

Parameters Official method DOT-PhR DOT-CR DOT-MY
Pure solution
15ugmL-1 100.25+0.11 100.42+0.17 100.33+0.13
X +SD 100.01 + 0.228 6 6 6
n 6 0.81 0.84 0.91
t-value* 4.3 1.8 3.07
F-value
Prothiaden capsules 25 mg/ cap
15 ug mL-1 99.80 +0.107 100.32 + 0.12 99.60+0.17
X +SD 99.93 +0.23 6 6 6
n 6 0.91 1.14 0.15
t-value* 4.62 3.38 1.83
F-value
Urine
15pugmL-1 99.13+ 0.13 99.46 + 0.15 99.13+0.14
X +SD 98.86+ 0.10 6 6 6
n 6 0.72 1.46 0.7
t-value* 1.82 2.25 1.96
F-value
Blood samples
15pug m Lt 97.60+0.19 96.80+0.11 96.94+ 0 .25
X +SD 97.00+0.17 6 6 6
n 6 13 0.43 0.14
t-value* 1.24 2.38 2.16
F-value

*: theoretical value at 95% confidence level; n: number of replicates

Hnalytical CHEMISTRY o
A Tndéan W



ACAIJ, 16(9) 2016

Emam AAli et al.

381

(TABLE 4). So the present methods are accurate,
precise, highly sensitive, rapid, and smpleand their
resultsarein good agreement with thoseof theofficia
methods.

CONCLUSION

The proposed methods for the determination of
DOT withdifferent reagents (CR, PhRand MY) were
successfully applied todetermination of investigated drug
in pure, dosage forms and spiked urine samples. The
results are compared statistically with the official
methods. High recoveries, accuracy, inadditionto the
high precisionindicated by very low valuesof relative
standard deviations have been achieved. Also these
methods, lesstime consuming and need S mplereagents
which areavailabl e, thusoffering an economic method
for routine determination of thecited drugs.
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