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ABSTRACT

Six simple and sensitive spectroscopic and conductometric procedures (A-
F) were developed for the determination of tramadol hydrochloride. Method
A, B and C are based on thereaction of cobalt (I1) thiocyanate with tramadol
to form stable ternary complex, which could be measured by spectrophoto-
metric (method A), atomic absorption (method B) or conductometric (method
C) procedures. Method (D and E) depended on the reaction of molybdenum
thiocyanate with tramadol to form stable ternary complex, measured by
spectrophotometric means (method D), or by atomic absorption procedures
(method E), while method F depends on the formation of anion pair complex
between the studied drug and bromothymol blue which is extractable into
methylene chloride, Tramadol hydrochloride could be assayed in the range
of 80-560 ug ml%, 40-220 ug ml?, 1-15mg, 2.5-22.5 ug ml?, 1.25-11.25 g ml*
and 5-22 pug mltusing methods A, B, C, D, E and F respectively. Various
experimental conditions were studied. The results obtained showed good
recoveries. The proposed procedures were applied successfully to the analy-
sis of tramadoal in its pharmaceutical preparations and the results were fa-
vorably comparable with the official method.
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INTRODUCTION

Tramedol [(+) trans-2-(dimethylaminomethyl)-1-(3-
methoxy- phenyl)-cyclohexanol hydrochloride] isan
opoid analgesic used for moderate to severe pain.
Different methodsfor theandysisof the selected drug
have been reviewed. The BP? specifiesnon-agqueous
titration techni que detecting the end point potentiometri-
caly for itsdetermination. Theliteraturerevealsfew
methodsfor the determination of thementioned drugin
biological fluidsandin pharmaceutica preparations.

Among these methods are spectrophotometry(®4,
HPLCe, GCI7, capillary electrophoresis®,
voltammetry®® and potentiometry!9.

Aninspection of the previousmethodsfor thede-
termination of thecited drug reved ed that only few spec-
trophotometric ones have been reported. Although
atomicabsorption spectrometry AASisrapid technique
and hasalow detection limit, it has not been yet ap-
plied to the determination of tramadol, soisthesame
case with theconductometric procedureswhich proved
to besimple, sensitive, reliable and of avery conve-
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nient and smple procedures.

Cobdt (I1) thiocyanatereactswith tramadol toform
astableternary complex extractable with methylene
chloride, the complex was determined either spectro-
photometricaly (method A) by measuring thegreenish
blueextractable color at 1625 or by atomic absorption

gpectrometry (method B) indirectly using the aque-
ous acidic extract of the combined cobalt (I1) in the
ternary complex or by measuring the changein the con-
ductance (method C) following thetitration of tramadol
with Cobalt (I1) thiocyanate, s milar proceduresusing
molybdenum thiocyanate were applied for determining
tramadol elther by spectrophotometric means(method
D) or by atomic absorption spectrometry (method E),
whilemethod F dependson thereaction of bromothymol
bluewith tramadol at pH 3.7 to form astableion asso-
ciation complex extractablewith methylenechloride,
the complex has maximum absorbance at 411 nm.

EXPERIMENTAL

Apparatus

Shimadzu UV-260 doubl e beam recording spec-
trometer withal cm cell holder

ShimadzuAtomicAbsorption flamespectrophotom-
eter model AA-640-13

Conductometer model CM-1K, Tokyo TOA elec-
tronicsltd Japan.

Chemocadet pH meter.

Materialsand reagents

All materialsand reagent used were of analytical
grade, solvents were of spectroscopic grade and
bidistilled water was used.

1) Tramadol hydrochloride puredrugand Tramal cap-
sules (labelled to contain 50 mg tramadol hydro-
chloride per capsule) were obtained from
Minapharm, Egypt under licence of Grunenthal,
Germany.

2) Tetrathiocyanato cobalt (1) solution (1), prepared
by dissolving 56.25g of NH,SCN and 13.80 g of
CoCl..6H,O in water to give 100 ml of the solu-
tion*Y,

3) 2.5x 102 M tetrathiocyanato cobalt (I1) solution
(2) prepared by dissolving 0.025 mol of cobalt, as
CoCl2-6H20 and the required amount of ammo-
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nium thiocyanate (0.1 mol), in 100 ml bidistilled
water.

4) Sodium Molybdate (FlukaAG, Switzerland), 102
M solution prepared by dissolving 0.2419gmin 100
ml distilled water.

5) AscorbicAcid (El-Nasr pharm. Chem. Co., Egypt)
prepared as 10% w/v solution in distilled water.

6) Ammoniumthiocyanate(Belami FineChem., India),
prepared as 10% w/v solution in distilled water.

7) Bromothymol blue (BDH ChemicalsLtd., Poole,
England) was prepared as 0.05% solution in
bidigtilled water.

8) Acetatebuffer pH 3.7: Dissolve 10 g of anhydrous
sodium acetate in 300 ml water, adjust to pH 3.7
with glacial acetic acid and diluteto 1000 ml with
water. If necessary, readjust to pH 3.7 with glacia
acetic acid or anhydrous sodium acetate asrequired,
before use®!.

Sandard drugsolutions

Aqueous solution of 0.1 and 4 mg ml-* tramadol
hydrochloride, prepared by dissolving 10 and 400 mg
of the puredrugin 100 ml distilled water respectively.
Working solutions of lower concentrationswere pre-
pared by appropriate dilution of the standard solutions.

Construction of calibration curves
Spectrophotometric procedures(method A)

Into 125 ml separating funndls, transfer diquotscon-
taining 0.8 -5.6 mg of tramadol drug solution, add 3ml
of cobalt thiocyanate (solution 1), mix then extract the
aqueous sol ution with an equal volume of methylene
chloride and shakefor 45 seconds, alow the mixture
to separateinto two phases. Collect the organic layer
and dry with anhydrous sodium sulfate, completeto 10
ml with methylene chloride, measuretheabsorbance of
the extracts at 625 nm, against areagent blank pre-
pared according to the sametreatment (Figure 1).

Atomic absorption spectrometric procedures
(method B)

Procedureswere proceeding as under spectropho-
tometric method asfar as“complete to 10 ml with me-
thylenechloride . The organic layer was evaporated
to dryness, theresiduewasdissolvedin 1 ml 1IN HCI
and thevolumewas completed to 10ml with bidistilled
water (TABLE1).
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TABLE 1: Aspiratein asuitableatomic absor ption spectrom-
eter under thefollowing conditions

— Fyll Paper

TABLE 2: Aspiratein asuitableatomic absor ption spectrom-
eter under thefollowing conditions

Analysis line wavelength 2407A°
Lamp current 9ImA

Slit width 1.9A°
Burner height 6 mm
Burner dot / flame 10 cm (air-C,Hy)
Support gas flow 101 min?
Fuel gas flow 251 min?
Absorption sensitivity 0.16ppm

Analysis line wavelength 313.3nm
Lamp current 9ImA

Slit width 3.8A°
Burner height 5mm
Burner slot / flame 5cm (O-CoHy)
Support gas flow 10L min?
Fuel gas flow 48L min?
Absorption sensitivity 0.77ppm

The concentration of the consumed cobalt wascd-
culated from cdibration graph of standard cobdt chlo-
ridesolution.

Conductometric procedures(method C)

Trandfer suitablediquot of samplesolution contain-
ing 1-15 mg of drugto a50 mL calibrated flask and
make up to the mark with distilled water. Transfer the
contents of the calibrated flask to a beaker and im-
mersethe conductivity cell. Titrateusing 2.5 x 102 M
cobalt thiocyanate (solution 2). M easurethe conduc-
tance subsequent to each addition of reagent solution
and after thorough stirring for two minutes, correct it
for dilution effect™ by means of thefollowing equa
tion, assuming that conductivity isalinear function of
dilution.
Q—l

correct

= n7lobs [V1+V2/Vl]
where Q™' _isthe observed electrolytic conductivity,
vlistheinitia volumeand v, isthevolume of reagent
added.

Construct agraph of corrected conductivity ver-
susthevolumeof added titrant and determinetheend-
point (Figure2).

Spectrophotometric procedures(method D)

Into 125 ml separating funnelsmix 2 ml of 102 M
sodium molybdate solution, 1 ml of 5M HCI, 0.5ml of
10% NH,SCN and 0.5 ml of 10% ascorbic acid, and
alow themixtureto stand for10 minutesat roomtem-
perature (20+5°C). Add aliquots containing 0.025 -
0.225 mg of tramadol drug solutionto themixture, and
stand for another 5 minutes, extract theformed com-
plex with an equal volume of methylene chlorideand
shakefor 75 seconds, allow the mixture to separate
into two phases.

Collect the organic layer and dry with anhydrous

sodium sulfate, completeto 10 ml with methylenechlo-
ride. Measure the absorbance of the extracts at 467
nm, agai nst areagent blank prepared accordingtothe
sametreatment (Figure 3).

Atomic absorption spectrometric procedures
(method E)

Procedures were proceed as under spectrophoto-
metric method asfar as“‘complete to 10 ml with meth-
ylenechloride*. The organic layer was evaporated to
dryness, theresiduewasdissolvedin 1 ml IN HCl and
thevolumewascompleted to 10 ml with bididtilled water
(TABLE?2).

The concentration of the consumed molybdenum
was cal cul ated from calibration graph of standard so-
dium molybdate solution.

lon pair procedures using bromothymol blue
(method F)

Into 125 ml separating funndls, transfer diquotscon-
taining 0.05—0.22 mg of tramadol drug solution, treat
with about 2 ml of acetate buffer pH 3.7, add 1.5 ml of
0.05 % bromothymol blue mix then extract the aque-
ous solution with an equa volume of methylenechlo-
ride and shake for 30 seconds, allow the mixtureto
separateinto two phases. Collect theorganiclayer and
dry with anhydrous sodium sulfate, completeto 10 ml
with methylene chloride, measure the absorbance of
the extracts at 411 nm, against areagent blank pre-
pared according to the sametreatment (Figure4).

Procedurefor theassay of the phar maceutical for-
mulations

The contents of ten capsuleswere emptied, pul-
verized. An accurately weighed amount equivalent to
10 and 400 mg tramadol hydrochloridewas extracted
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Figurel: Absor ption Spectraof theter nary complex formed
through reaction of: 400 pg ml-*tramadol HCI with Cobalt
thiocyante(—), 400 pg ml*tramadol HCl with Cobalt chlo-
ride(———), 400 pg ml*tramadol HCI with ammonium
thiocyanate(..... ), Blank solution (- - - -)
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Figure3: Absor ption Spectra of thecomplex for med through
reaction of: 20pg ml*tramadol HCI with molybdenum
thiocyante(—), 20 pg ml*tramadol HCl with sodium molyb-
date (———), 20 pg ml*tramadol HCI with ammonium
thiocyanate(...... ), Blank solution (--—)

by shaking with 50 ml distilled water, filtered, trans-
ferredto a100 ml volumetric flask, 10 completed to
themark using distilled water. Aliquotsfrom thissolu-
tion were used for the application of proposed meth-
odsapplying standard addition technique or applying
thedirect procedures.

Deter mination of thestoichiometry of thereaction
Job’s method of continuous variation

In order to ascertain the stoichiometry of reaction
Job’s method of continuous variation™ wascarried out.

RESULTSAND DISCUSSION

Spectrophotometric procedur esusing cobalt thio-
cyanate(method A)

Ternary complexes have been widely used in

500 E/O
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Figure2: Conductometrictitration curveof 13mgtramadol
vs(2.5x10%) M cobalt thiocyanate
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Figure4: Absor ption spectraof theion pair formed through
reaction of : 14 pug ml*tramadol HCl with 0.05% bromothymoal
blue( ), Blank solution ( ......... )

spectrophotometric anaysisof many pharmaceutical
compoundg**19., Inthispaper, theformed ternary com-
plex congistsof the studied drug tramadol hydrochlo-
rideasmain ligand, thiocyanate as second ligand and
themetal ions, cobalt (I1). Thistriplecomplex isex-
tractablewith methylene chl oride wi th absorption maxi-
mum at 625 nm, whereas the binary systems (metal:
drug), (metd: thiocyanate) and (drug: thiocyanate) have
no absorbanceinthevisibleregion (Figure1). Theef-
fectsof thereagent concentrations, pH, extractiontime,
organic sol vent type and agueousto organic phasera-
tio with respect to maximum sengitivity, adherenceto
Bear’s law and stability, have been studied through con-
trol experiments. The optimum conditionswere estab-
lished by varying onevariableat atime and observing
itseffect on the absorbance of colored species:

Effect of cobalt thiocyanate concentration

A high concentration of [Co (SCN),] *was neces-
sary for quantitative complex formation, 3ml of cobalt

Hnalytical CHEMISTRY  Commm——
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Figure5: Effect of volume of cobalt thiocyanate (solution 1)

onthereaction of cobalt thiocyanatewith 400 pg ml*tramadol
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Figure7 : Effect of volume of 5M HCI on thereaction of
molybdenum thiocyanatewith 20 pg ml*tramadol

thiocyanate (solution 1), was found sufficient for
tramadol, more than thisoptimal concentration would
decrease the absorbance of theternary complex (Fig-
ureb).

Effect of buffer pH

Variation of the pH of the agueous phase in the
rangefrom (2-11), had no effect on theintensity of the
absorbance of the complex.

Effect of extraction timeand timesof extractions

It wasfound that asingle extraction of theternary
complex for 45 secondswas sufficient for quantitative
extraction (Figure6).

Effect of organic solvent type

Chloroform, methylenechloride, diethyl ether and
benzenewereall tried.

M ethylene chloride wasfound to be most conve-
nient for the studied drug.
Effect of aqueousto organicphaseratio

Varying theratio from (2:1) to (1:2) didn’t cause
any reasonable changein theresultsso a(1:1) ratio

—— Ful] Paper
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Figure6: effect of extraction timeon thereaction of cobalt
thiocyanatewith 400 pg mltramadol
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Figure8: Effect of volumeof 10% ascor bic acid onthereac-
tion of molybdenum thiocyanatewith 20 pg ml*tramadol

wasrather used.

Atomic absor ption procedur esusing cobalt thio-
cyanate (method B)

It wasnot practical to aspiratethe organic solvent
of theternary complex in the atomic absorption spec-
trometer, the high chlorine/carbon ratio would lead to
theformation of alarge quantity of HCI intheflame,
whichwould damagetheinstrument(*”18l, It was better
to extract theternary complex with organic solvent (me-
thylenechloride), evaporate, and then dissolvetheter-
nary complex residuewith HCl, which could be aspi-
rated directly in the atomic absorption spectrometer.
The effectsof the reagent concentrations(cobalt thio-
cyanate solution 1) pH, extraction time, solventswith
respect to maximum sengtivity, minimum blank, adher-
ence to Beer’s law and , have been studied through
control experiments. Theoptimum conditionswerees-
tablished by varying onevariable and observing its ef-
fect on the absorbance of metal ion. It wasfound that
theoptimum experimentd conditionsarethesameasin
the extractive spectrophotometric proceduresand in-
corporated into the general procedures.
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Figure9: Effect of volumeof 0.01 M sodium molybdateon the

reaction of molybdenum thiocyanatewith 20 pg ml*tramadol
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Figurell: Effect of gsandingtimebeforeaddition of thedrug
toMo (V) thiocyanatecomplex on ther eaction of molybdenum
thiocyanatewith 20 pg ml*tramadol

Conductometric proceduresusing cobalt thiocy-
anate (method C)

Conductometric andysiscan beused inmany titra-
tion procedureswhenionic solutionsareinvolved. As
the conductance of asolutionisrelated tothetota ionic
content, it can beapplied tofollow reactionsthat result
inachangein thisquantity. Conductance messurements
areused successfully in quantitativetitration of systems
inwhichtheconductance of the solution variesbefore
and after the equivalence point. In these cases, theti-
tration curve can berepresented by two linesintersect-
ing at theend point.

Investigationswerecarried out to establishthemost
favorableconditionsfor theion associ atesformation of
tramadol with cobalt thiocyanateto achievesharp end
point. Theinfluence of somevariablesonthereaction
has been tested asfollow:

Theoptimum conditionsfor performingthetitration
inaquantitative manner were €l uci dated as described
below.

Absorbance

] i Z 3
Ammonium thiocyanate 10%volume [ml)

Figuer 10: Effect of volumeof 10% ammonium thiocyanateon
ther eaction of molybdenum thiocyanatewith 20 ug ml*tramadol
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Figure12: Effect of gsandingtimeafter addition of thedrugto
Mo (V) thiocyanate complex on ther eaction of molybdenum
thiocyanatewith 20 pg ml*tramadol

Titrationsin different mediawer eattempted to ob-
tain thebest results

Preliminary experimentsin:

1. Aqueousdrug solution with agueous reagent sol u-
tion

2. Ethanol drug solutionwith ethanol reagent solution

3. Drug solutionwith reagent solution, bothin etha-
nol—water (50%, v/v) mixture

4. Methanol drug solutionwith methanol reagent solu-
tion

5. Drug solutionwith reagent solution, both in metha
nol—water (50 v/v) mixture

6. Acetonedrug solution with acetone reagent solu-
tionand

7. Drug solutionwith reagent solution, bothin acetone-
water (50% v/v) mixture

Preliminary experiments showed that procedurein

aqueous mediawasthe most suitablefor successful re-

sults, becausein other proceduresturbid solution was

formed which caused someerrors.
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Figure 13: Effect of volumeof bromothymal blueon ther eac-
tion of bromothymol bluewith 14 pg ml*tramadol
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Figure15: Deter mination of the stoichiometry of ther eac-
tion of: Tramadol (2.5x 10°M) and CoCl (2.5x 10*M)in
presenceof NH SCN (3M)

Reagent’s concentration

Different concentrations of cobalt thiocyanate so-
lution weretried ranging from 2x10* to 5x10° Molar
sol ution Theoptimum concentration of thereagent was
2.5x102M intitration of the studied drugto achievea
congtant and highly stable conductancereading within
1-2 minof mixing. Concentrationslessthan theselimits
led to unstabl e readings and more time was needed to
obtain constant conductancevalues.

Representativetitration curveisshownin (Figure
2). Two straight lines are obtained, intersecting at the
end-point, thefirst branch ascending the second one.

The conductance measured beforethe addition of
thetitrant (volume of NH,[Co(SCN) ] equaszero) is
related to thedight dissociation of thedrug cationsand
chlorideions. Upto theequivaencepoint, thetitration
involvesthegradual dissociation of the protonated cat-
ion drug asaresult of theformation of ion-pair inthe
solution releasing Cl-into themedium p. This increase
of theconductanceisdueto themobility of the Cl-ionsp,
causing anincreasein thesopeof the conductometric
curve (first branch of thecurve). After the equivaence
point, the measured conductanceismainly duetoNH,*
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Figure 14 : Effect of volume of acetatebuffer pH 3.7 on the
reaction of bromothymol bluewith 14 pg ml*tramadol
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Figure16: Deter mination of the stoichiometry of thereac-
tion of: Tramadol (1x10°*M) and sodium molybdate (1 x 10°
M) in preseneceof 10% ammonium thiocyanate

present in the solution. Asthemohility of thoseionsis
smaller than that of the Cl-ions, thereisadecreasein
the slope of the second section of thetitration curve.
Theequivalence point isdefined asthepoint of inter-
section of thetwo straight segments.

The shape of thetitration curvedependsonal the
speci es present during thetitration processand other
factorssuch asviscosity, didlectric constant, solvation,
ion-pair association and proton transfer.

The conductometrictitrationsof different volumes
of 2.5x102 M cobalt thiocyanate solution was per-
formed. Theresults show an obviousmaximuminthe
conductance curveat drug-reagent molar ratio of (2:1).
Thereactionsmay be represented by the equations:
2TRM HCI + (NH,),[Co(SCN),] - (TRM), [Co(SCN),] +
2NH,*+2CI-

The optimum concentration rangesfor determina
tion of tramadol wasin therange of 1-15mg. At such
range, distinct inflections (Figure 2) and stable conduc-
tance reading were obtained.

Spectr ophotometric procedur esusng molybdenum
thiocyanate (method D)

Molybdenum(V) formed by the reduction of
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Figurel17: Deter mination of thestoichiometry of thereaction
of: Tramadol (2.5x10*M) and bromothymal blue (2.5x10*M)
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Figure19: IR of tramadol Co (I1) thiocyanate complex

molybdenum(V 1) by ascorbic acid or by thiocyanatein
presenceof 5M hydrochloricacid, it then combineswith
ammonium- thiocyanate to form a red binary
molybdenum(V )-thiocyanate complex, the complex is
non-extractablewith methylenechloride. On adding of
theinvestigated drug solution, an orangered complex s
formed and extractabl ewith methylenechlorideand had
an absorption maximum at 467 againgt areagent blank.

ascor bic

Mo(VI) ——— Mo(V) SSCN_ [Mo(SCN)g]"
5M HC

Effect of acidity

The formation of a ternary complex was only
achievedinacidic medium, thecomplex wasnot formed
inacetic or perchloric acid medium, but it wasformed
inhydrochloric, sulphuric or nitricacidsmedium. 1 ml
of 5M HCI was sufficient for maximum absorbance
and theformation of Mo(V)-thiocyanate-drug com-
plex (Fgure?).

Effect of ascorbicacid
It was found that the reduction probability of
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Figure20: IR of tramadol Mo (V) thiocyanate complex

Mo(V1) to Mo(V) may occur by ascorbic acid or by
SCN-inacidic medium. Theragpidity, sengtivity and sta
bility of Mo (V)-thiocyanate binary complex is enhanced
considerably by usngascorbic acid. Ascorbicacid gives
reproducible valuesand masks many interferingions.
0.5 ml 10% ascorhic acid was used through the study
(Figure8).
Effect of sodium molybdate concentration
Theeffect of varying sodium molybdateon thecom-
plex formation and itsextractionin methylenechloride
isshown in (Figure 9). The data shows that 2 ml of

0.01 M sodium molybdate wasrequired for maximum
absorbance.

Effect of ammonium thiocyanateconcentration

ml of 10% ammonium thiocyanate solutionwasre-
quired to obtain maximum absorbancefor theformed
complex (Figurel0).

Effect of standingtime

Mo (V) thiocyanate binary complex was stable af -
ter 10 minutes, while Mo (V) thiocyanate drug ternary

Au Tudian Yournal
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TABLE 3: Spectral datafor determination of tramadol HCI
usngmethods(A, B,D,Eand F)

Method Method Method Method Method
A B D E F

80-560 40-220 25-225 1.25-11.25 5-22

Items

Linearity range

(ng mI'™)

Apparent molar
absorptivity* (mol™
cm™)

Sandell’s sensitivity
(ug mI' per 0.001 A)

Regression equation :
Intercept (a)
Slope (b)

Correlation
coefficient (r)

Variance

437x10°  7.72x10° 1.09x10* 1.29x10° 9.96x10°

1.46x10* 2.57x10™ 3.63x10° 4.33x102 3.323x10°
12.18 1.2x10*

2.46

- 3.5x10%

1.6x10° 1.15x101 1198  4.5x107

0.9997 0.9997 25x102 1.6x10%  0.9998

117 0746 09999  0.9999 0.757

0.799 1.01

*Calculated on the basis of the molecular weight of the drug

complex needed another 5 mintuesfor itscompletefor-
mation (Figure11,12).

Effect of extraction timeand timesof extractions

It wasfound that asingle extraction of theternary
complex for 75 secondswas sufficient for quantitative
extraction.

Effect of organic solvent type

Chloroform, methylenechloride, diethyl ether and
benzenewereall tried.

M ethylene chloride wasfound to be most conve-
nient for thestudied drug.

Effect of aqueousto organic phaseratio

Varying theratio from (2:1) to (1:2) didn’t cause
any reasonable changein theresultsso a(1:1) ratio
wasrather used.

Atomicabsor ption procedur esusng molybdenum
thiocyanate (method E)

Theoptimum conditionswere established by vary-
ing onevariableand observingitseffect on the absor-
bance of metal ion. It wasfound that the optimum ex-
perimenta conditionsarethesameasintheextractive
spectrophotometric procedures.

It wasfound that: 0.1 ug ml-1 Mo (V)=1.25 ug
ml-1 tramadol hydrochloride.
lon pair procedures using bromothymol blue
(method F)

Theutility of bromothymol blueasion-pairing re-
agent inassay of tramadol isinvestigated here. The spec-
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traof thereaction productsshow characteristic Amax_at
411 nm (figure4). The experimental conditionswere
established by varying one variableand observingits
effect on the absorbance of the colored speciesasdis-
cussed below:

Effect of bromothymol blue concentration

1.5ml of 0.05 % bromothymol bluewasfound suf-
ficient for tramadol, morethan thisoptimal concentra-
tion would decreasethe absorbance of theformed com-
plex (Figure 13).

Effect of buffer pH and volume

Using different buffersof different pH intherange
from (2-11), theintensity of the color of the formed
complex increased when 2 ml of acetate buffer of pH
3.7wasused (Figure 14).

Effect of extraction timeand times of extr actions

It wasfound that asingle extraction of theternary
complex for 30 secondswas sufficient for quantitative
extraction.

Effect of organic solvent type

Chloroform, methylenechloride, diethyl ether and
benzenewereal tried.

Methylene chloride was found to be most conve-
nient for the studied drug.

Effect of aqueousto organic phaseratio

Varyingtheratio of agueousphaseto organic phase
didn’t cause any reasonable change in the results so a
(1:1) ratiowasrather used.

Soichiometricreationship

Using Job’s method of continuous variation, the
molar ratio of tramadol to cobalt thiocyanate and mo-
lybdenum thiocyanatewasfound to be (2:1) and (4:1)
respectively, whilefor bromothymol blueit wasfound
tobe(1:1) (Figure15-17).

IR charts

Theternary complexesformed from applying pro-
cedureA and D wereisolated and subjected to struc-
tural elucidation by meansof infrared (IR). Tramadol

gave principal peaksat 2672.86, 2858.95, 2928.38,
3011.3, 3059.51, 3344.93, when the complexeswere
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TABLE 4: Determination of tramadol HCI using methods(A-F)

Method A Method B Method C Method D Method D Method F
(Jgall(rir'll) Recovery % (J:knﬁq) Recovery % T(ﬁ]k;)n F(cr)#g)d Recovery % (J;:qu) Recovery % (J;:qu) Recovery % (J;:qu) Recovery %
80 101.56 40 100.43 1 1.02 102 2.50 97.60 1.25 100.50 5 98.67
120 98.44 60 100.15 3 3.04 101.33 5.00 99.20 2.50 98.00 6 100.74
160 99.61 100 99.52 7 6.89 98.43 7.50 99.73 3.75 101.17 7 101.59
200 101.88 120 99.19 9 8.99 99.89 10.00 100.00 5.00 100.13 8 99.44
240 100.00 140 99.54 11 10.87 98.82 12.50 99.84 6.25 100.70 10 98.89
280 99.55 200 101.39 13 13.04 100.31 15.00 100.53 8.75 100.14 11 100.20
320 100.78 220 98.82 15 14.99 99.93 17.50 100.57 11.25 100.11 12 100.37
360 99.83 20.00 99.40 14 100.32
400 99.22 22.50 99.20 17 100.00
440 100.14 19 100.82
480 98.70 22 99.49

560 101.12

Mearf 100.07 99.86 100.10 99.56 100.11 100.05

(p=0.05)

N 12 7 7 9 7 11
S.D. 1.083 0.863 1.27 0.894 1.01 0.8699
R.S.D. 1.082 0.864 1.26 0.0898 1.00 0.8695
V117 0.746 161 0.799 1.01 0.757
S.E.0.313 0.326 0.480 0.298 0.380 0.262
*Mean of three different experiments
TABLE 5: Deter mination of tramal capsuleusing methods(A-F)

Method A Method B Method C Method D Method E Method F
(J:Elelr,ll) Recovery % (J:Elelr,ll) Recovery % T(?‘L(;)n F&Jg)d Recovery % (J;I:rﬁhl) Recovery % (J:Elelr,ll) Recovery % (u;ali?l) Recovery %
80 - 100.78 40 99.41 2 199 99.50 2.50 99.20 1.25 101.00 5- 99.11
80 98.44 60 100.83 4 404 101.00 5.00 100.00 2.50 101.75 6 100.37
160 98.05 100 99.11 6 5.92 98.67 7.50 98.67 3.75 99.50 8 101.94
200 99.38 120 99.53 8 8.02 100.25 10.00 101.20 5.00 100.25 9 100.25
240 101.30 140 98.67 10 9.89 98.90 12.50 99.20 6.25 101.80 10 101.11
400 98.59 200 100.98 12 11.99 99.92 20.00 98.80 7.50 101.75 11 99.79
480 98.83 10.00 99.81 14 101.90

560 98.44
M(?Q*O?()gsg)o 99.76 99.71 99.51 100.84 100.89 + 0.902
N7 6 6 6 7 6
S.D.1.09 0.938 0.870 0.949 0.983 0.902
V 1.19 0.881 0.757 0.900 0.967 0.813
SE. 0413 0.383 0.355 0.387 0.401 0.368

*Mean of three different experiments

isolated, they gavethe same pesksbutwith low inten-  Quantification, accuracy and precision

sity, in addition to the appearance of peak at 2071.17 The proposed methods were tested for linearity,
or 2036.46 dueto the presence of C=N group inthe accuracy and precision.

products (Figure 18-20). Linear regression equationswereobtained over the
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TABLE 6: Satitical datafor thedeter mination of tramadol HCI usng method (A-F) compar ed with official method®?

Item gg;ﬁg%' Method A Method B Method C  Method D Method E Method F
M(e;f g g'é]))' 100.66+ 0.989 100.07+ 1.083 99.86+0.863 10010+ 127 995640894 10011+ 1.01  100.05+ 0.8699
N 3 12 7 7 9 7 11
SD. 0.989 1.083 0.863 1.27 0.894 1.01 0.8699
R.S.D 0.982 1.082 0.864 1.26 0.898 1.00 0.8695
v 0.979 117 0.746 161 0.799 1.01 0.757
t - 0.8562.160)* 1.29(2.306)* 0.6712.306)* 1.81(2.228)* 0.796(2.306)*  1.051 (2.179)*
F - 1195(398)* 131(5.14) 164 (5.14)* 122 (446)*  103(5.14)*  1.293 (4.10)*

*Theoretical valuesof t and F at p = 0.05

concentrationrangegivenin (TABLE 3).

Precision and accuracy of the proposed methods
wasdetermined. Theanayticd resultsobtained arelisted
in (TABLE 4). The proposed methods were applied
for determination of the sel ected drugsinther pharma-
ceuticd formulaions(TABLED). Resultsobtained were
compared with theofficia?d method, theca culated t-
and - valuesdid not exceed thetheoretica vaues(95%
confidencelimit), and so we concludethat the proposed
method doesn’t differ significantly from the official one,
(TABLEG®).

CONCLUSION

The data given above reveal that the proposed
methodsintroduce new techniquesfor the determina-
tion of tramadol arather smple, accurateand sengitive
oneswithgood precision and accuracy. With thesemeth-
ods, one candotheanalysisinashort timeat low cost
without losing accuracy. The proposed methods can
be used asaternative methodsto reported onesfor the
routine determination of tramadol inthepureformand
in pharmaceutica formulaions.
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