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ABSTRACT

lon — associate complexes of pethidine hydrochloride with zinc (11) thiocy-
anate, potassium ferricyanide and ammonium reineckate were precipitated
and the excess unreacted metal complex was determined. A new method
was given for the determination of pethidine drug in pure solutions, in
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pharmaceutical formulations and urine samples using atomic emission and
atomic absorption spectrometry. The drug can be determined by the affort

method intherange 0.57 - 62.43 ugmL ™.
© 2014 Trade Sciencelnc. - INDIA

INTRODUCTION

Pethidine;(Pd) isapotent opiate analgesics, which
hasbeen employedinthetrestment of avariety of medi-
cd conditiong¥. Pethidinehydrochloride; (PdCl) isaso
used asanillicit drug and thereforeit isplaced on the
substanceslist drugsthat have acceptable medical use
and have high potentia for abuseinthe United States
and many other countries. Pethidineisal so prescribed
asasubgtitutefor heroini, and often used medically as
postoperative analgesia. In sports, athletes often take
far higher dosesof drugsthan havebeengivenfor thera-
peuticuseorinclinica studiesto excel incompetition.
They havebeen barred to use by thelnternationa Olym-
pic Committeeand other sportsorganizations®. There-
fore, determination of pethidine hasimportant practica
meanings. To the best of our knowledge few reports
havebeen published ontheandysisof pethidinein phar-

maceutical preparations, these methods are sophisti-
cated such ashigh performanceliquid chromatography
(HPLC)®8, gas chromatography!®!, gas chromatogra-
phy in combination with mass spectrometry (GC-
MS)"8 | spectrophotometry® 19, potentiometric analy-
S99 and col orimetry*”. Many of these methodsin-
volveseverd time-consuming manipulations, extraction
steps, derivatization reactionsthat areliableto various
interferences, and are not applicableto colored and
turbid solutionseither.

Pethidine; (Pd) isavery important pharmaceutical
compound. Therefore, wefound it important to pre-
parenew ion-associates containing thisdrug and to study
and ducidatetheir chemical structures. Alsothework
present anew rapid method for the determination of
thisdrug after transformation into theion-associates.

Pethidine (M eperidine hydrochl oride, Dolantin)
(Ethyl, 1-methyl-4-phenyl piperidine-4-carboxyl ate hy-


mailto:SabryKhalil1963@gmail.com

410

New analytical method for the determination of pethidine in pharmaceutical

ACAIJ, 14(11) 2014

Full Peaper ==

drochloride). Thechemicd structure of pethidinedrug
isshowninFigurel.

[

.
\

Figure 1 : Chemical structure of pethidine hydrochloride

Theuseof ampler, fagter, lessexpensiveand sens-
tivemethodisdesirable.

Although, Inductively Coupled Plasma-AtomicEmis-
sion Spectrometry (ICP-AES) and AtomicAbsorption
Spectrometry (AAS) arerapid methodsand haveavery
low detection limitswhich can not bereached by most of
other methods. The present study includes new ICP-
AESandAASmethodsfor thedetermination of thein-
vestigated drug. Themethod isbased on the precipitat-
ingtheion-associatesformed asaresult of thecombina:
tion of this drug with an excess of [Zn(SCN),]*,
[F&(CN)J* and[Cr(NH,),(SCN),]*. Theequilibrium
concentration of themetd ion present asthe solublein-
organic complex ionin the supernatant sol ution wasde-
termined using atomic emissionand absorption.

MATERIALSAND METHODS

Doubly-digtilled water and anaytical gradereagents
were used inthepreparation of all solutions. Pethidine
wasobtained from General Adminigtration of Pharmacy,
Ministry of Hedlth (Cairo, Egypt). Demerol tabletscon-
taining (50 and 100 mg pethidine hydrochloride/ tab-
let) as Pharmazeutische Produkte Althofstrasse
Neuenhof / AG (Switzerland company) were purchased
fromloca market. Zinc sulfate, potassum thiocyanate,
potassum ferricyanide and ammonium reineckate were
fromAldrich (www.sgmaaldrich.com).

Apparatus
The pH of the solutions was measured using an

Hnalytical CHEMISTRY o

Orion ResearchModd 701A digital pH-meter. Induc-
tively coupled plasmaatomi c emission measurements
were carried out using |CPE- 9000 Shimadzu plasma
atomic emission spectrometer and atomic absorption
measurements were made on AA-6650 Shimadzu
atomic absorption spectrophotometer. Conductimetric
mesasurementswere carried out using conductivity mea:
suring bridge type M.C.3 model EBB/10 (K = 1);
[Chertsey, Surry, England]. The R absorption spectra
were obtained by applying the KBr disk technique us-
ing aPye Unicam SP— 300 infrared spectrometer.

Preparation of thestandard solutions

Standard solutionsof chromiumand zincwere pre-
pared by weighing 1.0 g of ahigh-purity sample(chro-
mium shot and zinc metd, respectively), transferring it
toal-liter measuring flask and then adding 50 ml of
concentrated HNO3. After completedissolution, the
solution wasfilledtothemark with distilled water. The
1000 pug mL-1 solution was stored in plastic bottles
which had been presoaked in dilute HNO3. The solu-
tionswere stablefor approximately oneyear. Standard
solution of ironwasobtained fromAldrich

Emission and absor ption measurements

Analytical Parametersfor the Measurement of
Cr,Znand FeUsing ICP-AESarelistedin TABLE 1.
UsingAASthe Zn (I1) was measured at wavelength
213.9nm, dlit 0.7 nm, relativenoise 1.0, sensitivity
0.018 ug mL-*and linear range 1.0 ug mL*. Thein-
strumentswere equally adequate for present purposes
and were used according to availability. Theatomic
spectrometry wascalibrated asin the previously re-
ported work18-20,

Deter mination of solubility of thelon — associates

The solid ion-associate was added in excessto a
solution of theoptimum pH andionic strength. Theso-
lution was shaken for 4-6 h and | eft to stand for aweak
to attain equilibrium. Then the saturated solution was
filtered into adry beaker (rejecting thefirst few ml of
filtrate). Theequilibrium concentration of themetd ion
present intheform of asolubleinorganic complex was
measured using atomi ¢ spectrometry. Hence, the solu-
bility (S) of the precipitate was evaluated, from which
the solubility product of theion-associ ate was cal cu-
lated.
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TABLE 1: Analytical Parameter sfor theEmission M easurement of Cr,Znand FeUsing ICP-AES

Wavelength Plasma DL LDR BEC RSD x BEC
Element (nm) Order position (mg/L) (mg/L) (mg) (%)
Cr 267.71 84 0 0.01 0.1-1000 0.4 7x0.7
Zn 206.20 109 0 0.01 0.1-1000 0.3 10x 0.9
Fe 248.30 90 0 0.01 0.1-1000 0.2 1x0.7

Note. DL, detection limit; LDR, linear dynamic range; BEC, background equivalent concentration; RSD, relative standard
deviation. For all elements: state, ion; entrance dits, 50 x 300 pm; exit dlits, 100 x 300 pm.

Conductometric measur ements

The stoichiometry of theion-associ ateswas eluci-
dated also by conductometrictitrationd?! of the drugs
with  [Zn(SCN),]%, [Fe(CN)J*> and
[Cr(NH,),(SCN),]* solutions.

Analytical deter mination of pethidinein agueous
solutions

Aliquots (0.05 - 5.5 mL) of 0.001 mol L* drug
solutionswerequantitatively transferred to 25 mL volu-
metric flasks. To each flask 1.0 mL of 0.01 mol L*
standard solution of [Zn(SCN),]*, [F&(CN),]* and
[Cr(NH,).(SCN),]* was added and the volume was
completed to the mark with the aqueous sol utions of
the optimum pH andionic strength (prepared from HCI
and NaOH). Thesolutionswere shakenwell and left to
stand for 15 min then filtered through Whatman P/S
paper (12.5cm). Theequilibrium metal ion concentra:
tioninthefiltrate wasdetermined using ICP-AES or
AAS. The consumed metal ion (Cr, Feor Zn) inthe
formation of ion-associateswas ca culated, and thedrug
concentration wasdeterminedindirectly.

Analytical deter mination of pethidinein pharma-
ceutical preparationsand urinesamples

The Pethidine - contai ning pharmaceutical prepa
rations (Demerol 50 and 100 mg tablets) were suc-
cessfully assayed using the present method. Sampling
were made by grinding (20 and 10 tablets), respec-

tively then taking 0.65 - 60.25 and 1.25 - 58.45 ug/
ml of Demerol 50 and 100 mg tablets, respectively.
Urine sampleswereobtained from 20 patients after 2—
8 hoursof taking dose. Inal casesthetabletsand urine
sampleswereandyzed at the optimum condition solu-
tion applying the above described procedure.

RESULTSAND DISCUSSION

Theresultsof demental andyss(TABLE 2) of the
produced solidion associatesreved thet two pethidinium
cationsformion associateswith one[Zn(SCN),]* and
three[Fe(CN) ]*, whileonly one pethidinium cation
combineswith[Cr(NH,),(SCN),]*toformal:lion
associate. Theseresultsare comparableto the previ-
ously reported resultg?4,

Conductometrictitrationsof theinvestigatedinor-
ganic complexeswith Pd HC| were performed to give
insight into the stoi chiometric compogitionsof theion-
associatesformed in solutions. In case of ion associ-
aeswith [Zn(SCN),]*, the characteristic curvesbreak
at amolecular ratio ([Pd] / [x]™) of about 2, confirming
theformation of 2:1 (Pd : x*) ion associatesbut inthe
case of thereineckateanion wherethecurveexhibitsa
sharp bresk at the 1.1 molecular ratio and in the case of
[Fe(CN),]* anionthe curve exhibitsasharp break at
the3:1 molecular ratio. Theresultsobtained coincide
with thedemental analysisof the precipitated ion- as-
sociates.

TABLE 2: Elemental analysis, composition and somephysical propertiesof pethidineion - associates

Drug | on-associate composition m. p. Molar % Found ( calculated ) Metal
c ratio C H N (Zn, Cr or Fe)

(C15 Hat NO2)2[Zn (SCN)] 285 2:1 white (gg]ié) (g;g) (ﬁgé) (gg‘g‘r)

Pethidine (Cus Hot NO,) [Cr (NHa), (SCN).] 344 1:1  pink (2‘8;:7;2) (j:;g) (1;::23?1) (gég)

(Cis Har NO,)s[Fe (CN)q] 273 3:1 white (2122) (g:gg) ( géi) (2:2471)

—— a%a['yttaa[’ CHEMISTRY

Hn Tndéan g%wumé



412 New analytical method for the determination of pethidine in pharmaceutical

ACAIJ, 14(11) 2014

Full Peper ——

Theoptimum pH andionic strengthvaues(TABLE
3) havebeen e ucidated by determining the solubility of
theion-associatesin HCI-NaOH solutions of different
pH valuesandionic strengths. The best werethose ex-
hibitinglowest solubility vaues.

TABLE 3: Solubility and solubility product of pethidineion-
asociatesat their optimum conditionsof pH and ionicstrength
() values ate 25°C

Pd- lon — associate pH n  pS pksp

(Ci5 Ha1 NO2) [Cr (NH3),
50 0.7 945 18.90
(SCN)4]

(Ci5 Hoy NOy) 5[ FE(CN)g] 30 06 826 3161
ps: -log solubility; p*sp : -log solubility product

Analytical deter mination of pethidinein aqueous
solutions, pharmaceutical preparationsand urine
samples

Pethidine HCI wasdetermined precisely and accu-
rately in agueous sol utions at their optimum conditions
of pH andionic strength (TABLE 4), in pharmaceutica
preparations and urine samples using the present
method. Theresultsgivenin TABLE 4revedl that re-
coverieswereintherange 98.92 - 100.07 %, reflect-
ing the high accuracy in additionto the high precision
indicated by thevery low values of the rel ative stan-
dard deviation.

Generaly, the present method isasgood asthose
reported beforewhere, 0.57 - 62.43 ug mL* solutions

TABLE 4: Determination of Pethidine in agueoussolutions, phar maceutical prepar ationsand urinesamplesby | CP-AESand

AAS

Sample Amount taken (pg)

Mean recovery (%) Mean RSD (%)

Using [Zn (SCN),*"

Pure Pd solution 0.57 - 62.43 99.92 0.7
Demerol tablets® (50 mg Pd/ tablet) 0.65 - 60.25 99.93 0.5
Demerol tablets® (100 mg Pd/ tablet) 1.25-58.45 99.93 0.6
Urine after 2 hs 5.75- 45.25 99.94 0.7
Urine after 6 hs 9.45- 35.35 99.93 0.6
Urine after 8 hs 15.25-25.15 99.95 0.5
Using [Zn(SCN),*"
Pure Pd solution 0.57 - 62.43 99.96 0.6
Demerol tablets® (50 mg Pd/ tablet) 0.65 - 60.25 99.95 0.7
Demerol tablets® (100 mg Pd/ tablet) 1.25-58.45 99.96 0.7
Urine after 2 hs 5.75- 45.25 99.95 0.8
Urine after 6 hs 9.45- 35.35 99.95 0.9
Urine after 8 hs 15.25-25.15 99.94 0.6
Using [Cr (NH3), (SCN),]*
Pure Pd solution 0.57 - 62.43 100.01 0.6
Demerol tablets® (50 mg Pd/ tablet) 0.65 - 60.25 100.03 0.5
Demerol tablets® (100 mg Pd/ tablet) 1.25-58.45 100.03 0.7
Urine after 2 hs 5.75- 45.25 100.07 0.6
Urine after 6 hs 9.45- 35.35 100.05 0.7
Urine after 8 hs 15.25-25.15 100.02 0.8
Using [F&(CN)q]*’
Pure Pd solution 0.57 - 62.43 98.95 0.7
Demerol tablets® (50 mg Pd/ tablet) 0.65 - 60.25 98.96 0.8
Demerol tablets® (100 mg Pd/ tablet) 1.25-58.45 98.94 0.9
Urine after 2 hs 5.75- 45.25 98.93 0.7
Urine after 6 hs 9.45- 35.35 98.92 0.8
Urine after 8 hs 15.25-25.15 98.97 0.6

RSD : Relative Sandard Deviation (five determinations); * By |CP-AES; ** By AAS,; 2 Althofstrasse Neuenhof / AG (Switzerland

company)
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of pethidine using [Zn(SCN),]*, [F&(CN)]* and
[Cr(NH,).(SCN),]* was determined, respectively,
which meansthat thismethod isgpplicableover awider
concentration rangethan that of the previously pub-
lished col orimetric method *”in which pethidinewas
determined intheranges5—45ugmL™.

In pharmaceutical analysisitisimportant to test
the selectivity toward the excipiences and thefillers
added to the pharmaceutica preparations. Fortunately,
such materid smostly do not interfere. Itisclear from
theresults obtained for the pharmaceutical prepara-
tions (TABLE 4) that these excipiencesdo not inter-
fere.

Inorder to establish whether the proposed method
exhibitsany fixed or proportiona bias, asmplelinear
regression?™ of observed drug concentration against
thetheoretica vaues(fivepoints) wascaculated. The
student‘st-test?™ (at 95% confidencelevel) was ap-
plied to thed opeof the regression linewhich showed
that it did not differ Sgnificantly fromtheided valueof
unity. Hence, it can be concluded that thereareno sys-
tematic differences between the determination and the
true concentration over awide range. The standard
deviations (SD) can beconsdered satisfactory at least
for thelevel of concentrationsexamined.

CONCLUSION

The present method isas good asthose reported
beforewhere, 0.57 - 62.43 ug mL* solution of pethi-
dine using [Zn(SCN),]*, [Fe(CN).]* and
[Cr(NH,).(SCN),]* were determined, respectively,
which meansthat thismethod isgpplicableover awider
concentration range than previoudy published method
in which pethidinewas determined intheranges5 -
45 ugmL2.

Although the present method ismoretime consum-
ing than someother methods, it exhibitsfair sengtivity
and accuracy. Moreover, thereproducibility of there-
sultsissuperior to those obtai ned with other methods.
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