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SUMMARY

A PVC matnix membrane electrode eystem responsive to bufoصir cati­
on has been developed, for direct potentiometric determinAtion of buforin
i aqUeousص solutions. It is based on the use of ion associaton compler of bu-.
fomin cation with tetaphenyl borate counter anion as ion-exhAnge site.
The electrode Ehows good Eelectivity for buforuin hydrochloride over the pH
range 4.0-9.5 in the presence of some inorgenic As wel as organic species. It
erhibitA faAt, and stable Nenstian response for the concentraton range 10-l
- 1٥-9 M buforin hydrochloride. The direct potentiometric deterination of
٥f 338.7 ug ag فتحد19.37 " رتد of buforin hydrochloride in aqueouB solu­
tions Ehows an average recovery 0f99.5% and a mean standArd dewiation of
0.6%. THe.electrode is also used for monitoring the titration of bufomin
with aodium tetraphenyl borate.

INTRODUCTION

Buforaدنn bydrochloride (1-butylbiguanide bydrochloride) () i aق bigua­
nide hypoglycaemic agent with action and uses similar to tطose of metfor­

.in hydrochlorideم 

 ا

C1و CH,CI,C,- N-g-NH-g-N
NE NH
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AnalyticAl procedures for the deterination ofدetforin and bufomin and
/ or ,ieht derivetivesع nذ pharAceutical preparations , as well as i biologi­
cal fuids have been described. Spectrophotometric measurementgشة baEed
on the extraction of their ion-pair complexes has bean reported. Other apec­
trophotometr:e , ,ة9 colorimetrie %, titrimetrie ", conductometrie and fuori­
metric " methods bave been propsed using ionpair eRtraction tecHniques.
Mefforin was detemined By HPLc 19, in plasصa and uنrine. Other HPLC
procedures were used for doterinatio of buforنn with fhorescence de
teetion »4. A GC methoa 1, volving مة pymdlytic coDversion of biguanidea  tiم
2,4,6-triaminc-1,3,5-triazines proved to be svitable for the assay of bufarmسin
in pharmaceutical preparationA.A G0- mAss fagmentgraphic method wa8
u edه for the assay of the drug in bologiلهc Nuids . ط Bufomin in biological
materiala, was alEo deterined by c 14. Derivative GLC proceduro was
Aلso ueeA 16. THin layer chronatogrephic methods have been recoصmended
for identifeatio,l6l5, Sinee no potentiometric methods have ben desctibed
for the detenination of buforin, ths present work preEent a novel, sim­
ple accurate and fast potentiometric method for the determination 0f  tقنط
drg.

ExPERIENTAL

Apparats

Potentiometric measuroments were mAde at 25 2C mith an Onon
digiلعا pHhmV weter @Model 720) u ingع buforin PVC membrane electrode
in cnjuncton with an Oion Ag-AgCl oublejunctiob refenerce electrode
@Model 90-02) contaiing 10% i يKN0 7لد the outer com partent.  Aص
OFion Ross corbinAtion pD electrode (Mbdel 81-02) was u edق for pH adjust­
ment. A sdlid - stata Ag-Ag,S membrane electrode (Oron model 94-16) was
u edه for the BtandArdization of sodium tetraphenplborate with Eilver ­iح
trate. The IR absorption specta 'were recorded ueing e hS daتmم (T-470)
spectrometer

Reagenمt 

De-ionised doubly distiled ater mAs weed thmoughout and aلl chemi­
cAls were of the best laboratoy reAgenمt grade, unless stAted othemwise.
Tetrehydrofiran (THE), octyl خة phthمlate and poly [iw yص) chloride) powder
were purchaEed from Aldrich Chemical Company, Lnc. ,lwaakeeت@ WWiecon-

-l28-



Dniv. Call. Ann. Rev.
Vo1 17 (1992).

sin, USA). Sodiu tetraphenylborate was obtained ftom Fluka @Buchs, Swi­
erland). Standard bufori bydrochloride powder was obtained fror Elة 

NaEr Phamaceutical Company.

Bwfommin Jon-Pair Comples

A 30-ml aliguot of 5XI0"4M agueous bufomin hydrochloride solution
was miRed and stirred with a m aliquotل-50 of 5X10-M aqueous solution of
sadium tetraphenylborate. The predipitate was fltered, washed tboroلhgu y
writh dietilled water, dried at 80'C for lh and ground to fne powder (m.p.
139-140'G). Elemeلat analysis and ifrared spectum of the dry, ground
powdered ion-pair confmmed tbe forula :

NH NH
[c,H,-M-&-M.&.Mي /"

ELectrode Preparation ndه Calbration a اaه ا

MAster membranes were casted fom (190 mg) PVG, (10mg) bufoصiسm -
tetraphenyl borate sensor and (360 mg) diocty phthalate ODOP) sع the plas­
tidising solvent ediatorد dissolved in (6 c%) tetraphydrofiran (THF). The
eolution was poured int a petri-dish (3cm diameter), covered mith a flter
paper and allowed to evaporate Elowly over a period of 48h. A disk, approxi­
mately 0.2 mm thick, was cut fom the membrane with a cork borer and the

-embrane wa mounted in an electrode confguraton according to the proد 
cedure previously described 0,21.

The intemal reference solution was prepared by iعng equal volumes
٥F 10-2 M agueous bufomin bydrochloride And 10%M eodium hc orideل solu­
tions .A etandard 0.1 M buforin hydrochloride solution was prepared for
ac brationنل by dissolving 1.937 gm ofbuforin hydrochloride i m ofل100 de­
ionised dietilled water, where by eolutions (l0-!- 106M) of buforin bydro­
hc orideل were prepared by appropriate .id utionsل

E.m.f. measurements were recorded with respect t anم Orion double
junction electrode for strred solutons at 25C and plotted on Eemi­
loganithmic paper as a fnction of bufomدin concentration. The greph ٣as

-ed for eubseguent deterination of unknowD bufori hydrochloride. Aliع 
(of agueous buforin hydrochloride solutions (10-! -10-8Mل( uots (10 mو 

were stirred in 50ml beakers and the buforin PVG membrane electrode
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in conjunction mith A double junction Ag/AgCl reference electrode were i­
mersed in eAcb Eolution Alterabirely, the ame prcedure was followed, by
the Btandard know additicu technique. A .aliquot لح-9 of water wes tran8-
ferred to a 50 beaker ملب where both electrodes were placed. Aliquots (1.0

-of10-6 - 1M tandaNd buforin hydrochlonide Eolution were successireملد( 
ly added, the eدt. reAdings recorded after stabilisatior t0.1±م mV aصd the
e.n1.f plotted as a function of logarithصic buformia hydrochloride concentra­
tion.

ELeetrode Selectiuity
· pا٠ TBe potentiometric Beleetiwity coeBfcents f for بومو و buforin elec-

trode were evalueted by the separat solutionA metho 328 A 9.0 rl ­ aل
quot of distiلled waLer was placad in mL- ه60 heaلrer, where the buforin
PVC membrane eecbode and the double jundtion electrode were iصmersed
The potentia1 response upon addition o£ a qu٥٤ثل mل-1 of 102M aolution of
the iاص erferent was reconded and corpAred with that oF 10%M buformim by­
drochlorde. The selectivity coefiderts wers calculated using the EiAenan­
Nieolsky eguation (2)

s/٤-Eت -يزعK-(1) ومن

where Ry, end Eو are the poteد tial reading6 observed afer one min due  tم
the eame concentration of' bufomin bydrochlorlde and the interferents, re­
spectively and S i theف slopa of ht buforinع calibretion graph (mY / concen­
tration decade).

Bmeet ofpH

THe efeci 0f pH on the pctentiAl reAdings of the electrode systen was
Btudied using two pHmV anetere, The Ross comhiaton glAss electrode was
&onnected to onB iصstrument, and the buforسin PVC elertnde with a double

AgAgCl ل reference electrode were connected to the other -A 30 mصoاcصuز 
a quotsئل of 10-l-10-M bufomصin bydrochlorida woiution were cnEecutively
trensferred t100م mL beaker3, where tha three electrodes weie plAced. Te
poاentدl readings were recorded at each pH welue. The.pE of each Eolution
was gredually increased or decreAsed by the addition ofsall aliguots ofap­
propriAte concentration of eodium hydroxide or bydroehlonic acid, respec­
tively and the mV-pI profl was plotted for the electrode system.

-130-



Dn4v. Coll. Ann. Rev.
٧o1 17 (1992).

Direet Potentiometrie Detemmination ofBufornin

Solutions of unknowa concentrationB were detemined weing the PVC
bufonنn electrode i eoniunction with an AgAgCl dJouble junction elec
trode. A 1Oلm aلiquot was transferred a ما 50- beakere ملد and the poten­
tial reading waA recorded when become stable. The concentraton of each so­
lution was deterined fom the ealibration graph The electrde syetem waA
ninsed with weter between measurements.

Potentiometre Titrdtion ofBufommin Bydrchloride

Aliquots (2-8 ( له of 10-2 M buforin solution were transferred t50م ­
-with doubly distilled weter. Ln eAch solu10 لmما beAkers and dlutedملد 

tion, the PVC buforنn electrode and Ag/AgCl double iunction electrode
were placed and the stirred solutions were titrated with standard 10-% M
aqueous sodium totraphenylborate. The e.mf, (E) was recorded sه a
function of the added titrant volume (V) and E ve V curves were plotted for
each solutian. The end poit was Jocated from the mAxmum of the Elope of
the plotted data /fAEه 8V wو V.

RESULTS AND DISCUSSION

Electrode Characteristics

Naure and Composمii n ofthe Bufommin Membrane
Bufomنn cation foms a water insoluble 1:l buforin compler of the

type I, The structure of this complex wقa confmed by infared spectra.
The PVG membrane wae prepared by uهing a caAting Eolutan ofthe compo­
sition 28:2: 70 wtw PVC, buformin-tetraphenyborate compleI and dioctyl
pbthAlate plasticizer, respeetively. The elctrochemical perforAnce charac
teriEtics of tطis electrode ystem wAs syetematielly evaluated accrding  tم
IUPAC recoصmendation " و ة sing the following electrochemical cll.
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8٤/AgC1
refereno
electrode

The e.د .f of cl ونطا was msasured uجing the folowing equation.

٤-٣.+suaم::إ x,«أ 
where E, represenقf the conditional etAndrd potentiAl of the electrode um­
der the conditionB wsed inthe cell, Si6 the alope of the calibration graph,
K};و is the celerctivity ccefdent aص موa d aparo the activities or coa­

centrationA of buforin ion and the foreign ion, that have a carge Z and
preent in test Eolution, respectively.

THe Ac brationئل curves obtained with the electroda fumiah A Nemstian
slope for at least two decadeو for buforin concentationA. The linear re­

lope ofه ponse cover the range 1D-'-10٦M Buforin ien with a ationicة 
60.0± 0.2 mV par decade chAnge in concentration (Fig. 1). 'The lower imitا is
approximAtely £x104 M. Least sguAr anعlysis of these data gives the fdllow­
ing relAtion

E,(av)=[+ 60±0.2 Iog [Buf)] +[266 ±0.7] (3)

where Eis the emf dieplayed by the electrode.،

Table 1 suصmArizes tha respoRse chAracteriBtic٥ of th lectrode ص ك Bye­
tem from dAtA colected over a period 0f3 monقht .

Revponse 'Timue ofBvfomin Eleetrode

Ihe dyaic responee " ime of the electrode ystemه was iested for
10"1-1٥-٩M bعomin PC] colutions. The measureصent seguence was fiom
law concentration to th higher, and bacL. The reguired time for the elec­
trode t reach values mitطin ± 0.2 mV fom ths fnal equشlibrium potentA]
after increAsing the bufonn concentration level t10م fld i fairlyف ahort, it
reaches 95% of its fnal steady potentiAl afer 10 Aec for [Buf]" M ج3-10 a dع
15 Eec far [Buf] < 103 M.
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Potential Stabili6 cf the Ruforain PVC Membrane Eleetrode

The potential displayed by the buforصin PVC membrane electrode for
consective measurements of 10-- 2x104 M of 8tandard Buft Eolution did
not vary by more thAn ± 1mV {n=10) i theم same day. The calibration slope
did not exceed± 0.3 mV per decade change of concentrationThe reproduci­
bility aصd stability of the potential were evaluated over a period of 10 days
by detemining replicAte calibraton graphs (n=l0). During this period, the
electrode wAs stored in air and washed thoroughly with distilled water be­
tween measurements. Although positive shif} of the absolute potenta5)فل -
50 mV) was noticed, the Elope of the calibration greph remained practically
constمnt witطin ± LmV per concentration decade over this period . The de­
tection Limit, linear range, response time, and selectivity coefhcient values
were aلmost constant for the electrode during thi8 period.

Efeet ofpn

THe efect of pH of buforin test solutons (10-l-10-3 M) on the elec­
trode potential was investigated. Variatioكn of potentiلة caused by pH
change over a pH range (1.5-10) was perfored (Fig. 2). The potential -pH
plots of this electrode revealed thAt within the workng pH range 4.0-9.5 for
10-3M, the potential remains a mostل constant. With higher concentrations of
the test solution ,M. ج10"4 the pH working range was ertended to higher pH
walues. The decrease in the potential below pH 4.5 is probably due the ما
fomatioa of BuكH; species.

EReet ofIerfering Compounds

THe interference efects 0f 14 diعerent inorganic cAtioقn , arouatie, ­ ثله
phatic Amines and amino acids as well as glucose and maltose on the elec­
trode response were evaluated. 'The interferenee of these compounds were
asessed by measuning the selectivity oeffcients K{يج using the separate
solutions metbod 22,2 ithم a 109 M concentration of" both the standard bu­
forin and the interferent. Tbe results obtained (Table 2) Ehow a high selec­
tivity for [Buf] ion in the presence of many interferents. Up t100م -fold ex­
ceAs of th interfErent did not cause signنfcant iuence on the electrode
perforance,
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Direet Potentimetre Detemmnindiion ofBufor±in

Dhirect potentiometric deteminAtion of bufomin hydrochloride vهing
the bufomin PVC membrane electode was peaormed and clculated from
the calibration curwe. Ths results ahow an average recovery 0f 99.5% with s
mean standard deviation of ± 0,5%. Deterination of' buforin bydracطlo­
nids uعing the standard addition technique shows an Average 0f'99.2% and a
mean tandard ه dewiation of±0.4%.

Ln concluaion, the propased electrode Byste oErs a convenient assay
method for huforin drg. It has ht edvantageaم of ,impiiciLyه Belectivity,
fAعt reApanse aA well a awideق working pF range.
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Table (1)

Response charecteristics of tbe PVC Buforin membrane electrode
with DOP plasticiser

Parameter ى ١ DOPو ص 

٤

,Slope ر (m V decade -1) 60.0
 لا

٨
Standard deviAtion 0.5%
Correlation caefent, (r). 0.998

 ز
,Lntercep ا- (mV) 266±0.7
 إ
L werم ر mil flinearتtا range, (M) 10-3
4
 ز

L werم limit of detection, @M) 2X1٥
Working ا- pH range for 100M, (pH) 4.0 -9.5
 قم
٤i Response time for 10-3M Bufori,GS) 10
 أ#
Recovery لك time, (inد) 0.5$

Table (2)
Selectivity coefcents for Eome common organic and iorganic catioمn 

wقing bufommin PYC membrane electrode

1
١

٩
١

:١
١

·١
 إ-
{

$
4
3
}

8
 ز·

 ن
{

 ء
 و لا

,L terferentaص C p tمم
Kgعa c

Mg%+ 2.0K 10%
ca%+ 2.8K10%
K" 2.2X1٥%
Na% 1.2x10%
NH,- 2.4X10%
Glucose 1.2X10%
Malمt se 1.4X10%
Urea 1.3x 1o%
Eطt ylAmine 2.5X10%
p-Aminopbenol 1.2x10%

Aino benzoic Acid2.0 هx10%
Gluamic Aعid 8.9K10°

 {د

٩
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 مادة من سائل غشاء ذو جديد قطب ابتكار

 للقياس ينيل البولى كلوريد مادة على المحملة البيوفورمن
 البيوفورمن لعقار المنتخب

 أحمد العزيز عبد منى
 كنمس عين جامعة- الينات الكيمياء-كلية قسم

 القاهرة-ممس

 كلوريد مادة على محمل سائل غشاء تي الييوفورمن لمادة منتخب تطب لتحضير طريقة البحث هذا يتناول

2٩٩, إلى تصل عالية دقة أظهر .وتد لليوومن المباشر الجهدى للقياس واستخدامه ثينيل البوا

1٩,٢٧ إلى ميكروجرام3٨,٧ بين تتراوح مختلفة تركيزات قياس عند7.• ه قدره قياسى حيو ومتوسط

· لتر مللى لكل جرام مللى

 تركيز مدى فى مرنت معادلة مع تماما تتلابق استجابة يستجيب القطب هذا أن على الراسة دلت ولقد

. تركين وحدة لكل فوات طلى٦٠ قدره ميل مع الييوفورم من مولانى-'١٠ -"إلى٦٠ من

 الملح من تياس محلول بواسطة البير&ررمن لمحلول المباشرة للمعايرة ايضا القطب هذا استخدم ولقد
. البورات قينيل لرباعى الصوديهى

 تى1 ه. و4 بين يترادح الايدروجيتى لس وامع مد فى للاستخدام صادحية القلب هذا اظهر ولقد

 بعض جو فى حالية اختيارية القطب أظهر كما. البيوفورمن من مولاى"٢٦١٠٠-١٠ تركيزاتها محاليل
. العضوية وغير العضوية الركيات
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