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ABSTRACT
The pres ent work de scribes the con struc tion and gen eral char ac ter is tics of me clo phe noxate ion- selective plas tic mem brane sen sors,
based on the use of a me clo phe noxate–te trakis(4- chlorophenyl)bo rate ion- pair com plex as elec tro ac tive ma te rial, with 1- isopropyl- 4-
 nitrobenzene (elec trode A), 2- nitrophenyloctyl ether (elec trode B), 2- nitrodiphenyl ether (elec trode C) or bis(2- ethylhexyl) se ba cate
(elec trode D) as sol vent me dia tors. The elec trodes show a lin ear re sponse to the me clo phe noxate con cen tra tion ranges of 10–4,1 – 10–2

moll-1 (elec trode A), 10–5,1 – 10–2 moll-1 (elec trode B), 10–4 – 10–2 moll-1 (elec trode C), 10–4,9 – 10–2 moll-1 (elec trode D), over the pH range of
4.12–6.18 with a cati onic slope of 61.7; 64.7; 63,33; 64,41 mV dec ade–1, re spec tively. The re sponse time var ied from 5 to 20 s, de pend ing
on the me clo phe noxate con cen tra tion. Elec trode B was used for the po ten ti omet ric de ter mi na tion of the con tent of me clo phe noxate hy -
dro chlo ride in pure form, dragees and dragee dis so lu tion test, with av er age re cov ery and mean stan dard de via tion (±SD) of 101.79±1.57,
102.72±0.91 and 101.32±0.84 of nomi nal val ues re spec tively.
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INTRODUCTION
Me clo phe noxate hy dro chlo ride (2-(di meth yl amino)ethyl 

2-(4- chlorophenoxy)ace tate hy dro chlo ride) is an anti- aging
drug widely used by hu mans to in crease brain en ergy, since
it stimu lates the chemi cal ac tiv ity of the brain [25, 26].

Meth ods avail able in lit era ture for the quan ti fi ca tion of
me clo phe noxate in clud ing spec tro pho tome try [1, 14] chro -
ma tog ra phy TLC [9, 17, 18, 19], gas chro ma tog ra phy [11,
21], high per form ance liq uid chro ma tog ra phy HPLC [8, 13,
20], mi cel lar liq uid chro ma tog ra phy [4], cap il lary elec tro -
pho re sis [10] or pro ton mag netic reso nance (PMR)
spec tros copy [23], give good re sults, but re quire so phis ti -
cated ex pen sive equip ment con trolled by highly skilled
per son nel. Us ing a Pt elec trode with non–aque ous ti tra tion
for the de ter mi na tion of me clo phe noxate [2] has been rec -
om mended for moni tor ing low lev els of the sub stance.

Po ten ti omet ric meth ods us ing ion- selective elec trodes
have found wide ap pli ca tions [3, 5, 12], as they tend to be
sim ple, eco nomi cal, pre cise, ac cu rate, ap pli ca ble in dif fer -
ent ar eas, and se lec tive in tur bid and col oured so lu tions. 

The pres ent work de scribes novel sen si tive and rea sona bly
se lec tive poly(vi nyl chlo ride) mem brane elec trodes us ing
wa ter in solu ble ion- pairs of me clo phe noxate – te trakis(4-
 chlorophenyl)bo rate as electroactive ma te rial. These elec tro-
des are sat is fac to rily used for the de ter mi na tion of me clo phe-

noxate in sub stance and in phar ma ceu ti cal forms by a po ten -
ti omet ric tech nique with good pre ci sion and ac cu racy.

MATERIALS AND METHODS
Rea gents and ma te ri als: The Me clo phe noxate hy dro-

chlo ride MEX HCl sub stance and dragees Lu cid ril contain ing
0,1 g MEX HCl were pro duced by Jelfa S.A. (Po land). In
addition, the po tas sium te trakis(4- chlorophenyl)borate (ClTPB), 
so dium tet ra phen yl bo rate (TPB) and 1- isopropyl- 4- nitro-
benzene (IpNB), 2- nitrophenyloctyl ether (NPhOE), 2- nitro-
diphenyl ether (NdPhE) and bis-(2- ethylhexyl) se ba cate
(DOS) as sol vent me dia tors, were ob tained from Fluka
(Swit zer land). Moreo ver, the poly(vi nyl chlo ride) (PVC) of
high mo lecu lar mass was from Ald rich (USA), and the tet ra -
hy dro 2u ran (THF) used in this re search was pro duced by
Ro mil Chemi cals LTD (Eng land). Fur ther more, the ma jor ity
of the rea gents were pro duced by POCh (Gli wice, Po land),
and all of these were of ana lyti cal – rea gents grade.

The stan dard so lu tions of 10–2–10–7 moll–1 MEX HCl were 
pre pared in wa ter and in 10–3 moll–1 NaCl. The stan dard so -
lu tion of TPB of 10–2 moll–1 was pre pared by dis solv ing the
com pound in wa ter, di lut ing to 250 ml, and stan dard iz ing as
pre vi ously de scribed [24]. The so lu tions were pre pared us -
ing bi- distilled deion ized wa ter through out.

Apparatus and electrodes:  A mul ti func tional ap pa ra tus, 
El metron CX (Po land), was used for meas ur ing the elec -
trode po ten tials and pH. Fur ther more, all the po ten ti omet ric
meas ure ments were made us ing satu rated calo mel elec -
trodes (SCE) and Ag/AgCl mem brane elec trodes. What is
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more, pH ad just ment was made with a com bi na tion glass
elec trode. All the meas ure ments were car ried out at room
tem pera ture (21o ± 2°C). A mag netic stir rer was used; how -
ever, the read ings of the po ten tial value were taken af ter the
stir rer had been switched off. In this work, the SCE was used 
as the ref er ence elec trode con nected with the sam ple so lu -
tion by a so dium ni trate bridge. Fi nally, the Evo lu tion
6100- Distek Bath less Dis so lu tion (USA) pad dle ap pa ra tus
with em bed ded tem pera ture sen sor in each shaft, with me dia 
heat ing to 37°C and ro ta tion of 75 rpm was used for the dis -
so lu tion test. 

Preparation of me clo phe noxate ion – pair complex: To
10 ml of well- shaken 10–2 moll–1 MEX HCl aque ous so lu -
tion, 10 ml of 10–2 moll–1 ClTPB in 50° ethyl al co hol
so lu tion was added. The pre cipi tate re sulted af ter cool ing
and evapo ra tion of the ethyl al co hol. The pre cipi tate was fil -
tered us ing a (G4) sin tered glass cru ci ble, washed with wa ter 
to re move any non– com plexed ma te rial. This was then
dried at room tem pera ture and ground to a fine pow der. The
melt ing point of ob tained ion–pair com plexes was de ter -
mined at 148–150°C. The re sults of the ele men tal analy sis
agree well with the mo lar ra tio 1 : 1 of the re act ing sub stances.

Preparation of the membranes: 20 mg of the ion–pair
com plexes was added to a so lu tion of 170 mg PVC in 6 ml
THF and 360 mg of IpNB or NPhOE or NdPHE or DOS as
plas ti cis ing sol vent me dia tors. The ho mo ge ne ous mix tures
were poured into a glass ring (di ame ter 3.1 cm) and cov ered
with a sheet of fil ter pa per, and a glass plate cover was
placed over it. The mem brane formed as the THF was
evapo rated slowly at room tem pera ture.

Con struc tion of elec trode: To pre pare an elec trode (ac -
cord ing to Craggs et al. [22]), a mem brane disc of 8 mm
di ame ter was cut from the ob tained film and glued onto the
front and body of PVC elec trode con tain ing an in ner
Ag/AgCl junc tion. A 10–3 moll–1 MEX HCl in 10–3 moll–1

NaCl so lu tion was used as the in ner elec tro lyte. The mem -
brane elec trodes were con di tioned over night in a so lu tion of
the same com po si tion as the in ter nal fill ing so lu tion and
stored in the same so lu tion be fore use. Elec tro mo tive force
(e.m.f) meas ure ments were per formed us ing the cell as sem -
bly: Ag/AgCl 10−3 moll−1 MEX HCl in 10−3 moll−1 NaCl
so lu tion PVC mem brane test so lu tion ⏐SCE.

Elec trode char ac ter is tics: The per form ance of the ob -
tained elec trodes A, B, C and D was in ves ti gated by
meas ur ing e.m.f. val ues of 10–2 – 10–7 moll–1 of MEX HCl in
wa ter so lu tion and in 10–3 moll–1 NaCl so lu tion. The po ten -
tial was re corded when sta ble read ings were ob tained.
A cali bra tion graph was made by plot ting the ob served po -
ten tial as a func tion of loga rithm of MEX HCl con cen tra tion.

Potentiometric titration of me clo phe noxate hy dro-
chloride (in sub stance, dragees and af ter dis so lu tion test):
Sam ples of so lu tion con tain ing 2.35–7.35 ppm of sub stance
MEX HCl in 10–3moll–1 so dium chlo ride were ti trated with
10–2 moll–1 of TPB stan dard so lu tion us ing the elec trode with 
mem brane con tain ing MEX – ClTPB and NPhOE (elec trode

B). The dragees of Lu cid ril (a mean mass of each dragee was 
0.5159 g) were finely pow dered and an ac cu rately weighed
por tion of the pow der equiva lent to about 3.53 ppm of MEX
HCl was trans ferred into the beaker and then 5 ml of
10–2moll–1 NaCl so lu tion and about 35 ml of wa ter were
added. The sam ples were ex tracted for 15 min and ti trated as
above. The dragees of Lu cid ril were trans ferred into ves sels
with 900 ml of ace tate buffer pH 4.5. The dis so lu tion test
was de vel oped for 30 min. and af ter this, the sam ples were ti -
trated as above.

RESULTS AND DISCUSSION
Ion- pair com plex of the me clo phe noxate cat ion with te -

trakis(4- chlorotetraphenyl)bo rate an ion was ob tained and
tested as ion- exchangers in PVC mem brane elec trodes. The
com po si tion of the ion- pair com plex was veri fied by data
gained by way of ele men tary analy sis and by IR. The sug -
gested struc tural for mula is shown in Fig 1. This ion- pair
com plex is read ily solu ble in an or ganic sol vent such as tet -
ra hy dro fu ran, chlo ro form or ni tro ben zene. The ob tained
com pound was in cor po rated into a PVC mem brane with the
fol low ing sol vent me dia tors: IpNB (elec trode A), NPhOE
(elec trode B), NdPhE (elec trode C), DOS (elec trode D).

The work ing char ac ter is tics for the in ves ti gated A, B, C
and D elec trodes were as sessed on the ba sis of cali bra tion
curves. These were ob tained by meas ur ing the e.m.f. val ues
of the set of MEX HCl so lu tions in in ter vals of 10–2–10–7

moll–1 con cen tra tions in wa ter and in an ionic strength ad -
justed to 10–3 moll–1 NaCl. The E(mV) vs. log (c) graph
ob tained for A, B, C, D elec trodes in aque ous so lu tion are
pre sented in Fig. 2. The de rived re sults in di cate that the
tested elec trodes have a sub- Nernstian cati onic re sponse to
MEX ac tiv ity in dif fer ent con cen tra tion ranges, de pend ing
on the prop er ties of the sol vent me dia tor. Slopes of elec -
trodes A, B, C, D per dec ade in an aque ous so lu tion are 61.7;
64.7; 63.35; 64.41 mV dec ade–1, re spec tively. Ta ble 1 shows
the val ues ob tained for the gen eral op er at ing char ac ter is tics
of MEX elec trodes. It can be seen from this ta ble that a gen -
eral in crease in the lower limit of the lin ear re sponse range
was ob tained for elec trode A con tain ing IpNB and elec trode
B con tain ing NPhOE as sol vent me dia tors. These re sults

Fig. 1. Sug gested struc tural for mula of the ion- pair com plex of the
me clo phe noxate cation with tetrakis(4-chlorotetraphenyl)borate anion
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show that us ing ClTPB counter- anion as ion- exchange sites
in PVC ma trix with IpNB, NPhOE, NdPhE, or DOS as plas -
ti ciz ers, gives bet ter pa rame ters than us ing so dium tetraphe-
n yl bo rate, am mo nium rei neckate, or be ta cy clo dex trin as
ion- exchange [7] – near- Nernstian re sponse – slopes (52.73;
51.64 and 54.05 per con cen tra tion dec ade, re spec tively, over 
the con cen tra tion range of 10–5– 10–2 moll–1 MEX HCl).

Ta ble 1. Ef fect of plas ti cizer on re sponse of me clo phe noxate sen si tive
elec trode (3.(63)% con tent ion- pair) (av er age of six meas ure ments)

Parameter Electrode A Electrode B Electrode C Electrode D
Slope* (mv/decade) 61.70/60.0 64.69/61.15 63.33/63.11 64.41/62.75
Intercept (mv) 154.12±1.54 156.78±0.44 180.70±1.72 167.05±0.83
Correlation
coefficient (r) 0.9999 0.9999 0.9993 0.9999

Usable
concentration
range* (moll-1)

10-2–10-4.1 /
10-2–10-4.1

10-2–10-5.1 /
10-2–10-5.1 

10-2–10-4.0 /
10-2–10-4.4

10-2–10-4.9 /
10-2–10-4.8 

Lower limit
detection* (moll-1)

10-4.77/10-5.
1 10-5.3/10-5.3 10-4.55/10-5.

0 10-5.1/10-4.9

Potential drift
mv/day-1 4–7 2–3 3–5 3–5

Working ph range 4.12–6.18 4.12–6.18 4.12–6.18 4.12–6.18
Recovery time (s) 10 5 10 7
Life span (week) 8 9 9 9
Repeatability cvw 0.80 0.99 0.94 0.94
Between day
variability cvb 

0.6 0.2 0.4 0.4

* in aqueous / 10-3 moll-1 NaCl solution

The re sponse times of the elec trodes were tested for 10-5 – 
10–2 moll–1 MEX HCl so lu tions. The se quence of meas ure -
ments was low to high con cen tra tions. Those elec trodes
ex hib its a fast dy namic re sponse of about 5 s for the higher
con cen tra tions. How ever, be low 10–4 moll–1, the re sponse
time was ex pect edly slug gish, about 15–20 s, which is typi -
cal for ion- selective elec trodes con tain ing bulky PVC
mem branes of simi lar thick ness (about 0.2 mm). The life-
 time of the elec trodes is about 2 months, af ter which the
elec trode mem brane should be re newed. 

The ef fect of pH on the po ten tial read ings of the MEX
elec trodes A, B, C and D was checked by re cord ing the
e.m.f. of 10–3 moll–1 MEX HCl in 10–3 moll–1 NaCl so lu tion

with vari ous pH val ues. These were ob tained by the ad di tion
of small vol umes of hy dro chlo ric acid and/or so dium hy -
drox ide so lu tion of 10–1 or 1 moll–1 each. The E(mV) vs. pH
graph pre sented in Fig. 3 shows the pH in de pend ence in the
range ob tained for A, B, C, D elec trodes. It should be noted
that the po ten tial did not fluc tu ate by more than about ±1 mV 
in the pH range 4.12–6.18 for all ob tained elec trodes. Higher 
pH val ues were hin dered due to the for ma tion of un pro to -
nated MEX or may have been due to de com po si tion of the
MEX ion- pair com plex of the mem brane sur face. 

The in flu ence of po ten tial drugs on the re sponse char ac -
ter is tics of the four de vel op ment elec trodes was in ves ti gated.
Po ten ti omet ric se lec tiv ity co ef fi cients were per formed by
stan dard sepa rate so lu tion method [22] and cal cu lated from
the equa tion:

log ( ) /K E E Sij
pot

j i= -

where E rep re sents the e.m.f. meas ured for the pri mary ion (i), and
the in ter fer ing ion (j), re spec tively, and S is the slope of the
cor re spond ing MEX elec trode.

The val ues given were evalu ated from the e.m.f. read ings
ob tained from 10–3 moll–1 so dium chlo ride. The se lec tiv ity
co ef fi cients val ues are sum ma rized in Ta ble 2. These in di -
cate how the re sponse of the in ves ti gated mem brane
elec trodes was af fected by the pres ence of chlo ro pro maz ine
and amitryp tyline for all elec trodes, and by the pres ence of
pro maz ine and pro methazine for elec trodes A, C, D. It
should be noted that Elec trode C was not se lec tive for
doxepin or imi pramine, and elec trode B for opi pra mol. This
be hav iour is ex pected from elec trodes based on an ion-
 paring agent where la ger lipo philic spe cies will also be ef fi -
ciently ex tracted into the mem branes [16].

Fig. 2. Potentiometric response of obtained ISEs in aqueous solution

Fig. 3. The effect of variation of pH on electrodes response for 10–3

moll–1 meclophenoxate hydrochloride solution



8 Current Issues Pharmacy & Medical Sciences

Joanna Drozd, Anna Gumieniczek

Ta ble 2. Po ten ti omet ric se lec tiv ity co ef fi cients of me clo phe noxate
PVC mem brane elec trodes

Iinterferent (j)
log Kij

pot

electrode A electrode B electrode C electrode D
Doxepin –0.0423 –0.2151 +0.1039 –0.8065
Imipramine –0.2705 –0.1035 +0.1738 –1.1574
Opipramol –0.9220 +0.7466 –0.2993 –0.6979
Promazine +0.0309 –0.0334 +0.1984 +0.0868
Promethazine +0.0207 –0.0221 +0.1679 +1.2850
Chlorpromazine +0.1299 +0.1464 +0.3160 +0.2137
Amitryptyline +0.1272 +0.1137 +0.2649 +0.2008

The ob tained elec trode B (MEX – ClTPB – NPhOE) was
shown to be use ful in the po ten ti omet ric de ter mi na tion of
MEX in the bulk sub stance, dragees 0.1 g and in the dis so lu -
tion test. It must be noted that dis so lu tion test ing is used in
phar ma ceu ti cal analy sis for op ti mi za tion of for mu la tion and
qual ity con trol. In this re gard, in vi tro dis so lu tion tests are
es tab lished to en sure batch- to- batch con sis tency and to sig -
nal po ten tial prob lems with in vivo bioa vail abil ity. 

In our re search, the po ten ti omet ric ti tra tions with stan -
dard so lu tion of 10–2 moll–1 of so dium tet ra phen yl bo rate
were car ried out us ing elec trode B as an in di ca tor elec trode,
and po ten tial breaks of about 52 mV at the points cor re -
spond ing to 1:1, MEX – TPB re ac tion were ob tained. Gran's
method was then used to de ter mine the equiva lence points
[15]. Col lec tive re sults are given in Ta ble 3. The re sults re -
veal that the pro posed method shows a high de gree of
ac cu racy. An av er age re cov ery and a mean stan dard de via -
tion ob tained were 101.79 1.57 for MEX HCl sub stance,
102.72 ± 0.91 for MEX HCl dragees and 101.32 ± 0.84 for
de ter min ing after- dissolution test, with rela tive stan dard de -
via tions of 1.55, 0.89, 0.80% re spec tively.

Ta ble 3. Re sults of me clo phe noxate hy dro chlo ride de ter mi na tion
with sta tis ti cal evalua tion for n = 6

Product x [%] s s μ95% RSD
Meclophenoxate
hydrochloride 
– substance

101.79 1.64 1.57 98.36–105.22 1.611

Lucidril 0.1 dragees 102.72 1.00 0.91 100.37–105.07 0.973
Lucidril 0.1 dragees
dissolution 101.32 1.22 0.84 98.42–103.12 1.204

CONCLUSION
The pro posed mem brane elec trode sys tem based on te -

trakis(4- chlorophenyl)bo rate as cat ion ex changer, of fers
a sim ple, rapid, high- degree- of- precision and ac cu rate tech -
nique for the de ter mi na tion of me clo phe noxate in pure
sub stance, as well as in dos age forms.

This pa per was de vel oped us ing the equip ment pur chased 
within the Pro ject called “The equip ment of in no va tive labo -
ra to ries do ing re search on new medi cines used in the
ther apy of civi li za tion and neo plas tic dis eases” within the
Op era tional Pro gram De vel op ment of East ern Po land
2007–2013, Pri or ity Axis I Mod ern Econ omy, Op era tions
I.3 In no va tion Pro mo tion.
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