
INTRODUCTION
Non- steroidal anti- inflammatory drugs (NSAID’s)

form a broad, het ero ge ne ous group of anti- inflammatory,
an al ge sic and fe ver prop er ties. Their phar ma col ogi cal ef -
fects are dem on strated by in hib it ing pros ta glan din
cy clo oxy ge nase (COX). They are de scribed as non-
 steroidal be cause of the struc ture, which is dif fer ent from
that of other drugs, which are also of anti- inflammatory
prop er ties – such as cor ti cos ter oids.

Thin- layer chro ma tog ra phy (TLC) is popu lar ana lyti -
cal tech nique, which is ap plied to de ter mi na tion of these
drugs [8,9,14,15]. 

Pres sur ized pla nar elec tro chro ma tog ra phy (PPEC) is
a re la tively new mode of sepa ra tion in tro duced by Nu rok
et al. [10]. Mi gra tion of the mo bile phase, in this tech -
nique, is driven by the elec tric field (elec tro os motic
ef fect). The ad van tages such as high per form ance, short
sepa ra tion time, and sepa ra tion se lec tiv ity dif fer ent from
liq uid chro ma tog ra phy (LC), make this method very at -

trac tive for ap pli ca tion in labo ra tory prac tice [11]. In ad -
di tion, PPEC ex peri ment pro ceeds in a closed sys tem, so
no va por phase is pres ent in the sepa rat ing sys tem
[2,3,4,5]. Be cause of the fea tures men tioned, PPEC also
might be highly suit able for the phar ma ceu ti cal and bio -
medi cal analy sis [1,6,7,12,13]. 

The use of PPEC method for sepa ra tion of a se ries
non- steroidal anti- inflammatory drugs (naproxen, ke to pro fen, 
fen bufen, in do pro fen, fen pro fen, flur bi pro fen, ke toro lac, car -
pro fen) is re ported in this pa per for the first time.

MATERIALS AND METHODS
The mo bile phase so lu tion was pre pared by mix ing

ace to ni trile with ap pro pri ate buffer aque ous so lu tions.
The or ganic modi fier of the mo bile phase was pur chased
from POCh (Gli wice, Po land). The buffer con sisted of cit -
ric acid (Merck, Darm stadt, Ger many) and di so dium
hy dro gen phos phate (Stan dard, Lublin, Po land). The
other or ganic sol vents (ace tone and metha nol) were re -
ceived from POCh (Gli wice, Po land). 

Sili cone seal ant so lu tions, Sar sil W and Sar sil H 50,
were pur chased from Zakłady Chemic zne Silik ony Pol -
skie (Nowa Sarzyna, Po land). 

The Ef fect of Mo bile Phase Com po si tion on Sepa ra tion 
of Some Non- Ster oi dal Anti- Inflammatory Drugs 
of the 2- Arylpropanoic Acid De riva tives in Sys tem 

of Reversed- Phase Pres sur ized Pla nar Elec tro chro ma tog ra phy 
and High- Performance Thin- Layer Chro ma tog ra phy
EW ELINA KOPCIAŁ1*, BEATA PO LAK1, RAFAŁ PIE TRAŚ2, TA DEUSZ H. DZIDO1

1 De part ment of Physi cal Chem is try, Medi cal Uni ver sity of Lublin, Po land
2 Chair and De part ment of Me dici nal Chem is try, Medi cal Uni ver sity of Lublin, Po land

AB STRACT
Sepa ra tion of some Non- Steroidal Anti- Inflammatory Drugs, 2- arylpropanoic acid de riva tives (naproxen, ke to pro fen, fen bufen,
in do pro fen, fen pro fen, flur bi pro fen, ke toro lac, car pro fen) has been in ves ti gated with pres sur ized pla nar elec trochro ma tog ra phy
(PPEC) and high- performance thin- layer chro ma tog ra phy (HPTLC) in reversed- phase sys tem.The mo bile phase con sisted of ace -
to ni trile, and aque ous buffer. The in flu ence of con cen tra tion of or ganic modi fier in the mo bile phase and the mo bile phase buffer
pH on mi gra tion dis tance (PPEC) and re tar da tion fac tor (HPTLC) has been in ves ti gated and com pared. 

Keywords: pressurized planar electrochromatography, high-performance thin-layer chromatography, non-steroidal anti-inflam-
matory drugs

2012 © Curr. Issues Pharm. Med. Sci.  Vol. 25, No. 3, Pages 282-285

Current Issues in Pharmacy and Medical Sciences
Formerly ANNALES UNIVERSITATIS MARIAE CURIE-SKLODOWSKA, SECTIO DDD, PHARMACIA

on-line: www.umlub.pl/pharmacy

Corresponding author
* Department of Physical Chemistry, Medical University of Lublin,
   4A Chodźki Str., 20-093 Lublin, Poland
   e-mail: ewelina.kopcial@umlub.pl



Stan dards of naproxen, ke to pro fen, flur bi pro fen, and
ke toro lac, were re ceived from Sigma- Aldrich (St. Louis,
Mo, USA), while fen bufen, in do pro fen, fen pro fen, car -
pro fen from Fluka- Sigma- Aldrich (St. Louis, Mo, USA).

Sam ple so lu tions were pre pared by dis solv ing 2 mg of
in ves ti gated stan dards in 1 mL of ace tone. Sam ple so lu -
tions have been freshly pre pared. 

Chemi cal struc tures of in ves ti gated sol utes are pre -
sented in Ta ble 1. 

Table 1. Chemical structures and the pKA values of investigated
compounds

(1) Naproxen pKA 4,2 (2) Ketoprofen pKA 4,5

(3) Fenbufen pKA 4,5 (4) Indoprofen pKA 4,41

(5) Fenoprofen pKA 3,81 (6) Flurbiprofen pKA 4,2

(7) Ketorolac pKA 3,4 (8) Carprofen pKA 4,2

HPTLC mode was per formed on 10 cm × 10 cm RP-18
W F254S HPTLC plates from Merck, (Darm stadt, Ger -
many). The plates were washed be fore use by im mer sion
in metha nol for 1 min. Af ter sol vent evapo ra tion the
plates were ac ti vated in an oven at 105-110°C for 15 min.
Sam ple so lu tions (0.7 μL) were ap plied onto the plate
with aero sol ap pli ca tor (Auto matic TLC Sam pler 4, Ca -
mag, Mut tenz, Swit zer land). Chro ma tograms were
de vel oped in the Hori zon tal DS-II-10×10 Cham ber
(Chrom des, Lublin, Po land) af ter 15 min satu ra tion with
mo bile phase va por. The dis tance mi gra tion of the mo bile
phase was 45 mm (from the ori gin of sam ple ap pli ca tion).
Af ter the sepa ra tion pro cess the plates were dried in air.
The sol ute zones were reg is tered un der UV lamp with
TLC SCANNER 4 (Ca mag, Mut tenz, Swit zer land).

PPEC ex peri ments were per formed with the de vice
com posed of PPEC cham ber, high – volt age power sup ply 
(Con sort, Turn hout, Bel gium) and hy drau lic press
(Współpraca, Lublin, Po land). The cover in the PPEC de -
vice was pressed to the ad sorb ent layer of the
chro ma tographic plate un der pres sure of 25 bar. Con cep -
tual view of the equip ment with lon gi tu di nal cross- section 

of the PPEC cham ber was pre vi ously pub lished [12].The
ad sorb ent layer of the chro ma tographic plates was im -
mersed in metha nol for 1 min then the plates were dried in
air. Af ter metha nol evapo ra tion the plates were ac ti vated
in the oven (105 oC) for 15 min. Then a mar gin 4 mm wide 
around the whole pe riph ery of the plate was pro duced.
The method used has been re ported else where [3]. Sub se -
quently the plates were placed in the oven at 105-110°C
for 1 h to po lym er ize the seal ant then left in a des ic ca tor
for use within 1 day. Sam ple so lu tions (0.7 μL) were ap -
plied onto the plates with aero sol ap pli ca tor (Auto matic
TLC Sam pler 4, Ca mag, Mut tenz, Swit zer land). 

RESULTS AND DISCUSSION
The re la tion ships re tar da tion fac tor, RF, of the in ves ti -

gated sol utes vs. con cen tra tion of ace to ni trile in the range
40-70 % [v/v] in the mo bile phase buffer pH 3.0 (1,21 mM 
cit ric acid, 1,84 mM di so dium phos phate) for HPTLC
mode is pre sented in Fig. 1.

The in crease of ace to ni trile con cen tra tion in the mo bile 
phase leads to de crease of sol ute re ten tion. This is in ac -
cor dance with elu tion strength rise of the mo bile phase.
The or der of re tar da tion fac tor in crease in the sys tem with
50% [v/v] ace to ni trile is as fol lows: car pro fen, flur bi pro -
fen, fen pro fen, fen bufen, naproxen, in do pro fen, keto-
pro fen, ke toro lac. The re la tion ships sol ute mi gra tion dis -
tances vs. ace to ni trile con cen tra tion in the range 40-70%
[v/v] in the mo bile phase buffer pH 3.0 (1,21 mM cit ric
acid, 1,84 mM di so dium phos phate) for PPEC mode is
pre sented in Fig. 2. Simi larly to HPTLC sys tem, the sol -
ute mi gra tion dis tances in crease when ace to ni trile
con cen tra tion rises. Con trary to HPTLC sys tem in the
PPEC one, the rise of elution strength and elec tro os motic
mo bil ity of the mo bile phase is re spon si ble for this phe -
nome non. The best sepa ra tion se lec tiv ity was achieved in
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Fig . 1. Re la tion ship RF of sol utes (non- steroidal anti- inflam-
matory drugs) vs. ace to ni trile con cen tra tion in the mo bile phase,
buffer pH 3.0 (1.21 mM cit ric acid, 1.84 mM di so dium
phos phate) for HPTLC sys tem.
Solutes identification: naproxen (1), ketoprofen (2), fenbufen (3), 
indoprofen (4), fenprofen (5), flurbiprofen (6), ketorolac (7),
carprofen (8).



PPEC sys tem with 60% [v/v] ace to ni trile in the mo bile
phase. In this sys tem, the or der of in crease of sol ute mi -
gra tion dis tances has been ob served as fol lows: car pro fen,
ke to pro fen, flur bi pro fen, naproxen, fen bufen, fen pro fen,
ke toro lac, in do pro fen. It is no tice able that the sol ute mi -
gra tion dis tance or der in HPTLC sys tem dif fers from that
of PPEC one. This in di cates that elec tro pho retic ef fect
was in volved in change of sol ute se lec tiv ity in PPEC sys -
tem rela tive to HPTLC one. These re sults con firm the
above- mentioned as ser tion that sepa ra tion se lec tiv ity in
pla nar elec tro chro ma tog ra phy is dif fer ent from that in
thin- layer chro ma tog ra phy. 

The re la tion ship be tween re tar da tion fac tor of in ves ti -
gated sol utes and pH of the buffer in the mo bile phase of
HPTLC sys tem is pre sented in Fig. 3. The mo bile phase
con sisted of 60% [v/v] ace to ni trile and buffer so lu tion in
the pH range 3.0-5.0. Con cen tra tion of the buffer con stitu -
ents in the mo bile phase was in the range 1,21-2,51 mM
and 1.84-1.18 mM of di so dium phos phate and cit ric acid,
re spec tively. The best sepa ra tion se lec tiv ity of the sol utes
has been ob tained when buffer pH was equal to 3.2. 

The re la tion ship mi gra tion dis tances of the sol utes ver -
sus buffer pH of the mo bile phase of PPEC sys tem is
pre sented in Fig ure 4. In PPEC sys tem, mi gra tion of sol -

utes, which un dergo dis so cia tion, is highly de pend ent
both on their par ti tion be tween mo bile and sta tion ary
phases and on elec tro pho retic mo bil ity. 

Mi gra tion dis tances of non – ster oi dal anti- inflam-
matory drugs at dif fer ent buffer pH are con sid era bly dif -
fer ent. Fig ure 4 shows a con cave shape of ma jor ity of the
re la tion ships mi gra tion dis tance vs. pH for PPEC sys tem
what is con trary to the analo gous re la tion ships for
HPTLC dem on strated in Fig ure 3. This ef fect is ad van ta -
geous with re gard to op ti mi za tion of sol ute sepa ra tion. It
means PPEC tech nique, be side con tem po rary es tab lished
sepa ra tion tech niques, can be ap plied as ad di tional tool to
op ti mi za tion of sepa ra tion of sam ple mix tures based on
dif fer ent sepa ra tion se lec tiv ity rela tive to liq uid chro ma -
tog ra phy.
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Fig. 2. Relationships the migration distances of solutes
(non-steroidal anti-inflammatory drugs) vs. acetonitrile
concentration in the mobile phase, buffer pH 3.0 (1.21 mM citric
acid, 1.84 mM disodium phosphate) for PPEC, potential 1.00 kV
and the experiment time 10 min. The solute legend as in Fig. 1

Fig. 3. RF of solutes vs. buffer pH of organic–aqueous mobile
phase (60 [% v/v]) acetonitrile + 40 [% v/v]) aqueous buffer (citric
acid and disodium phosphate), HPTLC. Mobile phase migration
distance 45 mm. The solute legend as in Fig. 1

Fig. 4. Migration distance of investigated solutes vs. buffer pH of
the organic–aqueous mobile phase (60 [% v/v]) acetonitrile + 40
[% v/v]) aqueous buffer (citric acid and disodium phosphate),
PPEC, potential 1.00 kV, experiment time 10 min. The solute
legend as in Fig. 1
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