
INTRODUCTION
Al ka loids are or ganic bases con tain ing ni tro gen in the

het ero cyc lic ring, show ing clear ef fect on the nerv ous sys -
tem [1]. In view of dif fer ent chemi cal struc ture, these
com pounds have been di vided into a number of sub -
groups. Iso qui no line al ka loids be long to one of the
sub groups. They are bio ge neti cally re lated to phen -
ylalanine or ty ro sine. They can be iso lated from plants
be long ing to the or ders: Ranun cu lales, Pa pav er ales, Gera -
nia les, Ru tales, Plum bugi na les, Myr ti florae and Rosales.

Thin Layer Chro ma tog ra phy (TLC) is very of ten ap plied
as a tool for sepa ra tion of al ka loids. Vari ous al ka loids
were de ter mined by RP-TLC sys tems, with buff ered
aque ous elu ents [10,11,13,15,16], ion- pair rea gents [15,16, 
21,22], or chi ral se lec tors [4]. RP-TLC was used for de ter -
mi na tion of the lipo philicity of some al ka loids [23].

Ap pli ca tion of pres sur ized pla nar elec tro chro ma tog ra -
phy (PPEC) tech nique to sepa ra tion of iso qui no line
al ka loids in lit era ture has not been re ported so far.

 PPEC is rela tively new sepa ra tion tech nique in tro -
duced by Nu rok et al. [14]. In PPEC mi gra tion of the
mo bile phase against sta tion ary phase is driven by 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 than that of liq uid chro ma tog ra phy (LC)
make this tech nique very at trac tive for ap pli ca tion in
labo ra tory prac tice [17]. In ad di tion, PPEC ex peri ment
pro ceeds in a closed sys tem, so no va por phase takes part
in the sepa ra tion pro cess [2,3,5,6,7]. Be cause of the fea -
tures men tioned, PPEC might also be highly suit able for
the phar ma ceu ti cal and bio medi cal analy sis [2,8,9,12,
19,20].

Based on the cir cum stances men tioned we have un der -
taken to per form in ves ti ga tions of mi gra tion of zones of
some iso qui no line al ka loids (nar co tine, che lidonine, di -
hy droco deine, cin chonine, ber ber ine, cin chonidine,
pa pav er ine, apo mor phine) in PPEC sys tems and com pare
that with their re ten tion in HPTLC ones.
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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 so lu tions. The or ganic 
modi fier ace to ni trile of the mo bile phase was pur chased
from POCh (Gli wice, Po land). 

The buffer so lu tions were pre pared by mix ing so lu tions
of cit ric acid (Merck, Darm stadt, Ger many) and di so dium
hy dro gen phos phate (Stan dard, Lublin, Po land) or so lu -
tions of for mic acid and aque ous am mo nia (both 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). 

Stan dards of iso qui no line al ka loids were re ceived from 
Sigma- Aldrich (St. Louis, Mo, USA). These 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 were freshly
pre pared. Chemi cal struc tures and some chemi cal prop er -
ties of in ves ti gated sol utes are pre sented in Ta ble 1.

Table 1. Chemical structures, the pKA and log P values of
investigated com pounds

(1) NARCOTINE
pKA 6.44*
log P 2.58*

(2) CHELIDONINE
pKA 5.73*
log P 2.05*

(3) DIHYDROCODEINE
pKA 9.33*
log P 1.55*

(4) CINCHONINE
pKA1 4.1 pKA2 8.2**

log P 2.7**

(5) BERBERINE
pKA4.69 ***
log P 2.1**

(6) CINCHONIDINE
pKA1 4.0 pKA2 8.2**

log P 2.8**

(7) PAPAVERINE
pKA 6.03*
log P 3.08*

(8) APOMORPHINE
pKA1 7.8 pKA2 9.26 pKA3 12.68*

log P 2.87*

* http://www.chemi cal ize.org; **Mof fat A.C., Os sel ton D. M., Wid dop B., (2004).
Clarke’s Analy sis of Drugs and Poi sons: in phar ma ceu ti cals, body flu ids, and post -
mor tem ma te rial. 3rd. Lon don: Phar ma ceu ti cal Press; *** Dzido T.H.: Modifi-
ca tions of re ten tion of some al ka loids in the sys tem si lan ized sil ica/metha nol + wa -
ter + di(2- ethylhexyl)or tho phos phoric acid J. Chro ma togr. 436, 257-266, 1988.

HPTLC mode was per formed with 10x10 cm RP-18
WF254S 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 on to 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
the 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
Visu al izer and 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 (Współ-  
praca, 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 [19].

Be fore PPEC ex peri ments the ad sorb ent layer of the
plates was im mersed in metha nol for 1 min and dried in
air. Then the plates were ac ti vated in the oven (105°C) for
15 min. Af ter each plate cool ing, a mar gin 4 mm wide on its 
whole pe riph ery was pro duced. The method used has been
pre vi ously re ported [18]. 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.

RESULTS AND DISCUSSION
The re la tion ships be tween re tar da tion fac tor of in ves ti -

gated sol utes and pH of buffer in the mo bile phase of
re versed phase HPTLC sys tem is pre sented in  Fig. 1. The
mo bile phase con sists of 60% [v/v] ace to ni trile in buffer
so lu tion at the pH range 3.0-8.0. Con cen tra tion of the
buffer con stitu ents in the mo bile phase is in the range
1.00- 4.74 mM and 0.07-1.94 mM of di so dium phos phate
and cit ric acid, re spec tively. 

Based on the data pre sented in Fig. 1, mild de crease of
re ten tion of in ves ti gated sol utes with in crease of buffer
pH of the aqueous- organic mo bile phase is ob served.
How ever, di hy droco deine (3) stands for the ex cep tion in
the buffer pH range 7.0-8.0.

The re la tion ship re ten tion vs. pH of buffer in the mo -
bile phase for some of the sol utes (ber ber ine, che lidonine,
nar co tine, pa pav er ine) was also in ves ti gated by Pe truc -
zynik et al. [15]. The authors re ported on re ten tion
in crease with rise of buffer pH. There fore, it is con trary to
our find ings. This dis crep ancy in re ten tion change can be
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con cerned with dif fer ent modi fi ers and their con cen tra -
tions as well ap plied in the ex peri ments. In the
ex peri ments re ported by Pe truc zynik et al. and in the pa -
per, 80% v/v metha nol and 60% v/v ace to ni trile were
used, re spec tively. The ex pla na tion of the ef fect can be re -
lated to a change of the chro ma tographic sys tem type.
Very high modi fier con cen tra tion in the mo bile phase in
sys tem with sil ica based sta tion ary phase of very low cov -
er age den sity of non- polar ligands (0.5 μmol/m2 for
HPTLC RP 18W plates) can lead to trans for ma tion of the
chro ma tographic sys tem into normal- phase one from that
of reversed- phase sys tem, which usu ally com prises con -
sid era bly lower con cen tra tion of the modi fier in the
mo bile phase. 

The ef fect of the re ten tion de crease in the in ves ti gated
buffer pH range may be ex plained by in crease of ioni za -
tion of si lanol groups lo cated on the sta tion ary phase and
change in ioni za tion of the in ves ti gated sub stances, which 
are weak bases. The best sepa ra tion se lec tiv ity of the in -
ves ti gated sol utes was ob tained when buffer pH was equal 
to 7.0. 

In HPTLC sys tem with buffer pH equal to 3.0, the or -
der of re ten tion in crease of in ves ti gated com pounds is as
fol lows: apo mor phine (8) + di hy droco deine (3), nar co tine 
(1) + che lidonine (2), ber ber ine (5), pa pav er ine (7), cin -
chonine (4), cin chonidine (6).

For other val ues buffer pH (3.0, 5.0, 7.0) the re ten tion
or der of in ves ti gated sub stances is not changed with the
ex cep tion of al ka loids such as ber ber ine (5), pKA = 4.69,
and pa pav er ine (7), pKA = 6.03, the former is the weaker
al ka loid base than the later. How ever, hy dro pho bic in ter -
ac tions of ber ber ine with the sta tion ary phase are then
more fa vor able than that of pa pav er ine.

The slight in crease of re ten tion of di hy droco deine at
high val ues of buffer pH in the mo bile phase was proba bly 
con cerned with its strong est ba sic prop erty among the
com pounds in ves ti gated.

It should also be men tioned, that re ten tion of nar co tine
(1) and che lidonine (2) was the same in the whole buffer
pH range of the mo bile phase. This be hav ior of these sub -
stances can be ex plained by their very simi lar physi-
co chemi cal prop er ties (simi lar chemi cal struc ture, pKA

val ues, and log P, Ta ble 1).
In Fig. 2 the re la tion ships mi gra tion dis tance of the sol -

utes ver sus buffer pH of the mo bile phase of PPEC sys tem 
are pre sented. 

The re la tion ships show a maxi mum at buffer pH 5.0
and a mini mum at pH 7.0. The course of the curves is
quite dif fer ent from that for the cor re spond ing thin- layer
chro ma tog ra phy sys tem. In such sys tems, PPEC with si -
lan ized sil ica based sta tion ary phase, elec tro os motic flow
of the mo bile phase rises with in crease of buffer pH of the
mo bile phase [5]. 

Posi tively charged mole cules of in ves ti gated sol utes mi -
grate to ward the nega tive elec trode – cath ode. The di rec tion
of mi gra tion of zones of in ves ti gated com pounds is con sis -
tent with the di rec tion of elec tro os motic flow of the mo bile
phase. There fore at the ini tial range of buffer pH (3-5) in
the mo bile phase an in crease of mi gra tion dis tance of in -
ves ti gated sol utes is ob served. How ever, at higher val ues
of buffer pH (5-7), the ioni za tion of weak bases, such as in -
ves ti gated iso qui no line al ka loids, is re duced, thus the
con tri bu tion of the elec tro pho retic ef fect in sol ute mi gra -
tion is di min ished. In this way at the higher range of pH
val ues the plots of mi gra tion dis tance of these sol utes vs.
pH of buffer so lu tion in the mo bile phase show mini mum.

The larg est dif fer ence in mi gra tion dis tances of in ves ti gated
sub stances at buffer pH equal to 3.0 and 5.0 are ob served.
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Fig. 1. Re la tion ship RF of sol utes (iso qui no line al ka loids) vs.
buffer pH of or ganic–aque ous mo bile phase (60 % [v/v]
ace to ni trile + 40 % [v/v] aque ous buffer: cit ric acid and di so dium
phos phate) in sys tem with RP18WF254 HPTLC plate (Merck).
Solutes identification: narcotine (1), chelidonine (2),
dihydrocodeine (3), cinchonine (4), berberine (5), cinchonidine
(6), papaverine (7), apomorphine (8).

Fig. 2. 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) in
system with RP-18 WF254 HPTLC plate (Merck), PPEC,
potential 1.00 kV, experiment time 10 min. The solute legend as
in Fig. 1.



In PPEC sys tem At buffer pH equal to 3.0, the or der of
in crease in the mi gra tion dis tance of sol utes is as fol lows:
cin chonine (4), cin chonidine (6), pa pav er ine (7), ber ber -
ine (5), di hy droco deine (3), nar co tine (1), che lidonine (2), 
apo mor phine (8).

How ever, in sys tem of buffer pH 5.0 in the mo bile
phase, in crease in mi gra tion dis tances of the in ves ti gated
com pounds is as fol lows: cin chonine (4) + cin chonidine
(6), ber ber ine (5), pa pav er ine (7), di hy droco deine (3),
nar co tine (1), che lidonine (2), pa pav er ine (7), apo mor -
phine (8).

Based on the cor re la tion graphs mi gra tion dis tance of
the sol utes (in PPEC sys tem) vs. their re tar da tion fac tor
(in HPTLC sys tem) , con sid er able changes of sepa ra tion
se lec tiv ity be tween PPEC and HPTLC sys tems can be ob -
served (Figs 3-6).

The or der of in crease of the val ues of de ter mi na tion co -
ef fi cient, R2, as signed to the spe cific val ues of buffer pH

is as fol lows: 0.6027 (pH 7.0) .7573 (pH 3.0) .7587 (pH
5.0) .9585 (pH 8.0). The maxi mum value of R2 is ob tained 
for buffer pH 8.0 (Fig. 6), what in di cates simi lar sepa ra -
tion se lec tiv ity in both PPEC and HPTLC sys tems. It is
rea son able be cause pH value of buffer in the mo bile phase 
is the high est one among the val ues ap plied to in ves ti ga -
tions. Un der such cir cum stances, the sol utes un dergo the
low est ioni za tion and then in PPEC sys tem par tici pa tion
of sol ute elec tro pho re sis in its mi gra tion mecha nism is
mini mally in volved. On the other hand, in the PPEC sys -
tems with buff ers of lower pH val ues than 8.0 the sol utes
un dergo stronger ioni za tion and elec tro pho retic ef fect is
then more shared in their mi gra tion mechanizm. So lower
val ues of de ter mi na tion co ef fi cient are then ob served.
Com bi na tion of such sys tems, i.e. PPEC and HPTLC, in
two- dimensional sepa ra tion pro cess can be very ad van ta -
geous for sepa ra tion ef fi ciency of com pli cated sam ple
mix tures.
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Fig. 3. Migration distance of investigated solutes vs. buffer pH of
the organic–aqueous mobile phase (60 % [v/v] acetonitrile + 40 %
[v/v] aqueous buffer of pH 3.0: 1.94 mM citric acid and 1.00 mM
disodium phosphate) in system with RP-18 WF254 HPTLC plate
(Merck). 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 of pH 5.0: 1.19 mM citric acid and 2.51 mM
disodium phosphate) in system with RP-18 WF254 HPTLC plate
(Merck). The solute legend as in Fig. 1.

Fig. 5. Migration distance of investigated solutes vs. buffer pH of
the organic–aqueous mobile phase (60 % [v/v] acetonitrile + 40 %
[v/v] aqueous buffer of pH 7.0: 0.32 mM citric acid and 4.21 mM
disodium phosphate) in system with RP-18 WF254 HPTLC plate
(Merck). The solute legend as in Fig. 1.

Fig. 6. Migration distance of investigated solutes vs. buffer pH of
the organic–aqueous mobile phase (60 % [v/v] acetonitrile + 40 %
[v/v] aqueous buffer of pH 8.0: 0.07 mM citric acid and 4.74 mM
disodium phosphate) in system with RP-18 WF254 HPTLC plate
(Merck). The solute legend as in Fig. 1.
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