
INTRODUCTION
The P- glycoprotein (Pgp) is the ma jor player re spon si -

ble for mul tidrug re sis tance (MDR) in tu mors and/or
geno toxi cally dam aged cells. This pro tein acts as a cell
mem brane ef flux pump for cy to static drugs, is de pend ent
on the bio physi cal prop er ties of the lipid mem brane [14]. 

It was proved that the in hibi tors of Pgp trans port func -
tion, in clud ing phe nothi azine de riva tives (Pht), can
de sta bi lize the well- ordered cell mem brane struc ture [2].
The in ter ac tion of Pht with mem brane lipid mole cules can 
in di rectly modu late the ac tiv ity of Pgp and be a vi tal
mecha nism of their che mo pre ven tive ac tiv ity [13]. Pht
pos sess the abil ity to re verse MDR de pend ent on Pgp
trans port func tion; they in crease an in tra cel lu lar accumu -
la tion of cy to stat ics and are in cluded to the group of
che mo sen si tiz ing com pounds with po ten tial ap pli ca tion
in late can cer che mo pre ven tion for en hance ment of the ef -
fects of cy to static drugs on can cer cells [10].

The main goal of pre sented stud ies was to ex am ine the
ef fect of pipera zine Pht – fluphe nazine di hy dro chlo ride
(FPh- 2HCl) ex erted on model lipid bi layer and on the Pgp
trans port func tion in hu man geno toxi cally dam aged lym -
pho cytes us ing dif fer en tial scan ning calo rime try (DSC)
and the rho dam ine 123 (Rod- 123) ac cu mu la tion test, re -
spec tively. 

MATERIALS AND METHODS
Chemi cals. Chlo ro form, metha nol and Rod- 123 were

ob tained from Sigma- Aldrich (Ger many, HPLC grade;
St. Louis, MO, USA). Benzo[a]pyrene (B[a]P), lymphflot 
and phy to hae mag glu ti nin were pur chased from Fluka
(Buchs, Swit zer land), Bio Rad Medi cal Di ag nos tics
(Dreieich, Ger many) and GIBCO (Gaithes burg, MD,
USA), re spec tively. 1,2- Dipalmitoyl- sn- glycero- 3- phospho-
choline (DPPC) with a pu rity  99.8% was sup plied by
Avanti Po lar Lip ids (Ala bas ter, Al, USA) and used as re -
ceived. FPh- 2HCl was pur chased from Jelfa (Je lenia
Góra, Po land). Wa ter used for lipo some prepa ra tion was
ob tained from a Mil li pore fil tra tion de vice (Mil li pore,
Milli Q).
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The chemi cal struc ture of FPh- 2HCl was pre sented on
Fig ure 1.

Lipo some prepa ra tion and DSC meas ure ments. Sam -
ples were pre pared us ing method described by Hen drich
et al. [6] with some modi fi ca tions. Stock so lu tion of FPh-
 2HCl (10 mM) us ing in ex peri ments was pre pared by dis -
solv ing FPh- 2HCl in chlo ro form/metha nol (1:1, v/v). To
ob tain re quired FPh- 2HCl/DPPC (0-50 mol%) mo lar ra -
tio, 2 mg of DPPC was di luted in ap pro pri ate vol ume of
FPh- 2HCl stock so lu tion in ep pen dorf tube (1 ml). Then
the or ganic sol vent was evapo rated un der a stream of ni -
tro gen and si mul ta ne ously heated at 50°C. The sam ple
was placed in a des ic ca tor for 3 h to re move any traces of
sol vent and to re ceive per fectly FPh- 2HCl/DPPC dry
film. The lipid vesi cles were pre pared by ad di tion of 15
ml wa ter and by vig or ous vor tex ing for 5 min at 50°C to
ob tain ho moge nous dis per sion. The sam ple was en closed
in an alu mi num pan and meas ured against a ref er ence
sam ple us ing Ri gaku calo rime ter. For each sam ple, four
scans were car ried out in the heat ing di rec tions be tween
25-50°C at a rate 1.25°C/min. The tem pera ture at the peak
maxi mum was de fined as the tran si tion tem pera ture. 

Lym pho cyte cul tures and meas ure ments of the Rod-
 123 re ten tion. The re search was ap proved by the Eth ics
Com mit tee of Wro claw Medi cal Uni ver sity. All ex peri -
ments were re peated 10 times (n = 10). Lym pho cytes
were iso lated from ve nous blood (20 ml) of healthy, non-
 smoking men aged be low 26 years, by a gra di ent method
us ing so lu tion of the Lym pho flot, as it was de scribed in
de tail  in the lit era ture [1].

Lym pho cytes were used in own re search as they are
con sid ered as model cells to test the Pgp ac tiv ity [12]. The
lym pho cyte cul tures con tain ing a mi to gen – phy to hae -
mag glu ti nin [2% v/v], were seeded on the plas tic 96- well
cul ture plates; 4 x 104  cells were placed in each sam ple
with a ca pac ity of 200μl. Then the B[a]P [7,5μM] was
added to the cul tures for 48- hours to in crease the ex pres -
sion of Pgp and to in duce the geno toxic dam age in the
lymphocytes [8]. At the end of cul ture time lym pho cytes
were in cu bated with FPh- 2HCl [con cen tra tion range:
0.125-100μM] for 30 min or 120 min and af ter wards the
fluoro chrome Rod- 123 (5μM, 60 min) was added to the
cul tures. Geno toxi cally dam aged lym pho cytes not in cu -

bated with FPh- 2HCl, were con sid ered the con trol cul -
ture. The Pgp ac tiv ity in the cul tures was as sessed by
meas ure ments of the Rod- 123 fluo res cence (fluo res cence
ar bi trary units, FAU) in cell ho mogen ates at 488-530 nm
us ing Vic tor2 reader.

Sta tis ti cal analy ses. The sta tis ti cal es ti ma tion of data
ob tained in the Rod- 123 re ten tion test was car ried out us -
ing a com puter pro gram STATISTICA 10.1 PL and t- test
and ANOVA tests were used to as sess the dif fer ences in
the in ten sity of the Rod- 123 ac cu mu la tion in the lym pho -
cyte cul tures, as sum ing con fi dence in ter val as  p< 0.05. 

RESULTS AND DISCUSSION
Dif fer en tial Scan ning Calo rime try. DSC is use ful

tech nique to study modi fi ca tion in model bio mem branes
in duced by in cor po ra tion of dif fer ent com pounds. To
char ac ter ize the in ter ac tion be tween FPh- 2HCl and model 
di pal mi toylphos pha ti dyl cho line (DPPC) lipid bi layer, we
ap plied DSC method. The stud ies us ing DSC tech nique
car ried out for DPPC model lipid mul ti lay ers con tain ing
in creas ing amount of pipera zine Pht – FPh- 2HCl, have
shown sig nifi cant im pact of FPh- 2HCl on struc ture and
phys ico chemi cal prop er ties of lipid bi layer. Data sug gests
that this ef fect is strictly cor re lated with FPh- 2HCl/DPPC
mo lar ra tio (0-50 mol%). Even at the low est FPh-
 2HCl/DPPC mo lar ra tio, the gel- liquid crys tal line phase
tran si tion (Tm) oc curred at the lower tem pera ture than in
a pure DPPC dis per sion. This ef fect in di cates that FPh-
 2HCl strongly in ter acts with DPPC model mem branes
and de sta bi lizes its hy dro pho bic part. In creas ing the con -
tent of FPh- 2HCl we ob served a grad ual re duc tion in the
Tm val ues, which is ac com pa nied by a de creas ing of co op -
era tion of the main phase tran si tion from a well or dered
gel to more dis or dered liquid- crystalline phase. It in di -
cates that FPh- 2HCl sig nifi cantly in ter ca lates into DPPC
model mem branes ris ing the mem brane flu id ity and per -
me abil ity in the whole range of the stud ied FPh- 2HCl
/DPPC mo lar ra tios [3]. In ac cor dance with Figure 2, the
de pend ence of Tm val ues on FPh- 2HCl con cen tra tion ex -
hib its bipha sic run [4], what shows dif fer ent man ner of
FPh- 2HCl- DPPC in ter ac tions at low and higher mo lar ra -
tios [5]. Moreo ver, an ad di tion of 15 mol% of FPh- 2HCl
is a criti cal con cen tra tion, at which the maxi mum in crease 
in the flu id ity of lipid bi lay ers was found. At mo lar ra tios
up to 15 mol%, FPh- 2HCl de creased al most line arly the
tem pera ture of main phase tran si tion from 41.5 ± 0.1°C
for pure DPPC to 32.3 ±0.4°C for 15 mol% FPh-
 2HCl/DPPC sys tem, while for higher mo lar ra tios FPh-
 2HCl caused only slight changes in Tm val ues. For mo lar
ra tios equal 15 mol% and higher, a low sus cep ti bil ity of
lipid sys tems to in creas ing FPh- 2HCl con cen tra tions, in -
di cated the for ma tion of the dif fer ent type of lipid
pack ing. This new lipid phase is char ac ter ized by less
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Fig. 1. Chemical structure of FPh-2HCl



lipid pack ing and in creased lipid chain flu id ity. This al -
lows the am phi philic FPh- 2HCl mole cules to ag gre gate.
There fore, in the range 15-50 mol% FPh- 2HCl ex erted
simi lar ef fect of these ana lyzed lipid sys tems. The iden ti -
cal con cen tra tion de pend ence for de crease of Tm val ues
was ob served also for an other phe nothi azine de riva tive by 
other authors i.e. for chlor pro- maz ine (CPZ)/DPPC sys -
tems [4]. For the FPh- 2HCl/DPPC mo lar ra tios ly ing in the
range 15-50 mol% struc tural de fects in DPPC model
mem brane caused by the in cor po ra tion of FPh- 2HCl are
so sig nifi cant and the struc ture of lipid mem brane is such
dis turbed, that we did not ob serve any ad di tional ef fects.

The Rod- 123 Re ten tion Test. The spec tro flu romet ric

in vi tro test of Rod- 123 re ten tion is a method rec om -
mended in the lit era ture to as sess at the same time the Pgp

ac tiv ity and a che mo sen si tiz ing ef fect of trans port func -
tion in hibi tors of this pro tein. Rod- 123 is a fluoro chrome,
non- toxic for cells, which mim ics in vi tro an in tra cel lu lar
fate of the most of cy to static drugs, bonded and trans -
ported by Pgp [7]. The re sults of Rod- 123 meas ured in
fluo res cence ar bi trary units (FAU) in hu man lym pho cyte
cul tures, geno toxi cally dam aged with B[a]P (7,5μM, 48h) 
and in cu bated with FPh- 2HCl [0,125-100μM] (E) were
com pared with the re sults ob tained in con trol cul ture (Ec)
and were shown in Ta ble 1 as E/Ec.

The re sults proved that FPh- 2HCl in flu enced in versely
on the in ten sity of the Rod- 123 ac cu mu la tion in lym pho -
cytes. To gether with the in creased con cen tra tion of
FPh- 2HCl in cul ture me dium, the abil ity of geno toxi cally
dam aged lym pho cytes to ac cu mu late Rod- 123 de creased.
In tra cel lu lar re ten tion of Rod- 123 in the pres ence of
FPh- 2HCl in the high est used doses [ 10μM], was equal or 
be low the level of con trol cul ture. We did not es tab lish the 
sig nifi cant dif fer ence (p>0.05; ANOVA) of the Rod- 123
ac cu mu la tion in lym pho cytes be tween cul tures in cu bated
for 30 min and for 120 min with FPh- 2HCl (Tab. 1;
Fig. 3). 

Ta ble 1. The Rod- 123 ac cu mu la tion in hu man geno toxi cally
dam aged lym pho cyte cul tures in com pari son to con trol cul ture
(E/Ec) and sta tis ti cal analy ses of the re sults ob tained in Rod- 123
re ten tion test. Sig nificant re sults are given in bold

Rod-123 
retention test

Preincubation
30 min t-test

Preincu-
bation

120 min
t-test

0.125 μM 1.47 p<0.05 1.49 p<0.05
0.25 μM 1.38 1.43
0.5 μM 1.28 1.26
1 μM 1.24 1.26
5 μM 1.20 1.18
10 μM 1.16 1.20
25 μM 1.06 p>0.05 1.09 p>0.05
50 μM 1.06 1.09
75 μM 0.86 p<0.05 0.90 p<0.05
100 μM 0.69 0.71

ANOVA
Preincubation 30 min Preincubation 120 min

F = 0.0869; df = 1; p = 0.9799

The lit era ture data in di cates that che mo sen si tiz ing
com pounds with char ac ter is tics of Pgp trans port func tion
in hibi tors can de crease the ac tiv ity of this pro tein by three
in de pend ent mecha nisms: 1. di rectly com bine with trans -
mem brane pro tein frag ments, 2. im pede ATP hy droly sis
or 3. dis or gan ize the struc ture of cell mem brane which in
ef fect, re gard less of the mecha nism, can lead to Pgp dys -
func tion [8]. 

We pre vi ously showed that the FPh- 2HCl blocks the
trans port func tion by all three mecha nisms, in a way de -
pend ent on the con cen tra tion [2,8,9]. It was sug gested that 
FPh- 2HCl in low con cen tra tion [10μM] shows the af fin -
ity to Pgp places (do mains) which bond ligands and/or
im pairs the phos pho ry la tion of this pro tein. While in
higher doses [≥ 10μM], its in ter ac tions with cell mem -
brane lip ids pre domi nate, proba bly lead to a sig nifi cant
de struc tion of cell mem brane in higher con cen tra tion
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Fig. 2. The influence of FPh-2HCl (0-50 mol%) on the temperature 
of the main phase for DPPC lipid bilayer. The DSC studies

Fig. 3. Accumulation of Rod-123 in lymphocyte cultures in the
presence of FPh-2HCl [0.125-100μM] depending on the
preincubation time of cells with the tested compound. The level
of control culture was marked with a dashed line in the figure.
Spectroflurometric in vitro test of Rod-123 retention



[9,11]. The re sults pre sented in this pa per con firm our pre -
limi nary find ings that the higher FPh- 2HCl con cen tra tion
ex erts the weaker che mo sen si tiz ing ac tiv ity in dam aged
hu man lym pho cyte cul tures [11].

CONCLUSIONS
The DSC re sults clearly show that FPh- 2HCl in cor po -

rates into hy dro pho bic part of lipid bi layer and al ters its
bio physi cal prop er ties. We found that mem brane in ter ac -
tions of FPh- 2HCl in model mem brane sys tem and
FPh- 2HCl che mo sen si tiz ing ac tiv ity in hu man lym pho -
cyte cul tures de pend on its con cen tra tion in tests.
Con sid er ing the de sta bi li za tion (sub stan tial flu idi za tion)
of DPPC model mem branes in the pres ence of FPh- 2HCl
over 10mole%, as it was stated in DSC, it can be as sumed
that the ob served in the Rod- 123 re ten tion test lack of che -
mo sen si tiz ing ef fect for FPh- 2HCl in the con cen tra tion
above 10 μM, could be caused by break ing (de stroy ing)
the or gan ized struc ture of lym pho cyte cell mem brane in
this range of con cen tra tion. Al beit, the FPh- 2HCl in the
con cetrations be low 10 μM sig nifi cantly and in versely in -
flu enced on the Rod- 123 ac cu mu la tion in lym pho cytes;
higher con cen tra tion of the FPh- 2HCl caused a weaker
che mo sen si tiz ing ac tiv ity in geno toxi cally dam aged hu -
man lym pho cyte cul tures. Fur ther re search of FPh- 2HCl
che mo pre ven tive ef fect in hu man lym pho cytes cul tures is 
nec es sary to es tab lish pre cisely the range of con cen tra tion 
in which FPh- 2HCl will have the op ti mal che mo sen si tiz -
ing ef fect con di tioned on its po ten tial mem brane
in ter ac tion.
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ABBREVIATIONS
B[a]P – benzo[a]pyrene; DPPC – di pal mi toylphos phati-

dylcholine; DSC – dif fer en tial scan ning calo rime try;
FAU – fluo res cence ar bi trary units; FPh- 2HCl – fluphe -
nazine di hy dro chlo ride; MDR – mul tidrug re sis tance; Pgp

– P- glycoprotein; Pht – phe no ti azine de riva tives; Rod-
 123 – rho dam ine 123.
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