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Ab stract
The pa per sum ma rizes ex per i men tal re sults on in ter ac tion
of cyclosporines and silymarines with dif fer ent mod els of
hepatocyte plasma mem branes (from dif fer ent
phospholipid ves i cles through plasma mem brane ves i cles
up to hepatocytes). 

In tro duc tion

Cyclosporines (Cs) are non-ribosomatically syn the sized
toxic cy clic undecapeptides that in clude some non-coded
aminoacids. Well known and the most com mon of them is
cyclosporine A (CsA) which is widely used in med i cine as
a pow er ful immunosuppressant in or gan trans plan ta tions
and for sup pres sion of multidrug re sis tance in tu mor che -
mo ther apy. The cyclopeptidic struc ture fea tures have some 
other im por tant nat u ral tox ins (i.e. alga toxin microcystine,
mush room tox ins amanitin and phalloidin etc.).
Flavanolignans (called silymarines) from Milk This tle
(Silybum marianum) are known to help against hepatotoxic 
ef fects of cy clic pep tides. Mech a nisms of ac tions in the
liver cell are well known for both cyclosporines and
silymarines. But much less is known about their trans port
through the cell plasma mem brane. Be cause of their hy dro -
pho bic na ture they are be lieved (at least partly) to en ter the
cell by pas sive dif fu sion through the lipidic part of
hepatocyte plasma mem brane.

We in ves ti gated the in ter ac tion of these com pounds
with dif fer ent mod els of hepatocyte plasma mem branes
(from dif fer ent phospholipid ves i cles through plasma
mem brane ves i cles up to hepatocytes). The in ter ac tions
were mon i tored by changes in mem brane lipid flu id ity af ter 
cyclosporine or silymarine ad di tion. The mem brane flu id -
ity was ob served by mea sur ing of the steady-state flu o res -
cence ani so tropy of diphenylhexatriene (DPH) and its
polar derivative, TMA-DPH.

Ma te ri als and Meth ods

DPH and TMA-DPH were pur chased from Mo lec u lar
Probes (USA). All the other chem i cals used were of an a lyt -
i cal grade from Sigma-Aldrich (Czech Re pub lic).

1. An i mals

Two months old male Wistar rats weigh ing 200-250 g were 
used for hepatocyte iso la tion, liver cy to plas mic mem brane
prep a ra tion and liver phospholipid iso la tion. An i mals were 
kept in stan dard lab o ra tory con di tions with free ac cess to
wa ter and stan dard pel let lab o ra tory diet (KrmiMo
Mohelski, Brno, Czech Re pub lic). All pro ce dures with an i -
mals were ap proved by the Eth ics Commettee, Ministery of 
Ed u ca tion, Czech Re pub lic.

2. Hepatocytes prep a ra tion

Rat hepatocytes were iso lated by mod i fied two-step col la -
gen ase per fu sion (Moldeus et al., 1978). The hepatocytes
were col lected in PBS, fil tered on gauze and washed three
times by centrifugation (50 g). Cells were re sus pend ed in
Wil liam's me dium E and washed once more by
centrifugation (50 g). Cells were counted us ing trypan blue
ex clu sion test and vi a bil ity was typ i cally 90 %. Freshly
pre pared hepatocytes were re sus pend ed in Wil liam's E me -
dium sup ple mented by 1 % bo vine se rum to the fi nal con -
cen tra tion 6´105 cells/ml.

3. Cy to plas mic mem brane ves i cles iso la tion

Cy to plas mic mem branes from hepatocytes were iso lated
by dif fer en tial centrifugation and isopycnic centrifugation
us ing discontinual su crose gra di ent ac cord ing to Scott et al. 
(1993).

4. Phospholipid iso la tion from hepatocytes

Phospholipids were iso lated by clas si cal chlo ro form/meth -
a nol ex trac tion with mod i fi ca tion ac cord ing to Cart wright
(1993) from iso lated hepatocyte plasma mem branes. Iso -
lated phospholipids were stored dis solved in chlo ro form
un der ni tro gen in -70 °C be fore us ing.

5. Phospholipid ves i cles prep a ra tions

Monolayer phospholipid ves i cles were pre pared from com -
mer cial phosphatidylcholin from egg yolk and phos pha tid -
yl ethanolamine from sheep brain (Sigma-Aldrich, Prague,
Czech re pub lic) or from iso lated hepatocyte plasma mem -
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brane phospholipids by very gen tle sonication for 1 min ute
in 4 °C un der ni tro gen at mo sphere.

6. La bel ling of hepatocytes, plasma mem brane
ves i cles and phospholipid ves i cles

DPH in fi nal con cen tra tion 5´10-7 M was di rectly added to
the stirred sam ple and let to in cor po rate for 30 min utes at
37 °C. In cor po ra tion of TMA-DPH was very quick (less
than 1 min ute) thus TMA-DPH was added di rectly to the
sam ple in the flu o res cence cuvette to the fi nal con cen tra -
tion 5´10-7 M. Fi nal vol ume in the cuvette was 2 ml. Fi nal
con cen tra tions of in gre di ents were: hepatocytes 3´105
cells/ml (=75 mg of pro tein/ml), mem brane ves i cles 75 mg
of pro tein/ml, phospholipid ves i cles 0.3 mg/ml, in ves ti -
gated com pound (silymarine or cyclosporine) 10 mM. Flu -
o res cence ani so tropy was mea sured as soon as pos si ble
af ter the in ves ti gated com pound ad di tion (30 sec onds) and
each 5 min ute af ter that up to 30 min utes. Flu o res cence
probes and in ves ti gated com pound were dis solved be fore
ad di tion in spec tro scopic pure eth a nol and fi nal con cen tra -
tion of eth a nol was 0.5 % (v/v).

7. Flu o res cence ani so tropy mea sure ment

Steady-state ani so tropy mea sure ments were per formed
with a SLM 4800S fluorometer (SLM In stru ments, Ur -
bana, IL), equipped with the stan dard po lar iza tion ac ces -
sory. The ex ci ta tion wave length was set to 360 nm.
Flu o res cence was de tected through a cut-off emis sion fil ter 
(Schott, 50% trans mit tance at 405 nm). And the emis sion
mono chro ma tor was set to 430 nm. The cor rec tion for the
flu o res cence in ten sity of non-la belled hepatocytes (usu ally 
10 % in ten sity of the TMA-DPH la belled cells) was cal cu -
lated ac cord ing to Kuhry et al., (1985). The back ground
flu o res cence of non-la belled ves i cles of all types did not
ex ceed 1% of the ex per i men tal val ues. The steady-state
ani so tropy was cal cu lated ac cord ing to Lakowitz (1983).
The steady-state ani so tropy val ues pre sented in this work
cor re spond to the av er age of at least three de ter mi na tions
per formed with the in de pend ent ves i cle prep a ra tions.

8. Other meth ods.

Pro tein con cen tra tions were de ter mined by the Low ry et al. 
(1951) as say in the pres ence of 0.07 % (w/v) so dium
deoxycholate in al kali pH us ing BSA as the stan dard.

Re sults and dis cus sion

The ex per i men tal re sults are sum ma rized in Fig ure 1.  Be -
cause the stan dard de vi a tions of mea sure ments were much
higher at 37 °C than that found in case of 20 °C and the pat -
tern of flu o res cent ani so tropy val ues was the same at both
tem per a tures (see the third graph) we de cided to mea sure
all other graphs at 20 °C.

We found that the side chain of the sec ond aminoacid is
very im por tant for in ter ac tions of cyclosporines with
lipids. The mem brane flu id ity in creases in the raw: CsC <<
CsA < CsD < CsG, where the sec ond aminoacid in CsC is

threonin, in CsA: a-aminobutyric acid, in CsD: valin and in
CsG: norvalin. The same mem brane flu id ity as in case of
CsA was found for in ter ac tions of cyclosporines with
changes in other than sec ond aminoacid; in clud ing CsH,
which 3D struc ture com pletely dif fers from other
cyclosporines (po si tion 11 D-N-methylvalin in stead of
L-MeVal). The role of the sec ond amino acid is sup ported
by the fact that this side chain is in 3D struc ture of
cyclosporines the most ex posed res i due to the space above
the plane of cyclopeptide ring. 

On the other hand the change in the first amino acid
which is the most ex posed res i due un der the cyclopeptide
chain, has no ef fect (i.e. flu id ity mea sured for AcetylCsA
was the same as for CsA). These re sults and the same pat -
terns were found for each type of ves i cles and for both
probes. The changes were in or der of 10-3 ani so tropy units.

Dif fer ent re sults and pat terns were found in case of
hepatocytes. Changes in mem brane flu id ity were found
only in case of CsG but in the or der of 10-2 ani so tropy
units!

No changes were found in case of silymarines.

Con clu sions

We con cluded that:
1) The most im por tant for hy dro pho bic in ter ac tion of

cyclosporines with our model mem branes is the sec ond
amino acid residue.

2) The in ten sity of the in ter ac tion in creases with
hydrophobicity of the sec ond amino acid res i due.

3) Hy dro pho bic in ter ac tions of cyclosporines in vivo
can play a role only in case of CsG.
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Fig. 1.  Mem brane lipid flu id ity af ter ad di tion of cyclosporines or
silymarines mea sured by flu o res cence ani so tropy 

Ab bre vi a tions:
TMA-DPH: Amphiphilic flu o res cence probe 
1-[4-(trimethylamino)phenyl]-6-phenyl-hexa-1,3,5-triene.
DPH: Hy dro pho bic flu o res cence probe 1,6-di phen yl-
hexa-1,3,5-triene 
PC: Ves i cles pre pared from pure phosphatidylcholine - the 
main phospholipid of hepatocyte mem brane that dom i -
nates in the in ner half-layer of hepatocyte mem brane.
PE: Ves i cles pre pared from pure phosphatidylethano
lamine- the sec ond main phospholipid of hepatocyte mem -
brane that dom i nates in the outer half-layerof hepatocyte
mem brane.
Hepat. PL: Ves i cles pre pared from the mix ture of
phospholipids iso lated by chlorofom-meth a nol ex trac tion
of hepatocyte plasma mem branes
CPMB: Ves i cles pre pared from cy to plas mic mem branes
of hepatocytes  (in clud ing pro teins)


