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Substrate transport and cyclosporin A in isolated rat hepatocytes

(Received 26 November 1990; accepted 18 February 1991)

The cholestatic effect of cyclosporin A (CsA*) has been
observed in experimental animals as well as in man [1].
CsA induces depressed bile acid transport in vitro [2-7]
and elevations of serum bile salts and bilirubin together
with reduced bile flow in vivo [8-12]. These effects are
apparent without appreciable signs of cell damage.
Furthermore, CsA inhibits protein synthesis [13] and
mitochondrial respiration [14] in cultured hepatocytes.
However, it is still unclear whether these effects are
associated with the mechanism of CsA-induced reduction
of bile flow. Inhibition of bile acid transport may be of
importance [1, 15] since the precise mechanism is still
unknown.

Direct interaction between CsA and bile salt transport
protein has been suggested [4, 16], because inhibition of
bile acid uptake was apparent immediately after exposure
of hepatocytes to CsA. However, longer exposure to CsA
induces alterations in rat hepatocyte basolateral membrane
lipid composition and results in decreases of membrane
fluidity as well as taurocholate uptake {17]. Moreover, the
CsA molecule is so lipophilic that it is incorporated almost
instantaneously into membrane lipid [16] and its effect has
been shown to be difficult to remove [7] although it can be
reversed under appropriate conditions [4]. Therefore, it is
probable that CsA may partition into and induce non-
specific perturbation in membrane lipid and consequently
diminish transport protein activity. Nonetheless, as CsA
did not depress uptake of a-aminoisobutyric acid (2, 3],
any generalized effect of CsA on plasma membrane requires
further appraisal. For this reason, the effects of CsA on
the hepatocellular transport of another substrate (galactose)
was evaluated, along with effects on counter transport of
taurocholate and activation energy for transport of
substrates.

Materials and Methods

Tauro[carbonyl-'*C]cholic acid, sodium salt, ['*C]-
galactose and [21,22-*H]ouabain were purchased from
Amersham (Sydney, NSW). Unlabelled substrates and
collagenase (type IV) were from Sigma (Sigma Chemical
Co., St Louis, MO, U.S.A.). Cyclosporin A was a gift
from Sandoz Australia Pty Ltd (Sydney, NSW).

Male Sprague-Dawley rats weighing about 300-400 g
(10-14 weeks of age) from The University of Sydney
Animal House were given free access to food and water.
Isolated hepatocytes were prepared by the method of Berry
and Friend [18] with modifications including a Percoll
centrifugation step [4]. Viability of hepatocytes was
determined by trypan blue exclusion, which was between
94 and 98%. Cells were suspended in Hank’s buffer
supplemented with 10 mM N-2-hydroxyethylpiperazine-
N'-2-ethanesulfonic acid (Hank-HEPES) as the incubation
buffer at cell densities of 1.4 x 10® and 10 x 10¢ cells/mL
for uptake and efflux experiments, respectively. Cells
stored on ice for up to 3 hr were re-equilibrated at 37° or
other designated temperatures for 15min before use.
Transport experiments for galactose were performed at 27°

throughout as the slower rate at the lower temperature is
easier to measure.

Uptake and efflux experiments were performed essen-
tially according to our previous reports [3, 19]. Briefly,
for the uptake experiments, cells were incubated at
predetermined temperatures for 15 min before an addition
of radiolabelled substrate. Samples of cell suspensions were
taken at appropriate times and cells and medium were
separated by a rapid centrifugation technique [20]. For
efflux experiments, cells were preloaded with galactose for
5 min before being diluted into a substrate-free medium
and cell suspensions were sampled as described above.

Initial rates of uptake were calculated over the period
where uptake was linear with time (15-45sec for
taurocholate, 1-5min for ouabain and 15-30sec for
galactose). Activation energies for transport of taurocholate
and ouabain were calculated from the Arrhenius plot of
the natural log of initial velocity of substrate uptake (10 uM
taurocholate and 125 uM ouabain) versus 1/temperature
in degrees Kelvin (between 26-37°C). Values are the
product of the slope of the plot and the gas constant.

Incounter transport experiments, hepatocyte suspensions
of 1.4x10° cells/ml. were preloaded at 37° with
[**C]taurocholate for 15 min before addition of unlabelled
taurocholate, CsA or taurocholate plus CsA to the final
concentration of 100 uM for each agent. Normal saline
(100 uL) and dimethylsulfoxide (10uL) were vehicle
controls for unlabelled taurocholate and CsA, respectively.
Samples were taken, cells and medium separated and then
assayed for radioactivity.

The data were analysed for statistical significance by an
analysis of variance with post hoc Duncan’s test. The level
of significance chosen was P < 0.05.

Results

Uptake of galactose is extremely rapid and not
significantly changed by the presence of CsA (Table 1).
Effiux from the preloaded cells was also unaffected by CsA
at any time up to 60sec (Table 1). Counter transport in
cells preloaded with [!*Cltaurocholate was observed in the
presence of unlabelled taurocholate, as expected. CsA did

Table 1. Effect of CsA on uptake and efflux of galactose

CsA (uM)
Control 1 10 100

Uptake (nmol/mg protein)

15sec 100 x8 107 £ 2 1157 124 + 8

30sec 1236 1255 132+3 139+ 14

45sec 131 +13 131210 141=x4 157 £ 19
Efflux (nmol/mg protein)

15sec 18329 20.7*x3.8 19.3%x29 20.0+3.8

30sec 14.0*+2.6 16.0*x3.0 16.0*+2.6 17.0x3.2

45sec 13.7+x2.0 143*x27 150%x23 150=x23

60sec 11.0x1.5 12.0*+1.5 12.0x2.1 133=x1.8

* Abbreviation: CsA, cyclosporin A.

Each value is mean = SE of three experiments.



194 Short communications

O——0 Control (DMSO)
©®—— @ Control (NSS,
A— & CsA {100 uM
A— A Taurocholate (100 uM)

St , O—0O CaA + taurocholate

_3 ~

2

= 44 [

SE O SIS

G [ i oy -

e g b N#

g \g. 31 ;N!

L3 B

b % 24 »

= .

5% —

8 c 1{- A

&
[¢] — +— —— + —
=20 0.0 2.0 4.0 6.0 8.0

Time {min)

Fig. 1. Counter transport of taurocholate. Freshly isolated

hepatocytes were incubated with 10 uM [**Cltaurocholate

for 15min before addition of unlabelled substrates or

normal saline (NSS) or dimethyl sulphoxide (DMSQ) as
vehicle control (indicated by an arrow).

not produce counter transport of taurocholate but did
inhibit the response invoked by unlabelled bile acid (Fig.
1). Activation energy for transport of [!*C]taurocholate in
the presence of CsA or unlabelled taurocholate was
unchanged (Fig. 2a), whilst that of ouabain was decreased
in response to CsA (Fig. 2b).

Discussion

Uptake of galactose by isolated hepatocytes is charac-
terized by carrier-mediated transport [21] and is unaffected
by CsA. On the other hand, CsA has been reported to
inhibit uptake of other carrier mediated transport systems
including cholic acid [7], taurocholate [2-4] and ouabain
[3]. Thus, a lack of effect on carrier transport systems for
galactose and some other substrates (2-aminoisobutyric
acid and CdCl, (2, 3]) may imply that the mechanism of
the inhibitory effect on transport is selective to certain
transport systems rather than a nonspecific. action on
membrane carrier proteins in general.

Counter transport is one of the characteristics of a
carrier-mediated process [22] and transport of bile acids by
hepatocytes has been shown previously to occur by this
mechanism [23]. The lack of an effect of CsA on counter
transport of taurocholate is evidence that it does not share
the carrier-mediated transport system of this bile acid.
However, this interpretation requires caution as CsA is
known to inhibit taurocholate efflux [3].

Activation energy of transport which reflects temperature
dependence of the mobility of the carrier [24] was
unchanged for taurocholate but decreased for ouabain in
the presence of CsA (Fig. 2a and b). The unchanged
activation energy with taurocholate as substrate indicates
that CsA does not cause a change in membrane fluidity,
while the data with ouabain as substrate are consistent with
increased membrane fluidity [25]. This might suggest that
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Fig. 2. Effects of CsA and unlabelied substrate on activation

energy for transport of: (a) taurocholate (10 uM); and (b)

ouabain (125 uM). Initial rate of uptake was determined

atincubation temperature 0of 26-37°. Values are means = SE

(N =3-7). Values with the same capital letter are not
significantly different.

CsA causes changes in fluidity in certain microdomains of
membranes. Alternatively, it may reflect the nature of the
inhibition as CsA inhibits uptake of taurocholate
competitively [3-5] while it inhibits transport of ouabain
in a noncompetitive manner [3].

In summary, CsA has been demonstrated to have no
effect on hepatocellular transport of galactose, while it is
known to interfere with that of other substrates such as
taurocholate. However, no effect of CsA on counter
transport of taurocholate was observed, which suggests
that this drug and bile salt do not share the same carrier.
CsA does not affect activation energy for the transport of
taurocholate while that for ouabain is decreased. Together
the data indicate that CsA acts by a mechanism involving
particular components of hepatocyte transport rather than
by a general perturbation of cell membranes.
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Murine strain differences in pulmonary bleomycin metabolism

(Received 15 September 1990; accepted 8 February 1991)

Bleomycin (BLM*) is an important antitumor agent that
also produces scleroderma-like skin changes and potentially
fatal pulmonary fibrosis [1]. The mechanism(s) of these
side-effects has not been clearly established, but may be
caused by BLM-mediated radical abstraction of DNA or
membranes sites. Protection from toxicity may be accorded
by intracellular metabolism of BLM to the less active
deamidoBLM (dBLM) form by the enzyme BLM hydrolase
[2-4]. The metabolite produced by BLM hydrolase is

approximately 1% as efficient as the parent compound in
producing oxygen radicals, DNA strand scissions, tumor
cytotoxicity, or pulmonary fibrosis in animal models [4].

* Abbreviations: BLM, bleomycin; BLM A,, bleomycin
A,; dBLM, deamidobleomycin; dBLM A,, deamido-
bleomycin A,; PBS, phosphate-buffered saline; and i.t.,
intratracheal.



