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Threefold administration of benz(a)pyrene in a dose of 20 mg/kg markedly stimulated biliary
excretion of lysosomal enzymes from rat liver without signs of lysosomal damage. Constant
light exposure induced changes attesting to functional activation of the lysosomal apparatus
in liver cells and inhibited constitutive biliary excretion of lysosomal enzymes. Combined
treatment decreased, but not abolished the stimulatory effect of benz(a)pyrene on vesicular
transport of lysosomal enzymes to the bile.
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Polycyclic aromatic carbohydrates, including benz(a)-
pyrene (BP), possess carcinogenic activity. In liver
lysosomes BP is converted into reactive metabolites
capable of inducing oncogenic transformation [14].
However, the most part of this preparation is conju-
gated with glucuronate and released into the bile [9].
BP is partially accumulated in lysosomes, incorporates
into the lysosomal membranes, and cause their labiali-
zation [3,5]. Little is known about the influence of BP
on functional activity of lysosomes, in particular, on
excretion of the lysosomal content into bile, although
this mechanism underlies removal of intracellular car-
cinogens. Much attention was paid to the ability of BP
to induce carrier proteins determining multidrug re-
sistance [13]. The release of lysosomes into bile and
transfer of carrier proteins to canalicular membranes
are realized via vesicular transport from the Golgi
apparatus to the apical region of hepatocytes [10].
These vesicular flows have the same directionality.

Therefore, it was interesting to study the effect of BP
on biliary excretion of lysosomal enzymes (LE). Ac-
tivity of lysosomes and vesicular transport in bile are
characterized by diurnal biological variations [8,12]
and depend on changes in light/dark regimen (e.g.,
constant illumination, CI). This exposure can be con-
sidered as a stress factor modulating the reaction of
liver cell vesicles to BP [7].

Here we studied the effect of BP on the state of
liver lysosomes and biliary excretion of the lysosomal
content. We also determined the sensitivity of this
process to changes in the light/dark cycle (24-h light
exposure).

MATERIALS AND METHODS

Male Wistar rats (n=52) weighing 180-220 g were
divided into 2 groups. Group 1 rats were exposed to
constant 24-h illumination for 2 weeks (light-induced
phase shift). Group 2 rats were kept under the natural
light/dark conditions. Each group was divided into 3
subgroups. Subgroup 1 rats served as the control. Sub-
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group 2 rats received intraperitoneal injections of olive
oil (1 ml/kg) on days 14, 15, and 16. Subgroup 3 rats
were intraperitoneally injected with BP in olive oil on
days 14, 15, and 16 (single dose 20 mg/kg, total dose
60 mg/kg). The bile duct was cannulated on the next
day under ether anesthesia. Two samples of bile were
collected for 5 min. The rats were decapitated, and the
blood was taken to obtain the plasma.

The liver was perfused with cold isotonic sucrose.
The liver homogenate (20%) was prepared in 0.25 M
sucrose and 1 mM ethylenediaminetetraacetic acid
(pH 7.4). Activities of acid phosphatase and β-galacto-
sidase in this homogenate were measured using 2-gly-
cerophosphate and 4-nitrophenyl-β-D-galactopyrano-
side as the substrates, respectively. Activities of β-ga-
lactosidase and N-acetyl-β,D-glucosaminidase in the
bile and plasma were measured using 4-methylumbel-
lipheryl-β,D-galactopyranoside and 4-methylumbelli-
pheryl-N-acetyl-β,D-glucosaminide as the substrates,
respectively [2].

The results were analyzed by Student’s t test.

RESULTS

Published data show that free LE activity is sensitive
to various physiological factors [1] and membrane
damage. However, our study revealed only little chan-
ges in free LE activity (Fig. 1). BP did not seriously
damaged lysosomes in rat liver homogenate. It should
be emphasized that free enzyme activity significantly
increased under conditions of CI (by 6-8% of total
enzyme activity). CI in combination with administra-
tion of BP had no effect on enzyme activity. These
data show that the reaction of lysosomes to CI is typi-
cal of lysosomal activation [1] and manifested in sti-
mulation of heterolysosome formation (secondary lyso-

somes), which limits the increase in free enzyme ac-
tivity. BP had no additional destabilizing effects.

No significant changes in LE activity were obser-
ved in the plasma (Fig. 2). We revealed only an in-
crease in β-galactosidase activity in rats receiving
olive oil and exposed to CI. The increase in plasma LE
concentration is accompanied by a significant increase
in free enzyme activity in the liver and usually pro-
duces vital damage to liver cell lysosomes. Our study
did not reveal parallel increase in these indexes.
Therefore, signs of labilization of the lysosomal mem-
brane during CI refer only to changes in functional
activity of lysosomes. This is manifested in variations
in the populational composition of lysosomes (increa-
sed formation of secondary lysosomes, activation of
autophagocytosis and heterophagocytosis). LE activity
in the plasma remained unchanged; hence CI produced
no vital damage to lysosomes. Therefore, changes in
the liver of rats kept under CI conditions are typical

Fig. 1. Activity of free β-galactosidase (a) and acid phosphatase (b) in rat liver homogenate after administration of benz(a)pyrene and exposure
to constant light (CI). Here and in Figs. 2 and 3: control (1), olive oil (2), benz(a)pyrene (3), CI (4), CI+olive oil (5), and CI+benz(a)pyrene
(6). p<0.05: *compared to the control; +compared to olive oil; ocompared to CI.

Fig. 2. Plasma β-galactosidase activity after administration of
benz(a)pyrene and exposure to constant light.
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of the stress-induced response in lysosomes [1]. BP
(similarly to olive oil) did not potentiate the influence
of CI on the stability of the lysosomal apparatus. More-
over, under these conditions BP decreased free LE
activity to the control level. Probably, this compound
prevented changes in the populational composition of
lysosomes produced by CI.

Biliary excretion of LE depends on transport of
lysosomes to the apical region of hepatocytes and
exocytosis of the lysosomal content. BP stimulated
biliary excretion of LE. Activities of β-galactosidase
and N-acetyl-β,D-glucosaminidase in the bile increa-
sed by 2.5 times (Fig. 3). BP probably activates the
synthesis and vesicular transport of protein from the
Golgi apparatus to canalicular membranes. This pro-
cess is typical of LE and various carrier proteins [11].
The increased secretion of LE in bile was not accom-
panied by a decrease in liver LE concentration. It can
be suggested that enhanced release of LE is compen-
sated by their synthesis in the endoplasmic reticulum
and transport through the trans-Golgi network and
apical region to the bile. Secretion of LE in the blood
was not observed. Therefore, there is little likelihood
that different pathways of LE transport are activated
in liver cells. Published data show that 24-h excretion
of LE reaches 3-5% of their content in the liver [2,12].
The 2.5-fold increase in the excretion of LE under the
influence of BP did not rapid decreased their amount
in the liver; the estimated 24-h reduction of enzyme
activity was 10%. Therefore, considerable activation
of enzyme biosynthesis was not required under these
conditions.

CI exposure had an opposite effect and suppres-
sed excretion of LE by 2 times. The stressogenic effect
of CI probably inhibits physiological secretion of LE
and release of the lysosomal content from the liver to
the bile. These changes probably inhibit constitutive

secretion of lysosomes and contribute to the syndrome
of lysosomal accumulation.

CI tended to suppress BP-stimulated biliary ex-
cretion of the lysosomal content. CI exposure is fol-
lowed by cell changes that probably have an adverse
effect on the induction of LE excretion with the bile
under the influence of BP. Physiological activation of
the lysosomal apparatus under CI conditions prevents
constitutive and BP-induced transport of LE to the
bile. Administration of BP was more potent than CI
in modulating the release of the lysosomal content to the
bile. CI exposure in combination with BP administra-
tion stimulated the discharge of the lysosomal content
and abolished functional activation of lysosomes.

Our results show that BP modulates vesicular trans-
port of LE into the bile. These data indirectly indicates
stimulation of vesicular transport from the trans-Golgi
network to the apical region of hepatocytes. The pro-
cess contributes to the transport of drug-carrying pro-
teins to canalicular membranes [13]. It should be em-
phasized that carrier proteins are sometimes localized
in lysosomal membranes [4]. Changes in activity of
transport systems responsible for drug release into the
bile should be evaluated in experiments with specific
substrates of transmembrane transfer (doxorubicin and
glutathione-S-methylfluorescein for mdr1 and mdr2
transporters, respectively).
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