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INTRODUCTION

Endocytosis is required for many cellular pivotal processes

including membrane recycling, nutrient uptake and signal

transduction. This process is particularly relevant in

polarized cells such as neurons. Exposure to ethanol

causes a variety of anomalies in the developing brain

and previous studies have demonstrated that alcohol alters

intracellular traffic, including endocytosis, in several cell

types. However, information on the effect of chronic alcohol

exposure on this process in neurons is scarce. As an

approach, we investigated the effect of alcohol exposure on

the internalization of two widely used endocytic markers,

albumin (BSA) and transferrin (Tf) in developing

hippocampal neurons in primary culture. The effect of this

treatment on the levels of several representative proteins

involved in the endocytic process was also analyzed.

MATERIAL AND METHODS

Primary culture of hippocampal neurons and alcohol treatment: cultures of neurons were prepared from the rat fetuses

of female rats on day 16 of gestation. Cells were cultured in Neurobasal medium containing B27 and Glutamax and were

maintained in a humidified atmosphere of 5% CO2 and 95% air at 37ºC, until day 14. The ethanol concentration in the

medium was checked daily and adjusted to a final concentration of 30 mM.

Fluorescence Microscopy: The ability of neurons to internalize BSA and Tf was examined using qualitative fluorescence

microscopy as previously described (Megías et al., 2000). Neurons were incubated for 60 minutes at 37ºC in culture

medium without B27 containing FITC-BSA (0.1 mg/mL) or FITC-Tf (0.075 mg/mL).

Quantitative analysis of BSA and Tf endocytosis.Inhibitors treatment: neurons were exposed for 15 min to 6 h to either

FITC-BSA (0.1 mg/mL) or FITC-Tf (0.05mg/mL) at 37ºC in culture medium without B27 and Glutamax.

For the inhibition studies, neurons were pre-incubated with Neurobasal medium for 30 min at 37ºC in the absence or

presence of the following inhibitors: chlorpromazine, an inhibitor of clathrin-mediated endocytosis, at several doses (25-

100 μM) and nystatin, an inhibitor of caveolae-mediated endocytosis at doses comprised between 10-40 μM (Ivanov,

2008; Trushina et al., 2006).

Transmission Electron Microscopy: Endocytosis of BSA in control and ethanol-exposed neurons was assessed by

incubating cells with culture medium containing BSA conjugated with 10 nm gold particles (1:5 dilution, A520 ~ 5.0)

(Megías et al., 2000) at 37°C for 60 min to label the entire endocytic pathway.Then cells were processed for electron

microscopy and embedded in Epon 812.
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FIGURE 6: We analyzed whether

alcohol alters the amount of the

several representative proteins

involved in both clathrin-dependent

endocytosis and clathrin-independent

endocytosis pathways. The results

show that the effect of alcohol on

these proteins was heterogeneous.

Thus, alcohol exposure does not

affects the levels of caveolin1,

dynamin1 and Rab 7. In contrast,

chronic alcohol exposure induced

reduction in the amount of clathrin,

AP-2, Cdc42, RhoA and SNX9, and of

RabGTPases, Rab 5 and Rab 11.

Moreover, the analysis of marker

EEA1 indicate that alcohol decreased

its level. An important exception was

observed when Arf6 was analyzed.

This protein showed an important

increment in alcohol-exposed

neurons. The cholesterol content

was also analyzed and we found a

significant increase of such

content in alcohol-exposed

neurons.

FIGURE 2: (A) Corresponds to a phase

contrast image from control neurons after 14

DIV in primary culture. In (B), FITC-BSA

uptake is shown. The internalized marker

appeared as intense fluorescent spots

distributed in both the soma and processes.

(C) and (D) show the endocytosis of FITC-

Tf. Tf accumulated in structures with a fine

punctate appearance which probably

corresponds to endosomes (insert). The

qualitative comparison between the control

and ethanol-exposed neurons did not reveal

apparent differences in the distribution

pattern.

FIGURE 3: Electron microscopy of neurons incubated with

gold-BSA. In (A) and (B), 10 nm gold particles appeared to be

associated with the flattened portions of the neuronal plasma

membrane. In (C) and (D) the presence of gold particles in

several types of endocytic elements, including endosomes,

lysosomes and multivesicular bodies is illustrated. Bars

represent 100 nm.

RESULTS

FIGURE 1: Transmission electron microscopy images illustrating

several details corresponding to the ultrastructure of the control

neurons, particularly from some structures that participate in

intracellular traffic (A) Detail of the cytoplasm of a neuron showing

a well developed Golgi complex. (B) This image illustrates the

presence of lysosomal elements, mainly multivesicular bodies (L), a

Golgi complex,and several coated vesicles (arrows), some of which

bud from the Golgi cisternae. (C) Arrows indicate two coated pits

located in the basal membrane of a neuron. (D) A clathrin coated

vesicle near the plasma membrane is indicated (arrow). (E). This

micrograph shows several synaptic contacts and cytoskeletal

elements. Interestingly, we found no structure resembling caveolae

The morphology of these endocytic elements in alcohol-exposed

cells was similar to that of control. Bars represent 500 nm.

CONCLUSIONS

The present study shows that the

exposure of neurons in primary

culture to chronic ethanol (0 to 14

DIV, 30 mM) affects both clathrin-

dependent and clathrin-

independent endocytosis by

probably acting not only on the

several proteins which are directly

involved in the different steps of

these processes, but also on the

proteins that participate in the

organization and dynamics of the

actin cytoskeleton as well as on

cholesterol cellular levels.

Therefore, a toxic effect of alcohol

on endocytosis could affect some of

the important neuronal activities

which depend on the endocytic

process, including synaptic vesicle

recycling, trafficking of

postsynaptic receptors, polarized

axon elongation, growth cone

navigation and neuronal

migration.

FIGURE 4: (A) Time dependence

of FITC-BSA uptake by control and

alcohol-exposed) neurons. The

marker was taken up by the neurons

at 37ºC and the uptake increased for

up to 6 h. The FITC-BSA uptake

decreased in those neurons exposed

to EtOH and the amount of

internalized BSA was 20% higher in

the controls than in the treated

neurons after this period. (B) and

(C) show the effect of inhibitors

chlorpromazine and nystatin on

FITC-BSA uptake by the controls

cells. CPZ has little effect on FITC-

BSA uptake. In contrast, nystatin

inhibited BSA uptake by ~ 50%.

FIGURE 5: Neurons were

incubated at 0ºC in a medium

containing FITC-Tf during 30

minutes, washed thoroughly, and

were then incubated for several

periods in a medium without Tf at

37ºC to induce endocytosis. The

results indicate that Tf uptake was

reduce in alcohol-exposed cells after 2 minutes when

compared with control cells. After 15 minutes, however, the

amount of Tf inside the cells was greater in alcohol-exposed

cells, which shows that this treatment delays the return of Tf

to the plasma membrane.


