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ABSTRACT. Previous results of our group revealed that mebendazole, a broad spectrum anthelmintic drug with
antimicrotubular properties, used for the treatment of liver cirrhosis, decreased total collagen content and
biosynthesis in liver upon treatment. In the present study, we have evaluated the effects of mebendazole (5-50
pg/mL) on protein synthesis, secretion, and deposition in human-derived fibroblast cultures. The results showed
a decrease in cell viability (18.5 + 0.9%) at 50 pg/mL. PH]Thymidine incorporation diminished gradually with
increasing mebendazole concentrations, reaching a plateau (53.67%) between 30 and 50 pg/mL. In late loga-
rithmic phase cultures, the drug caused a decrease of [*H]proline incorporation (43.10%) and collagen biosyn-
thesis (58.61%) in the extracellular matrix. This correlated with an increase in radioactivity in total proteins
(51.28%) of the intracellular fraction. Similar results were obtained when mebendazole was assayed in post-
confluent fibroblast cultures. The electrophoretic patterns of the extracellular matrix showed a decrease of
radioactive collagenous components (a chains and B dimers). By contrast, in the intracellular fraction an
increase of radioactive collagen precursors {(pro « chains) was observed. Immunofluorescence studies and im-
munotransfer analysis, using polyclonal anti-type I collagen antibodies, revealed an accumulation of intracellular
collagen which included: collagen pro a chains, a chains, and low molecular weight peptides. The results
obtained suggest that mebendazole interferes with the transcellular mobilization of proteins, resulting in a
decrease of secretion and deposition of extracellular matrix proteins, and an accumulation of intracellular
collagenous components. The intracellular accumulation of newly synthesized proteins could cause a feedback
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ECMst play a critical role in several biological functions
such as cell adhesion, migration, proliferation, and differ-
entiation, in addition to providing the supporting matrix.
They are composed of several proteins (collagen, elastin,
fibronectin, laminin, proteoglycans, and others), which are
synthesized by mesenchyme-derived cells, such as fibro-
blasts, chondroblasts, osteoblasts, and other mesenchymal
cells. Collagen is the major component of the ECMs in
most connective tissues.

Thus far, at least 19 genetically different types of collagen
have been reported and grouped into several categories ac-
cording to their structural properties. The overall features of
collagen biosynthesis have been described [1, 2] and distin-
guish it from other proteins. One unusual characteristic of
collagens is the large number of posttranslational modifica-
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tions occurring during its biosynthesis. Thus, theoretically,
a collagen disease can be produced by a defect in any of the
steps involved in collagen biosynthesis. The onset of events
leading to the establishment of fibrotic processes requires
the interaction or presence of different cellular elements,
such as platelets, neutrophils, and macrophages. There is
an increase in the number of ECM-producing cells, produc-
tion of cytokines and chemoattractants by recruited mono-
cytes and macrophages, and a decrease in collagenolytic
activity [3].

Among the most relevant diseases are those character-
ized by an increase in the rate of synthesis and deposition of
collagen, such as pulmonary fibrosis, liver cirrhosis, sys-
temic scleroderma, and others. Several different compounds
are being used for the treatment of fibrotic diseases includ-
ing colchicine [3], malotilate [4], and silymarin [5], among
others. We have evaluated mebendazole, a broad spectrum
anthelmintic drug with antimicrotubular properties [6], for
the treatment of CCly-induced cirrhosis [7]. The results
obtained in this study revealed a decrease in total collagen
content and biosynthesis in rat liver upon treatment with
mebendazole. Also, a marked improvement of liver histo-
logical features was observed.
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Mebendazole is an antimicrotubular agent that possesses
a higher affinity for tubulin than colchicine (1 x 10° times)
[8]; therefore, it was assumed that this compound could
exert an inhibitory effect on collagen biosynthesis and se-
cretion in cell cultures. Based on the above-mentioned con-
siderations, in the present study we have evaluated the
effects of mebendazole on collagen synthesis, secretion, and
deposition in human-derived fibroblast cultures.

MATERIALS AND METHODS
Cell Cultures

Human fibroblasts were derived from normal skin biopsies
obtained from individuals undergoing general surgery. Cul-
tures were routinely maintained in DMEM (Gibco Labora-
tories, Grand Island, NY), containing 10% FBS (Fisher
Scientific Co., Pittsburgh, PA) [9]. Flasks were incubated at
37° in an NAPCO metabolic incubator under an atmo-
sphere of air-CO, (95%-5%). Fibroblasts were subcultured
each week at a 1:5 dilution by 0.25% trypsin {Sigma
Chemical Co., St. Louis, MO) treatment in versene solu-
tion, pH 7.5. All experiments were performed between 4
and 10 passages of the cultures. Growth curves were moni-
tored by cell counting, using Neubauer chambers [9]. Also,
total protein was determined by the method of Lowry et al.
{10], and total collagen content in cell monolayers was
measured according to the method of Woessner [11]. For
this purpose, cell cultures were rinsed thoroughly with PBS,
pH 7.4, to eliminate all DMEM and FBS. Cell monolayers
were resuspended in 2 mL of PBS and were homogenized
with a polytron (Brinkmann, 4 x 15 sec bursts). The ho-
mogenate (2.0 mL total volume) was divided in 0.5-mL
aliquots for total protein and in 1.5-mL aliquots for total
collagen content determinations.

Effect of Mebendazole in Cell Viability

To determine the effect of mebendazole (Janssen Pharma-
ceutic, Mexico City, México) on cell viability, 24-well tis-
sue culture plates, containing confluent fibroblast cultures,
were exposed to different concentrations of mebendazole
(5-50 pg/mL) for 20 hr at 37°. Cell viability was deter-
mined by trypan blue exclusion. The effect of mebendazole
on cell proliferation was determined by [PH]thymidine
(Amersham Co., Arlington Heights, IL; sp. act. 120 Ci/
mmol) incorporation, by incubating 96-well tissue culture
plates, containing logarithmic cultures previously exposed
to mebendazole (5-50 pg/mL) for 18 hr at 37°. After this
time, the medium was removed, and fresh medium contain-
ing mebendazole and 0.5 uCi of the isotope/well was added.
The incubation was continued for an additional 18 hr at
37°, under conditions similar to those described to main-
tain cell cultures. After incubation, cell monolayers were
harvested, and incorporated radioactivity was determined
by 10% TCA precipitation.

Protein Biosynthesis by Cell Cultures

Total protein and collagenous protein biosynthesis were
determined together with the development of the growth
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curve of the cultures by incorporation of ’H]leucine (Am-
ersham Co.; sp. act. 25-50 Ci/mmol) and PH]proline (New
England Nuclear Corp., Boston, MA; sp. act. 102.Ci/
mmol), respectively. For this purpose, 1 x 10° cells/dish
were seeded on Ps, petri dishes, and 24 hr prior to labeling
cells were incubated with fresh DMEM containing 10%
FBS and 50 pg/mL ascorbic acid (Sigma Chemical Co.).
The medium was withdrawn, DMEM without FBS was
added, and cells were incubated for 30 min to equilibrate
the amino acid intracellular pools. Cultures were incubated
in 3.0 mL of DMEM containing ascorbic acid (50 pg/mL),
0.02% glutamine (Sigma Chemical Co.), and 20 pnCi of
PHlleucine or [*H]proline. Cultures were incubated for 24
hr at 37° in an NAPCO metabolic incubator. After incu-
bation, medium was collected, and the cell monolayer was
rinsed with PBS and resuspended in 3 mL of DMEM for its
homogenization. Appropriate aliquots of medium and ho-
mogenate were adjusted to a final volume of 1.0 mL with
distilled H,O and incubated with 250 pL of BSA (0.4
mg/mL), 250 pL of 5% tannic acid (J. T. Baker Chemical
Co., Phillipsburg, NJ) and 1 mL of 25% TCA for 30 min at
4°, TCA-insoluble material was collected in glass fiber fil-
ters, and washed with 10% TCA containing L-proline (1
mg/mL) or 0.1% casamino acids. Filters were dried, and
radioactivity was measured in 5 mL of toluene-based solu-
tion (0.4%) with a liquid scintillation counter (Beckman
LS-1801).

For the determination of collagenous protein biosynthe-
sis, prior to the precipitation with 10% TCA, aliquots of
medium and/or homogenates were incubated with pepsin
(Sigma Chemical Co.) (100 pg/mL) for 72 hr at 4°. TCA-
precipitable radioactivity, but resistant to pepsin digestion,
was considered as isotope incorporated into collagenous
proteins.

Effect of Mebendazole on
Collagen and Total Protein Biosynthesis

Different concentrations of mebendazole were assayed in
confluent fibroblast cultures. For this purpose, saturated so-
lutions of mebendazole in DMEM were prepared (0.01%,
w/v) by overnight vigorous shaking [12]. Labeling condi-
tions were similar to those described above, except that the
medium with the isotope contained, in addition, different
concentrations of mebendazole (5-30 pg/mL), and the cul-
tures were incubated for 20 hr at 37°. After the incubation
period, the medium was collected, and the monolayer was
rinsed with 2 mL of DMEM without FBS. This volume was
mixed with the withdrawn medium to obtain a final volume
of 5 mL. The monolayer was washed with PBS (3x) and was
incubated with 3 mL of 0.01 M NH,OH for 15 min at room
temperature. The supernatant fraction was collected, and
petri dishes were washed with 2 mL of DMEM without FBS.
These were pooled and considered as the intracellular ma-
terial. The remaining extracellular matrix was resuspended
in 3 mL of DMEM, and petri dishes were washed with an
additional 2 mL of DMEM, to obtain the extracellular ma-
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trix fraction in a final volume of 5 mL. From the three
generated fractions, medium, extracellular matrix, and in-
tracellular material, appropriate aliquots were used for the
determination of incorporated radioactivity. In addition,
pepsin-resistant incorporated radioactivity (collagenous
protein) was measured in all three fractions. In some ex-
periments, 0.1% Triton X-100 was used to obtain the in-
tracellular material [13]. In these conditions, the monolayer
was incubated for 15 min at room temperature, the medium
was collected, and the remaining extracellular matrix was

washed with an additional volume of DMEM.

Effect of Mebendazole on Intracellular Radioactive
Protein Secretion Determined by Pulse-Chase Analysis

Late logarithmic fibroblast cultures were exposed to differ-
ent concentrations of mebendazole (10-30 pg/mL) and la-
beled with ["*Clproline (3 wCifassay) for 20 hr at 37° in a
final volume of 1.5 mL as described above, using 6-well cell
culture plates. After incubation, medium was collected, and
the monolayer was rinsed with 2 mL of DMEM without
FBS. Fresh DMEM, containing ascorbic acid (50 pg/mL)
and L-proline (10 mM) and without mebendazole, was
added, and the incubation was continued for different pe-
riods (30, 60, and 90 min). Also, pulse-chase analysis was
carried out by exposing fibroblast cultures to mebendazole
(10-30 pg/mL) for 2 hr and then labeling them with
PH]proline (10 wCi/mL) for 40 min followed by a chase of
30 and 60 min, as described above. After each time, me-
dium was collected, and the monolayer was rinsed with
PBS. The intracellular fraction was obtained by 0.01 M
NH,OH treatment, as described above. TCA-precipitable
radioactive material was determined in both fractions, me-
dium and intracellular.

Electrophoretic Analysis of the Generated Fractions

All three generated fractions, medium, extracellular matrix,
and intracellular material, were analyzed by SDS-PAGE.
For this purpose, 100 pL of each fraction was added to 50
mM Tris—=HCI, pH 6.8, 5% glycerol, 2% SDS, and 100 mM
1,4-dithiothreitol. Samples were boiled for 5 min and sub-
jected to electrophoresis on 6% acrylamide, 0.16% bisacryl-
amide slab gels for 2.5 hr at 40 mA [14]. Gels were prepared
for fluorography by treatment with a 20% solution of 2,5-
diphenyloxazole in DMSO, as described by Laskey and
Mills [15], and dried on a Bio-Rad slab gel drier. The gels
were exposed to Kodak XRP-5 film for varying periods at
-70°. The films were visualized by conventional photo-
graphic methods.

Characterization of Intracellular Collagen

IMMUNOFLUORESCENCE STUDIES. Fibroblasts were
seeded on coverslips, and before reaching confluence were
incubated with different concentrations of mebendazole as
described above. Following incubation, cells were fixed
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with 3.5% formalin, treated with methyl alcohol and ac-
etone at —20°, and air dried.

Purified antibodies were prepared from rabbit antisera to
type | collagen by immunoadsorption procedures as previ-
ously described [16]. Their specificity was evaluated by im-
munoprecipitation of cell-free products [17] and in the
characterization of murine sarcomas [18]. The reaction with
antibodies against type I collagen was as follows: cells were
incubated with the first antibody for 1 hr at 37° in an
NAPCO metabolic incubator. Samples were rinsed with
PBS (6x) and incubated with the second antibody (fluo-
rescein isothiocyanate = anti-rabbit IgG). Immediately
thereafter, coverslips were rinsed with PBS (6x) and
mounted with 50% glycerol on slides and were sealed with
nail polish. Preparations were observed and photographed
in an epifluorescence microscope [19]. In addition, fibro-
blasts were also incubated with anti-fibronectin antibodies
(Sigma Chemical Co.) to evaluate the effect of different
concentrations of mebendazole on another extracellular
matrix protein.

WESTERN BLOT ANALYSIS. Following SDS-PAGE, gels
containing the intracellular material were transferred to
nitrocellulose paper (0.45 pm) for 3 hr at constant voltage
(230 V). Nitrocellulose paper was blocked with BSA for 12
hr at 4°. Then it was incubated with polyclonal anti-type [
collagen antibodies for 60 min at room temperature. Nitro-
cellulose paper was washed thoroughly with PBS-Tween-
20 (0.3%), and rinsed with PBS before incubating with the
second antibody (peroxidase-anti-rabbit IgG) for 60 min at
room temperature. Papers were washed and rinsed as de-

scribed previously and were developed with orthochloro-
naphthol (0.5 mg/mL) and H,O, [20].

Collagenase Assay

Collagenase activity from fibroblast cultures was assayed as
described previously [21], using *H-labeled acid-soluble col-
lagen from rat skin (600,000 cpm/mg/mL). For this purpose,
conditioned media, of cultures exposed to different concen-
trations of mebendazole for 24 hr, were lyophilized and
resuspended in 250 pL of 0.05 M Tris—HCI, pH 7.4, with 5
mM CaCl, and dialyzed extensively against the same buffer.
Samples were activated with trypsin (10 pg/mL) by incu-
bating at room temperature for 30 min. Immediately there-
after, soybean inhibitor was added (50 pg/mL), and incu-
bation was continued for an additional 20 min.

Samples were divided into two aliquots, 10 uL of *H-
labeled collagen was added to each aliquot, and samples
were incubated for 24 hr at 37° without or with 20 mM
EDTA. Following incubation, samples were subjected to
SDS-PAGE and fluorography as described previously.

Statistical Analysis

All results are expressed as means + SD unless otherwise
mentioned. Student’s t-test was used to evaluate the differ-
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FIG. 1. Effect of mebendazole on cell viability and [*H]thy-
midine incorporation by fibroblast cultures. Confluent cul-
tures were treated with different concentrations of
mebendazole to determine its effect on cell viability (O—O)
measured by trypan blue exclusion. The effect of mebenda-
zole on [*H]thymidine incorporation (@—®) was deter-
mined in logarithmic cultures. Each point represents the
mean = SD (N = 6).

ence of means between groups, accepting P < 0.05 as the
level of significance [22].

RESULTS
Effect of Mebendazole on Cell Viability

Prior to the evaluation of the effect of mebendazole on cell
viability, the basal conditions for growth, isotope incorpo-
ration, as well as other biochemical parameters, such as
total protein and collagen content of fibroblast cultures,
were established. It was observed that total protein and
collagen content followed growth curves. Labeling studies
revealed that [H]leucine incorporation also followed
growth curves, whereas [*H]proline incorporation showed a
lag period, and increased just before reaching confluence.
Also, radioactivity incorporated into collagenous protein
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was more apparent at day 6 of the cultures (results not
shown).

The effect of different concentrations of mebendazole
(5-50 pg/mL) was assayed in confluent cultures to measure
cell number and in logarithmic cultures for [PH]thymidine
incorporation. The results obtained are presented in Fig. 1.
A decrease in cell number was observed between 40 and 50
pg/mL of mebendazole, corresponding to 18.5 + 0.9% at
the highest concentration. The incorporation of PHlthy-
midine diminished gradually with increasing concentra-
tions of mebendazole and reached a plateau between 30 and
50 pg/mL. The maximal value for the inhibition of PH]thy-
midine incorporation was obtained with 50 pg/mL of
mebendazole and corresponded to 53.67%.

Effect of Mebendazole on Total
Protein and Collagen Biosynthesis

Based on the above-mentioned results, it was decided to
study the effect of mebendazole on protein biosynthesis at
concentrations below 30 pg/mL, in late logarithmic phase
cultures. The results obtained are presented in Table 1,
where a marked decrease of [*H]proline incorporation was
observed in the extracellular matrix fraction for total pro-
teins (43.10%, P < 0.05) with increasing mebendazole con-
centrations. This decrease correlated with an increase in
incorporated radioactivity in total proteins from the intra-
cellular fraction (51.28%, P < 0.05). The decrease of in-
corporated radioactivity in the medium corresponded to
21.90% (P < 0.05) for total protein.

The electrophoretic patterns corresponding to the extra-
cellular matrix and intracellular fractions are presented in
Fig. 2. The extracellular matrix fractions showed a decrease
in its radioactive collagenous components (o chains and B
dimers), with increasing concentrations of mebendazole. A
densitometric scan showed a reduction of 75.63% at 20
pg/mL for a, in these fractions (Table 2). By contrast, in
the intracellular fractions, the radioactive collagen precur-
sors (pro a chains) were similar, except for an increase
(205.24%) at the highest concentration. Also, several
lower molecular weight radioactive bands were present;

TABLE 1. Effect of mebendazole on total protein biosynthesis in human fibroblast cultures determined by [’H]proline incor-

poration into different fractions*

[*H|Proline incorporated in the different fractions (cpm x 107>/cell)

Mebendaz(?le . . Culture medium Extracellular matrix Intracellular material

concentration Total incorporationt

(pg/mL) {cpm) (cpm) (%)% (cpm) (%) (cpm) (%)
0 40.0 £ 0.84 19.1 £ 0.45 47.27 17.4 £ 1.42 43.06 39065 9.65
5 37.6 £ 0.54 19.0 £ 0.67 50.53 14.9 + 0.58 39.62 3.7+0.38 9.84

10 40.6 + 0.64 19.4 + 1.28 47.78 17.9 £ 0.25 44.08 33+041 8.12

15 35.5 + 0.63§ 17.0 £ 0.26§ 47.88 13.7 £ 0.75§ 38.59 4.8 +0.89 13.52

20 30.7 £ 0.53§ 14.9 + 0.48§ 48.53 9.9 + 0.58%§ 29.31 5.9+ 0.53§ 19.21

Results are the means + SD of three different experiments.

* Cells were incubated with [*H]proline (20 wCifassay) for 20 hr at 37° as described under Materials and Methods.

 Total incorporation represents the addition of the three different fractions.
} Corresponding percentage from the total incorporation.
§ Significantly different from control (0 pg/mL), P < 0.05 (Student’s t-test).
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nevertheless, these bands showed a slight increase between
5 and 15 wg/mL of mebendazole and a significant increase
(224.18%) at the highest concentration. The low molecu-
lar weight radioactive bands represented 68.5% {control)
and 64.5% (20 wg/mL) of the total radioactive bands
(Table 2).

Experiments were also done using postconfluent fibro-
blast cultures, since Breul et al. [23] showed that fetal lung
derived human fibroblast (HFL-1) synthesized more colla-

TABLE 2. Densitometric analysis of intracellular and extra-
cellular fractions*

Extracellular
matrix fraction Intracellular fraction

Mebendazole
concentration Total Total
(pg/mL) areat o, areaf proa, <pro o,§

0 1.8946 0.3512 0.5160 0.0916 0.3539

5 2.1599 03445 0.5818 0.0975  0.4053
10 2.0794 03354 0.5705 0.0855 0.4328
15 1.1214 0.2171 0.6470 0.0846 0.4928
20 0.6994 0.0854 1.2300 0.1880 0.7934

* Densitometric analysis was performed from the fluorographs presented in Fig. 2.

+ Total area comprised the radioactive material including from B chains to (1)
chains.

1t Total area comprised the radioactive material including from pro « chains to the
last radioactive band before the front of the gel.

§ These values correspond to the radioactive material with molecular weights <pro
a,(l).

6 7 8 9 10

FIG. 2. Effect of different concentrations of mebendazole on protein biosynthesis and its distribution on extracellular matrix
(lanes 1-5) and intracellular fractions (lanes 6-10) by late logarithmic fibroblast cultures. Cultures were labeled with [*H]pro-
line, and the fractions were subjected to SDS-PAGE and fluorography. Lanes 1 and 6 (control); lanes 2 and 7 (5 pg/mL); lanes
3 and 8 (10 pg/mL); lanes 4 and 9 (15 pg/mL); and lanes 5 and 10 (20 pg/mL).

gen upon reaching confluence. The values for total protein
and collagen biosynthesis are presented in Fig. 3. The ex-
tracellular matrix fractions showed a gradual decrease of
incorporated TCA -precipitable radioactivity into total pro-
teins, with increasing mebendazole concentrations, that
cotresponded to 50.0% (P < 0.05) at 30 pug/mL (Fig. 3A).
The same pattern was observed when measuring collagen
biosynthesis. In this case, the decrease of incorporated ra-
dioactivity was 53.85% (P < 0.05) at 30 pg/mL (Fig. 3B).
These results were similar to those obtained when using late
logarithmic phase cultures. Also, the intracellular fractions
showed a gradual increase of [*H]proline incorporation for
both total proteins (Fig. 3A) and collagen (Fig. 3B) that
reached a maximum at 20 pg/mL of mebendazole and cor-
responded to 152.84% (P < 0.05) for total proteins and
136.36% (P < 0.05) for collagen, respectively.

These data showed that secretion of total proteins, as
well as collagen, is inhibited by mebendazole. To confirm
this observation, pulse-chase analysis was performed. The
results are presented in Fig. 4 and revealed that mebenda-
zole caused an increase of intracellular TCA-precipitable
radioactivity during the pulse (zero time). Chases deter-
mined at 30, 60, and 90 min showed an increase of secreted
TCA-precipitable radioactivity in the medium (Fig. 4A)
that was correlated with a corresponding decrease in the
intracellular fraction (Fig. 4B). An interesting observation
was that the levels of secreted radioactive proteins deter-
mined at 90 min were similar to those measured in the
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FIG. 3. Effect of mebendazole on total protein (A) and col-
lagen (B) biosynthesis by postconfluent fibroblast cultures.
Cultures were treated with different concentrations of
mebendazole (5-30 pg/mL) and labeled with [>H]proline.
Isotope incorporation was measured in extracellular matrix
(@—®@) and intracellular fractions (O—O) by 10% TCA
precipitation. Key: (*) P < 0.05. Each point represents the
mean = SD from three separate experiments, each done in
duplicate.

intracellular fractions at zero time. Experiments conducted
by labeling for 40 min and chasing at 30 and 60 min showed
results similar to those from long-term labeling (results not
shown).

To determine the nature of the proteins accumulated in
the intracellular fractions, the electrophoretic gel patterns
corresponding to these fractions were transferred to nitro-
cellulose paper and were incubated with polyclonal anti-
bodies against type I collagen. The results, presented in Fig.
5, showed an increase of collagenous material at 30 pg/mL
of mebendazole. Although the major reactive bands corre-
sponded to collagen precursors (pro-a chains and pro-
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components), lower molecular weight material, reacting
with anti-type I collagen antibodies, was also present.

These data indicated that mebendazole caused an accu-
mulation of collagen within the cells and that it could
induce arresting in the biosynthesis of collagen.

Morphological and Immunofluorescence Studies

Light microscopy studies were done. They revealed that
mebendazole treatment of the cultures induced morpho-
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FIG. 4. Effect of mebendazole on intracellular radioactive
protein secretion by pulse-chase analysis, using late logarith-
mic fibroblast cultures. Fibroblasts were seeded in 35 mm
6-well culture plates (150,000 cells/well). Cultures were la-
beled with [!*Clproline (3 pCi/assay) as described under
Materials and Methods. Chasing was performed at 0, 30, 60,
and 90 min. Isotope incorporation was measured in medium
(A) and intracellular (B) fractions by 10% TCA precipita-
tion. Key: control (l1—M), 20 pg/mL of mebendazole
(A---A), and 30 pg/mlL (@=@). (*) Significantly different
from control (0 pg/mL) at t = 0, P < 0.05. Each point rep-
resents the mean = SD (N = 3).
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FIG. 5. Characterization of the accumulated intracellular proteins in postconfluent fibroblast cultures treated with mebenda-
zole. Cultures were treated with mebendazole (5-30 pg/mL) and subjected to SDS-PAGE and immunotransfer analysis.
Electrophoretic patterns were assayed with a polyclonal anti-type I collagen antibody. Lane 1 (type I collagen); lane 2
{control); lane 3 (10 pg/mL); lane 4 (20 pg/mL); and lane 5 (30 pg/mlL).

logical changes in the fibroblasts that were characterized by
alterations in shape and size, and nuclei were larger, espe-
cially at higher concentrations (Fig. 6). This was suggestive
of polyploid nuclei, and was supported by earlier observa-
tions of these alterations, when Plasmodium was treated in
vitro with methylbenzimidazol-2-carbamate {24]. Intracellu-
lar collagen was detected with anti-type I collagen antibod-
ies, using an indirect immunofluorescence technique. The
results showed an accumulation of collagen that was de-
pendent upon increasing concentrations of mebendazole
(Fig. 6). The same behavior was obtained when using anti-
fibronectin antibodies (Fig. 7); the localization of the label
was in the perinuclear region, which might be correlated
with alterations in the microtubular system.

Effect of Mebendazole on Collagenase Activity

To measure the effect of mebendazole on collagenolytic
activity, conditioned media from confluent fibroblast cul-
tures exposed to different concentrations of mebendazole
were used. Samples of dialyzed media, previously activated
with trypsin, were assayed for collagenase activity in the

presence or absence of 20 mM EDTA. The results are pre-
sented in Fig. 8. No detectable collagenase activity was
determined at all mebendazole concentrations tested, when
20 mM EDTA was present in the incubation mixture. In
the absence of 20 mM EDTA, collagenolytic activity was
only observed in samples derived from fibroblast cultures
treated with 30—40 pg/mL of mebendazole.

DISCUSSION

Fibroblasts and other mesenchyme-derived cells, such as
chondroblasts, osteoblasts, odontoblasts, and reticular cells,
are differentiated for the synthesis and secretion of extra-
cellular matrix components in most connective tissues [25].
In skin, lung, and periodontal tissues, fibroblasts comprise
40-60% of the total cell population, and it has been sug-
gested that they are responsible for most of the collagenous
components present in these tissues. Also, fibroblast cul-
tures derived from tissue biopsies present functional and
biological properties similar to those observed in vivo.
Nevertheless, several reports in the literature are contro-
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FIG. 6. Identification of the accumulated intracellular type I collagen in late logarithmic fibroblast cultures treated with
mebendazole. Cultures were treated with mebendazole (5-30 pg/mL), and cells were fixed and processed for indirect immu-
nofluorescence analysis. Fibroblasts were assayed with a polyclonal anti-type 1 collagen antibody. Key: (a) control; (b) 10

pg/mL; (c) 20 pg/mL; and (d) 30 pg/mL.

versial in regard to collagen production by fibroblast cul-
tures, when measured at different stages of the growth
curve. Breul et al. [23] reported that fetal lung derived hu-
man fibroblasts (HFL-1) synthesized more collagen upon
reaching confluence. On the other hand, Tolstoshev et al.
[26] demonstrated that collagen biosynthesis is constant
during all phases of the growth curve, in spite of a 2-fold
increase in the levels of type I procollagen mRNAs, deter-
mined at confluence. Also, Voss and Bornstein [27] re-
ported that there are no changes in the levels of procolla-
gen mRNAs during the growth curve. More recent data
suggest that human fibroblast cultures secrete more colla-
gen during the logarithmic phase than at stationary and/or
confluence stages [28].

The results obtained in this work were similar to those
reported by Bruel et al. [23], indicating an increase of col-
lagen production in the cultures when reaching confluence
(results not shown).

The studies performed to determine the effect of
mebendazole on cell number and [PH]thymidine incorpo-
ration suggested that mebendazole exhibits antiproliferative
activity. Several studies performed in vivo and in vitro, using
various antimicrotubular drugs (colchicine, vinblastine,
mebendazole, and nocodazole), demonstrated that these

compounds inhibit tubulin polymerization and induce mi-
crotubule disassembly [29], as well as a general disruption of
the Golgi complex and cisterns throughout the cytoplasm
[30]. These changes were reflected in alterations to the
intracellular transport and all secretory cell processes [31].
In fact, the accumulation of fibronectin (Fig. 7) in the
perinuclear area might be the result of disorganization of
microtubules.

The increase of intracellular incorporated radioactivity
in both logarithmic and confluent cell cultures treated with
mebendazole (Table 1, Figs. 2 and 3) could be explained by
its antimicrotubular activity. The collagen appears to accu-
mulate intracellularly in drug-treated cells; nevertheless,
the relative percentages of radioactivity in the low molecu-
lar weight intracellular material presented similar values
when compared with the control (68.5 vs 64.5%). Al-
though we did not observe a concentration-dependent ac-
cumulation of intact chains, the variations in the relative
percentages of low molecular weight material were in the
range of 20%. These results are suggestive of a decreased
secretion due to mebendazole rather than an increased
turnover, as was corroborated by pulse-chase analysis (Fig.
4). In addition, it was reported that colchicine, another
antimicrotubular drug, inhibits the intracellular degrada-
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FIG. 7. Effect of mebendazole on fibronectin. Late logarithmic fibroblasts were treated with mebendazole (5-30 pg/mL}, and
cells were fixed and processed for indirect immunofluorescence analysis, using anti-fibronectin antibodies. Key: (a) control;

(b) 10 pg/mL; (c) 20 pg/mL; and (d) 30 pg/mL.

tion of newly synthesized collagen [32]; therefore, this
mechanism could be present in mebendazole-treated cul-
tures.

The decrease in total protein biosynthesis determined in
logarithmic cultures (Table 1), as well as in confluent cul-
tures {results not shown), can be explained by mebendazole
affecting the role of cytoskeleton in the regulation of pro-
tein synthesis, at the levels of translation [33, 34], and also
by a feedback mechanism on the processes of translation
and secretion, caused by accumulation of intracellular pro-
teins [35, 36].

An interesting observation was the marked decrease in
the deposit of radioactive total proteins into the ECM
(Table 1 and Fig. 3), as well as a reduction in the percent-
age of collagen (Figs. 2 and 3B). The extracellular matrix of
skin-derived fibroblast cultures is composed of collagen
(types I, 111, V, and V1), fibronectin, non-collagenous pro-
teins, and proteoglycans [37]. A possible explanation for
the observed decrease of total proteins in ECM could be
that a diminution in collagen deposit might affect the
proper assembly of other matrix components, since collagen
is the major protein synthesized by fibroblast cultures [38].

According to Bissell and Barcellos-Hoff [39], there is a
dynamic reciprocity between cytoskeleton and ECM. By
the disruption of the cytoskeleton and the decrease in the

secretion and deposit of proteins into ECM, caused by the
administration of mebendazole, this reciprocity could be
altered and result in the diminution or redistribution of
membrane receptors for ECM proteins. This could explain,
in part, the morphological changes observed in mebenda-
zole-treated cultures.

The slight increase of collagenolytic activity, detected by
SDS-PAGE, of samples derived from fibroblast cultures
treated with mebendazole (30-40 pg/mlL) was correlated
with the decrease in cell viability determined at the same
concentrations. This increased collagenolytic activity could
be the result of cell death, without any active role of
mebendazole in the increase or secretion of enzyme activity,
even though it was reported that colchicine is a powerful
inducer of collagenase activity by cultured synovial cells
[40].

Several reports suggest that the integrity of microtubules
is necessary for the intracellular transport and secretion of
proteins in vivo [41, 42] and in vitro [38, 39, 42, 43]. Also,
other studies suggest that the secretion of proteins could be
differentially affected by antimicrotubular agents [44]. In
addition, other reports have demonstrated that the intra-
cellular transport of some membrane glycoproteins is inde-
pendent of the integrity of the microtubular system [45, 46].

In the present study, no differences in the percentage of
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FIG. 8. Effect of different concentrations of mebendazole on collagenolytic activity secreted by confluent fibroblast cultures.
Cultures were treated with mebendazole (5—40 pg/mL), and conditioned media were assayed for collagenolytic activity as
described under Materials and Methods. Following incubation, samples were subjected to SDS-PAGE and fluorography.
Assays were performed in the presence of 20 mM EDTA (lanes 1-5) and in the absence of EDTA (lanes 6-10). Lanes 1 and
6 (controls); lanes 2 and 7 (10 pg/mL); lanes 3 and 8 (20 pg/mL); lanes 4 and 9 (30 pg/mL); and lanes 5 and 10 (40 pg/mL).

4

radioactive proteins secreted to the medium were deter-
mined in the cultures with different concentrations of
mebendazole. Most of the reports in the literature do not
mention or have not measured changes in the proportions
of intracellular proteins and in proteins deposited in ECMs.
This constitutes a particular feature of this work because
upon treatment with mebendazole, the major changes de-
termined in the cultures affected these parameters.

Finally, the main conclusion in this study is that
mebendazole administration to fibroblast cultures affects
protein synthesis and secretion. These changes are reflected
in an intracellular accumulation of total proteins and col-
lagen and result in a marked decrease of its deposit in the
extracellular matrix. Also, the intracellular accumulation of
newly synthesized proteins could function as a feedback
mechanism in fibroblast cultures.
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