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Abstract-The effect of diethylcarbamazine (DEC) on microtubules was studied by using microtubule 
protein prepared from porcine brain. DEC inhibited assembly of microtubules and disassembled 
preformed microtubules in uitro. When the reassembled or disassembled products were examined 
in the presence of DEC by electron microscopy, ribbon-microtubules were frequently observed. 
Subsequently, the effect of DEC on the cytoplasmic microtubules complex was studied. The cells used 
in our study were LLC-MKI. DEC inhibited proliferation of these cells, and cells grown in the presence 
of DEC were likely to separate from each other and became round in shape. Immunofluorescence 
microscopv revealed that the cells exposed to DEC were devoid of the delicate pattern of the cytoplasmic 
microtudu]e complex. 

In our previous study [l], we reported that diethyl- 
carbamazine (DEC) inhibited the development of 

Brugia pahangi larvae cultured in vitro in the pres- 
ence of feeder cells (LLC-MK2 cells). One of the 
possible explanations for this inhibition is that DEC 
induces some damages in the function of feeder cells. 

In our preliminary experiments, we observed that 
DEC inhibited the proliferation of LLC-MK2 cells 
and the cells exposed to DEC were likely to become 
round in shape. These results suggested that DEC 
interferes with microtubules, because microtubules 
are involved in a variety of cell functions, including 
mitosis, secretion, regulation of cell form, etc. 

In the present communication, we report that 
DEC inhibits proliferation of LLC-MK* cells, dis- 
rupts the cytoplasmic microtubules complex, inhibits 
the assembly of microtubules in vitro and induces 
the disassembly of the preformed microtubules in 
vitro. 

MATERIALS AND METHODS 

Reagents. Diethylcarbamazine citrate (Supatonin) 
was purchased from Tanabe Ltd. The structure of 
the drug is shown in Fig. 1; guanosine triphosphate 
(GTP) from Seikagaku Co.; 2-(morpholino) etane- 
sulfonic acid (MES) and ethyleneglycol-bis(2-amino- 
ethylether)-N, N, N’, N’-tetraacetic acid (EGTA) 
from Nakarai Chemical Ltd. 

Cells and culture medium. LLC-MK2 cells, an 
established cell line of rhesus monkey kidney, was 
obtained from Flow Laboratories, Inc. Culture 
medium used was RPM1 1640 buffered with Hepes 
(N-2- hydroxyethylpiperazine-N’-2-ethanesulfonic 
acid) and sodium bicarbonate (pH 7.4) and sup- 
plemented with 10% heat inactivated fetal bovine 
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serum (KC Biological). Cells were grown at 37” in 
COZ incubator. 

Cell proliferation in the presence or absence of 
DEC. Cells (105) were seeded in each tissue culture 
dishes (Falcon, 3.5 mm) with 2 mL of culture medium 
and grown for 96 hr. At this time, when cells were in 
exponential growth phase, the medium was replaced 
with the medium containing or lacking DEC (0.1 mg/ 
mL and 1.0 mg/mL). Proliferation was continued for 
further 96 hr. The medium with or without DEC was 
changed every other day. In some culture dishes, 
cells exposed to DEC (1.0 mg/mL) for 48 hr were 
washed thoroughly with DEC-free medium and then 
grown for 48 hr in the absence of DEC. Cell counts 
were done every other day in a Turk-haematocyto- 
meter after detaching the cells with trypsin and 
EGTA and staining with Trypan blue. 

Morphological observations of cells grown in the 
presence or absence of DEC. The cells seeded on 
glass coverslips were grown for 24 hr in the presence 
or absence of DEC (1 .O mg/mL). They were washed 
thoroughly with 0.1 M MES buffer (pH 6.8) con- 
taining 0.5 mM MgC12 and 1 mM EGTA, referred 
to as MES buffer thereafter. Then the specimens 
were fixed with 2% glutaraldehyde in MES buffer. 
They were stained with Haematoxylin-Eosin. 

Preparation of microtubule proteins. Microtubule 
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Fig. 1. The structure of diethylcarbamazine citrate (DEC). 
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Fig. 2. Effect of DEC on LLC-MK, cells proliferation. 
Cells were seeded into Petri dishes (Falcon. 35 mm) at a 
density of 10s cells per dish and cultured at 37” in a 5% 
COz incubator. On day 4 when they reached the exponen- 
tial growth phase, the medium was replaced with the 
medium containing or lacking DEC. The cells were allowed 
to proliferate for a further 48 hours (U) or 96 hours 
(G-O) in the presence or absence of DEC. Numbers of 
cells cultured in the presence of DEC were plotted as 
percentage of control values. Number of control cells cul- 
tured for 48 hr or 96 hr was 12.6 t 0.91 x 10’ or 

22.6 ? 1.14 x lo’, respectively. 

protein from porcine brain was purified by two cycles 
of assembly and disassembly essentially as described 
by Shelanski et al. [2] and stored at -80” in MES 
buffer without glycerol. All experiments were carried 
out on protein stored for less than 1 week. The 
microtubule protein was cycled once more before 
use. Concentration of microtubule protein was deter- 
mined by Bio-Rad protein assay. 

Preparation of antitubufin. The microtubular anti- 
body preparation was obtained in rabbits using 
homogenous tubulin prepared from the microtubular 
protein by SDS-gel electrophoresis [3]. 

The preparation of IgG fraction was obtained by 
DEAE-Sephadex A 50 column chromatography. 
Antitubulin thus prepared was tested by the double 
immunodiffusion test and used for immunofluo- 
rescent visualization of cytoplasmic microtubules in 
LLC-MK2 cells. 

Visualization of cytoplasmic microtubules in LLC- 
MKI cells. Cells grown on glass coverslips in the 
presence or absence of DEC (1 .O mg/mL) were pro- 
cessed for immunofluorescent staining with tubulin 
antibody by the method of Brinkley et al. [4]. Briefly, 
cells were fixed in 3% formaldehyde in phosphate 
buffered saline (PBS), washed in PBS, immersed 
in absolute acetone at -20” for 7 min, and further 
washed in PBS. The cells were then incubated with 
antitubulin for 60 min, washed extensively in PBS 
and incubated with fluorescein-conjugated goat anti- 
rabbit IgG (COOPER Biomedical) for 60 min. After 
extensive washing in PBS, and draining the excess 
buffer, the coverslips were mounted in medium, 
containing 10% carbonate buffered glycerine. 
Usually slides were observed not later than 12 hr 
after mounting. 

Assembly and disassembly of microtubules in vitro. 
Microtubule formation in vitro was determined by 
turbidity measurement [5] at 350 nm using Shimazu 
UV-240 spectrophotometer equipped with a ther- 
mostatically controlled cell holder. The path length 
of cuvette was 1 cm. Briefly, polymerization was 
initiated by adding 1 mM GTP to MES buffer and 
triggered by a temperature of 37”. For the deter- 
mination of the inhibitory effect of DEC, the drug 
was dissolved in MES buffer. The microtubule pro- 
tein concentration used in our experiments was about 
3 mg/mL. 

To examine the effect of DEC on the preformed 
microtubules, MES buffer containing DEC was 
added to the preformed microtubule and the 
reduction in turbidity was monitored. 

Electron microscopy of microtubules. Microtu- 
bules assembled in the presence or absence of DEC 
and DEC-induced disassembled microtubules were 
examined by electron microscopy. A drop of the 
sample solution was applied to a carbon-coated col- 
lodion grid. After the specimens were washed with 
distilled water and the excess water was drained with 
a filter paper, they were stained with 1% uranyl 
acetate and examined by a JEM 100 CX operated at 
80 kV. 

RESULTS 

Effects of DEC on cell proliferation in vitro 

Continuous presence of DEC at a concentration 
between 0.1 mg/mL and 1 .O mg/mL, incompletely 
but significantly inhibited LLC-MK:, cell prolifer- 
ation. In the medium with high concentration of 
drug (1 .O mg/mL), per cent inhibition of cell growth 
reached 26.5% for 48 hr and 41.0% for 96 hr. In the 
medium with low concentration of drug (0.1 mg/ 
mL), the corresponding values were 8.4% for 48 hr 
and 16.7% for 96 hr (Fig. 2). When DEC was 
removed from the medium, cells proliferated again 
as the controls (data not shown). 

Cell form observation of LLC-MK2 exposed to DEC 

Figure 3A shows the LLC-MK2 cells which were 
grown in the medium, fixed in 2% glutaraldehyde in 
MES buffer and stained with Haematoxylin-Eosin. 
All cells were multiform and finely united to each 
other. When the cells were cultured in the medium 
containing DEC (1.0 mg/mL) for 24 hr, the tight 
junction between cells became loose and the cells 
were likely to separate from each other and became 
round in shape (Fig. 3B). 

Cytoplasmic microtubule complex in LLC-MK2 celk 
grown in the presence or absence of DEC 

Cells grown on coverslips were processed for 
indirect immunofluorescence as described in 
Materials and Methods. Figure 4A shows a typical 
fluorescent pattern. The cells display a multitude 
of very thin, separate fluorescent fibers within the 
cytoplasm. When the cells were exposed to DEC, 
the microtubules pattern was affected. Figure 4B 
shows the fluorescent pattern of cells which were 
cultured in a high concentration of DEC (1.0 mg/ 
mL) for 24 hr. The cells were devoid of the delicate 
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Fig. 3. Haematoxylin-Eosin staining of LLC-MK2 cells which were grown on coverslip in the absence 
of DEC (A) and (B) in the presence of DEC (1.0 mg/mL). 

Fig. 4. Cytoplasmic microtubules visnaltied by indirect immunofluorescence. (A) Intact LLC-MI& cells; 
(B) LLC-MIS2 cells exposed to a high concentration of DEC (1.0 mg/mL) for 24 hr. 

Time (mid 

Fig. 5. Effects of DEC on microtubules polymerization in 
uitro in the absence of DEC (a), in the presence of a 
low concentration (0.1 mg/mL) of DEC (b) and a high 
concentration (1.0 mg/mL) of DEC (cf. Microtubule pro- 
tein was mixed with 0.1 M MES buffer (pH 6.8) containing 
0.5 mM MgCI,, 1 mM EGTA on ice. Polymerization was 
initiated by adding 1 mM GTP and raising temperature 

to 37O. 
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Fig. 6. Effects of DEC on preformed microtubules. Micro- 
tubules protein was polymerized in 0.99 mL of 0.1 M MES 
buffer (pH 6.8) containing 0.5 mM MgCl,, 1 mM EGTA 
and 1 mM GTP at 37’. Twenty minutes later, 10 yL of the 
MES buffer lacking (a) or containing DEC (lOOmg/mL) 
(b) was added (arrow) and the turbidity change was 

monitored. 
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Fig. 7. Electron micrographs of microtubules protein incubated in the absence (A) bar = 6 ,um or in the 
presence of DEC (1.0 mg/mL) (B) bar = 3 pm. 

pattern of cytoplasm fibers and showed rod-like 
aggregates in the cytoplasm. 

Effect of DEC on microtubule polymerization and 
preformed microtubules in vitro 

All solutions tested in our experiment were 
adjusted to pH 6.8, because the polymerization of 
microtubular protein is very sensitive to pH [6]. 
Microtubular polymerization curves are shown in 
Fig. 5. It can be seen that DEC induces a strong 
inhibition of microtubule polymerization. Indeed, 
at a high concentration of drug (1.0 mg/mL), the 
polymerization was preceded by a pronounced lag 
period and subsequent inhibition of the order 50%. 

To examine the interaction of DEC with pre- 
formed microtubules in vitro, an aliquot of con- 
centrated DEC was added to MES buffer after the 
formation of microtubules. A small but reproducible 
decrease in the absorbance occurred (Fig. 6). 

Electron microscopy of microtubule protein 

The polymerization and depolymerization prod- 
ucts in the presence of DEC were examined by 

electron microscopy. Figure 7A shows the micro- 
tubules assembled in MES buffer containing 1 mM 
GTP. When DEC was contained in the buffer, at 
a concentration of 1.0 mg/mL, in addition to the 
microtubules protein, ribbon microtubules were fre- 
quently formed (Fig. 7B). These ribbon-micro- 
tubules were formed again when preformed 
microtubules were mixed with a high concentration 
of DEC (data not shown). 

DISCUSSION 

DEC is a drug which has been used for treatment 
of filariasis for many years. Beside its powerful fila- 
ricidal action, DEC shows other pharmacological 
actions against a variety of mammalian cells. DEC 
inhibits the release of histamine or SRSA/LTC4 
from rat peritoneal cavity [7], human lung [8], mon- 
key lung tissue [9], rat basophil leukemia cells [lo], 
mouse bone marrow derived mast cells [ 111 and 
mastocytoma cells [12]. Stevens et nl. [13] reported 
that DEC inhibited proteoglycan synthesis and 
exocytosis in the swarm rat chondrocyte. 
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The present report is the first to document that 
DEC inhibits microtubule polymerization and dis- 
rupts preformed microtubules. It is well known that 
a range of benzimidazoles not only inhibits the 
assembly of mammalian and nematode microtubules 
but also reversed microtubule assembly in vitro [14- 
161. The IC~O values of fenbendazole, parbendazole 
and mebendazole are in the range of 3.5 to 8.6 ,uM 
for sheep and bovine brain tubulin and that of thi- 
abendazole is 720 to 950pM [16, 171. While, the 
estimated lcso of DEC is 2 x 10m3 M, so that DEC 
acts on mammalian microtubules assembly at con- 
centrations 2-500 times higher than the concen- 
tration of a group of benzimidazoles. For the 
experimental treatment of the rodents infected with 
filarial worm by DEC, however, a large dose of DEC 
(300 mg/kg body wt) is usually used and plasma 
concentration of DEC reached up to a level of 61 pg/ 
mL 30 min after the administration of the drug [18]. 
Therefore, a concentration of 0.1 mg/mL which 
inhibited partially polymerization of microtubules is 
near physiological concentration of DEC. Friedman 
and Platzer (171 reported the selective toxicity of 
benzimidazoles which is related to differential bind- 
ing affinities between nematode tubulin and mam- 
malian tubulin. Studies on the sensitivity of filarial 
worm microtubules to DEC are expected to be done. 
Recently the tubulin was estimated to account for 
about 3% of soluble protein in Brugian filarial worm 
[191. 

The electron microscopy of the products 
assembled in the presence of DEC was expected to 
reflect the DEC-inhibited polymerization of micro- 
tubules. The only notable change induced by DEC 
was the formation of ribbon-like microtubules. The 
ribbon-microtubules are transit intermediates during 
normal assembly of microtubules [20]. However, 
they are usually detected in an abnormal process 
of polymerization [21]. The experiment should be 
attempted to disclose whether the ribbon-like micro- 
tubules formed in the presence of DEC is a normal or 
abnormal process of polymerization of microtubules. 
Benzimidazoles did not cause any morphological 
alteration in microtubules, though the length and 
number of microtubules were reduced in the drug- 
incubated samples [16]. The study should also be 
designed to examine actually the length and number 
of microtubules formed in the presence of DEC. 

The microtubules are involved in a vareity of cell 
function including chromosome movement, 
secretion, regulation of cell form and anchorage of 
surface receptors into the plasma membrane [4]. The 
present study describes DEC-inhibited LLC-MK, 
cell proliferation and DEC-induced alterations of 
the tight junctions between cells and in cell form. 
These alterations probably are attributed to DEC- 
disrupted spindle microtubules and microtubules 
complex in cytoplasm. 

Physical and chemical treatment, such as cold tem- 
perature, colchicine or vinblastine, disrupt the cyto- 
plasmic microtubule complex [4]. In the cultured 
cells treated with colchicine, no organized flu- 
orescent microtubules appeared in the cytoplasm 
[22]. Vinblastine induces paracrystalline formation 
in cytoplasm of cultured cells [23]. Benzimidazole 
carbamates caused the disappearance of cytoplasmic 

microtubules from the cells of treated nematodes 
[24,25]. Our immunofluorescence microscopy 
revealed that DEC induces rod-like aggregates in 
cytoplasm of LLC-MK2 cells. We used homogenous 
tubulin for immunization and purified IgG from 
serum for staining the cytoplasmic microtubules. 
Therefore DEC-induced aggregates in our cells are 
of tubulin and not non-specific staining. 

In our previous report [l], we dealt with the DEC- 
inhibited development of filarial larvae cultured in 
vitro using feeder cells. DEC-inhibited development 
of larvae may now be explained by the possible 
assumption that DEC interacts with microtubules of 
feeder cells and finally these cells lose their sup- 
porting functions for filarial larvae. 
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