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Abstract 
 
 

Benzimidazole anthelmintics have reported anti-neoplastic effects both in vitro and in 

vivo. The purpose of this study was to evaluate the in vitro chemosensitivity of canine glioma J3T 

cells to mebendazole and fenbendazole. 

The mean IC50 (+/- SD) obtained from performing the MTT [3-(4,5-dimethylthiazol-2-

yl)-2,5-diphenyltetrazolium bromide] assay after treating J3T cells for 72 hours with 

mebendazole and fenbendazole were 0.030 +/- 0.003 and 0.550 +/- 0.015 µM respectively. 

Tubulin polymerization assay showed a trend towards increased solubilized !-tubulin fractions 

with treatment, although no statistical significance was determined. Immunofluorescence studies 

showed disruption of tubulin after treatment. 

Mebendazole and fenbendazole are cytotoxic in canine glioma J3T cells in vitro and may 

be good candidates for treatment of canine gliomas. Further in vivo studies evaluating 

pharmacokinetics of mebendazole and fenbendazole in the cerebrospinal fluid and subsequent 

antitumoral efficacy are indicated. 
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INTRODUCTION 
 
 

Gliomas comprise primary brain tumors of glial or glial progenitor origin that have 

morphologic differentiation toward astrocyte (astrocytomas), oligodendrocyte 

(oligodendrogliomas), ependymal cell (ependymomas), or mixed glial cell (oligoastrocytoma) 

lineages. Glioblastoma (GB) is a grade IV glioma as classified by the World Health Organization 

(WHO) and is considered the most malignant and invasive subtype. This tumor is also commonly 

referred to in the literature and in public discourse as glioblastoma multiforme (GBM), despite 

the removal of the “multiforme” term by the WHO after 2000. The classification of astrocytomas 

according to the 2007 WHO criteria predominantly relies on recognition of cytological features 

and is subject to inter-observer variation. However, cytological characterization of gliomas based 

on the WHO classification scheme are not reliably associated with tumor progression and 

treatment response.1  

Emerging new data regarding the molecular profiles of diffuse infiltrating gliomas in 

humans has enabled subtyping of gliomas. Subtyping and molecular profiling of tumors are 

important for a more accurate diagnosis of tumor cell type and for prognostication and therapeutic 

recommendations. For example, chromosomal abnormalities such as 1p/19q codeletion may aid 

in identifying oligodendrogliomas1 and is significantly associated with chemosensitivity while 

loss of heterozygosity of 10q is associated with a poor outcome.2, 3 O6-methylguanine-DNA 

methyltransferase (MGMT) promotor methylation of gliomas is associated with a positive 

response to chemotherapeutic treatment with temozolomide.1 Other molecular biomarkers include 

mutations in isocitrate dehydrogenase 1 and 2 (IDH1 and IDH2), distinctive epigenetic CpG 

island methylation profile, and mutations in telomerase reverse transcriptase (TERT) promotor 
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region.1, 4 A study that performed gene expression profiling of 76 high grade gliomas such as 

anaplastic astrocytoma (III) and GB showed clustering of these tumors into three distinct 

prognostic subclasses.5 Namely, high grade gliomas expressing normal neuronal lineage markers 

were associated with longer survival while tumors expressing markers associated with 

proliferation or mesenchymal tissues were associated with a poorer prognosis regardless of tumor 

grade, even if they were classified as GB.5 Indeed, when gliomas recur, they tend to shift towards 

a mesenchymal molecular signature, and with evidence of increased angiogenesis.5 Glioma cell 

lines with proliferation and mesenchymal molecular signatures were associated with neurosphere 

formation,5 which is a significant independent predictor of glioma tumor progression and clinical 

outcome.6 The formation of neurospheres is a feature of neural stem and progenitor cells, in 

which cells form aggregates when cultured in vitro in serum-free media.7 Low phosphatase and 

tensin homolog (PTEN) expression was associated with a poor outcome regardless of delta-like 3 

(Drosophila) [DLL3] expression but coexpression of high levels of PTEN and DLL3 correlated 

with a good prognosis.5 Consequently, studies reevaluating previously diagnosed gliomas using 

newly reported biomarkers revealed that approximately 80% of tumors originally diagnosed as 

diffuse or anaplastic astrocytomas were misdiagnosed and were in fact GB,4 which may explain 

why previous studies based on histological characterization alone have failed to provide 

completely accurate associations between tumor subtype and response to treatment.  

Information regarding genomic subtyping of canine gliomas is sparse. Preliminary 

studies indicate similarity in aberrant genes involved with gliomagenesis in both human8 and 

canine9 patients are associated with 3 critical pathways, namely TP53, retinoblastoma 1 (RB1), 

and RTK/RAS/PI3K. In a study documenting the incidence of tumor suppressor TP53 mutation in 

18 canine astrocytomas, 14 oligodendrogliomas, and 4 mixed gliomas, the frequency of TP53 

mutations in all gliomas combined were 5.3%.10 This incidence of TP53 mutations in canine 

gliomas is markedly lower than that reported in humans in comparison, where the frequency of 

TP53 mutation is 60-80% in low grade (II) and high grade anaplastic (III) astrocytomas, 65% in 
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secondary GB that developed from a lower grade glioma, and 10% in de novo GB.10 Despite a 

low incidence of TP53 mutations in canine gliomas, altered TP53 protein levels were consistently 

detected in astrocytic tumors. In particular, TP53 is found to be elevated in 2/3 of astrocytomas 

when compared to oligodendrogliomas and normal brain samples, indicating that the TP53 

pathway may be associated with tumorigenesis of gliomas in dogs.11 Canine studies regarding 

vascular endothelial growth factor (VEGF) parallel findings in humans. While both astrocytomas 

and oligodendrogliomas express increased levels of VEGF, astrocytomas tend to express more 

VEGF than oligodendrogliomas.12 In addition, high grade astrocytoma (IV) and 

oligodendroglioma (III) showed increased VEGF expression, while lower grade gliomas, 

astrocytoma (II) express lower levels of VEGF.12, 13 Expression of TERT was also found to be  

significantly associated with histological grade of brain tumors, including gliomas.14 

Oligodendrogliomas were associated with loss of RB1 and TP73, amplification of platelet derived 

growth factor receptor alpha (PDFGRA), kinase insert domain receptor (KDR), and KIT, and 

chromosomal losses syntenic to human 1p.9 Further, canine GB are associated with loss of 

INK4A/B locus.9 Information correlating therapeutic response and molecular profiling is not yet 

available in the dog.  

In human patients in the United States, gliomas represent 25.2% of primary central 

nervous system (CNS) tumors, making them the second most common histologic type.15 Of these, 

approximately half are GB.15 In canine patients the percentage of gliomas is similar, with this 

histologic type representing approximately a third of all primary CNS tumors.16, 17 However, GB 

as a percentage of gliomas in dogs in two retrospective necropsy studies was estimated at 1.2%17 

to 8%16. This is far less than the approximately 50% reported in humans, but may be reflective of 

some selection bias in the studied canine population. Brachycephalic dogs, including English and 

French bulldogs, Boston terriers, and Boxers, are predisposed to developing gliomas.17 Canine 

GB have a similar appearance to human GB on imaging, grossly, and histologically, and have 

been reported in the cerebrum, thalamus, cerebellum, brainstem, and spinal cord.18-20 
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In humans, the standard of care for GB currently consists of surgical resection in 

combination with radiotherapy and the DNA-alkylating/methylating chemotherapy agent 

temozolomide. Seventy-three percent of human patients die within 2 years of diagnosis of GB 

despite treatment.21 The standard therapeutic options for dogs currently consist of surgical 

cytoreduction and/or radiation therapy. However, because of financial constraints and/or personal 

choice, only a small percentage of the client population pursues full diagnostic workup and 

therapy for these patients. Many dogs do not reach their natural endpoint because owners elect 

humane euthanasia. These features, in addition to inherent differences in patient size and genetic 

variability, tumor biology, and diagnostic and clinical expertise make it difficult to accurately 

compare human and canine patient outcomes in response to therapy. Understandably due to these 

constraints, there is sparse information regarding treatment and corresponding survival times in 

dogs. A retrospective survival study of dogs diagnosed with intra-axial tumors suspected to be 

gliomas reported a median survival of 120 days with radiation therapy.22 This median survival 

time is similar to dogs with intracranial neoplasms that received only palliative care reported in 

another study, in which dogs with supratentorial neoplasms had a median survival of 178 days 

and those with infratentorial neoplasms had a significantly shorter median survival of 28 days.23  

A recent case study reported a 2.5-year survival in a dog with anaplastic oligodendroglioma 

treated with radiation therapy and CCNU.24  

Although there are many clinical trials available for human GB, few show clear survival 

benefit, thus emphasizing the need for further investigation into novel therapeutic options in both 

human and veterinary medicine. Benzimidazole (BZD) compounds have been used traditionally 

in human and veterinary medicine to treat parasitic infections, though investigation into their use 

as anti-neoplastic agents began as early as the 1950s.25 The resurgence of the idea of using BZDs 

as antineoplastic therapy for glioblastoma arose serendipitously when SCID nude mice in well-

established lymphoma26 and brain tumor27 xenograft models to study tumorigenesis received 

fenbendazole (FBZ) treatment for pinworms. Treated animals were reported to experience 



! 5!

disruption in tumor engraftment, which sparked renewed interest into investigating the cytotoxic 

and anti-proliferative mechanisms of BZDs. Since then, multiple human studies have shown anti-

tumor effects of BZDs in neoplasms as diverse as melanoma,28 non-small cell lung cancer, 29 

ovarian cancer,30 hepatocellular carcinoma,31 and leukemia.32  

The half-maximal inhibitory concentration (IC50) is defined as the concentration of a 

substance in which 50% of cell population dies. A study testing the efficacy of BZDs on a variety 

of melanoma cell lines showed the most striking growth-inhibitory effects of mebendazole 

(MBZ), as compared to other BZDs: albendazole, FBZ, and oxybendazole (table 1).28 Twenty-

four hours after treatment with 1 µM MBZ, 25-31% of melanoma cells underwent apoptosis 

compared with 5% of non-neoplastic immortalized melanocytes, suggesting that mebendazole 

results in a differential cytotoxicity with preferential induction of apoptosis in melanoma cells 

while exerting minimal effects in their non-neoplastic counterparts.28 In 2002, antitumor and 

antiangiogenic effects of MBZ were demonstrated in in vivo and in vitro studies of human non-

small cell lung cancer, while the drug had little effect on control normal fibroblast cells.29, 33 

Therefore, there is accumulating evidence that BZDs have efficacy against a variety of tumors, 

with minimal adverse effects on normal cells.  

Table 1: IC50 of benzimidazoles that display growth inhibition in melanoma (SK-Mel-19 and M-

14) cell lines as compared with melanocytes (Melan-a).28 

 Melan-a 
µM 

SK-Mel-19 
µM 

M-14 
µM 

Mebendazole 1.9 0.3 0.32 
Albendazole 3.8 0.7 1.2 
Fenbendazole 3.4 1.2 1.4 
Oxybendazole 3.5 0.8 1.1 

Treatment for intracranial tumors including GB are limited by the inability of many drugs 

to cross the blood-brain barrier (BBB), making it challenging to achieve adequate concentration 

of drugs within the central nervous system. Due to their small size and lipophilic nature, BZDs 
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have the ability to penetrate the BBB.27, 34 Indeed, FBZ, a widely-used veterinary BZD, has been 

used to successfully treat intracranial parasites in dogs,35 emphasizing that FBZ can cross the 

BBB and is able to reach levels within the CNS adequate for its anti-parasitic action. 

Furthermore, a study in 2011 using MBZ showed survival benefit in preclinical mouse models of 

GB,27 demonstrating the possible ability of the BZD compound to exert antineoplastic effects 

intracranially.   

The main mode of action of BZDs is the disruption of tubulin and inhibition of mitotic 

spindle formation, thereby resulting in mitotic arrest and further leading to apoptosis.29, 31, 33, 36 

Microtubules consist of repeating ! and "-tubulin heterodimers, are present in all eukaryotes, and 

are involved in an extensive variety of cellular functions, including maintenance of cellular shape, 

organelle/protein transport, cell motility, and cell division.37 The inherent property necessary for 

their functionality is “dynamic instability”, which means that they can switch stochastically 

between shrinking and growing phases.37 Microtubules such as tubulin are well recognized as 

effective targets for anticancer therapy. Microtubule-targeted chemotherapeutics such as 

paclitaxel, colchicine, and vinca alkaloids exert their inhibitory effect on cancer cell proliferation 

primarily by increasing microtubule stability or by depolymerization, resulting in disruption of 

the mitotic spindle. This causes cell cycle arrest at the G2-M phase (mitotic checkpoint) and 

induces apoptosis.31  

Tubulin binding studies comparing the effect of eleven BZDs on tubulin from purified 

bovine brain showed differences in structural specificity and binding affinities amongst the 

compounds. Although the conserved nature of the tubulin protein has been shown based on amino 

acid sequence analysis of NH2-terminal regions of ! and " tubulins38 and by tubulin 

copolymerization experiments,39, 40 differential binding affinities between nematode tubulin and 

mammalian tubulin may explain how for example, mebendazole can interfere with the 

microtubule system of Ascaris suum, while sparing host microtubules.41 Tubulin binding studies 
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also indicate BZDs bind at a site similar to colchicine42 while paclitaxel and vinblastine bind at 

the taxol and vinblastine sites respectively.43 Not surprisingly, there is evidence that combining 

microtubule-targeting drugs with different modes of action or different binding sites results in a 

synergistic effect.44  

Recent literature has elucidated that BZDs can induce cell death via multiple pathways, 

which is not surprising given the reliance of cells on microtubules for a multitude of cell cycle 

processes. Cell cycle regulators such as TP53 and TP21 have also been shown to be elevated in 

BZD treated cells29 and it is suspected that TP53 may mediate BZD-induced apoptosis.36 TP53 

relies on dynein-dependent transport along microtubules to the nucleus where its translocation 

allows it to execute its effects on transcription and cell-cycle modulation,45 including upregulation 

of p21.29, 33 Paradoxically, rapid and severe disruption of microtubules results in failure of TP53 

trafficking to the nucleus and disruption of TP53-mediated events.45 Furthermore, depletion of 

TP53 signaling has been shown to result in decreased chemosensitivity of a variety of tumor cells 

to flubendazole.36 As previously mentioned, the incidence of TP53 mutation in canine gliomas is 

reportedly lower than that of human gliomas.10 Thus, canine gliomas may experience higher 

chemosensitivity than human gliomas, making BZDs a useful antineoplastic treatment. 

Although TP53 signaling is one of the main pathways in which BZDs cause tumor death, 

there is also evidence that BZDs can induce cell death via TP53-independent pathways.29, 33, 46 

Specifically, MBZ has been shown to have growth-inhibitory effects on p53-null and p53-mutant 

cell lines although at a higher doses than p53-wild type cells, indicating a role for TP53-

independent pathways for apoptosis.33 After treatment of multiple human cancer cell lines with 

MBZ, there was a dose-dependent increase in cytochrome c protein and evidence of caspase 

activation.33 In addition, treatment of the H460 human non-small cell carcinoma cell line with 

MBZ activated caspases 3, 8, and 9, further suggesting that MBZ can induce cell death involving 

a mitochondrial and caspase-dependent cascade.29 BZDs also have antiangiogenic effects, 

inhibiting neovascularization of tumor cells in vitro and in vivo, with seemingly no effect on 
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normal endothelial cell growth.33, 36 These collective findings highlight the multi-faceted nature of 

the effects of BZDs on tumor cells.  

BZDs as a class of drugs have limited solubility in water and organic solvents and due to 

their lipophilic properties are capable of crossing the blood-brain barrier.34 When administered 

orally, the absorption of albendazole has been reported to be 5-10% in humans.47 Fatty meals are 

usually included to increase absorption in humans and rodents.34, 47 In dogs, oral administration of 

FBZ at the anti-parasitic dose of 50 mg/kg/day reached a maximum plasma concentration (Cmax) 

level of 0.16 ± 0.08 µg/ml (0.55 ± 0.27 µM).48 Although safety studies of MBZ treatment have 

been performed on dogs,49 there is no current data on Cmax achieved in MBZ-treated dogs. In 

FDA-required safety studies of MBZ and FBZ performed in dogs, long-term oral administration 

of MBZ to purebred Irish Setters and Toy Poodles at 110 mg/kg/day (5 times the anthelmintic 

therapeutic dose of 22 mg/kg/day) and mixed-breed dogs at 11 to 110 times this same therapeutic 

dose for 2 months showed no adverse effects on liver function.49 Furthermore, administration of 

MBZ at 330 mg/kg/day to dogs with experimentally-induced altered liver function in the same 

study did not result in hepatotoxicity.49  In a series of unpublished reports submitted to the WHO, 

FBZ did not cause treatment-related effects in dogs administered oral dosages ranging from 20 to 

125 mg/kg/day in a 90-day study50 or 1 to 10 mg/kg/day in a 14-week study.51 At higher doses, or 

in longer-term studies, mild FBZ treatment-related effects were observed.52 Specifically, in dogs 

administered 80 and 250 mg/kg/day for 30 consecutive days there was lymphoid follicle 

proliferation and nodules in the gastric mucosa and low-grade diffuse centrilobular fatty 

degeneration in the liver .52, 53 In this same study, three dogs given 125 mg/kg/day dose for 6 

months had histologically evident mild, focal cerebral encephalomalacia, satellitosis, and 

neuronophagia (two dogs), or mild perivascular inflammation and gliosis (one dog), although it is 

worth noting that the dogs remained clinically asymptomatic.52 Moreover, in humans, long-term 

treatment with MBZ for alveolar echinococcosis with dosages as high as 200 mg/kg/day for up to 

48 weeks was well tolerated.54 Cerebrospinal fluid (CSF) analysis from a patient in that study 
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receiving 200 mg/kg/day of MBZ attained a concentration of 8.6 ng/ml (0.0291 µM), although it 

was clear in that report that plasma and likely CSF levels may be highly variable depending on 

dose, dosing interval, and gastrointestinal absorption rate.54  

These studies indicate the possibility of using MBZ and FBZ at higher doses and for 

longer durations than those required for antiparasitic treatment, with an acceptably low potential 

for significant treatment-related morbidity. To our knowledge, there are no published studies 

examining the use of BZDs in canine glioma. In this study, we evaluated the in vitro effects of 

MBZ and FBZ on cell viability and tubulin disruption in the J3T canine anaplastic astrocytoma 

cell line.
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MATERIALS AND METHODS 

 
 

Cell line 

J3T canine anaplastic astrocytoma cell line (a generous gift from Dr. Michael Berens) was used 

for the experiments.55-57 The J3T cell line was derived from in vitro clonal expansion (DL3580 

c2) of a spontaneously occurring anaplastic glioma obtained from the thalamus of a 10-year old 

Boston Terrier.55 The cell line was maintained on monolayer culture for a year and verified to 

have a stable karyoptype and same chromosomal markers as the parent cell line.55 Although 

initially identified as a anaplastic (III) astrocytoma, subcutaneous and intracranial orthotopic 

xenograft implantation of DL3580 c2 into athymic mice revealed histologic characteristics that 

are reminiscent of GB.55 Subcutaneous allogenic implantation of the J3T cell line into fetal 

Beagle pups on gestational day 37 also developed tumors with histological features of GB. 

However, subcutaneous and intracranial xenograft studies in severe combined immunodeficiency 

(SCID) mice produced anaplastic astrocytomas without evidence of invasiveness and necrosis as 

demonstrated that in the previous Beagle study. The J3T cell line has wild type p53 expression56  

and has been previously verified to in our lab by species-specific PCR to be of dog origin and 

mycoplasma-free, and are nestin and glial fibrillary acidic protein (GFAP) immunopositive, 

confirming their glial origin.  

Cell culture 

J3T cells were cultured in standard polystyrene tissue culture flasks and plates in Dulbecco’s 

Modified Eagle Medium (DMEM) containing 4.5 g/L glucose, 4 mM L-glutamate, and sodium 
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pyruvate (HyClone Laboratories, GE Healthcare Life sciences, South Logan, UT, USA) 

supplemented with 10% heat-inactivated fetal bovine serum (Seradigm, Radnor, PA, USA), 

100U/ml penicillin, 100 µg/ml streptomycin, and 2.5 µg/ml amphotericin B (Corning Life 

Sciences, Tewksbury, MA, USA). Cells were incubated in 100% humidity at 37ºC, 20% O2 and 

5% CO2. 

Drug treatment and the MTT cell viability assay 

J3T cells were seeded at 6,000 cells/well in 96-well plates, allowed to attach overnight, and then 

exposed to a range of drug concentrations for 72 h. The final concentrations evaluated were two-

fold dilutions ranging from 3.0 to 0.006 µM for FBZ and 1.5 to 0.006 µM for MBZ. Media-only 

and no-treatment wells were included in all assays. All treatments were performed in 

quadruplicates. After 72 h of exposure to drugs, cell viability was assessed using the MTT assay 

(Biotium, Hayward, CA, USA) according to the manufacturer’s protocols, and the colorimetric 

reaction was read using a microplate photospectrometer (Infinite M200, Tecan, Mannedorf, 

Switzerland).  

Half-maximal inhibitory concentration (IC50) 

Raw OD values from the microplate photospectrometer readings were analyzed using Graphpad 

Prism 6.07 software. IC50 values were generated using a four-parameter variable-slope curve fit 

nonlinear regression analysis. 

Tubulin polymerization assay 

Tubulin was measured as described previously with some modifications.58 J3T cells were seeded 

at 2 x 105 cells/well onto a 6-well culture plate and incubated until 70-80% confluency. Cells 

were treated for 5-7 h with MBZ (0.03 and 0.12 µM) and FBZ (0.6 and 2.4 µM). Media-only and 

DMSO (5 µL with 2 ml of media per well) controls were used. Cells were washed with 

prewarmed HBSS buffer, removed using a cell scraper, and harvested in HBSS into microfuge 
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tubes. They were centrifuged at 15,000 g at 25-30ºC for 5 min, then the cell pellet was lysed with 

200 µL prewarmed 37ºC NP40 cell lysis buffer (20 mM Tris HCl 1 mM MgCl2, 2 mM EGTA, 

0.5% NP40) and supplemented with protease inhibitors without EDTA (G-Biosciences, St. Louis, 

MO, USA). After subsequent centrifugation at 15,000 g at 25-30ºC for 30 min, the supernatant 

containing depolymerized tubulin was removed and incubated on ice. The pellet containing 

polymerized tubulin was resuspended in 200 µL NP40 lysis buffer supplemented with protease 

inhibitors and disrupted with sonication. All samples were snap-frozen in liquid nitrogen and 

stored at -80ºC until further analysis.  

Antibody validation 

Monoclonal mouse anti !-tubulin DM1A IgG (GeneTex, Irvine, CA, USA) was validated for use 

in this experiment via western blotting and immunofluorescence. J3T cell lysates constituted a 

positive control and probing of membranes with anti-tubulin antibody showed a single well-

defined 50 kDa band. In the western blot experiments, negative controls consisted of omitting cell 

lysates. Negative control in the immunocytochemistry experiments consisted of omitting 

secondary antibody. In all negative controls, there was no evidence of nonspecific binding nor 

autofluorescense.  

SDS-PAGE electrophoresis 

Previously snap-frozen lysed cell pellets in NP40 lysis buffer described above were thawed on ice 

and diluted 1:10 with NP40 lysis buffer. Samples were mixed with 1x Laemmli buffer (Bio-Rad 

Laboratories, Hercules, CA, USA) supplemented with 5% ß-mercaptoethanol (Sigma-Aldrich, St. 

Louis, MO, USA) and incubated at 95ºC for 10 min. Proteins were separated by SDS-PAGE 

electrophoresis using a 12% Tris-glycine SDS polyacrylamide gel (Bio-Rad Laboratories) at 150 

V for 45 min at room temperature. The proteins were transferred to polyvinylidene fluoride 

(PVDF) membrane (Bio-Rad Laboratories) at 35 V, 4ºC for 8 h.  
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Western Blot 

The membrane was washed with Tris buffered saline with Tween 20 (TBST) [G-Biosciences] and 

blocked with LI-COR/PBS buffer (LI-COR Biosciences, Lincoln, NE, USA) for 1 h at room 

temperature and then incubated with monoclonal mouse anti-!-tubulin DM1A IgG (GeneTex) in 

a 1:1000 dilution with LI-COR/PBS buffer for 1 h at room temperature with shaking. The 

membrane was washed with TBST and incubated with Near-IR-CF770 dye labelled goat anti-

mouse IgG (Biotium) in a 1:2000 dilution for 1 h and then washed with TBST.  Bands were 

visualized using infrared imaging and software (LI-COR Odyssey with Image Studio Version 

2.0). 

Immunofluorescence  

J3T cells were seeded at 10,000 cells per well into 8-well chamber slides (Nunc, Naperville, IL, 

USA) and allowed to adhere overnight, then exposed to 2.4 µM FBZ, 0.12 µM MBZ, or media 

only for 2 h. Cells were washed and fixed with prewarmed 4% paraformaldehyde for 10 min at 

room temperature and permeabilized with 0.5 % Triton X-100 (Biorad Laboratories) for 10 min 

at 4ºC. Cells were blocked with 1% bovine serum albumin (Amresco, Solon, OH, USA) for 30 

min at room temperature and then incubated at room temperature for 1 h with primary 

monoclonal mouse anti-!-tubulin IgG (GeneTex) or monoclonal mouse anti-IgG (GeneTex) at 

1:2000 followed by incubation with secondary polyclonal goat anti-mouse Alexa Fluor® 488 

antibody labelled IgG (ThermoFisher Scientific, Waltham, MA, USA) at 1:500 for 1 h with 

shaking in a humidified chamber. Slides were mounted using DAPI-containing medium (Vector 

laboratories, Burlingame, CA, USA) for nuclei counterstaining, then examined with a Nikon A1 

confocal microscope.  

Statistical analysis 

A Student’s paired t-test was used to evaluate if the percentages of solubilized tubulin were 
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statistically significant for treated versus untreated J3T cells in the tubulin polymerization assay. 
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RESULTS 

The use of the MTT assay as a means to measure viable cell numbers was validated in 

each cell line by creating a standard curve comparing the results of the MTT with absolute cell 

numbers as measured by manual counting using the hemocytometer and trypan blue method. 

MTT data and cell counts were determined to have a linear relationship (data not shown) and this 

validated the use of the MTT assay for evaluating cell viability in our experiments. To obtain the 

IC50, J3T cells were treated with serial two-fold dilutions of MBZ (range of 1.5 to 0.006 µM) and 

FBZ (range of 3.0 to 0.006 µM) for 72 h. Wells containing cells without treatment and media-

only wells were included as positive and negative controls respectively. Cell viability was 

determined by using the OD values obtained in wells after treatment and expressing them as a 

percentage of the OD values in wells containing cells without treatment. IC50 values were then 

generated using a four-parameter variable-slope curve fit nonlinear regression analysis. The mean 

IC50 (+/- SD) in J3T cells was 0.030 +/- 0.003 µM with MBZ treatment and 0.550 +/- 0.015 µM 

with FBZ treatment (Figure 1).  

A tubulin polymerization assay was performed to demonstrate disruption of tubulin by 

comparing fractions of polymerized and solubilized tubulin after treating J3T cells with MBZ and 

FBZ at concentrations of 0.12 µM and 2.4 µM respectively. Because this is a dynamic assay, it 

was expected that the percentage of tubulin in the polymerized versus the solubilized fraction 

would vary widely among experiments.58 Thus each solubilized fraction was expressed as a 

percentage of the total amount of !-tubulin in both the solubilized and polymerized fractions of 

the same sample within an experiment. Samples processed from untreated J3T cells contained a 

small of solubilized !-tubulin as compared to the polymerized fraction (Figure 2A). Treatment of 
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J3T cells with MBZ and FBZ resulted in an increased percentage of solubilized !-tubulin (Figure 

2B). However, although this trend was consistent across experiments, a paired T-test did not 

show any statistical difference. The corresponding P values when comparing control to MBZ 

treatment was 0.25 and that of control and FBZ treatment was 0.07.  

To further demonstrate disruption of tubulin on the cytoskeletal structure of glioma cells, 

immunofluorescence was performed to visualize the effects of treatment on !-tubulin in situ. 

When cells were treated with 0.12 µM MBZ and 2.4 µM FBZ for two hours, the normal 

filamentous and lacy appearance of tubulin was altered, with clumping of tubulin to the periphery 

of the cell and nuclear clumping (Figure 3).  
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DISCUSSION 
 
 

 Results from this study show high in vitro sensitivity of the J3T canine anaplastic 

astrocytoma cell line to FBZ and MBZ. The concentrations required to reach IC50 for MBZ were 

lower than that of FBZ. This is consistent with the limited studies in the human literature and may 

indicate a difference in either drug availability, entry of drug into the cell, mode of action on 

tubulin, or other cellular processes. Of most interest is that very low concentrations of both drugs 

are required in our model to cause tumor cell death. In dogs, plasma concentration attained after 

oral administration of 50 mg/kg/day of FBZ was 0.55 ± 0.27 µM 48. To achieve higher 

concentrations within the CNS, safety studies indicate that higher doses of FBZ can be 

administered with minimal adverse effects.50, 52 In addition, improving gastrointestinal absorption 

of BZDs can increase plasma concentration and thus brain and CSF concentrations. A study in 

mice involving administering MBZ polymorphs orally at 50 mg/kg achieved brain concentrations 

equivalent to 7.1 µM.34 Taken together, the IC50 concentrations of MBZ and FBZ obtained in this 

study are likely achievable in both blood and CSF, although further studies into CNS 

pharmacodynamics and distribution in the dog are needed. 

The limitation for this project is that although there was a trend toward higher 

percentages of solubilized tubulin with BZD treatment within each tubulin polymerization 

experiment, the results were not statistically different across experiments performed on different 

days. This was likely attributable to the inability to standardize the working temperature while 

performing the experiments, in addition to the dynamic quality of tubulin. Cooler temperatures 

have been shown to result in depolymerization of tubulin.58 A temperature-controlled centrifuge 

would be required to centrifuge the samples at the optimal temperature 37°C and that was not 
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available within the temporal and location constraints of the project. In addition, since samples 

cannot be processed concurrently, the time lapse between processing the first and last sample may 

also subject samples to temperature sampling variation. Difficulty getting the pellet containing 

polymerized fraction after centrifugation into suspension may also add to the inaccuracy of 

quantifying the amount of tubulin. Moreover, Western blotting is a semi-quantitative method of 

evaluating protein levels. Taken together, the tubulin polymerization assay can be utilized to 

trend changes in the amount of tubulin in each fraction (solubilized and polymerized), but should 

not be viewed as a means of quantifying the change. In order to demonstrate disruption of !-

tubulin with MBZ and FBZ treatment in a more physiologically relevant way, cytoskeletal 

changes were visualized using immunofluoresence after BZD treatment. The 

immunofluorescence studies clearly verified disruption of !-tubulin due to treatment with MBZ 

and FBZ. Taken together, these experiments provide evidence for the disruption of tubulin as a 

result of BZD treatment.  

In humans, temozolomide along with surgical resection and radiation therapy has become 

the standard of care for GB treatment based on a randomized, prospective study in 2005 of 573 

newly-diagnosed human GB patients who underwent radiation therapy or radiation therapy plus 

temozolomide treatment, after surgical cytoreduction.21 The study showed that the median 

survival was 14.6 months with radiation therapy plus temozolomide compared to 12.1 months 

with radiation therapy alone. The two-year survival rate was reported to be 26.5% with radiation 

therapy plus temozolomide and 10.3 percent with radiation therapy alone.21 Based on these 

findings, temozolomide along with surgical resection and radiation therapy became the standard 

of care for GB, with recent studies adding evidence to a survival benefit adding temozolomide to 

standard radiation therapy.59  

Unfortunately, not all patients will benefit equally from temozolomide treatment, a 

phenomenon primarily related to the various mechanisms of resistance inherent in individual 
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tumors. The most common mechanism for GB to develop resistance to alkylating agents such as 

temozolomide is via the enzyme O6-alkylguanine-DNA alkytransferase, which is encoded by the 

MGMT gene. Methylation of the MGMT promoter region silences expression, allowing greater 

sensitivity of tumors to temolozomide.60 Of 206 human GB assessed in one study, only 45% had 

MGMT promoter methylation; these patients achieved a median survival of 21.7 months with 

temozolomide and radiation therapy, as compared to 15.3 months with patients receiving only 

radiation therapy in the same group. In contrast, patients without MGMT promotor methylation 

receiving temozolomide and radiation therapy achieved a median survival time of 12.7 months, 

compared to 11.8 months for the same group of patients that received only radiation therapy. This 

shows that temozolomide only marginally increases survival time in GB patients without MGMT 

promotor methylation, or approximately one-half of the GB patient population.61 As of this 

writing, there is no current published work evaluating MGMT promoter methylation status of 

canine GB. 

With regard to the sensitivity of canine gliomas to temozolomide, little work has been 

published. Investigations in our lab into the IC50 for temozolomide in these three canine cell lines 

suggest minimal sensitivity to the drug (data not published), a finding corroborated by the work 

of the Dickinson lab that showed an IC50 of over 1 mM for beige mouse-passaged J3T cells 

(J3TBg) cells.11 In contrast, a recent study determined the IC50 for several human GB cell lines 

after 72 h and reported a range from 14.1 to 234.6 µM.62 A study of eight human GB and one 

mouse GB cell lines showed IC50 ranging from 8.7 to 547 µM when treated with temozolomide, 

compared to IC50 between 0.11 and 0.31 µM with MBZ treatment.27 This wide range of IC50 of 

GB cells treated with temozolomide likely reflects the presence of multiple drug resistance 

mechanisms. Pharmacokinetics studies in 35 human patients diagnosed with glioma and receiving 

oral temozolomide therapy reported plasma levels ranging from 0.1 to 13.99 µg/ml (0.52 – 72 

µM) and 0.16 to 1.93 µg/ml (0.82 – 9.95 µM) in CSF,63 which may not be adequate for 
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chemosensitivity against GB. However, there is evidence that temozolomide accumulates within 

the central nervous system and that it may be the cumulative dose, rather than systemic or 

cerebral exposure that determines efficacy and safety.63 Taken together, although temozolomide 

is currently a mainstay therapy for GB in humans, a significant population of patients show 

resistance to temozolomide. In addition, it remains to be proven whether it has enough value in 

the treatment of canine patients to justify its significant financial cost.  

In addition to the specific resistance mechanisms of some GB to temozolomide, a general 

mechanism of drug resistance in many tumor types is associated with expression of ATP-binding 

cassette (ABC) transporters, which function as efflux pumps.64 In a study by Michaelis et al,36 

ABCB1 expression enhanced a neuroblastoma cell line resistance to ABCB1 substrate, 

vincristine, but did not result in resistance to the BZD flubendazole. Further, the ABCB1 

inhibitor, verapamil, increased sensitivity of ABCB1-expressing neuroblastoma cells to 

vincristine but did not alter flubendazole sensitivity.36 These results are highly suggestive that 

resistance to BZDs may not associate with ABC transporter expression, as with other antitumor 

drugs, meaning that BZDs may be a viable adjunctive chemotherapeutic even in the face of 

multidrug resistance. Interestingly, resistance to benzimidazoles in parasites such as in 

hookworms65, Haemonchus contortus66, and other helminths67 is associated with small nucleotide 

polymorphisms (SNPs) of "-tubulin and it is postulated that the mutations affect the tertiary 

structure of microtubules, thus preventing benzimidazole binding.67  

In conclusion, this study quantitatively and qualitatively demonstrates the in vitro anti-

tubulin effects and cytotoxicity of MBZ and FBZ on the J3T canine anaplastic astrocytoma cell 

line. Low IC50 concentrations and potentially short drug exposure times necessary to achieve 

tumor cell death are desirable characteristics that recommend further investigation into the use of 

BZDs as anti-neoplastic agents in dogs. Multiple in vivo and in vitro studies have shown efficacy 

of these drugs against a variety of neoplasms with sparing effects on normal cells.27, 28, 30, 31, 33 In 

addition, unlike many microtubule inhibitors, both MBZ and FBZ have high safety margins with 
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low morbidity, even when used at higher doses and longer treatment durations than those 

typically recommended for anthelmintic purposes. These features, combined with the fact that 

these drugs are relatively inexpensive, FDA-approved, and widely available, make them ideal 

candidates for use in veterinary patients.  
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FUTURE DIRECTION 

 
 

The future direction of this project is to determine is to perform in vivo pharmacokinetic 

studies in order to determine drug concentrations achievable in plasma and CSF based on oral 

administration of mebendazole and fenbendazole and to evaluate whether these preliminary in 

vitro studies will be clinically applicable.  

Three polymorphs of mebendazole (A, B, and C) have been documented via IR 

spectroscopy, each demonstrating different levels of penetration into the brain, side effects, and 

efficacy against glioma in a GL261 mouse model.34 In this model, polymorphs B and C had 

increased ability to cross the BBB, were able to achieve a higher concentration in the brain far 

exceeding the IC50 of GL261 glioma cells, and were able to increase survival time. In contrast, 

treatment with polymorph A did not show any survival benefit, likely due to markedly low levels 

of drug in the plasma and brain.34 Interestingly, polymorph B was associated with signficant 

toxicity and resulted in weight loss and even fatality, although neither a necropsy or clinical 

evaluation was available to explain the adverse side effects.34 This study provides strong evidence 

that in vivo studies of polymorphs of MBZ and FBZ may be essential to evaluate if there are 

species difference in pharmacokinetics, BBB penetration, efficacy, and toxicity.  

Since the current recommendation for veterinary glioma patients includes cytoreduction 

surgery in conjunction with radiation therapy, it would be interesting to evaluate if adjunctive 

BZD treatment improves radiosensitivity of gliomas and extends survival times. Gliomas 

obtained during surgical procedures or biopsies should also be submitted for genetic testing to 

evaluate molecular signatures that may correlate chemosensitivity, radiation sensitivity, response 

to treatment, and survival outcome. In addition, since temozolomide is currently the
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recommended chemotherapeutic agent for treatment in human patients with high grade gliomas, a 

similar study to evaluate adjunctive treatment of canine glioma patients with temozolomide alone 

and in conjunction with BZD would be interesting and relevant. Survival times can also be 

compared to patients that have not received surgery and radiation therapy but are treated with 

temozolomide, temozolomide and BZD, or palliatively with prednisone.  

!  
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Figure 1: Each graph depicts the results of three separate experiments. J3T cells were treated with MBZ (A) and FBZ (B) for 72 h. The 

mean result of each data point in an individual experiment is depicted with a different shape (triangle, square, and circle). Standard 

deviation bars are included. Cell viability was measured using OD values obtained from the MTT assay and expressing them as a 

percentage of the OD values obtained in the wells of untreated cells. IC50 values were generated using a four-parameter variable-slope 

curve fit nonlinear regression analysis on data from MTT assays. The mean IC50 (+/- SD) obtained from treating J3T cells for 72 h with 

MBZ was 0.030 +/- 0.003 µM, while that of FBZ was 0.550 +/- 0.015 µM. 
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Figure 2: Tubulin polymerization experiments in J3T cells. A: Western blot showing polymerized (P) tubulin solubilized (S) tubulin from 

three independent experiments. Treatment with 0.12 µM MBZ and 2.4 µM FBZ resulted in increased solubilized tubulin fraction when 

compared to untreated cells. B: Bar graphs of percentage of solubilized vs. polymerized tubulin calculated as S/(S+P)*100% for 

corresponding experiments.  
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Figure 3: Immunofluorescence with anti-!-tubulin antibody in J3T cells. A: untreated, B: MBZ 0.12 µM, and C: FBZ 2.4 µM. The 

normally-distributed, lacy, filamentous tubulin network is seen in A (untreated) with normal cell morphology. In B and C (treated), the 

cells are contracted and tubulin is disrupted and clumped at the periphery of cells. In C, clumping of nuclear material is also noted. DAPI 

nuclear counterstain. 

 
 
 
 
  


