
 

 

 

In vitro effect of tarantula venom combined with temozolomide in human 

glioblastoma cells  

  

Abstract  

Aim: Glioblastoma is the most common primary and malignant brain tumor. Relapse is 

inevitable with current treatment. The development of innovative treatments for this 

aggressive tumor is necessary clinically and for the society. In this study, we investigated the 

effect of 48-h administration of Tarantula Logoplex® (TL), a homeopathic medical product 

containing Tarantula cubensis venom, alone and in combination with temozolomide (TMZ) 

on T98G glioblastoma cell line with regard to cytotoxicity, cell migration, nitric oxide 

synthase (NOS) level, and the type of programmed cell death pathway that mediates this 

cytotoxic effect.  

Material and Methods: Cytotoxic effect was analyzed using the 3-(4,5-dimethylthiazolyl-2)-

2.5-diphenyltetrazolium bromide method, apoptosis was analyzed by Annexin V-FITC/PI 

flow cytometry, autophagic cell imaging was performed using the monodansylcadaverine 

staining method, mitochondrial membrane potential was evaluated using the 

tetraethylbenzimidazolylcarbocyanine iodide (JC-1) staining method, and cell migration was 

analyzed using the scratch test. The levels of eNOS, iNOS, and LC3 proteins were evaluated 

using immunofluorescence (IF) and western blot analyses. Results were compared and 

statistically evaluated.  



Results: Annexin V-FITC/PI flow cytometry revealed that the cytotoxicity of the combined 

administration was high and primarily (37.57%) occurred through apoptosis. According to JC-

1 analysis, the apoptotic effect could have originated from mitochondria. Cell migration was 

lowest at the IC50 dose of TL. The order of fluorescence intensity from the strongest to the 

weakest was control>TL>combination>TMZ for eNOS and control>TL>combination>TMZ 

for iNOS. Western blotting revealed the highest eNOS and iNOS protein density with TL IC25 

administration and the highest LC3 protein density with TMZ IC50 administration.  

Conclusion: Combined administration of TL and TMZ may exert a significant cytotoxic effect 

on T98G glioblastoma cells, which may occur through apoptosis. TL may play a role in 

augmenting the effect of conventional therapeutic drugs on glioblastoma.  

  

1. INTRODUCTION  

  

Glioblastoma, also known as glioblastoma multiforme (GBM), is a malignant primary 

brain tumor. It has one of the worst prognoses among malignant brain tumors. GBM 

originates from astrocytes, a subtype of glial cells that play an extremely important role in the 

formation and function of the central nervous system (23;14). With a 5-year survival rate of 

4%–5% and a 2-year survival rate of 26%–33%, an effective treatment is definitely necessary 

for this cancer type (5). Classical treatments such as surgical resection, radiotherapy, and 

chemotherapy are inadequate in the treatment of GBM. Consequently, there has been an 

increasing number of studies on treatments targeting cell pathways that are effective in tumor 

formation. Molecular genetic studies have suggested that mutations in genes encoding 

molecules such as epidermal growth factor receptor, tumor suppressor protein 53 (TP53), 

isocitrate dehydrogenase 1 (IDH1), neurofibromin 1 (NF1), and phosphatase and tensin 

homolog (PTEN) contribute to the development of GBM. Hence, such mutations are selected 

as molecular targets in GBM treatment because of their contribution to tumor formation in the 

relevant pathways (36; 37). Immunotherapeutics that are being developed, such as checkpoint 

inhibitors, peptide vaccines, viral immunotherapeutics, and dendritic cell therapy, are not yet 

completely beneficial for patients with GBM, with the disease possibly recurring within 6 

months after the completion of the treatment (5). Therefore, it is obvious that new treatments 

must be developed to control GBM and cure these patients.  

The apoptotic pathway that ensures the destruction of cells with impaired genetic stability 

is inhibited in cancer due to various reasons. The overexpression of antiapoptotic proteins and 

the inactivation of apoptosis due to changes that cause an insufficiency of proapoptotic 



proteins may result in intrinsic resistance to chemotherapeutics. Consequently, there has been 

an increased interest in studies focusing on benefiting from naturally derived compounds that 

can activate the apoptotic pathway (27).  

Several active substances produced by various organisms are being developed for the 

treatment of different types of cancer. Prominent among these organisms are poisonous 

arthropods such as scorpions, bees, wasps, spiders, ants, and caterpillars (15).   

Spiders belong to the phylum Arthropoda and contain 38,000 identified species (32). 

Their venom consists of extremely complex mixtures. Poisons contain several components, 

which are divided into four major groups, viz., small molecules, larger proteins, cysteine-rich 

peptides, and antimicrobial peptides (23). Spider venoms are considered a pharmacologically 

important source because they contain more than 10 million bioactive substances (30), 

including proteins and polypeptides that exhibit antimicrobial, neurotoxic, analgesic, 

cytotoxic, necrotic, and hemagglutinin activities. Furthermore, there is an increasing interest 

in the possibility that several classes of molecules isolated from spider venom can be 

developed for therapeutic purposes against tumor cells. Some of these toxic substances have 

been shown to exert effects such as regulation of cell cycle, activation of cell death pathways, 

and destruction of tumor cells (2019). Whole venom isolated from some spider species or 

various venom components purified from the content have been found to eradicate tumor 

cells, exerting effects such as suppressing cell proliferation in human erythroleukemia, 

fibrosarcoma, prostate cancer, colon cancer, cervical cancer, hepatocellular liver cancer, 

myelocytic leukemia, and glioma cell lines, in addition to inducing mitochondrial cell death 

and suppressing angiogenesis (28; 3).   

Despite some progress, it has not been possible to develop more effective treatment 

methods for cancer types such as GBM that respond poorly to classic treatment methods. In 

this context, spider venoms show promise as an anticancer treatment strategy to combat this 

disease (28).  

Homeopathic treatment involves the use of animal and plant substances in addition to 

agents such as minerals, salt, and enzymes. Poisons of animal origin occupy a vital position 

among homeopathic products. Alcoholic extract (TCAE) of the spider Tarantula cubensis is a 

homeopathic medicinal product used in veterinary medicine and was licensed by the Turkish 

Ministry of Agriculture in 2013 (19).   

We conducted this study to investigate the cytotoxic effect of Tarantula Logoplex® (TL) 

alone and in combination with temozolomide (TMZ) on T98G human glioblastoma cancer 

cells and the programmed cell death pathway (apoptotic or nonapoptotic) that mediates this 



effect. We also evaluated the levels of endothelial nitric oxide synthase (eNOS), inducible 

nitric oxide synthase (iNOS), and light chain-3 (LC3) using immunofluorescence and western 

blot analyses.  

  

  

  

  

  

  

2. MATERIAL AND METHOD  

  

  

2.1. Material  

     

            Ethical approval for this study was obtained from …… University (decision number 

451, research number 431, decision date 10/17/2021).   

            The American Type Culture Collection (ATCC)-registered aggressive T98G (CRL-

1690™) human glioblastoma cell line was used as the research material. TL (Ziegler GmbH, 

D-86672) and TMZ (Koçak Farma, 232/74, Turkey) were used as the chemical agents.  

  

2.2. Cell Culture  

T98G cells were grown in the basal medium Dulbecco’s modified Eagle medium 

(DMEM) (BI, 01-025-1A, Israel) supplemented with 10% fetal bovine serum (BI, 04-007-1B, 

Israel), 1% GlutaMax (Thermo Fisher Scientific, 35050061, USA), and 1% penicillin–

streptomycin combination (BI, 03-031-1C, Israel)  at 37°C and 5% CO2 and humidity.  

  

2.3. 3-(4,5-Dimethylthiazolyl-2)-2.5-diphenyltetrazolium bromide (MTT) 

Cytotoxicity Test   

T98G cells were cultivated in 96-well cell culture plates at a quantity of 4000 

cells/well. Then, TL (1, 2, 5, 10, 20, 50, 100, 200, 300, 400, and 500 µL/mL) and TMZ (1, 2, 

3, 5, 10, 20, 50, 100, 200, 500, and 1000 µM/mL) were added six times to the cells and 

incubated for 24 and 48 h. MTT working solution at a concentration of 0.10 mM/mL was 

added to each well and incubated in a 5% CO2 medium at 37°C for 4 h. Then, the medium 

was discarded, and the formed formazan crystals were dissolved with dimethyl sulfoxide. 



Formazan concentrations were read at 570 nm in an ELISA plate scanner (Allsheng AMR-

400, PRC). The obtained results were evaluated using the GraphPad version 9 statistical 

software program, and the half-maximal inhibitory concentrations (IC50) of TL and TMZ were 

determined. Control, TL IC50, TMZ IC50, and TL+TMZ IC50 combination administration 

groups were generated. These cell groups were subjected to fluorescent marking and 

colorimetric imaging methods.  

  

      2.4. Annexin V-FITC/PI Flow Cytometry Test  

T98G cells were cultivated in 6-well plates at a quantity of 5 × 105 cells/well. The 

plates were incubated for 4 days under the conditions of 5% CO2, 95% humidity, and 37°C to 

allow cell attachment to the well. After applying the determined IC50 doses to the plate, it was 

incubated for 48 h. Next, the Annexin V-FITC and propidium iodide (BioVision, K101, USA) 

procedure was applied according to the kit protocol. Cell death was evaluated using FL1 and 

FL2 detectors on the flow cytometry device (BD Accuri™ C2 plus, USA) with excitation at 

488 nm and emission at 530 nm.  

2.5. Monodansylcadaverine (MDC) Imaging  

MDC (30432, Sigma) staining was performed for imaging autophagic vacuoles. Cells 

were cultivated on round glass coverslips in 24-well plates and allowed to reach 50% 

confluency. After 48 h, cells in the control and study groups were transferred to a solution 

containing 0.05 mM/mL MDC in a serum- and antibiotic-free medium and incubated under 

CO2 for 7 min at 37°C. After staining, the samples were processed once with phosphate-

buffered saline (PBS) and viewed under a fluorescence microscope (Olympus BX43, 

Olympus, Japan) with a filter specific for 4′,6-diamidino-2-phenylindole (DAPI).  

  

2.6. Mitochondrial Membrane Potential Imaging by JC-1 Staining  

Sterile coverslips of 12 mm diameter were placed in 24-well plates. T98G cells were 

cultivated in each well at a density of 1 × 104 cells/well in 0.5 mL concentration and allowed 

to reach 50% confluency. Then, the determined IC50 doses were administered, followed by 

incubation for 48 h. One well with no administration was used as the control. Vital staining 

was performed for 7 min in a solution of JC-1 reagent (10009172, Cayman, USA), diluted 

1:10 with the medium, in an incubator containing 5% CO2 at 37°C. After staining, coverslips 

were placed on a slide containing one drop of PBS and viewed under a fluorescence 

microscope with Texas Red and FITC filters. The obtained images were overlapped using the 

Adobe Photoshop CC 2022 software program.  



  

2.7. Effect of Tarantula-Logoplex® and Temozolomide on Cell Migration  

            A high concentration of cells was inoculated into 24-well plates and allowed to reach 

100% confluency. Then, straight scratches were created on the surface of the wells using a 

sterile pipette tip. The wells were washed with PBS to remove the cells that had started 

swimming after scratching. All study groups other than the control group were administered 

IC50 doses. The cells and the created scratches were examined under an inverted microscope 

(Carl Zeiss, Germany) at 0, 12, 24, 36, and 48 h. The distance between the scratches in the 

images was measured using the ImageJ program, and results were evaluated using the 

GraphPad version 9 statistical software program.  

  

2.8. Immunofluorescence Imaging  

Sterile coverslips of 12 mm diameter were placed in 24-well plates. T98G cells were 

inoculated into each well at a density of 1 × 104/mL and allowed to reach 50% confluency. 

The determined IC50 doses were then applied, followed by incubation for 48 h. One well 

without any administration was used as the control. Next, the cells were washed three times 

for 5 min each with PBS and fixed first for 4 min in 4% paraformaldehyde solution prepared 

with PBS and then for 4 min in 1:1 methanol/acetone solution at −20°C. After fixation, the 

cells washed with PBS were blocked with 5% BSA solution for 30 min. Next, they were 

washed three times for 5 min each with PBS followed by administration of the primary 

antibodies eNOS (Santa-Cruz, 376751), iNOS (Santa-Cruz, SC-7271, USA), and LC3 

(ABCAM, ab58610, UK) diluted 1:200 in PBS containing 5% BSA. The samples were placed 

overnight in a humid environment at +4°C. The next day, FITC-bound specific secondary 

antibody (ab6717, ABCAM, UK) diluted 1:500 in PBS containing 5% BSA was administered 

to the samples, followed by washing three times for 5 min with PBS. Samples treated with 

secondary antibodies were placed at room temperature and in the dark for 1.5 h, after which 

nuclear staining was performed using DAPI for 1 min, followed by washing with PBS. Next, 

the samples were washed again with PBS and placed on a clean slide containing one drop of 

anti-fade sealing solution (Thermo Fisher Scientific, P36930). Then, the samples were 

photographed under a fluorescence microscope using FITC (490 nm excitation, 520 nm 

emission) and DAPI (372 nm excitation, 456 nm emission) filters with a Peltier cooled 

Olympus DP74 camera. Photographs taken with separate filters were later overlaid with each 

other using the Adobe Photoshop CC 2023 program.  

  



2.9. Sodium Dodecyl Sulfate–Polyacrylamide Gel Electrophoresis (SDS-PAGE) 

and Western Blotting  

            2.9.1. Cell Lysis and Protein Extraction  

            T98G cells were cultivated in 6-well cell culture plates and allowed to reach 50% 

confluency after applying the determined IC50 doses and incubating for 48 h. In the control 

group, only the culture medium was added. Cells were then incubated in a 5% CO2 

environment for 48 h at 37°C, after which the medium was discarded, and the cells were 

washed with PBS. To each well, 300 µL of Mammalian Protein Extraction Reagent (M-PER-

Thermo Fisher Scientific, Rockford, IL, USA) containing 3 µL of proteinase inhibitor cocktail 

was added. The wells to which M-PER was added were quickly scraped using a cell scraper 

and transferred to Eppendorf tubes. After lysing, the samples were centrifuged for 15 min at 

14,000 ×g and +4°C, and the resulting supernatants were collected into Eppendorf tubes in 

20-µL aliquots.  

            2.9.2. Bicinchoninic Acid (BCA) Assay  

            Standard curve concentrations were obtained by linearly diluting the standard solution 

containing 2 mg/mL BSA in reference concentrations with M-PER. Next, 10 µL of the 

created standard curve proteins and the proteins belonging to the study groups were collected, 

and 200 µL of BCA (Pierce™ BCA Protein Test Kit, Cat 23225, Thermo Scientific™, USA) 

working solution was added. Then, the samples were incubated in a 37°C hot water bath for 

30 min, followed by cooling at room temperature for 10 min. Samples were read in the BCA 

assay mode on a Nanodrop (Thermo, USA) device. A standard measurement curve was first 

generated with the reference proteins, and the experimental samples were then read when an 

R2 value close to 1 was obtained. Measurements were repeated three times, and the average 

values were calculated.  

  

2.9.3. SDS-PAGE  

Two different stacking and resolving gel concentrations were used for SDS-PAGE. 

Based on the molecular weight of the proteins to be determined, the acrylamide/bis density 

was 4%–7% for the stacking gel and 7%–17% for the resolving gel. Proteins were equalized 

to 0.9 mg/mL with M-PER, mixed with Laemmli buffer containing β-mercaptoethanol at a 

ratio of 1:1, and boiled at 95°C for 5 min. The proteins and standard markers were loaded 

onto SDS polyacrylamide gels and run in a working buffer at 90 V constant current for 120–

150 min using the Mini Protean Electrophoresis Apparatus (BioRad, Hercules, CA, USA). 



Electrophoresis was terminated when the advancing bromophenol blue band reached the end 

of the gel.  

  

  

  

  

  

  

2.9.4. Western Blotting  

           The gels were first acclimated for 45 min in a transfer buffer containing 20% methanol 

and Tris/glycine to prevent them from shrinking and cracking, and the proteins that had been 

separated according to their molecular weight within the gel were transferred to 

polyvinylidene difluoride (PVDF) membranes (pore size 2 µm, Immun-Blot®, Cat 1620177, 

BioRad). Next, the gels were placed in a transfer sandwich consisting of a sponge, filter 

paper, gel, membrane, filter paper, and sponge in sequence and transferred for 14 h at +4°C 

with 30 V of power in a tank containing the transfer buffer.  

After transfer, the membranes were stained with Ponceau’s dye for 1 min to check whether 

the protein transfer was successful, and the dye was removed from the membranes by washing 

three times for 5 min each with Tris-buffered saline containing Tween 20 (TBS-T) buffer. 

After this procedure, the membranes were blocked for 30 min in a shaker at room temperature 

in a solution prepared using TBS containing 5% skimmed milk powder and 0.1% Tween 20. 

Next, the membranes were washed three times for 5 min each with TBS-T and incubated 

overnight at +4°C with eNOS, iNOS, LC3-I and II, and β-actin primary antibodies used for 

housekeeping and diluted 1:1000 with TBS-T solution containing 5% skimmed milk powder. 

The next day, the membranes were washed three times for 5 min each with TBS-T and 

incubated for 1 h with HRP-conjugated anti-rabbit or anti-rat secondary antibodies, diluted 

1:1000 with TBS-T solution containing 5% skimmed milk powder, suitable for the primers 

used. After incubation, the membranes were washed three times for 5 min each with TBS-T 

solution and stained with diaminobenzidine (DAB) solution to visualize the immune markers. 

Next, the membranes were washed three times for 5 min each with pure water. Finally, the 

dried membranes were scanned in TIFF format at 600 dots per inch resolution.   

  

            2.9.5. Obtaining Data  



            Measurements were made by evaluating the images obtained from 

immunofluorescence staining and the scanned western blotting data using the ImageJ version 

2.0 software. The ImageJ pixel density measurement interface was used for measuring the 

pixel density in the immunofluorescent-stained preparations. Measurements of staining 

intensity on the western blot membranes were performed using the ImageJ gel measurement 

interface. The obtained data were transferred to the GraphPad Prism software for statistical 

analysis.  

  

            2.9.6. Statistical Analysis  

           Quantitative data were subjected to one-way analysis of variance (ANOVA), followed 

by post hoc Dunnett’s test, to determine the differences between the groups. All statistical 

analyses were performed using a commercial statistical software program (GraphPad Prism 9, 

ver. 9.3.1, CA, USA). At least three independent experiments were conducted for each 

analysis, except for western blotting. All results are expressed as mean ± SEM, and 

differences were considered significant at p < 0.05.   

  

  

3. RESULTS  

  

3.1. MTT Test   

The MTT test was conducted with six repetitions to determine the effective dose of 

TL. A combination experiment was also conducted with TMZ, which is used to treat brain 

tumors and cancer, to increase TL activity. The IC50 value was 72 µL/mL for TL and 391 

µM/mL for TMZ with regard to T98G cells (Figure 3.1). The appropriate duration for the 

administered doses was 48 h.  

  

  

  

  

             3.2. Annexin V-FITC/PI Flow Cytometry Analysis  

            Annexin V-FITC/PI staining was performed by administering the determined doses to 

T98G cells and incubating for 48 h. Living cells were then scanned by flow cytometry.   

T98G cells underwent early and late apoptosis at similar rates with TL IC25 and IC75 

administrations, whereas late apoptosis was more frequent with IC50 administration. 



Administration of the combination of TL and TMZ remarkably led to late apoptosis in 27.8% 

of cells, early apoptosis in 9.77% of cells, and necrosis in 4.59% of cells. Administration of 

the combination and the TMZ IC75 dose resulted in apoptosis in 37.57% and 31.99% of cells, 

respectively (Figures 3.2 and 3.3).  

  

  

  

  

            3.3. MDC Imaging  

MDC, which fluoresces in intracellular acidic compartments, was used to determine 

the possible autophagic effect of TL and TMZ doses.   

Autophagic vacuoles were observed in a distributed manner in the cytoplasm in the 

control and administration groups, with a difference in the number and intracellular location 

depending on the dose when the groups were compared (Figure 3.4A). The vacuoles were 

generally spread around the nucleus, especially in the TL IC50 vs IC75 administration group, 

and administration of the combination resulted in an effect close to that of IC50 in augmenting 

the effect of TMZ.  

The number of autophagic vacuoles decreased in the TL IC50 and combination groups 

but increased significantly in the TMZ IC50 group. The mean ± SEM number of autophagic 

vacuoles in the TL IC50, TMZ IC50, and combination groups were 196 ± 44.4, 240.0 ± 201.1, 

and 202 ± 38.4, respectively. No significant difference was observed in the number of 

autophagic vacuoles in the TL IC50 and combination groups compared with that in the control 

group. However, a significant difference was observed in the number of autophagic vacuoles 

between control and TMZ IC50, TL IC50 and TMZ IC50, and TMZ IC50 and combination groups 

(p < 0.0001) (Figure 3.4B).  

  

  

  

  

  

  

3.4. Tetraethylbenzimidazolylcarbocyanine Iodide (JC-1) 

Staining                                            The mitochondrial membrane potential (ΔΨm) integrity 

after the administration of TL and TMZ was evaluated by JC-1 staining. The dye exhibited 



red luminescence in the untreated negative control group and complete green luminescence in 

the positive control group (CCCP). An imbalance in mitochondrial membrane potential was 

evident, and the intensity of green fluorescence increased in the TMZ IC50 and combination 

groups compared with that in the control group. The TL IC50 group demonstrated fluorescence 

similar to that in the control group (Figure 3.5).  

  

  

  

3.5. Cell Migration Test  

Figure 3.6 illustrates the migration of cells in the control group and groups treated with 

TL, TMZ, and the combination at different time intervals (12, 25, 36, and 48 h). The activities 

of the administered substances were compared by the area closure percentages.   

The wound healing test revealed a significant suppression of the migration abilities of 

cells treated with TL or TMZ compared with that of cells in the control group. Administration 

of TMZ, which exerts a toxic effect, increased the wound healing area in the first 24 h by 

disrupting the morphology of the wound area border cells. Administration of TL to the cells 

suppressed their migration properties and protected the closure area without disrupting the 

morphology of the cells in the wound area. Cells treated with the TL and TMZ combination 

showed partially preserved morphology similar to that of cells treated with TL, with an 

increased wound healing area similar to that in the control group. The migration rate was high 

at 24 h, and the wound completely closed at 48 h in control cells, whereas the migration rate 

was quite low in cells treated with TL. The cell proliferation and migration rates increased 

starting from 24 h with administration of the combination (Figure 3.7). Overall, treatment 

with TL significantly suppressed the migration property of T98G cells and, simultaneously, 

increased the migration rate in a time-dependent manner when treated with the TL and TMZ 

combination.  

The wound area closed completely (100%) at the end of the experiment (48 h) 

in  T98G control cells and by 22%, 60%, and 77% in cells treated with TL IC50, TMZ IC50, and 

TL+TMZ, respectively (Figure 3.7). Altogether, cell migration was inhibited in the TL-

administered group, with the distance between the cells completely closed in 48 h in the 

control group and the degree of closure in the combination group being almost similar to that 

in the control group. This increased cell migration and closure are clearly depicted in Figures 

3.6 and 3.7. These statistical results were consistent with the microscope images, and the 

wound healing activity was better in the combination group.   



  

  

3.6. Immunofluorescence Imaging  

The immunoreactivities of eNOS, iNOS, and LC3 were evaluated by fluorescence 

immunocytochemistry after the administration of gradually increasing doses of TL and IC50 

combination.  

eNOS proteins were located in Golgi-like regions in the control group, and this 

location spread toward the cytoplasm, with eNOS staining of T98G cells. The luminescence 

increased in the Golgi-like regions, and the eNOS proteins accumulated in vesicles near the 

nucleus with the administration of increasing TL doses, especially with TL IC50. 

Luminescence was limited to the Golgi-like regions in the combination group, although strong 

(Figure 3.8).  

iNOS proteins spread as vesicles in Golgi-like regions and the cytoplasm in the control 

group with iNOS staining of T98G cells. These vesicles containing iNOS proteins spread into 

the cytoplasm with TL administration. The luminescence increased near the nucleus and 

vesicles and more clearly spread in the cytoplasm with the administration of TL IC50. The 

vesicles containing iNOS proteins were similar to those in the control group after the 

combined administration (Figure 3.9).  

We visualized the autophagic vesicles using immunofluorescence methods with LC3 

staining and found that they were distributed in the cytoplasm of T98G cells in the control 

group, whereas they exhibited significant proliferation near the nucleus and in the cytoplasm 

after TL administration. This distribution pattern of autophagic vesicles was similar to that 

observed with TMZ administration, and the increase in their number and size was more 

pronounced. Cells in the combination group exhibited increased autophagic vesicle density 

and size, and the vesicles were located close to the nucleus (Figure 3.10).  

  

  

  

  

3.6.1. Fluorescence Measurements  

Comparison of the pixel intensity of immunofluorescence staining images revealed the 

highest fluorescence value for eNOS in the TL IC75 group, followed by that in the control and 

TMZ IC75 groups (Figure 3.11). A comparison of the control, TL, and TMZ IC50 groups with 

the combination group revealed the order as control>TL>combination>TMZ.  



  

  

Measurement of the pixel intensity for iNOS revealed a similar increase in the TL IC75 

and TL IC50 groups. The TMZ IC75 and combination groups again exhibited a similar increase, 

which was lower than that observed in the TL IC75 and TL IC50 groups (Figure 3.12). A 

comparison of the control, TL, and TMZ IC50 groups with the combination group revealed the 

order as control>TL>combination>TMZ.  

  

  

There was a decrease in the immunofluorescence pixel intensity for LC3 in the TMZ IC50, 

TMZ IC75, and combination groups, with the highest luminescence observed in the TMZ IC50 

group (Figure 3.13).  

  

  

  

3.7. Western Blotting  

Proteins obtained from T98G cells were separated into bands according to their 

molecular mass by SDS-PAGE and then transferred to membranes. Bands were obtained by 

marking the proteins with primers binding to eNOS, iNOS, and β-actin proteins and making 

them visible using DAB and secondary antibodies conjugated to horseradish peroxidase 

(Figure 3.14).   

Analysis of the obtained bands revealed that the amount of eNOS and iNOS proteins 

in T98G cells was similar in the control group, whereas the amount of eNOS  slightly 

decreased compared with that of iNOS in the TL IC50 and combination groups. Groups treated 

with the lowest TL and TMZ doses showed higher values for eNOS and iNOS than the 

control group, and a significant dose-dependent increase was observed when the groups were 

compared with each other. The amount of both eNOS and iNOS proteins was almost similar 

in the TL IC50 and combination groups (Figure 3.15).   

  

3.7.1. Amount of LC3-I and -II Autophagic Proteins  

LC3-I and -II autophagic proteins were evaluated to confirm the presence of autophagy 

(Figure 3.16). The amount of LC3-II protein increased in the TMZ IC50 group and decreased 

significantly in the TL IC50 group. The amount of LC3-II protein in the combination group 

was almost similar to that in the control group (Figure 3.17).  



  

  

  

4. DISCUSSION  

  

One-third of all new FDA-approved therapeutic molecules is of natural origin; half of 

them is derived from mammals, a quarter is derived from microorganisms, and another 

quarter is derived from plants. Nevertheless, arthropod venoms are an underutilized resource. 

They are promising compounds that will guide the future development of drugs. In this study, 

we investigated the cytotoxic effect of TL alone or in combination with TMZ on the T98G 

cell line, the cell death pathway mediating this effect, and the relationship between the cell 

death pathway due to oxidative damage.  

The combined administration exerted a greater cytotoxic effect (41.2%) than the 

administration of increasing doses of TL alone, and this effect resulted in 36.57% of apoptotic 

cell death and 4.59% of nonapoptotic cell death. Autophagy-related findings from MDC 

imaging were prominent with both TL IC50 and IC75 administrations but were almost similar to 

those in the control group with combined administration. The MDC dye remained in the 

cytoplasm and emitted green fluorescence in apoptotic cells during the evaluation of the 

mitochondrial membrane potential integrity by JC-1 staining. The green luminescence in 

T98G cells was higher with administration of the combined dose than with administration of 

single doses. This result supports the notion that the combined administration of TL and TMZ 

can destroy tumor cells through apoptotic cell death.   

Whole venom or various venom components isolated from certain spider species and 

purified from this content have been found to eradicate tumor cells in various cancer cell lines 

through various effects such as suppression of cell proliferation, induction of mitochondrial 

cell death, suppression of angiogenesis, and inhibition of cell invasion and metastasis (39; 

40). Peptides, which are resistant to proteolytic degradation, are the primary  component of 

most spider venoms. Some species have more than 1000 unique and bioactive peptides. It is 

believed that spiders contain more than 10 million bioactive peptides (1; 29), which have a 

high degree of specificity and affinity. Peptides are considered a new anticancer agent due to 

their ability to specifically target cancer cells and, simultaneously, exhibit lower toxicity in 

normal tissues. Spider peptides exert a general cytotoxic effect on cancer cells (1). The venom 

of the spider Macrothele raveni (Araneae, Hexathelidae) exerts an effect on the proliferation 

and apoptosis of various tumor cells. It induces cell apoptosis and necrosis in a time- and 



dose-dependent manner in human cervical cancer HeLa cells. It also plays a role in cell cycle 

arrest at the G0/G1 phase, thus inhibiting the proliferation of HeLa cells (12). Another study 

showed that M. raveni venom exerted a dose- and time-dependent effect on cell viability and 

induced apoptosis and necrosis in MCF-7 human breast cancer cells. MCF-7 cells 

accumulated in the G(2)/M and G(0)/G(1) phases. Western blot analysis revealed that one of 

the pharmacological mechanisms of the action of this spider venom is activation of p21 

expression (13). The venom of T. cubensis (TL), a homeopathic drug, exerted a more 

pronounced (42.2%) cytotoxic effect on the T98G cell line when administered in combination 

with TMZ compared with that with administration alone. The cytotoxic effect of the 

combined dose resulted in a high rate of apoptosis (36.57%), with a nonapoptotic cell death 

rate of 4.59% in the Annexin V-FITC/PI Flow Cytometry analysis. The effect of combined 

administration was almost similar to that in the control group as assessed by MDC staining. 

This result suggests that the nonapoptotic cell death effect of the combination is due to 

necrosis rather than autophagy. Nevertheless, additional analyses related to necrosis are 

required to confirm this assumption. Considering the studies that investigated the cytotoxic 

effect of M. raveni venom on human cervical cancer HeLa cells (12) and MCF-7 human 

breast cancer cells (13) through apoptosis and necrosis and the present study, the 

administration of the venoms of all spiders may exert such an effect.   

The release of cytochrome c in the mitochondria into the cytoplasm results in the 

activation of caspase enzymes and activates apoptosis through the mitochondrial pathway. A 

decrease in the mitochondrial membrane potential indicates that the apoptotic pathway is of 

intrinsic origin. Analysis of the mitochondrial membrane potential by JC1 staining is 

preferred to reveal this state. The present study demonstrated that the deterioration of the 

mitochondrial membrane potential after TL administration was lower and almost similar to 

that in the control group in cells treated with TL IC25 and IC50. There was also some 

fluorescence with the administration of TL IC75, and there was a relative increase in green 

fluorescence with administration of the combination compared with that with all other doses. 

Our finding that the cytotoxic effect of the combined dose resulted in a high apoptosis rate 

(37.57%) in the Annexin V-FITC/PI Flow Cytometry analysis suggests that apoptosis is 

triggered by mitochondrial activity in T98G cells with the combined administration.  

Barreto dos Santos et al. reported that administration of the venom of the spider 

Phoneutria nigriventer (PnV) at low (14 µg/ml) and high (280 µg/ml) concentrations to 

human glioma (NG97), glioblastoma (U-251), cervical adenocarcinoma (HeLa), and 

nontumor rat fibroblast cells (L929) inhibited migration in all tumor cell lines (4). We also 



observed that cell migration was especially inhibited in the group treated with TL IC50 (72 

µM/mL) in the cell migration scratch test. The distance between the cells completely closed at 

48 h in the control group, whereas the combination group showed a closure similar to that in 

the control group. The very low migration rate of cells treated with TL alone suggests that TL 

inhibits the migration of T98G cells. This suggests that TL has potential in combating 

metastasis in GBM cases. Further studies are required on this subject to clarifying this issue.  

Nitric oxide (NO) is a diatomic free radical molecule that is critical to several 

biological processes. The family of nitric oxide synthase (NOS) enzymes in mammalian cells 

produces NO. The NOS family consists of eNOS, iNOS, and neuronal NOS (nNOS). Various 

studies have reported that each of the three isoforms is associated with the underlying cause of 

cancer and plays a tumor-inducing or -inhibiting role. High levels of NOS expression may be 

cytostatic or cytotoxic for tumor cells, whereas low levels of activity may support the 

development of cancer cells (41; 18).  

Several studies have demonstrated the presence of NOS expression in mouse and 

human glioma cell lines and that cytokines can stimulate eNOS expression in GBM cells (35). 

eNOS expression in human A-172 and T98G cells (11; 16; 29) is induced by IFN, IL-1-beta, 

and tumor necrosis factor-alpha. Moreover, eNOS induction increases the mRNA 

transcription of eNOS (9; 11). eNOS expression was detected in the T98G cell line control 

group by immunofluorescence (Figure 3.8) and western blotting analyses in our study (Figure 

3.14). This finding supports previous studies on GBM. eNOS luminescence increases 

depending on the TL dose, and the results obtained with the combined administration were 

similar to those with TL IC50 administration. TL administration alone or in combination 

increased the amount of eNOS compared with that in the control group. This finding suggests 

that TL induces eNOS expression and thus causes the death of T98G cells.  

iNOS expression is prominent in human breast cancer cells, and 60% in 

adenocarcinomas, 20%–25% in colon cancers, and in brain, lung, pancreas, and stomach 

tumors; however, it has been reported to have either no expression or only very low levels in 

the surrounding or normal tissues (2; 6). It was not expressed in normal tissues and was only 

present in tumor cells in a study on ovarian cancer (7; 34). Increased iNOS expression in brain 

tumors is associated with the degree of malignancy and angiogenesis in favor of tumor growth 

(42). A mouse xenograft glioma study showed that iNOS inhibitors reduced the volume of the 

tumor (17). Our study revealed iNOS expression in control T98G cells by 

immunofluorescence (Figure 3.9 and 3.11) and western blot analyses (Figure 3.14). Cell 

fluorescence intensity was higher in the TL IC75 and TMZ IC50 groups than in the control 



group. It was also more intense in the combined treatment group than in the TL IC50 treatment 

group. Increased iNOS expression may trigger NO formation in cancer cells, which may 

result in cell apoptosis.  

Autophagy is associated with cancer and exerts a two-way effect depending on the 

stage and type of cancer, either inducing or inhibiting tumor formation (21). LC3, a molecule 

involved in the conjugation system and autophagosome formation in the nonapoptotic 

programmed death type autophagy pathway, is considered an autophagy marker in several 

tumor studies (10; 33; 25). Studies on various types of cancer have reported a relationship 

between increased LC3 levels and tumor formation (10). The LC3 level was high in various 

studies on malignant glioma (21; 38; 44). The western blot findings in our study revealed that 

the amount of LC3 protein was lower in the control group than in the TL IC50 and combined 

treatment groups, and the highest protein level was obtained in the TMZ IC50 group (Figures 

3.16 and 3.17). Supporting our finding, certain studies have indicated that TMZ causes 

therapy resistance during glioblastoma treatment by inducing autophagy in cancer cells (8; 31; 

43). Cancer cells utilize autophagy to overcome stress conditions caused by the 

microenvironment, thereby promoting the development, progression, and therapy resistance 

of several types of human cancer (24; 26). Based on our results, the ability of TL to cause the 

death of glioblastoma cells without increasing autophagy may provide a new contribution to 

its use as a novel chemotherapeutic agent that does not cause drug resistance.  

  

5. CONCLUSION AND RECOMMENDATIONS  

   

TL exerted a cytotoxic effect in the T98G GBM cell line. Cell death was largely due to 

apoptosis as assessed by the Annexin V-FITC/PI flow cytometry test, and the increase in 

apoptosis rate was greater than that with single administrations when TL was administered 

together with TMZ. The JC-1 analysis suggested that apoptosis is triggered by mitochondrial 

activity in the TL and combination treatment groups. The increase in iNOS expression 

compared with eNOS expression in the administration groups may induce NO formation in 

cancer cells, and the increase in NO levels may trigger apoptosis. TMZ can cause drug 

resistance by inducing autophagy. Because TL administration decreased autophagy in the 

relevant study group, unlike that in the TMZ group, TL may be promising as a novel cancer 



drug that can cause the death of cancer cells by breaking the autophagy-related drug 

resistance in glioblastoma treatment.  

In conclusion, TL and combined administrations exerted a cytotoxic effect on 

glioblastoma cells and resulted in cell death that is predominantly caused by apoptosis. The 

effect of TL alone and in combination with TMZ may be a triggering mechanism that causes 

apoptosis. Further molecular biological studies are required to clarify these mechanisms in 

terms of oxidative damage and mitochondrial activity. Combined administration holds 

promise for a novel strategy to treat glioblastoma.   
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