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ABSTRACT 

 

Thyroid cancer (TC) is the most common endocrine malignancy. Thyroidectomy and 

radiotherapy are common treatment modalities for patients with undifferentiated TC (UTC), and 

sorafenib is usually recommended to prevent a recurrence. However, malignant cells may evade 

chemotherapy-induced apoptosis, and combination therapy was developed to achieve better 

outcomes. This study investigated whether eugenol in combination with sorafenib was more 

effective than either substance individually in triggering apoptosis in the UTC.  

The IC50 of sorafenib and eugenol was determined in a UTC cell line (8305C) by MTT assay, 

and their synergistic effect in combination therapy was investigated. Flow cytometry was used to 

evaluate the rate of apoptosis in treated cells. To confirm that cell death occurred through 

apoptosis, immunoblotting was used to determine the relative cleavage of caspase-8 and caspase-9.  

The IC50 of sorafenib was 20 µM, and that of eugenol was 2100 µM. The sorafenib-eugenol 

combination (1:105) showed synergistic effects at concentrations equal to or less than their IC50. 

The rate of apoptosis induction was higher in cells treated with eugenol or the eugenol-sorafenib 

combination compared to sorafenib-treated cells. The relative intensity of cleaved/uncleaved 

forms of caspase-8 increased in eugenol-treated cells compared to sorafenib-treated cells.  

Sorafenib and eugenol at concentrations equal to or less than their IC50 had a synergistic 

effect in 8305C cells. The most potent apoptotic effect was achieved with sorafenib and eugenol 

at their IC50. Lower doses of sorafenib could be used with eugenol to improve its efficacy while 

reducing its side effects. 
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INTRODUCTION 

 

Apoptosis is one of the natural mechanisms for 

homeostasis, and any defect or dysregulation in this 

process may lead to malignancy.1 Thyroid cancer (TC), 
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the most common endocrine malignancy, is a public 

health concern worldwide.2 Histologically, TC is 

classified as differentiated (DTC), poorly differentiated 

(PDTC), and undifferentiated (UTC).3,4 Thyroidectomy 

and radiotherapy are common treatment modalities for 

patients with UTC; however, these patients are at high 

risk of cancer recurrence. Tyrosine kinase inhibitors such 

as sorafenib are usually recommended to prevent TC 

recurrenc.5 These inhibitors trigger apoptosis through the 

intrinsic pathway by interfering with the phosphorylation 

of the pro-apoptotic proteins necessary for apoptotic 

factor activation.6 Despite its benefits, sorafenib has side 

effects such as hand-foot syndrome, diarrhea, skin rash, 

weight loss, and fatigue; patients may thus be reluctant 

to continue taking this medication.7 Furthermore, 

because malignant cells may develop mechanisms to 

evade chemotherapy-induced apoptosis, combination 

therapy was designed to achieve better outcomes.8  

In recent years the use of herbal therapy in cancer 

treatment has attracted the public’s attention.9 Among 

herbal options, eugenol, a phenolic substance extracted 

from the cinnamon leaf, honey, and clove,10 has shown 

potent anticancer effects in several in vitro and in vivo 

studies of colon cancer,11 breast cancer,12 acute 

promyelocytic leukemia,13and squamous cell carcinoma.14 

In addition to its conventional medical application as an 

antiseptic and anesthetic,11 pain killers,15 antiviral,16 

antioxidant,17 and anti-inflammatory compounds,18 it was 

considered to trigger apoptosis through the mitochondrial 

pathway.19 The present study was designed to determine 

whether eugenol in combination with sorafenib increases 

apoptosis in a UTC cell line. Ultimately, the findings can 

shed light on whether it may be possible to reduce the side 

effects of sorafenib by using lower doses in combination 

with eugenol.  

 

MATERIALS AND METHODS 

 

The protocol of this study in applying the correct 

principles of working with human cancer cell lines and 

the proper disposal of a toxic substance was approved 

by the Ethics Committee of the Faculty of Veterinary 

Medicine, Shahid Bahonar University of Kerman 

(approval number: IR.UK.VETMED.REC.1400.014). 

 

Cytotoxicity Assay 

Cells of the 8305C UTC cell line (Pasteur Institute 

of Iran, Tehran, Iran) were cultured in CM10 

containing Dulbecco’s modified Eagle medium 

(DMEM, Gibco, Billings, MT, USA),  10% FBS (fetal 

bovine serum, Gibco), 1% penicillin/streptomycin 

(Sigma Aldrich, Darmstadt, Germany), and 1%  

L-glutamine at 37°C in a humidified incubator with 5% 

CO2. Sorafenib powder (Merck, Mannheim, Germany) 

was reconstituted in DMSO (Merck) and then diluted 

in DMEM to make a 1 mM solution. Eugenol (Sigma 

Aldrich) was diluted 1:1 in DMSO and then diluted in 

DMEM to make a 10 mM solution.  

To determine the IC50, an MTT assay was used. 

Cells were seeded into 96-well plates at 2×104 

cells/well in 100 µL CM10 and incubated for 24 h in a 

5% CO2 incubator. Then 50 µL of each well 

supernatant was replaced with the desired 

concentrations of 2×eugenol (100–5000 μM), sorafenib 

(5–64 μM),  or a combination of both prepared in 

CM10. After 24 h, 50 μL of the 5 mg/mL MTT 

solution [3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyl-

2H-tetrazolium bromide, Sigma Aldrich] was added to 

each well, and the plates were incubated for a further 4 

h. Subsequently, 50 μL DMSO was added to each well, 

and the absorbance of the wells was determined at 

570/660 nm.  This test was conducted three times, each 

time in triplicate. The IC50 - a concentration of the drug 

that inhibits the growth of 50% of cells was determined 

by plotting log drug concentrations against cell growth 

inhibition with GraphPad PRISM version 6.  

To determine the pharmacodynamic interaction of 

eugenol and sorafenib, combination index (CI) and 

fraction affected (Fa) (inhibition ratio) were calculated 

with CompuSyn software version 1.0.20 For this 

purpose, the absorbance effects were tested in seven 

different concentrations, including the IC50 of sorafenib 

and eugenol. According to the instructions of this 

software, CI<1, CI=1, and CI>1 represent a synergistic, 

additive, and antagonistic effect, respectively 

(https://www.combosyn.com/dataEI.html).  

 

Apoptosis Assay 

Flow cytometry was used to evaluate the apoptosis 

rate in target cells. Cells were grown and treated with 

different concentrations of sorafenib and eugenol 

(at concentrations equal to or less than the IC50), or 

their combination (sorafenib/eugenol at 1:105) for 24 h, 

washed with PBS, harvested by a scraper, and adjusted 

to 1×106 cell/mL. Then the cells were incubated with  

5 μL PE-annexin V and 5 μL 7-AAD (BD Biosciences, 

San Diego, CA, USA) for 15 min at room temperature 

in the dark. Lastly, 400 μL 1× binding buffer was 
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added to each tube, and the cells were immediately 

analyzed by BD FACSCalibur flow cytometry 

(eBioscience, San Diego, CA, USA). In this assay, cells 

treated with 3% DMSO were used as a positive control, 

and untreated cells cultured in CM10 were used as a 

negative control. Flow cytometry tests were repeated in 

four independent runs, and the data were analyzed with 

FlowJo software version 7.6.  

 

Immunoblotting  

To confirm that cell death occurred through 

apoptosis, immunoblotting was used to determine the 

relative cleavage of caspase-8 and caspase-9. For this 

purpose, cells were grown in 75-mL tissue culture 

flasks and treated with different concentrations of 

sorafenib, eugenol, or their combination based on flow 

cytometry data. After incubation for 24 h, the cells 

were washed with PBS, scraped, and dispersed in lysis 

buffer (150 mM NaCl, 1 mM EDTA, 1% NP-40, 0.5% 

sodium deoxycholate, 0.1% SDS, 50 mM Tris–HCl, pH 

7.5) supplemented with 10% protease inhibitor 

cocktail, and then sonicated for 20 min on ice. The 

lysates were centrifuged at 13,000 g and 4°C for 5 min, 

and the supernatants were stored at −20°C for 

immunoblotting. For western blot analysis, the 

untreated 8305C cells and etoposide-treated Jurkat cells 

were prepared under the same conditions as negative 

and positive controls. Etoposide is a chemotherapeutic 

drug with cytotoxic effects on cancer cell lines e.g., 

Jurkat, a human T lymphocyte cell line. 

Protein concentration in each lysate was determined 

with the Bradford method. SDS-PAGE (sodium dodecyl 

sulfate-polyacrylamide gel electrophoresis) was 

performed in a mini gel (Bio-Rad, Hercules, CA, USA) 

with 6% stacking and 12% separating gels, and 50 μg of 

each lysate was loaded in each well. Electrophoresis was 

done for 15 minutes at 80 V and 45 minutes at 120 V. 

Then, the protein bands were transferred onto PVDF 

(polyvinylidene difluoride) membrane with a semi-dry 

system (Bio-Rad) for 90 min at a 22 V constant current. 

The membrane was incubated in a blocking solution of 

5% albumin in PBS-T (phosphate buffer solution with 

0.1% Tween 20) at 4°C overnight with shaking. Then 

the membranes were cut into three pieces. The right part 

was incubated with primary mouse anti-human caspase-

8 (1:1000 in PBS-T), the left part was incubated with 

mouse anti-human caspase-9 (1:500 in PBS-T), and the 

lower part was incubated with mouse anti-human 

GAPDH antibody (1:1000 in PBS-T) (BD Pharmingen, 

San Diego, CA, USA) at 4°C overnight. The membranes 

were washed several times with PBS-T and then 

incubated with HRP-conjugated goat anti-mouse 

secondary antibody (1:1500 in PBS-T) (BD Pharmingen) 

for 4 h at room temperature. Then they were washed 

with PBS-T and subsequently with PBS, and the bands 

were developed with 0.1 mL ECL substrate (Bio-Rad) 

per cm2 of the membrane according to the 

manufacturer’s instructions. The bands were detected 

with the ChemiDoc system (Bio-Rad) after incubation 

for 1 min in the dark, and the intensity of each band was 

determined with Image Lab software version 5.2.  

 

Statistical Analysis 

The comparison of flow cytometry data regarding 

the apoptosis percentage and immunoblotting data 

concerning the relative intensity of cleaved/uncleaved 

caspases among groups was made with one-way 

ANOVA, and Tukey’s post hoc test was used to 

determine which differences were significant. All 

statistical analyses were done with SPSS-21, and 

p<0.05 was considered important. 

 

RESULTS 

 

To determine whether eugenol in combination with 

sorafenib could trigger apoptosis in 8305C cells better 

than either substance individually, the IC50 of each was 

determined by MTT assay, and the rate of apoptosis 

was determined by flow cytometry and confirmed with 

immunoblotting.  

 

Calculation of IC50 Concentration and Synergistic 

Effects Sorafenib and Eugenol 

The results of MTT assays yielded an IC50 of 20 

µM for sorafenib and 2100 µM for eugenol (Table 1).  

The combination analyses showed that sorafenib 

and eugenol had a synergistic effect at concentrations 

equal to or less than their IC50. A combination of both 

substances at their IC50 was the most effective in terms 

of synergistic effect, with the highest Fa value (i.e., the 

highest % inhibition) and highest CI<1 (i.e., the most 

significant degree of synergism) (Table 2). 

 

Determination of Apoptosis Rate Induced by 

Sorafenib, Eugenol, and their Combination 

As shown in Figure 1, the results of flow cytometry 

analysis showed the highest apoptosis rates at the IC50 

of sorafenib and eugenol. Significantly higher 
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apoptosis rates (p<0.0001) were induced in cells treated 

with eugenol or the eugenol-sorafenib combination 

than in sorafenib-treated cells.  

The viable cell rate was highest in cells treated with 

sorafenib alone and much lower in cells treated with 

eugenol alone or combining both substances. The 

necrosis rate was standard in all three groups, with no 

significant differences.  

Evaluation of Activated Caspase-8 and Caspase-9 

The results of immunoblotting are shown in Figure 

2A. After normalization to the intensity of the GAPDH 

band as a reference, caspase-9 showed no significant 

differences among groups (p=0.33). In contrast, a 

significantly higher amount of cleaved versus uncleaved 

caspase-8 was observed in eugenol-treated cells compared 

to sorafenib-treated cells (p=0.029) (Figure 2B). 

 

 

Table 1. Cytotoxic effect of different concentrations of eugenol and sorafenib in 8305C cells after 24 h (left), IC50 

concentrations (right) 

substance Concentration (µM) Cytotoxicity % 

lo g  (C o n c e n tr a tio n )

%
 c

y
t
o

t
o

x
ic

it
y

0
.0

0
.2

0
.4

0
.6

0
.8

1
.0

1
.2

1
.4

1
.6

1
.8

2
.0

2
.2

2
.4

2
.6

2
.8

3
.0

3
.2

3
.4

3
.6

3
.8

4
.0

0

1 0

2 0

3 0

4 0

5 0

6 0

7 0

8 0

9 0

1 0 0

2 1 0 0 M

 

Eugenol 

5000 99.9 

4000 98.9 

3750 96.65 

2500 68.42 

2250 58.39 

2125 50.48 

2000 43.58 

1500 14.30 

1000 11.81 

500 0 

250 0 

100 0 

IC50 = 2100 µM 

Sorafenib 

64 95.19 

lo g  (C o n c e n tr a tio n )

%
 c

y
t
o

t
o

x
ic

it
y

0
.0

0
.2

0
.4

0
.6

0
.8

1
.0

1
.2

1
.4

1
.6

1
.8

2
.0

0

1 0

2 0

3 0

4 0

5 0

6 0

7 0

8 0

9 0

1 0 0

2 0 M

 

50 94.17 

48 94.23 

40 83.17 

32 75.49 

30 74.31 

25 73.19 

24 62.81 

20 49.86 

15 28.54 

10 19.92 

5 9.13 

IC50=20 µM 
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Table 2. Pharmacodynamic interaction of eugenol and sorafenib in 8305C cells after 24 h 

Effect Sorafenib + Eugenol (Fa) Combination index CI) Sorafenib (µM)  Eugenol (µM) 

Synergism 

0.05 0.51699  

0.1 0.60392 

0.15 0.66694 

0.2 0.71988 

0.25 0.76764 

0.3 0.81265 

0.35 0.85645 

0.4 0.90015 

0.45 0.94472 

0.5 0.99112 20 2100 

Antagonism 

0.55 1.04042  

0.6 1.09395 

0.65 1.15350 

0.7 1.22170 

0.75 1.30273 

0.8 1.40388 

0.85 1.53975 

0.9 1.74632 

0.95 2.15695 

0.97 2.52170 

 

A) 

 
B) 
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C) 

 
Figure 1. A) Flow cytometry quadrant in cell viability assessment: total apoptosis=Q3+Q4. B) Representative apoptosis rate 

induced by IC50 concentration of Sorafenib, Eugenol, and their combination in 8305C cells. C) Comparison of flow cytometry 

data among groups. All quantities are shown as the mean±SEM. ***p<0.001, ****p<0.0001.  

 

 

A) 

 
 

B) 

 
Figure 2. Cleavage of caspase-8 and caspase-9 in 8305C cells treated with sorafenib, eugenol, or their combination at IC50.  

A) Immunoblotting results. B) Comparison of the relative amount of cleaved/uncleaved caspases in treated cells. Relative 

intensities are presented as the mean±SEM. *p<0.05.  
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DISCUSSION 

 

The present study investigated the potential 

synergistic effect of sorafenib and eugenol in triggering 

apoptosis in 8305C cells, a model for UTC. All 

experiments were done with concentrations less than or 

equal to the IC50. 

The results of the MTT assay with 8305C cells 

yielded an IC50 of 20 µM for sorafenib and 2100 µM 

for eugenol. Cervello et al, reported that the IC50 for 

sorafenib in HepG2 and Huh7 cell lines was about 10 

µM.21 In another study by Tomonari et al, the IC50 was 

reported as 9.2±0.47 μM in PLC/PRF5-R1 cells and 

25±5.1 μM in PLC-PRF5-R2 cells.22 Fujisawa et al, 

reported that eugenol's cytotoxicity concentration 

(CC50) in HSG cells was 285 Mm.23 In a study with 

HEK-293 cells, eugenol’s effective dose (EC50) was 

261.5 µM.24 In another study, the IC50 of eugenol in 

five cancer cell lines was reported as 15.09 µM in 

MDA-MB-231, 22.75 µM in MCF-7, 18.31 µM in 

SIHA, 7.201 µM in SK-MEL-28, and 12.17 µM in 

A2058 cells.25 Differences in the behavior on exposure 

to these two substances are likely related to the diverse 

origin of the cell lines used in these studies. 

According to our analysis, the most potent 

apoptotic effect, in which 97% of cells showed early 

and late apoptosis, was achieved with a combination of 

sorafenib and eugenol at their IC50. Unlike sorafenib, 

when tested alone, eugenol showed the same apoptotic 

potential as the combination of both substances. Few 

reports have appeared on the effects of sorafenib or 

eugenol alone on different cell lines. In a study of 

HepG2 cells, flow cytometry results showed increased 

apoptosis after sorafenib treatment.26 Bonelli et al, 

related the induction of apoptosis by sorafenib to the 

release of cytochrome c into the cytosol, activation of 

caspase-9 and caspase-7, and cleavage of PARP-1.27 

Liang et al, investigated human glioblastoma cells with 

flow cytometry and western blotting and reported that 

eugenol induced apoptosis through the release of 

cytochrome c from mitochondria and the activation of 

caspase-9 and caspase-3.28 Sarkar et al, also used 

western blot to investigate caspase-8 and caspase-9 

cleavage in AGS (human gastric cancer) cells, and 

demonstrated that eugenol induced apoptosis through 

both intrinsic and extrinsic pathways.29 Al-Sharif et al, 

showed that eugenol at a low dose (2 μM) was able to 

generate the intrinsic apoptosis pathway in three 

different breast cancer cell lines, e.g., MCF7, T47-D, 

and MDA-MB-231.12 

Because removing malignant cells through necrosis 

releases dangerous signals which lead to inflammation, 

and chronic inflammation plays an important role in 

metastasis,30 killing cancerous cells by apoptosis may 

be preferable. This points toward a significant potential 

benefit of using eugenol in combination therapy to 

induce apoptosis as an approach to treatment for 

recurrent TC.  

Apoptosis or programmed cell death is responsible 

for maintaining homeostatic cellular balance in 

physiological conditions. Apoptosis can be induced 

through two distinct but interconnected pathways: 

intrinsic and extrinsic. Through their activation, 

caspases play a crucial role in apoptosis.31 To 

investigate both apoptosis pathways, we evaluated the 

activation of caspase-8 as the mediator of the extrinsic 

pathway and caspase-9 as the initiator of the intrinsic 

pathway.31 Western blot data showed that the ratio of 

cleaved/uncleaved caspase-8 was higher in eugenol- 

and eugenol/sorafenib-treated cells than in sorafenib-

treated cells. However, this difference was significant 

only in the former pair of groups. In a study by Sarkar 

et al, caspase-3, caspase-8, and caspase-9 were 

measured to determine the effects of eugenol on the 

induction of apoptosis in AGS cells.29 Increased 

amounts of cleaved caspase-3 and caspase-9 in HCC 

(hepatocellular carcinoma) cells exposed to a 

combination of sorafenib and C-ceramide were also 

reported by Jiang et al.32 

Combination therapy in cancer treatment may 

maintain the benefits of a more significant apoptotic 

effect with less medication tolerance. A study by Yao 

et al, in two human liver tumor cell lines found that the 

combination of sorafenib and artesunate exerted a 

synergistic antiproliferative effect and induced 

synergistic apoptosis in HCC cells.33 In addition, 

Eskiler et al, reported a synergistic effect of sorafenib 

in combination with nobiletin in decreasing the 

viability of PC-3 cells (a metastatic prostate cancer cell 

line), with less toxicity for normal cells than each drug 

alone.34 

Using an apoptosis-inducing drug in combination 

with an anticancer drug that acts through an alternative 

mechanism may improve the efficacy of the latter agent 

at lower doses and thus reduce its side effects. 

Moreover, this type of combined treatment may also 

prevent tumor progression by reducing the induction of 
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inflammation. In this connection, Yi et al, reported that 

combination therapy with myricetin and methyl 

eugenol increased the number of apoptotic HeLa cells 

compared to single-drug treatment and increased 

caspase-3 activity in combination therapy compared to 

single-drug treatment.35  

It is worth recalling that drug resistance is a 

significant problem in cancer treatment and is 

responsible for most cancer recurrences. Because 

resistance to apoptosis by the increased expression of 

anti-apoptotic proteins allows tumor cells to escape, the 

addition of drugs with alternative pathways is 

potentially helpful in overcoming resistance.8 

The present in vitro study showed a synergistic 

effect of sorafenib and eugenol at concentrations lower 

than or equal to their IC50 in a UTC cell line. The most 

potent apoptotic effect was achieved by combining 

sorafenib and eugenol at their IC50. Lower doses of this 

drug may be used in combination with eugenol to 

improve the efficacy of sorafenib while reducing its 

side effects. However, further studies are needed to 

determine the clinical significance of this combination. 
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