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Abbreviations: GSH, γ-L-Glutamyl-L-cysteinyl-glycine; 
GST, glutathione-S-transferase; ACF, aberrant crypt foci; DMEM, 
dulbecco’s modified eagle medium; TLC, thin layer chromatography; 
Trx, thio-redoxin; Grx, gluta-redoxin

Introduction
Herbalism, one of the oldest systems of medicine humans have 

ever known, is the practice of making or prescribing plant-based 
herbal medicines.1 Over the past centuries, medicinal herbs were of 
great importance. Looking back in time, people were healthier and 
more competent against diseases compared to people at the present 
time. The reason behind this is thought to be partly due to the healthy 
diet and lifestyle they had which depends mainly on traditional 
herbal remedies and alternative medicine. It is worth mentioning that 
alternative and herbal medicine has also contributed significantly 
in the development of useful synthetic chemotherapeutic drugs. So 
far, the discovery of anticancer and chemotherapeutic treatments 
throughout the years has been successful, in terms of effectiveness 
and cancer remission.2 However, chemotherapeutic drugs are not 
devoid of serious toxic side effects. Due to the high toxicity associated 
with anticancer treatments, efforts have been directed toward the use 
of herbal medicines and anticancer products derived from plants. 
Currently, there are four classes of plant-based compounds that 
exhibit anticancer activity and they include: vinca alkaloids, taxanes, 
epipodophyllotoxins, and camptothecin derivatives. 2 All of these 
plants have demonstrated significant inhibition on cancer growth. 
Furthermore, natural products still have enormous potential to provide 
promising chemo preventive and anticancer therapeutic compounds.

S-(+)-Carvone from caraway plant

S-(+)-Carvone or d-Carvone, (as shown in Figure 1 has a 
molecular formula of C10H14O with a molecular weight of 150.22g/

mole. Its density is 0.96g/mL at 25°C), is a major monoterpenoid 
constituent found abundantly in the oil of caraway seed (Carum 
carvi L. Umbelliferae).3–6 In nature, carvone doesn’t exist as racemic 
mixture, instead, it is known to be produced as pure enantiomers 
either l- or d-isomer.4,7 S-(+)-Carvone found in caraway oil and 
thought to be the responsible component for the distinctive smell of 
caraway, while R-(-)-Carvone found in spearmint where it gives its 
minty aroma. Over the past couple years, S-(+)-Carvone has been 
studied widely and has been reported to have numerous biological 
uses, including, potato sprouting inhibition,5 antioxidant,8,9 anti-
hyperglycemic,6 anticonvulsant,10 antimicrobial,11 insecticidal,4 and 
fungicidal properties.11

Figure 1 List of tested compounds.

S-(+)-Carvone and cancer 

Recently, monoterpenes from essential oils have been investigated 
because of their protective antioxidant effect that helps in reducing the 
damage caused by free radicals, which have been reported presumably 
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Abstract

S-(+)-Carvone (S-CVN), the main constituent of Caraway seed (Carum carvi 
L.Umbelliferae), has been reported to show significant anticancer and chemopreventive 
effects against several cancer types. The current study aimed to evaluate the cytotoxic 
effects of S-CVN on four different human cancer cell lines: ovarian cancer (SW-626), triple 
negative breast cancer (BT-20), prostate cancer (PC-3) and lymphoma (RAJI). Using MTS 
proliferation assay, S-CVN showed significant concentration-dependent anti-proliferative 
effects against the chosen cancer cell lines, with IC50 values of 147,117,199 and 228µM 
in SW-626, PC-3, BT-20 and RAJI, respectively. Mechanistically, S-CVN with its α,β-
unsaturated carbonyl functionality has the potential to interact with cellular nucleophilic 
functional groups through Michael’s addition type of reaction. The covalent interaction 
may explain the observed anti-proliferative activity. To further understand the mechanism 
of S-CVN cytotoxicity, glutathione (GSH and GSSG) were added to SW-626 cell line as 
pre- and co-treatments with S-CVN. According to results, the cell viability was enhanced 
and the cytotoxic effect of S-CVN was extremely decreased using a range of GSH/GSSG 
concentrations (50 -1000µM). Moreover, the interaction between GSH and S-CVN was 
further confirmed by using thin layer chromatography (TLC). This is presumably attributed 
to the fact that the nucleophilic thiol function in GSH interacts with S-CVN ,β-unsaturated 
ketone moiety at β-C. The obtained data suggests that the reactivity of the electrophilic 
functionality of S-CVN plays a crucial role in its cytotoxicity.

Keywords: S-(+)-Carvone, cytotoxicity, breast cancer cells, ovary cancer cells, prostate 
cancer cells, lymphoma, glutathione, MTS assay, thin layer chromatography
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to be one of main causes of cancer disease.12 S-Carvone, a monoterpene 
ketone, has the ability to induce phase II detoxifying enzymes such 
as glutathione-S-transferase (GST), that has a chemopreventive 
action, because anticancer-related activities are associated with their 
capability to stimulate the activity of detoxifying enzymes.8,9 

S-(+)-Carvone has been tested widely on various types of human 
and animal cancer cell lines and has exhibited significant results in 
regard to inhibition of cancer growth. For example, S-CVN’s anti 
proliferative and anticancer potential was demonstrated on different 
human colon cancer cell lines (HT-29 and SW480). It was established 
that supplementation with S-CVN significantly inhibited cell viability 
by enhancing the collapse of the mitochondrial membrane potential.12 
Furthermore, in-vivo studies were conducted recently which reported 
that supplementation of caraway or S-CVN at 10mg/kg body weight has 
chemopreventive activity against colon carcinogenesis that is induced 
by 1,2-dimethylhydrazine (DMH) and a considerable reduction in 
the incidence of polyps/aberrant crypt foci (ACF) by initiating a 
balanced oxidative/antioxidative effect.12–14 Previous investigations 
demonstrated that S-CVN exerted its potential chemopreventive effect 
by preventing initiation and stimulation of pro-carcinogen through 
interaction with the P450 1A1 system.2 It has also been established 
that nitrosamine-induced pulmonary adenoma and forestomach tumor 
formation are inhibited by S-CVN through its protective effect via 
the stimulation of enzymes in phase II especially glutathione-S-
transferase activity.15 Another study reported that S-CVN might have 
a potential anticancer activity against brain tumor; the study was 
conducted using N2a neuroblastoma cell line. The results indicated 
that S-CVN at lower concentrations (at 25mg/L) may act as a cancer 
chemo-preventive agent by increasing the total antioxidant capacity 
levels. However, at higher concentrations (100mg/L), it significantly 
increases the levels of oxidative stress by depleting GSH levels and, 
hence, reduction in cell growth.16 

Glutathione (GSH)

γ-L-Glutamyl-L-cysteinyl-glycine, a ubiquitous tripeptide known 
as glutathione (GSH) (Figure 1), is a major antioxidant molecule 
that plays a key role in cellular defense.17–19 There are two forms of 
GSH: the reduced form that is found abundantly in almost all tissues 
with intracellular concentration ranges from 1mM to 10mM, and the 
oxidized form (GSSG) (Figure 1) which comprises a small amount of 

the total glutathione.17,18 GSH is a versatile molecule that is involved in 
numerous cellular processes, including the reduction of the disulfide 
moiety in oxidized glutathione (GSSG), protein S-glutathionylation 
to regulate signal transduction and enzyme activity,17,20 conjugation 
of electrophilic compounds, catabolic metabolites, and xenobiotic 
to facilitate their excretion. Furthermore, it has an important role in 
maintaining the stability of intracellular redox status by acting as a 
protective antioxidant, which scavenges ROS through the reduction 
and neutralization of free radicals and ROS with or without the 
presence of enzymatic catalysis.17-19 GSH exists primarily in its 
reduced form, which has a thiol (–SH) group in its cysteine residue. 
This thiol group acts as a soft nucleophile to attack electrophilic 
species, inactivate their action by conjugation, and eventually enable 
their excretion. Consequently, GSH is considered the first line of 
defense in maintaining cell homeostasis.17,18,21

Rationale of study and hypothesis
The aim of this study is to evaluate the cytotoxic potential of S 

(+)-carvone on several human cancer cell lines with advanced stage: 
triple negative breast cancer (BT-20), prostate cancer (PC-3), ovarian 
cancer (SW 626) and B-lymphoma (RAJI).

Hypothesis

Based on the reported activities and the structural features of 
S-(+)-carvone, we hypothesize that S-(+)-carvone will demonstrate 
cytotoxicity on the chosen human cancer cell lines: triple negative 
breast cancer (BT-20), prostate cancer (PC-3), ovarian cancer (SW 
626) and B-lymphoma (RAJI) cells. 

Rationale behind the choice of S (+)-Carvone

The exact mechanism of action for S-(+)-carvone in cell death 
induction still needs more investigations.12 However, based on the 
reported effects of α, β-unsaturated ketone, which is known to interact 
covalently with any nucleophilic compounds through 1,4 Michael’s 
addition reaction,22,23 S-CVN as a monoterpene ketone carrying this 
electrophilic system (Michael’s acceptor) has the potential to interact 
covalently with any cellular nucleophiles, such as sulfur-containing 
moiety in cellular proteins and glutathione (GSH).24 Thus, the 
Michael’s adduct will be formed; as illustrated below in Schemes I, 
II & III. 

Scheme I An illustration of Michael’s addition reaction of cellular nucleophile to an electrophilic compound.

Scheme II An illustration of Michael’s addition reaction of cellular nucleophile to S-(+)- carvone.
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Scheme III Possible formation of GSH adduct of S-(+)-carvone.

One study has been conducted in mice using Carvone from dill 
and caraway oil to investigate its effect on the levels of detoxifying 
enzyme glutathione-S-transferase (GST). It was found that S-CVN 
as an electrophile has the ability to induce GST. Furthermore, it was 
shown that α, β-unsaturated ketone is crucial for the induction of 
detoxifying enzyme GST as it may interact with the thiol function of 
GSH or GST through Michael’s addition reaction and eventually get 
excreted.25 As of that, glutathione (GSH and GSSG) were added to one 
type cell line SW-626 (on which S-CVN shows the most potency) as 
pre- and co-treatments with S-CVN to observe any possible protection 
from cellular toxicity caused by the compound.

Materials and methods
Cancer cell lines

All cancer cell lines (SW-626, PC-3, BT-20 and RAJI)) were 
purchased from ATCC (Manassas, VA, USA).26–29

Chemicals

S-(+)-carvone (≥96%, FG), reduced and oxidized glutathione 
(GSH/GSSG) were purchased from Sigma-Aldrich (St. Louis MO, 
USA). Stock solutions (100mM) of the compounds were prepared 
in DMSO, and complete media for S-CVN and GSH compounds 
respectively. Fresh dilutions in media were prepared for the 
compounds before each experiment. No evidence of cytotoxicity of 
the solvent was observed at the maximum concentration used (1.5%) 
as seen in Figure 2 & Table 1. 

Table 1 IC50 values of S-(+)-Carvone on four different cell lines

Cell Line Type SW-626 PC-3 BT-20 RAJI

IC50 147mM 117mM 199mM 228mM

Cell culture and treatment protocol

The cells were cultured in Dulbecco’s Modified Eagle Medium 
(DMEM) supplemented with 10% Fetal Bovine Serum (FBS) and 
1% Penicillin-Streptomycin. Then, they were incubated at 37°C in a 
humidified atmosphere of 5% CO2 until cell confluent rate reached 
80-90%. After that, all cells were seeded in 96 well plate with a 
density of 10,000cells/200L/well in triplicates. Following treatment 
with different concentrations of S-CVN, the plates were incubated in 
a humid atmosphere with 5% CO2 at 37°C for 48hours. Then, the MTS 
reagent (20µL) was added to every well in the 96 well plate and then 
incubated for 180 minutes. Finally, the results were taken by reading 
the absorbance of the solution at 490 nm using MicroPlate reader.

For glutathione tests 

To study any possible interactions between GSH, GSSG and 
S-CVN, combination tests were performed on ovarian cancer cells 
(SW626). A toxic dose of S-CVN (200µM) and different molar 
concentrations of GSH or GSSG were added to the cells for 24hr 
incubation. Alternately, a fixed dose of GSH and GSSG (200µM) used 
with range of concentrations of S-CVN. Then, they were added to 
the cells. Another procedure was performed where SW626 cells were 
pre-treated with different molar concentrations of GSH and GSSG for 
24hrs. Then, a toxic dose of S-CVN (200µM) was added to the wells 
following old media removal. After 24hr incubation period, MTS 
was added to the wells after removing the old media to avoid any 
unwanted interaction.

Cell viability assay

The cell viability was determined by a colorimetric assay called 
MTS Cell Proliferation Assay (Abcam, Cambridge, MA, USA).

Thin layer chromatography (TLC)

This method was performed on Agela TLC glass plates precoated 
with silica as stationary phase and 80% dichloromethane (DCM)/20% 
hexane mixture was used as mobile phase. DCM solvent was used to 
solubilize S-CVN while GSH was first solubilzed in 10% NH4OH/
methanol as polar solvent then 5% of this mixture was added to DCM 
solvent. For visualization, UV illumination at 254/365nm was used.

Statistical analysis 

All statistical analyses were performed using Graph Pad Prism (La 
Jolla, CA, USA). Data were reported as mean±SEM. The comparisons 
between multiple groups were performed using one-way analysis 
of variance (ANOVA). The results were considered statistically 
significant at P<0.05. A post-hoc Dunnett’s test was performed. Three 
independent experiments were performed for each result. 

Results
The following are the results of MTS-proliferation assay:

a. The anti-proliferative effect of S-CVN compound on four 
different human cancer cell lines (SW-626, PC-3, BT-20 
and RAJI). The compound toxicity was reported in terms of 
percentage of viable cells after incubating the treated cells for 
48 hours. 

b. The assay was also performed to determine the effect of DMSO 
on the cells as a control. 
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c. Exogenous glutathione (GSH and GSSG) were added 
individually to SW626 cells for 24 hours as controls. Also, they 
were used with S-CVN as both pre- and co-treatments. 

Thin layer chromatography (TLC) was used to identify and 
monitor the progress of any reactions could occur between S-CVN 
and GSH.

Individual tests

As depicted in Figure 2 & Table 2, S-CVN caused statistically 
significant cytotoxicity at 100-500µM in SW-626, 50-1000µM in 

PC-3, 100-1000µM in BT-20 and 100-1500µM in RAJI after 48hr 
incubation. SW-626 cell viability reduced to almost 8%. S-CVN shows 
50% cell inhibition at 147µM (IC50) as seen in Table 3. In PC-3, cell 
viability decreased to almost 11% at 1mM. S-CVN at 117µM inhibits 
cell viability by 50%. In the aggressive type of breast cancer cell (BT-
20), high concentration (1mM) was needed to reduce cell viability to 
almost 7%. IC50 was detected at 199µM (Table 2). In lymphoma cell 
line (RAJI), cell viability decreased to almost 7% at 1.5mM. IC50 was 
determined at 228µM as seen in Table 2. According to the obtained 
results, S-CVN caused antiproliferation in a concentration-dependent 
fashion in all selected cancer cell lines.

Figure 2 Effect of S-CVN and DMSO on cell viability of SW 626, PC-3, BT-20 and RAJI cell lines. Data are expressed as mean±SEM of three independent 
experiments. *P- value< 0.05 indicates significant difference with respect to control. 
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Table 2 Effect of S-CVN and DMSO on cell viability of SW 626, PC-3, BT-20 and RAJI cell lines. Data are expressed as mean±SEM of three independent 
experiments

S-CVN Concentration (mM) Control (0) 50 100 200 300 500 1000 1500

SW 626 100 86 65 48 32 8 - -

PC 3 100 78 63 39 29 19 11 -

BT 20 100 87 76 53 41 26 7 -

RAJI 100 84 75 - 48 35 20 7

DMSO Concentration (%) Control (0) 0.05 0.1 0.2 0.3 0.5 1 1.5

SW 626 100 106 103 100 102 87 - -

PC 3 100 98 96 94 93 107 82 -

BT 20 100 105 102 97 102 102 92 -

RAJI 100 100 103 - 113 112 82 71

Glutathione tests on SW-626 cell line

For GSH effects on SW-626 (Figure 3 & Table 3), no cytotoxic 
effects were seen on cell viability at all concentrations (50-1000µM) 
as shown in Figure 3A. For the combination effects of a toxic dose 
of S-CVN 200µM with different concentrations of GSH from (50-
1000µM), no significant cytotoxicity was seen on cell viability at all 
mentioned concentrations after 24hr incubation Figure 3B. For GSH 
pretreatment effect in Figure 3C, there was no significant cytotoxicity 
observed on cell viability at all concentartions (50-1000µM). In 

Figure 4 & Table 4, S-CVN effect was first tested alone for 24hr. 
A statistically significant concentration-dependent cytotxicity was 
observed at (200-500µM) as compared to control group. While for 
the combination effects of a fixed dose of GSH 200µM and different 
concentrations of S-CVN mentioned above, no significant cytotoxicity 
was seen on cell viability even at the highest concentration (500µM) 
where cell viability reduced to only 82%. Apparently, GSH disturbed 
the cytotoxic effects of S-CVN leading to its reduction. This is could 
be explained by the interaction of GSH nucleophilic thiol group and 
the electrophilic α, β-unsaturated carbonyl of S-CVN.

Figure 3 (A) Effect of GSH on cell viability of SW-626 cell line.

(B) Co-treatment effects of S-CVN (200µM) with GSH on cell viability of SW-626 cell line. 

(C) S-CVN effect on cell viability of GSH-pretreated SW 626 cell line. *P- value <0.05 indicates significant difference with respect to control.
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Table 3 (a) Effect of GSH on cell viability of SW-626 cell line

(b) Co-treatment effect of S-CVN (200µM) with GSH on cell viability of SW-
626 cell line 

(c) S-CVN effects on cell viability of GSH-pretreated SW 626 cell line. Data 
are expressed as mean±SEM of three independent experiments 

Concentration (mM) Cell Viability (%)

( a ) ( b ) ( c ) 

0+0 (control) 100 100 100

S-CVN 200 - 51.64 67.35

50 106.7 84.08 98.4

100 104.7 84.25 96.28

200 107.3 85.03 102.3

300 103.4 90.15 97.52

500 107.1 92.98 98.5

1000 108.8 98.61 85.01

Table 4 Combination effects of GSH (200µM) and S-CVN on cell viability 
of SW626 cell line. Values represent the mean±SEM of three independent 
experiments

S-CVN concentration 
(mM) (S-CVN+GSH 200) (S-CVN alone)

Cell viability (%) Cell viability (%)

0+0 (control) 100 100

GSH 200µM 101 -

50 90 84

100 89 76

200 88 60

300 88 43

500 82 19

Figure 4 Combination effects of GSH (200µM) and S-CVN on cell viability of SW626 cell line. *P- value < 0.05, indicates significant difference with respect to 
0+0 (control).

For GSSG alone, no significant effect on cell viability was 
obsereved at all used concentrations (50-1000µM) after 24h as well 
(Figure 5 & Table 5). For the combination effects of a toxic dose 
of S-CVN 200µM with different concentrations of GSSG at (50-
1000µM) as represented in Figure 5A & 5B, there was no significant 
cytotoxicity seen on cell viability at all mentioned concentrations. 
For GSSG pretreatment effect, there was no significant cytotoxicity 
observed on cell viability as well at all concentartions (50-1000µM). 
At GSSG 500-1000µM, cell viability started to decrease non-
significantly Figure 5C. In Figure 6 & Table 6, S-CVN was incubated 
alone in SW-626 for 24hrs as a control. A statistically significant 
cytotxicity was obsered at 200µM up to 500 M as compared to control 
group. Then a combination regimen of a fixed dose of GSSG 200µM 
and different concentrations of S-CVN (50-500µM) was added to 
the cells. After 24hr incubation, no significant cytotoxicity was seen 
on cell viability even at the highest concentration mentioned above 
where cell viability reduced to only 87%. This reduction in S-CVN 
cytotoxic effect could be due to the possible interaction of reduced 
GSH, after GSSG reduction, with S-CVN or the direct interaction of S 
atom in GSSG disulfide with S-CVN. According to the results of pre- 
and co-treatmens , the effect of S-CVN was almost abolished by the 
addition of GSH and GSSG. This is could be attributed to the possible 
protective effect of glutathione that is explained by the interaction 
with the electrophilic part of S-CVN. 

Table 5 (a) Effect of GSSG on cell viability of SW-626 cell line

(b) Co-treatment effect of S-CVN (200µM) with GSSG on cell viability of 
SW-626 cell line

(c) S-CVN effects on cell viability of GSSG-pretreated SW 626 cell line. Data 
are expressed as mean±SEM of three independent experiments 

Concentration (mM) Cell Viability (%)

( a ) ( b ) ( c )

0+0 (control) 100 100 100

S-CVN 200 - 54.21 58.73

50 93.69 100.1 103.6

100 95.73 103.5 104

200 93.07 100.8 101.8

300 94.28 97.73 101.5

500 97.88 97.11 86.08

1000 96.68 93.71 79.47
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Figure 5 (A) Effect of GSSG on cell viability of SW-626 cell line. 

(B) Co-treatment effect of S-CVN (200µM) with GSSG on cell viability of SW-626 cell line. 

(C) S-CVN (200µM) effects on cell viability of GSSG-pretreated SW 626 cell line. *P- value < 0.05 indicates significant difference with respect to control

Figure 6 Combination effects of GSSG (200µM) and S-CVN on cell viability 
of SW626 cell line. Values represent the mean±SEM of three independent 
experiments. *P- value < 0.05, indicates significant difference with respect to 
0+0 (control).

Table 6 Combination effects of GSSG (200µM) and S-CVN on cell viability 
of SW626 cell line. Values represent the mean±SEM of three independent 
experiments

GSSG concentration (mM) S-CVN+GSSG S-CVN alone

Cell viability (%) Cell viability (%)

0+0 (control) 100 100

GSSG 200mM 94 -

50 95 84

100 96 76

200 96 60

300 92 43

500 88 19
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Figure 7 Thin layer chromatography (TLC) of S-CVN (A), GSH (B) and 
S-CVN and GSH (C). Mobile phase is 80% dichloromethane (DCM) and 20% 
hexane. Stationary phase is silica gel.

Thin layer chromatograpghy (TLC)

To further examine any possible interaction betweein GSH and 
S-CVN, a thin layer chromatography (TLC) was employed. As seen 
in TLC sheet (Figure 7), where mobile phase is drawn up the plate, 
S-CVN (spot A) as a relatively non-polar compound showing a dark 
spot with good intesity ascended the TLC plate. However, for GSH 
as a polar compound with non-congujated system showed very faint 
spot under the UV light (spot B) moving up the plate a bit slower 
than S-CVN. For C, only one spot with intermediate intesnity can be 
observed indicating a possible reaction between GSH and S-CVN. 

Discussion
The aim of this study was to assess any cytotoxic potential that 

S-(+)-carvone (Figure 1) might show on selected human cancer 
cell lines: ovarian cancer (SW-626), prostate cancer (PC-3), triple 
negative breast cancer (BT-20) and lymphoma (RAJI). In this present 
study, the cells were treated with a range of molar concentrations 
(50-1500µM) in 96-well plates, and incubated at 37°C in 5% CO2 
atmosphere for 48h. The viability of the treated cells was determined 
by MTS proliferation assay as a percentage relative to the cells in 
media control wells.

The results of the current research indicated that S-CVN exerted its 
cytotoxic effect in a concentration-dependent manner on all employed 
cell lines. The cytotoxicity of S-CVN was determined individually 
on all cell lines after 48hr incubation. It was found that S-CVN is 
inhibiting cell viability with IC50 values of 147,117,199 and 228µM 
in SW-626, PC-3, BT-20 and RAJI, respectively (Table 1). The high 
concentrations used for S-CVN (500-1500µM) caused significant 
cytotoxicity on all selected cell lines (Figure 2 & Table 2). Based 
on these compelling data obtained from in-vitro studies, S-CVN, as 
a natural product, could be a promising anticancer agent especially 
in the aggressive types of cancer like triple negative breast cancer, 
lymphoma and metastatic ovarian and prostate cancer. 

Since S-CVN is α, β-unsaturated carbonyl compound and have 
the potential to act as an electrophile, it could be responsible in part 
of its observed cytotoxicity. This attractive electrophilic system 
could be toxic to both GSH, leading to its depletion16, and to other 
cellular protein nucleophiles, leading to cell death, due to the possible 
formation of Michael’s adduct through 1,4 addition reaction.23,24 

This suggestion was also proposed in one study, in which S-CVN, 
among a group of tested compounds, was the only compound to 
show a significant induction of glutathione-S-transferase enzyme 
system in all used cancer cells. This effect could be attributed to 
the electrophilic functionality of α, β-unsaturated ketone system. 
According to the reported structure-activity relationship, S-CVN 
could potentially interact covalently with GST or GSH through 1,4 
addition.25 Compounds with α, β-unsaturated carbonyl system, also 
known as Michael acceptor, has the ability to interact covalently 
with cellular thiol-containing molecules, such as GSH.30 As of that, 
we investigated the effect of glutathione, as a nucleophile carrier, on 
S-CVN toxicity.

Reduced GSH was used as pre- and co-treatments with S-CVN on 
SW-626 cell line (on which S-CVN showed the highest cell toxicity 
effects among the selected cancer cell lines) for 24h-incubation. As 
stated in the results (Figure 3 & Table 3), the viability of the cells 
was enhanced by the addition of different concentrations of GSH (50-
1000µM) before and with S-CVN (200µM) addition. Moreover, the 
toxicity of S-CVN was significantly decreased with GSH 200µM even 
at the highest concentration used (500µM) (Figure 4 & Table 4). These 
findings led to the proposal that this reduction in S-CVN cytotoxicity 
is caused by the reaction between α,β-unsaturated carbonyl system of 
S-CVN and the nucleophilic thiol group in GSH. 

Furthermore, the effect of S-CVN (200µM) was reduced even at 
the lowest concentrations of GSH (50-100µM) (Figure 3 & Table 
3). These results are explained by glutathione levels in cancer cells, 
which are considered high in general. This elevation of GSH levels 
is a protective and proliferative response for cell survival.17,31 For 
instance, one study indicated that the level of GSH in ovarian cancer 
cells can reach 126nmol/mg-protein, which is considered statistically 
significant compared to GSH levels in normal ovarian tissue that 
could increase to about 50nmol/mg-protein.31 As of that, this existed 
concentration of GSH could be partially responsible in the reduction 
of S-CVN’s effect. To further examine whether GSH interacts with 
S-CVN, thin layer chromatography (TLC) was used, where S-CVN 
Figure 3A as non-polar compound, with the dark spot, ascended in 
TLC plate a bit faster than the polar compound GSH Figure 3B. As 
shown in Figure 7, one spot with medium intensity can be spotted in 
C path ascending along with spots A and B. This finding demonstrated 
the covalent interaction between GSH and S-CVN and possible 
formation of Michael’s adduct. 

For oxidized GSSG that was used as a pretreatment and a 
combination with S-CVN using different concentrations (50-
1000µM) for 24h incubation; it showed almost the same results as of 
GSH, where S-CVN cytotoxic effects were almost prevented (Figure 
5 & Table 5). The fact that S-CVN cytotoxicity can be abolished by 
oxidized glutathione addition raises the question of how GSSG is 
affecting S-CVN activity. The explanation for that, is either due to the 
uptake of GSSG by the cells, followed by the conversion of GSSG to 
GSH by glutathione reductase enzyme, using NADPH as an electron 
donor,17–19, 32 or by the direct interaction of disulfide S atom in GSSG 
with an active thiol group in cellular protein to form protein-S-SG 
and release one molecule of GSH that would eventually react with 
the electrophilic compound. The reaction of GSSG with protein is 
proceeded as: 17

   Protein SSG GSH Protein SH GSSG− + − +

This reaction of thiol-disulfied exchange runs at equilibrium 
depending on the concentration of GSH and GSSG inside the cells.17 
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In addition, there are an alternative cellular reduction systems that 
help reducing oxidized GSSG, such as, thio-redoxin(Trx), and 
gluta-redoxin(Grx) as indicated in Casagrande et al.32 when they 
demonstrated the glutathionylation of Trx by oxidized GSSG after 
its reduction.32 Furthermore, a recent study confirmed the reduction 
of disulfide molecules including GSSG by mammalian glutaredoxin 
2 using thioredoxin reductase. Moreover, they studied the reduction 
reactions of extracellular GSSG inside the yeast Saccharomyces 
cerevisiae and how glutathione redox homeostasis is maintained.33–35 
Another possible explanation is that GSSG disulfide itself could be 
involved directly in the reaction with S-CVN. 

Conclusion
S-(+)-Carvone (S-CVN), the major mono terpenoid in caraway 

seed, has been shown to have chemopreventive and anticancer effects 
on different cancer cell lines. In this present study, further screening 
was needed to test the compound on a variety of cancer cell lines, 
such as, ovarian cancer (SW-626), triple negative breast cancer (BT-
20), prostate cancer (PC-3) and lymphoma (RAJI). It was shown that 
S-CVN has significant cytotoxic effects on the chosen cancer cell 
lines.

The ovarian cell line SW-626 was treated with glutathione as 
pretreatment and combination regimens with S-CVN in an attempt to 
predict the mechanism by which this compound exerts its cytotoxic 
effects. According to the results obtained, glutathione enhanced the 
cell viability and prevented the cytotoxic effects of S-CVN. This can 
be attributed to the possible interaction of S-CVN with GSH in the 
cells by direct conjugation with the thiol group. Additionally, the 
interaction between GSH and S-CVN was further confirmed using 
thin layer chromatography (TLC).

According to the current results, S-CVN represents a potential 
therapeutic agent in cancer. Further investigation is needed to study 
the cytotoxic mechanisms of S-CVN on the selected human cancer 
cell lines and its effect on the key cellular signaling pathways, and the 
expression of transcription factors involved in its cytotoxicity effects.
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