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Introduction

Colon cancer is known as one of the preventable 
cancers. Worldwide, this type of cancer is known as one 
of the most common malignant tumors and is also often 
diagnosed in advanced stages (Ahmed, 2020; Hu et al., 
2021). In 2020, it was shown that the number of new 
cases of cancer is 19.3 million and the number of deaths 
is 10 million (Cao et al., 2021). In 2016, research has 
shown that the incidence of colorectal cancer in Iran is 
8.1-8.3 per 100,000 in men and 6.5 to 7.5 per 100,000 
in women (Rafiemanesh et al., 2016). In recent years, 
the use of chemotherapy in the treatment of cancer has 
been discussed for reasons such as drug resistance and 
also tumor relapse (Alfarouk et al., 2015). Research 
has shown that apoptotic signaling is impaired in colon 
cancer (Abraha and Ketema, 2016). Also, a positive 
association has been reported between compounds that 
induce apoptosis and a reduction in the spread of cancer. 
Accordingly, the induction of apoptosis can be considered 
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as a simple approach in the treatment of various cancers 
(Yang et al., 2021). Mitochondrial organics play an 
important role in signaling apoptosis (Jiang et al., 2019; 
Abate et al., 2020).

Mitochondria are recognized as a target in the 
treatment of cancer (Jeena et al., 2019; Grasso et al., 2020). 
Evidence suggests that mitochondria are involved in 
several physiological processes, including the production 
of reactive oxygen species (ROS) and the activation of 
apoptotic signaling (Zhang et al., 2011; Eckert et al., 
2013; Jaworski et al., 2019). In cancer cells, the level of 
oxidative stress is higher than the level of antioxidants. In 
addition, cancer cells are vulnerable to overproduction of 
ROS. Thus, mitochondrial dysfunction (as one of the most 
important sources of ROS production) in cancer cells by 
exposure to various compounds can be associated with 
an increase in the level of ROS and death of these cells 
(Sak, 2014). 

In recent years, targeting mitochondria has attracted 
the attention of medical researchers. Anti-cancer agents or 
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“mitocans” can contribute to cancer treatment by targeting 
mitochondria. The target of different mitochondrial parts 
can be helpful in various types of cancers. The target of 
mitochondria with “mitocans” is associated with damage 
to the mitochondrial membrane and an increase in the level 
of ROS and cell death. Therefore, targeting mitochondria 
in cancer cells with anti-cancer compounds can help 
cancer treatment (Battogtokh et al., 2018; Pustylnikov 
et al., 2018). Research shows that apoptotic signaling 
(mitochondrial pathway) in colon cancer is disturbed 
and the level of anti-apoptotic proteins is higher than 
pro- apoptotic proteins (Abraha and Ketema, 2016). The 
mitochondrial content in human colorectal cancer tissues 
is higher than normal colon mucosa. In this cancer, the 
number of mitochondrial DNA (mtDNA) copy is high 
(Sun et al., 2018).

Cancer is known to be the deadliest disease in the 
world. Therefore, the discovery of new drugs with novel 
mechanisms of action is essential for the treatment of 
cancer (Khalifa et al., 2019; Wei et al., 2020; Zhang 
et al., 2021). Compounds of natural origin have been 
used in the treatment of any type of cancer due to their 
various pharmacological activities (Kim and Kim, 2018; 
Subramaniam et al., 2019). In recent years, isolated 
compounds from marine animals have attracted the 
attention of cancer researchers (Khalifa et al., 2019; Wei 
et al., 2020; Zhang et al., 2021). These compounds have 
been able to induce apoptosis in cancerous tissues and cells 
through an increase the production of ROS and impairing 
mitochondrial function (Mirshamsi et al., 2017; Zangeneh 
et al., 2018). Marine compounds have been used in the 
treatment of colon cancer in various studies (Taira et al., 
2018; Van Blarigan et al., 2018; Ruiz-Torres et al., 2019). 
In this study, we investigated the effects of sea nettle 
(Chrysaora quinquecirrha) crude venom on human colon 
cancer mitochondria.

Materials and Methods

Chemicals and Reagents
2,7-dicloroflurescein diacetate (DCHF-DA) 

and rhodamine 123 (Rh 123) were purchased from 
Sigma-Aldrich Chemical Co. (St. Louis, MO, USA). 
Furthermore, Cytochrome c release assay kit were 
purchased from R and D Systems (Inc., Minneapolis, MN, 
USA). All other chemicals were of the highest commercial 
grade available.

Crude Venom Preparation
Venom preparation was performed based on our 

previous study. Centrifugation was performed at 12,000 ×g 
for 20 min to separate the crude venom. Then, crude 
venom was stored at -20°C until the experiments. Finally, 
the protein concentration of the Chrysaora quinquecirrha 
venom was determined using Bradford assay (Bradford, 
1976; Mirshamsi et al., 2017). 

Tissue samples 
All tissues (healthy and cancerous) used in this study 

were provided by the surgical center of Imam Khomeini 
hospital, Iran. The pathology and histology of each sample 

were confirmed by the pathologist. All patients selected in 
the study were in the age range of 46 to 69 years. Prior to 
the study, selected patients did not receive other treatments, 
including chemotherapy or radiotherapy. Cancerous 
samples were collected from the core of the colon tumor 
tissue, while healthy samples were collected from sites 
distant of the tumor and examined by a pathologist for the 
absence of tumor cells (Fakhri et al., 2017). All processes 
were conducted according to the ethical standards and 
protocols approved by the Experimentation Committee 
of Shahid Beheshti University of Medical Sciences, 
Tehran, Iran, and informed consent was obtained from 
all the patients.

Mitochondria isolation
Mitochondrial isolation in both groups (healthy and 

colon cancer groups) was performed based on our previous 
study. Initially, the samples collected from both groups 
were washed with ice-cold buffer and then cut into smaller 
pieces and homogenized. In the following, Mitochondria 
were isolated after two steps of centrifugation (centrifuge 
at 1,500 × g for 10 min at 4°C and centrifuge at 15,000 × g 
for 15 min at 4°C) (Fakhri et al., 2017). Eventually, all 
experiments were performed on mitochondria.

Succinate dehydrogenase activity (SDH) assay
In this study, according to our pilot study with MTT (3-[4,5- 

dimethylthiazol-2-yl]-2,5-diphenyltetrazoliumbromide) 
assay we used a concentration range of 25 to 500 µg/ml 
of the three compound. The IC50 concentration was 360 
µg/ml.  Subsequently, like many other cytotoxicity studies 
protocol we used concentrations of 180 (1/2 IC50), 360 
(IC50) and 720 µg/ml (2 IC50) for our further experiments. 
At first, isolated mitochondria from healthy and cancerous 
groups were suspended in Tris buffer. In the following, the 
mitochondria were incubated with various concentrations 
of Chrysaora quinquecirrha crude venom (180, 360 and 
720 µg/ml) for 1 hour at 37 °C. Then, MTT dye (0.4%) 
and dimethyl sulfoxide (DMSO) were added, respectively. 
At the end of this experiment, absorbance was measured 
at 570 nm (ELISA reader) (Zhao et al., 2010; Salimi et 
al., 2016).

Reactive Oxygen Species (ROS) level assay
In the first step, mitochondria isolated from healthy 

and cancerous groups suspended in the respiratory assay 
buffer and then incubated with various concentrations 
Chrysaora quinquecirrha crude venom (180, 360 and 720 
µg/ml) for 5, 30 and 60 min at 37°C. Then, DCHF-DA 
probe (10 µM) was added to the mitochondrial suspension. 
Following, the ROS generation was measured using a 
fluorescence spectrophotometer at EX = 488 nm and EM 
= 527 nm (Eskandari et al., 2015; Ghanbari et al., 2017).

Mitochondrial swelling assay
At the beginning of this experiment, isolated 

mitochondria from healthy and cancerous groups were 
suspended in mitochondrial swelling assay buffer. In the 
following, the mitochondria were incubated with various 
concentrations of Chrysaora quinquecirrha crude venom 
(180, 360 and 720 µg/ml) for 5, 30 and 60 min at 37°C. 
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Chrysaora quinquecirrha crude venom and mitochondria 
ROS level

In mitochondria from colon cancer group, the results 
showed that crude venom of Chrysaora quinquecirrha in 
all applied concentrations (180, 360 and 720 µg/ml) was 
able to increase the level of ROS (Figure 2B). However, 
this effect of this crude venom has not been reported in 
mitochondria isolated from healthy colon tissue (Figure 
2A). These results suggest that Chrysaora quinquecirrha 
crude venom can cause oxidative stress only in the 
mitochondria of the cancer group.

Chrysaora quinquecirrha crude venom and MMP collapse
The results showed that there was only a positive 

correlation between collapse in MMP in the mitochondria 
from cancer group at 5, 30 and 60 min after incubation 
with crude venom of Chrysaora quinquecirrha at 
concentrations of 180, 360 and 720 µg/ml (Figure 3A-B). 
Furthermore, collapse in the MMP can lead to irreversible 
events such as apoptosis.

Chrysaora quinquecirrha crude venom and mitochondria 
swelling

In the following, we evaluated the mitochondrial 
swelling in the mitochondria obtained from healthy and 
cancerous groups. The results showed that Chrysaora 
quinquecirrha at concentrations of 180, 360 and 720 µg/
ml and during incubation times of 5, 30 and 60 was able 
to significantly increase mitochondrial swelling only in 
the cancer group (Figure 4A-B).

Chrysaora quinquecirrha crude venom and cytochrome 
c release

In mitochondria from colon cancer group, the results 
showed that crude venom of Chrysaora quinquecirrha in 
all applied concentrations 180, 360 and 720 µg/ml was 
able to increase the release of cytochrome c (Figure 5B). 
However, this effect of this crude venom has not been 
reported in mitochondria isolated from healthy colon 

At the end of this experiment, absorbance was measured 
at 540 nm (ELISA reader) (Ghanbari et al., 2017).

Mitochondrial Membrane Potential (MMP) collapse 
assay

In the first step, isolated from healthy and cancerous 
groups suspended in the mitochondrial membrane 
potential (MMP) assay buffer and then incubated with 
various concentrations Chrysaora quinquecirrha crude 
venom (180, 360 and 720 µg/ml) for 5, 30 and 60 min 
at 37°C. Then, Rh 123 probe (10 µM) was added to the 
mitochondrial suspension. Following, the MMP collapse 
was measured using a fluorescence spectrophotometer at 
EX = 490 nm and EM = 535 nm (Baracca et al., 2003).

Cytochrome c release assay
The Quantikine Rat/Mouse Cytochrome c 

Immunoassay kit (R and D Systems, Inc., Minneapolis, 
MN, USA) was used for the determination of cytochrome 
c release.

Statistical analysis
Data are presented as means ± SD. All statistical 

analyses were done using the GraphPad Prism software 
(version 6). All experiments were analyzed using one-way 
and two-way analysis of variance (ANOVA) followed 
by the Tukey and Bonferroni post hoc test, respectively. 
Statistical significance was set at P < 0.05.

Results

Chrysaora quinquecirrha crude venom and mitochondria 
SDH activity

The results in Figure 1A-B showed that there was only 
a positive correlation between decrease in SDH activity in 
the mitochondria from cancer group after incubation with 
crude venom of Chrysaora quinquecirrha at concentrations 
of 180, 360 and 720 µg/ml (Figure 1A-B).

Figure 1. SDH Activity Assay. A, Healthy colon group; B, Colon cancer group. Data are shown as mean ± SD (n=3). 
** P<0.01 and *** P<0.001 versus control group.
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tissue (Figure 5A).

Discussion

In this study, we investigated the effects of Chrysaora 
quinquecirrha crude venom on mitochondrial parameters 
isolated from human colon cancer tissue. In fact, the 
study was designed to investigate the association between 
ROS and induction of apoptosis in human colon cancer 
mitochondria exposed to Chrysaora quinquecirrha crude 
venom. Natural compounds extracted from marine 
metabolites have antitumor effects through various 
mechanisms (Yang et al., 2020). In unstressed cells, 
mitochondria consume approximately 95% of cellular 
O2. In oxidative conditions, it is known as the main 
sites for the production of ROS (Abele et al., 2007). 
Targeting mitochondria and the consequent disruption 
of mitochondrial membranes, production of ROS and 
induction apoptosis is one of the mechanisms by which 

marine compounds can kill cancer cells (Kluza et al., 
2006; Dyshlovoy et al., 2020; Varela et al., 2020). 
Extracts/compounds of natural origin have been accepted 
by the scientific community for the prevention/treatment 
of cancer due to their properties such as low toxicity, 
cheap costs and easy availability (DEMİR et al., 2020).

At the beginning of the study, the in vitro effects of 
Chrysaora quinquecirrha crude venom on mitochondrial 
function (SDH activity) was investigated in the healthy 
and colon cancer mitochondria. Exposure with 180, 360 
and 720 µg/ml of Chrysaora quinquecirrha crude venom 
significantly decreased the SDH activity only in colon 
cancer mitochondria. In previous studies, we have shown 
that compounds isolated from marine animals such as 
Persian Gulf Snail (Conus textile) and Persian Gulf 
Marine Mollusk (Turbo Coronatus) have the ability to 
impair mitochondrial function by acting on the respiratory 
chain. These results are agreement with the study that this 
crude venom was able to impair mitochondrial function 

Figure 2. ROS Level Assay. A, Healthy colon group; B, Colon cancer group. Data are shown as mean ± SD (n=3). 
* P<0.05 and **** P<0.0001 versus control group.

Figure 3. MMP Collapse Assay. A, Healthy colon group; B, Colon cancer group. Data are shown as mean ± SD (n=3). 
* P<0.05 and **** P<0.0001 versus control group.
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(Zangeneh et al., 2019; Salimi et al., 2021).
In the mitochondrial respiratory chain, SDH is the 

same as complex II, and its disruption can be accompanied 
by an increase in the level of ROS. Thus, a decrease in 
the activity of complex II in the mitochondrial respiratory 
chain by this marine venom can be associated with an 
increase in the level of ROS only in the colon cancer 
mitochondria. The results showed that there was a positive 
correlation between the increases in the level of ROS only 
in the mitochondria of colon cancer tissue after exposure 
to different concentrations of Chrysaora quinquecirrha 
crude venom. Previous studies have shown that marine 
animals induce oxidative stress and apoptosis in colon 
cancer and human neuroblastoma SH-SY5Y cell lines 
by increase in the level of intracellular ROS, collapse 
in MMP, and activation of caspase-3.  The results of our 
study showed that Chrysaora quinquecirrha crude venom 
was able to increase the level of ROS in the mitochondria 
of colon cancer and also caused the collapse of the MMP. 

The results of our study are agreement with the results 
of previous studies (Morabito et al., 2012; Ruiz-Torres 
et al., 2019). ROS has a dual physiological role. They 
are involved in low concentrations in cell viability and 
proliferation and conversely in high concentrations in cell 
killing. Research has shown that various compounds have 
been able to reduce proliferation and survival in cancer 
cells by increasing the level of ROS (Gill et al., 2016; 
Yang et al., 2019; Jin et al., 2020).

Next, we assessed MMP collapse and mitochondrial 
swelling. The results indicate collapse in MMP and 
mitochondrial swelling in mitochondria of colon cancer 
after exposure to different concentrations of Chrysaora 
quinquecirrha crude venom. In fact, these two events are 
irreversible and can lead to the release of pro-apoptotic 
proteins from the mitochondria and the activation of 
apoptosis. Research has shown that venoms derived 
from compounds of natural origin, such as sea anemone 
(H. magnifica) and Naja ashei, can cause release of 

Figure 4. Mitochondrial Swelling Assay. A, Healthy colon group; B, Colon cancer group. Data are shown as mean ± SD 
(n=3). **** P<0.0001 versus control group.

Figure 5. Cytochrome c Relese Assay. A, Healthy colon group; B, Colon cancer group. Data are shown as mean ± SD 
(n=3). * P<0.05 and *** P<0.001 versus control group.
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cytochrome c from the mitochondria into the cytosol, 
which is associated with the induction of cell death 
signaling (Ramezanpour et al., 2014; Rozman Antolikova 
et al., 2019). The results of our study showed that 
Chrysaora quinquecirrha crude venom was able to release 
of cytochrome c from the mitochondria of colon cancer. 
These results are in agreement with our previous study 
(Zangeneh et al., 2019; Salimi et al., 2021). Finally, our 
results showed that Chrysaora quinquecirrha crude venom 
was able to release of cytochrome c from cancerous 
mitochondria. Cytochrome c is known as one of the key 
factors in the regulation of apoptosis. Also, its release 
from mitochondria is associated with apoptosis (Kalpage 
et al., 2020; Yadav et al., 2020). It seems that Chrysaora 
quinquecirrha crude venom with release of cytochrome c 
can induce apoptosis in colon cancer mitochondria.

Our results in this research recommend that Chrysaora 
quinquecirrha crude venom has been able to increase the 
level of ROS in colon cancer by acting on mitochondria. 
Subsequently, ROS was able to release of cytochrome c 
by acting on MMP. Therefore, Chrysaora quinquecirrha 
crude venom can be a promising source for colon cancer 
drug candidates. 
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