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INTRODUCTION  

 

Tetrodotoxin (TTX) is a very potent neurotoxin that is found in a variety of marine 

organisms (Rodríguez et al., 2012) and also in some terrestrial ones. Its toxicity is often 

emphasized by referring to the fact that it is over a thousand times more toxic to humans 

than cyanide; TTX has no known antidote (Noguchi & Ebeso, 2001; Saoudi et al., 2010; 

Yotsu-Yamashita et al., 2012). One naturally existing toxin that has caused intoxications 

and deaths in humans is TTX (Abu-Amra et al., 2002; Fouda, 2005). According to the 
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The objective of the current study was to evaluate the anticancer 

effect of tetraodotoxin (TTX), which was isolated from the masked puffer 

fish Lagocephalus sceleratus, on the muscle tumor of albino mice that were 

carrying Ehrlish Solid Carcinoma (ESC). Commercial captures at the Attaka 

fishing harbor in the Suez Governorate, Egypt, provided samples of L. 

sceleratus. Ten days after Ehrlich Ascites Carcinoma (EAC) cells were 

injected into the mice's thigh, Ehrlich Solid Carcinoma (ESC) tumors 

developed in the mice. ESC-bearing mice were given extracted TTX in nine 

equal doses over the course of three weeks. Results showed an abnormal 

histological structure of the skeletal muscle’s thigh of ESC bearing mice at 

zero day of experiment, increasing of aggressive colonies of carcinoma 

neoplastic cells forming tumor masses in the connective tissue between 

muscle bundles leading to atrophy in these muscle fibers, increasing the 

space between fibers and degeneration of these muscle fibers. These 

histopathological alterations increased leading to a complete damage in 

muscular tissues and forming multi-tumor masses of neoplastic cells, which 

distributed and colonized along all the tissue. The treatment of ESC bearing 

mice with TTX for 21 days after zero day of experiment showed well 

defined improvement in muscular tissues, recovery of muscle fibers, 

reduction in the number of carcinoma neoplastic tumor’s cells, and 

disappearance of tumor mass colonies. This study concluded that TTX 

administration had a strong inhibitory effect on the growth of Ehrlich Solid 

Carcinoma tumors in mice over a short term (three weeks). However, TTX 

may have a reversible effect with prolonged exposure. 
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current research, TTX has migrated to parts of the Pacific and the Mediterranean, refuting 

the notion that it was limited to South East Asia (Bane et al., 2014). 

A helpful technique for identifying, isolating, and characterizing voltage-gated 

sodium channels is TTX. Because of its strong capacity to attach to the transmembrane 

glycoprotein and construct the Na+ channel, TTX can block it (Tosteson, 1992).  

TTX has inhibitory effect on the invasion of metastatic prostate cancer, so it has 

the potential to be considered as an anticancer drug (Prasad, 2004). It was also found that 

as a potential drug of anesthesia (Schwartz et al., 1998), aces dyne is to cure chronic 

cancer pain and neuro-protective drug (Narahashi, 2001; Bucciarelli et al., 2021). 

In Canada and China, a team of Chinese researchers conducted clinical trials 

utilizing tetraodotoxin as an analgesic that lessens the severe agony those patients with 

advanced cancer experience. Pain was reduced for two to three weeks after tiny doses of 

TTX were administered. When administered in extremely small dosages, the purified 

TTX proved safe, according to the clinical trials. It has a long duration of action and 

operates swiftly. With fewer adverse effects and no addictive properties, TTX was 3000 

times more potent than morphine (Alonso et al., 2003).  

A broad variety of applications are increasingly interested in bioactive compounds 

(geo-medicine, plant-science, modern pharmacology, agrochemicals, cosmetics, food 

industry, nano-bio-science) aimed at diversifying the resources of bioactive compounds 

and enhancing their salvage or synthesis pathways (Abdelkarim et al., 2014; Kumar et 

al., 2019; Khalil et al., 2020). 

Over 6 million people worldwide lose their lives to cancer each year, making it 

the leading cause of death and a serious public health concern in most regions of the 

world (Gupta et al., 2004; Jemal et al., 2008). The use of Ehrlich Ascites Carcinoma 

(EAC) as a model in anti-cancer research was proven by many authors to give accurate 

and reliable results (Ramnath et al., 2002; Gupta et al., 2004; Ozaslan et al., 2011). Its 

ability to evaluate the effectiveness of any anticancer medication by prolonging the 

experimental animal's life, as well as increasing the quantity and viability of the cell line 

itself and the volume of fluid produced by the tumor inside the peritoneal cavity, is what 

makes such a test reliable (Maity et al., 1999).  

Thus, the goal of this study was to evaluate the anticancer effect of tetraodotoxin 

(TTX), which was isolated from the Red Sea masked puffer fish, on the development of 

tumors in the muscular tissues of albino mice that were harboring ESC. 
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MATERIALS AND METHODS  

 

1- Animals 

A- Fish: Five large specimens of masked puffer fish, L. sceleratus, identified 

according to Gohar and Clark (1953), were obtained from commercial catches at Attaka 

fishing harbor, Suez Governorate, Egypt. Their total lengths were 30 ± 1.5cm. 

B –mice:  

80 healthy male albino mice (22± 3g in body weight) were obtained from the 

National Researches Center in Dokki, Cairo. They were divided into 4 groups (each of 20 

male mice). These animals were exposed to 12 hours of regular light/dark periods, fed 

daily with vegetable, commercial pellets rich of protein.   

2- Induction of Ehrlich Ascite Carcinoma (EAC)  

Ehrlich Ascites Carcinoma (EAC) 87032503 line cells were obtained from the 

National Cancer Research Institute, via 22±3g female albino mice. They were maintained 

by weekly interperitoneally inoculation of saline solution containing 106 cells/mice.  

3- TTX extraction 

To prepare the stock for TTX extraction, the puffer fish samples were dissected, and the 

liver samples were extracted, homogenized, and soaked in a 10% acetic acid-methanol 

mixture. These samples were then stored for 3-5 days according to Kawabata (1978). 

The crude TTX was purified by filtration through a cotton paper funnel, and the excess 

methanol was evaporated to concentrate the TTX. The TTX was then dissolved in a 

saline solution (0.9% sodium chloride). Toxicity tests were performed by injecting 

different concentrations of the TTX intraperitoneally into male albino mice (20-25g). The 

survival time of the mice was recorded, and the mouse units were calculated according to 

Kawabata (1978). 

4- Experimental groups 

A - Control group (G1): It contains 20 male mice, which were injected with 0.1ml of 

saline solution (0.9% NaCl) every 48 hours for 21 days, starting from day zero. 

B – Positive control  group for TTX (G2): It contains 20 males of mice, which were 

injected with the crude TTX extracted from L. sceleratus with a dose of 65 microns 

(equal 1\20 MU), dissolved in 0.1ml of saline solution every 48 hours for 21 days, 

after zero-day (Kawabata, 1978; Noguchi & Mahmud, 2001). 

C – Positive control group for ESC (G3): It includes 20 male mice, which were injected 

with 0.1 ml of EAC diluted in saline solution into the femoral muscle to induce a solid 

ESC tumor. Tumor cell inoculation occurred on day 10, which is considered the zero-
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day of the experiment. Subsequently, the mice were injected with 0.1ml of saline 

solution (0.9% NaCl) every 48 hours for 21 days (Badr El-Din et al., 2007). 

D – Experimental group (G4): It includes 20 male mice, which were treated as in group 

G3 until the zero-day. Then, they were injected with crude TTX extracted from L. 

sceleratus at a dose of 65 micrograms (equivalent to 1/20 MU), dissolved in 0.1ml of 

saline solution every 48 hours for 21 days.  

5- Histopathological studies:  

The mice from both the control and treated groups were decapitated at zero time, 

and then at 7, 14, and 21 days after the experimental injection period. Their muscles were 

excised and immediately fixed in alcoholic Bouin's solution for 24 hours. Routine 

histological procedures using Hematoxylin and Eosin staining were then performed. 

Finally, the slides were microscopically examined and photographed using a camera 

mounted on a light microscope, and the results were described. 

RESULTS  

 

1. Histopathological examination of muscles at zero time 

Examination of thigh’ muscle in the control mice at zero day of the experiment 

(G1 & G2) showed normal histological structure of the skeletal muscle fibers of thigh and 

no histopathological alterations were observed (PLATE I A&B).  

Examination of thigh’s muscles of male albino mice implanted with ESC cells at 

the zero day of the experiment (G3 & G4) showed abnormal histological structure of the 

skeletal muscle fibers of thigh. An increasing of aggressive colonies of carcinoma 

neoplastic cells forming tumor masses in the connective tissue between muscle bundles 

leading to atrophy in these muscle fibers, increasing the space between fibers and 

degeneration of muscle fibers (PLATE I C&D).  

 

  
A B 
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PLATE I 

Photomicrographs of histological sections in thigh muscle of male albino mice at zero-

day: A: Control group (G1); B: TTX injected group (G2); C: ESC-bearing group (G3); 

D: ESC-bearing group and treated with TTX (G4). (At: Atrophied muscle; CT: 

Connective tissue; DM: Degenerated muscle; Mb: Muscle bundle; N: Nucleus; NC: 

neoplastic carcinoma cells; H&E) 

2. Histopathological examination of muscles after 7 days 

Sections of thigh’s muscle in mice of G2 showed a moderate effect after injection 

with TTX for 7 days. Normal skeletal muscle fibers were observed and almost the 

structures were still normal like those of the control sections (PLATE II A).  

After 7 days of experiment, examination of thigh’s muscle of male albino mice in 

G3 showed histopathological alterations of muscle fibers bundles. They degenerated and 

showed severe atrophy in muscles fibers. Increasing in number of neoplastic carcinoma 

cells was observed, forming many tumor masses. More increasing of spaces between 

fibers were distributed and colonized by the neoplastic carcinoma cells (PLATE II B). 

After 7 days of the experiment, examination of thigh’s muscles in mice of G4 

showed reduced number of tumor carcinoma neoplastic cells, some limited improvements 

in the degenerated muscle tissues. But also, colonies of neoplastic cells in the connective 

tissue between bundles of muscle fiber were still distributed (PLATE II C).  

3. Histopathological examination of muscles after 14 days 

After 14 days of experiment, examination of the muscles in mice thigh of G2 

showed that some lymphocytes were observed in connective tissue between muscle 

bundles; but the histological structure of muscle fibers still like that of the control group 

(PLATE II D). 

 After 14 days of exposure to ESC in specimens of G3, histological examination of 

thigh’s muscles showed that it has severe atrophy in the muscle’s fibers. Also, aggressive 

increasing in number of carcinoma cells forming multi-tumor masses of neoplastic cells 

C D 
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which distributed and colonized along the tissue. Disappearance of the spaces between 

fibers was observed, leading to acute destroying of thigh’s muscles fiber (PLATE II E).  

The histopathological examination of G4 specimens after 14 days of treatment 

with TTX showed highly reduced number of carcinoma neoplastic tumor’s cells, 

moderate improvements of interstitial material of connective tissue and regeneration of 

atrophied muscle fibers which brought back nearly as normal control group, except some 

of neoplastic cells in the connective tissue between muscle fibers (PLATE II F). 

4. Histopathological examination of muscles after 21 days 

Examination of the muscles of thigh in G2 specimens after injection with TTX for 

21 days showed generally well-defined histological structure, except some disorganized 

effects in connective tissue, but muscular structures still nearly normal like those of the 

control sections (PLATE III A&B).  

After 21 days of exposure to Ehrlich Solid Carcinoma (ESC) tumor in specimens 

of G3, histological examination of thigh’s muscles showed acute destroying muscles and 

completely damaged fibers of thigh leading to absence of muscular fibers structure of 

thigh. Additionally, an aggressive increase was detected in the number of carcinoma cells 

forming multi-tumor masses of neoplastic cells, which distributed and colonized along all 

the tissues leading to the disappearance of the spaces between fibers (PLATE III C).  

The histopathological examination of G4 specimens after 21 days of treating the 

ESC with TTX showed well defined improvements of muscular fibers tissues with 

convenient state of interstitial material of connective tissue, and recovered muscle fibers 

which brought back nearly as normal structure of control group. Furthermore, highly 

reduction was recorded in the number of carcinoma neoplastic tumor’s cells along 

connective tissues, aligned with the disappearance of tumor mass colonies, except some 

of neoplastic cells in the connective tissue between muscle fibers (PLATE III D). 

  

A D 



1283 
The Anticancer Effects of Tetrodotoxin Derived from Lagocephalus sceleratus, a Masked Puffer Fish, 

on the Muscle of Albino Mice with Ehrlich Solid Carcinoma 
 

 

  

  

PLATE II 

Photomicrographs of histological sections in thigh muscle of male albino mice: A, B & 

C: After 7 days of experiment in G2, G3 & G4, respectively. D, E & F: after 14 days 

of experiment in G2, G3 & G4, respectively. (At: Atrophied muscle; CT: Connective 

tissue; DM: Degenerated muscle; Mb: Muscle bundle; NC: Neoplastic carcinoma cells; RM: 

Recovered muscle; T: Tumor; H&E) 

 

  

B 

C 

E 

F 

A B 
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PLATE III 

Photomicrographs of histological sections in thigh muscle of male albino mice after 21 

days of experiment: A: Control group (G1); B: TTX injected group (G2); C: ESC-

bearing group (G3); D: ESC-bearing group and treated with TTX (G4). (CT: 

Connective tissue; DM: Degenerated muscle; Mb: Muscle bundle; N: Nucleus; NC: 

Neoplastic carcinoma cells; RM: Recovered muscles; T: Tumor; H&E) 

DISCUSSION 

 

There have been various approaches to the search for novel anti-cancer 

medications. Using the most recent data on the mechanism of action of anti-neoplastic 

medications and data on the kinetics of cancer cells, scientists were able to develop 

chemotherapy medications that could be utilized more widely (Ulakoglu & Altun 2004; 

Falzone et al., 2018; Ioele et al., 2022).  

Ehrlish Assites Carcinoma cell (EAC) line was the modeling system of ascites 

tumor to study the effect of TTX. Ehrlish cells were growing carcinoma cells which have 

a very aggressive behavior (Nascimento et al., 2006). According to numerous 

researchers, using EAC as a model in anti-cancer research yields accurate and trustworthy 

results (Ramnath et al., 2002; Gupta et al., 2004). In addition to assessing changes in 

the number and viability of the cell line itself, the test's credibility rests in its capacity to 

assess the effectiveness of any anticancer medication by extending the lifespan of 

experimental animals (Maity et al., 1999).  

In the present study, after incubation of implanting EAC in the skeletal muscles of 

thigh for ten days, solid form of cancer cells was observed which aggressively multiplied, 

migrated and invaded some other organs like liver and kidney. These cancer cells made 

neoplasia, which defined as metastasis to cancer neoplastic cells (Abd El-Wahab & 

Fouda, 2009; Azab et al., 2017).  

   TTX therapy significantly slowed the growth of tumors in Ehrlish Solid 

Carcinoma tumor-bearing mice in the current investigation. A greater increase in the 

C D 
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tumor inhibition ratio indicated a more noticeable effect in the TTX treatment plan. The 

findings of Roger et al. (2004) and Fernandes et al. (2006), who reported that TTX has a 

great ability to bind to the trans-membrane glycoprotein forming Na channel and block it, 

thereby reducing the proliferation, migration, and invasive properties of cancer cell lines, 

are in line with the findings of Fouda (2005). 

   The impact of TTX on the formation of EAC cells is evident from the present 

results. Small-sized cells predominated during the three weeks of the experiment, and the 

overall number of cells decreased significantly. According to Roger et al. (2004), the 

longer lifespan indicates that TTX may have partially inhibited the growth of the cancer 

cells by preventing them from absorbing Na+ from the surrounding media. According to 

Grolleau et al. (2001), who previously found a similar result, the timing and dosage of 

Na+ blockers have a significant role in regulating cell metastasis. 

        The present study showed also that Ehrlich cells which treated with TTX extracted 

from liver of Lagocephalus sceleratus turn to normal sizes instead of abnormal sizes of 

untreated Ehrlich group at two weeks of exposure. The way that TTX acts on ESC is 

most likely the same as it is for other nervous system cells. When it binds to the p-

glycoprotein of the Na channels, it blocks it and stops the influx of Na into the cells. In 

turn, this action stops the carcinoma cells from receiving enough sodium ions for the 

needs of different intracellular processes and, most importantly, to preserve the normal 

distribution of charges across the cell membrane, which is essential for preserving the 

integrity of the cell (Abd El-Dayem et al., 2012).    

   According to the histological data, ESC cells underwent apoptosis, most likely as 

a result of losing their capacity to proliferate. According to Jia et al. (2005), the EAC cell 

cycle typically doubles in size every 36 to 48 hours. However, this rate of cell division 

was significantly decreased during exposure to TTX, particularly during the first- and 

second-weeks following therapy. As a result of increased apoptosis, the number of cells 

has likely decreased. Others have also observed that this experiment clearly inhibits the 

development rate of tumor cells (Pal et al., 2001; Bhattacharyya et al., 2003; 

Guicciardi & Gores, 2005; Katikou et al., 2022).  

  Given the prior findings, which are consistent with those of Abd El-Motelp and 

Zaazaa (2013) and Xiao (2014), it can be concluded that TTX may have an inhibitory 

effect on the invasion of metastatic cancer, which could make it a viable medicine for 

cancer treatment. 

CONCLUSION 

 

This study concluded that TTX administration had a strong inhibitory effect on 

the growth of Ehrlich Solid Carcinoma tumors in mice over a short term (three weeks). 

However, TTX may have a reversible effect with prolonged exposure. This suggests that 

TTX extracted from the liver of Lagocephalus sceleratus has the potential to restore or 
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normalize the size of tumors in comparison with the untreated Ehrlich group after three 

weeks, as reflected in the increased lifespan of the mice. Therefore, TTX may hold 

promise as a novel natural cancer treatment. 
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