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			Abstract | The current study aimed to examine the immunological and histopathological effects after intraperitoneal injection of tetrodotoxin (TTX) on liver of male albino rats. At the age of 8–9 weeks and weighing 190–200 gm, 60 male albino rats were separated into 3 groups: First group of 20 rats received distilled water and regular pellets. Second group of 20 rats received weekly injections of 0.5 µg/kg b.w. by I/P route, which was equivalent to 1/20 LD50 of tetrodotoxin. Third group of 20 rats received weekly injections of 1 µg/kg b.w. by I/P route, which was equivalent to 1/10 LD50 of tetrodotoxin. All animals were sacrificed at the conclusion of the experiment (90 days) in order to conduct biochemical, histopathological, and Immunohistochemical analyses. The oxidative stress result showed elevation in Malon Di-Aldehyde concentration in liver tissue treated with tetrodotoxin. The pathological lesion in liver of animals exposed to toxic dose of tetrodotoxin was characterized by dilation and congestion of portal vein, Focal aggregation of mononuclear cells formation granulomatous like lesion, Various form of nuclear necrosis with number apoptotic hepatocyte, nuclear pyknosis with evidence of councilman body in liver tissue, The Immunohistochemistry study revealed an increase in the scoring of IL1 expression in liver that showed score (3) compared to control group, TNF alpha expression showed score (1) in liver tissue when compared to untreated control group . According to the findings of the current study, tetrodotoxin has adverse toxic effects on liver tissue of male albino rats.
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			INTRODUCTION 

			The most well-known kind of fish intoxication is puffer fish intoxication, which has been initially identified by Dr. Yoshizumi Tahara from globefish ovaries in 1909 (Suehiro, 1994). The powerful neurotoxin tetrodotoxin (TTX) is present in the muscle, skin, liver and gonads of many species of marine puffer fish (Saha et al., 2015). One naturally occurring toxin that has caused human intoxications and deaths is called tetrodotoxin (TTX) (Abu-Amra et al., 2002). TTX was thought to be restricted to South East Asia, but more recent studies have revealed that it has spread to other parts of the world such as Australia, Bangladesh, New Zealand, Spain, Taiwan and United States of America (California, Hawaii) (Bane et al., 2014). However, puffer fish have long been known to be toxic to people. Many marine organisms contain TTX, a highly potent neurotoxin (Chulanetra et al., 2011; Luo et al., 2012). In a few terrestrial ones as well (Mebs and Yotsu-Yamashita, 2012). The fact that TTX has no known counteragent and is more than a thousand times more toxic to humans than cyanide is frequently using to highlight how harmful it is (Noguchi and Ebesu, 2001; Saoudi et al., 2010). It is a blocker of channels containing sodium. The toxin attaches itself to the sodium channels in the victim’s excitable tissues, such as nerves and muscle; this effectively immobilizes the tissues by blocking the flow of sodium ions through the channels (Marcil et al., 2006). The onset and intensity of TTX poisoning symptoms in humans are dose-dependent (Islam et al., 2011). Ataxia and muscle weakness may develop from the initial symptoms, which include tingling (paresthesia) of the lips and tongue, headache, and vomiting, either simultaneously or sequentially. In extreme situations, heart failure and/or respiratory failure may result in death (How et al., 2003). 

			Vinagre et al. (2003) and Pinho et al. (2005), Al-Sabaawy and Al-Kaisie (2021) found that some toxins produce oxidative stress and disrupt crustacean osmotic and ionic processes such as oral administration of microcystin to the estuarine crab Chasmagnathus granulatus (Decapoda, Brachyura) that causes elevate antioxidant enzyme level (superoxide dismutase, catalase-(CAT), Glutathione-S-transferase- (GST)) also this toxin (microcystin) increase the oxygen consumption. Saoudi et al. (2011) investigated that tetrodotoxin produce from lagocephalus lagocephalus are well documented to have a range of effects on organism cells. Saoudi et al. (2011) examined Lagocephalus lagocephalus meat and liver extracts’ hepato- and nephrotoxic effects on rats. Using raw or cooked Lagocephsalus lagocephalus extracts can lower serum level of transaminases (AST, ALT), ALP, LDH, and γ-GT enzyme and increase these enzymes in liver (Saoudi et al., 2011). Hepatocyte damage may be connected to these biochemical alterations in the liver profile (Yahya et al., 2021). Long-term toxin delivery causes the mitochondrial and monooxygenase systems to malfunction, which can lead to changes in these systems including an increase in reactive oxygen species (ROS) production (Ito et al., 2000). Oxidative stress and cell damage may result from increased ROS generation that exceed antioxidant defense and repair capabilities (Zegura et al., 2003; Abd and Gathwan, 2022). Reactions that result in toxicity can be caused by or result from lipid peroxidation (Halliwell and Gutteridge, 1986). Recent research has demonstrated that certain marine toxins cause lipid peroxides, ROS, DNA damage, and antioxidant enzyme activity in hepatocytes through the action of multispecific bile acid transporters (Gehringer et al., 2004).

			According to Elshaer (2016), Male rats injected with TTX derived from the muscles of the porcupine fish Diodon hystrix exhibited moderate histopathological effects on the liver tissue after two and four hours. This was indicated by a mild infiltrate of polymorphic leukocytes, congestion in the central vein, pyknotic nuclei in some hepatocytes, and likely necrosis or vacuolation. By injection, the liver’s trabecular structure was obscured, with larger cells, more compact nuclear chromatin, and less obvious, somewhat smaller nucleoli, when TTX was isolated from Diodon hystrix ovaries was used. Histocytes underwent necrotization; pyknotic nuclei containing condensed chromatin and very acidophilic cytoplasm were seen. Therefore, the current study concentrated on the immunological effect and histopathological changes found in the liver of a male rat that had received an intraperitoneal injection of tetrodotoxin.

			Materials and Methods

			Chemicals

			Tetrodotoxin (Purity: >=98%, Formula: C11H17N3O8, Molecular Weight: 319.27) obtained from Wuhan ChemFaces Biochemical CO., Ltd. Company, china, Store in a well closed container. Protected from air and light, refrigerate or freeze (2-8°C). Distilled water was used to dissolve and dilute tetrodotoxin to the needed amounts.

			Experimental animals

			 Sixty mature white male albino rats weighing between 190 and 200 grams and (8-9) weeks age were used in this investigation. They were procured for adaptation from the veterinary and Medical College’s animal facility at Baghdad University. The animals were housed in plastic cages within a room that was equipped with air conditioning and maintained at a temperature of 25±2 degrees Celsius at all times. The bedding in the plastic cages was made of hard-wood chips, and it was changed on a regular basis to maintain a clean environment. Ad libitum water and food pellets were provided to the rats. In compliance with ethical norms, the College of Veterinary Medicine at the University of Baghdad’s local committee for animal care and use awarded its ethical permission (Number 2284/P. G at 18/10/2023).

			Experimental design

			Sixty mature white male albino rats used in this experiment were separated into three groups of twenty each, as follows: 1st group: control group contains (20) rats were given distilled water and normal rat pellet for 90 days, 2nd group: contains (20) rats were given (0.5 µg/kg b.w.) weekly I/P injection by Disposable sterile syringes for 90 days,3rd group: conations (20) rats were given (1 µg/kg b.w. ) weekly I/P injection by Disposable sterile syringes for 90 days. After 90 days, animals from each group were sacrificed for study the oxidative stress induction, histopathological investigations and immunohistochemistry study.

			Parameters of experiment

			Biochemical analysis (determination of tissue malon di aldehyde assay (MDA) by elisa technique

			ELISA Kit purchased from China’s ELK Biotechnology used to measure the amount of malon Di-aldehyde in male rats liver tissue as pictograms per milliliter (pg/mL), and this test was carried out in accordance with the manufacturer’s procedure.

			Pathological examination

			Animals were chloroform-anesthetized and then scarified at the conclusion of the trial, which lasted 12 weeks. The specimen (liver) was collected and preserved for fixation in a 10% formaldehyde solution. The histopathological protocol was used as specified by (Suzuki and Bartlett, 2014).

			Immunohistochemistry assays

			The immunohistochemistry was performed using Dako EnVision detection immunohistochemistry kit (Envision FLEX, Dako, K8000, Denmark), Anti-IL-1A primary antibody (E-AB-40407, Elabscience, China) and anti-TNF alph primary antibody (E-AB-40015, Elabscience, China) were used for detection IL-1A and TNF alpha in liver tissue in current study and this assay was carried out in accordance with the manufacturer’s procedure.

			Scoring 

			In each region, a minimum of 10 randomly selected high-power fields were utilized to determine the quantity of positive cells present in the tissue samples dyed with dye. Additionally, the quantity of positive cells in the fields was determined. The immune-stained sections were scrutinized by two observers using a light microscope equipped with a 400X objective lens. To assess the number of immune cells in the liver specimens, a count of one thousand cells was performed on each section. The scores listed below were utilized to calculate the quantitative evaluation of compound expression, according to Zenclussen et al. (2003): zero (one to ten), one (fifteen to thirty), two (thirty-one to fifty), three (fifty-one to one hundred) and four (one hundred twenty to two hundred) and more positive cells).

			Statistical analysis

			Statistical analysis was done using SAS 9.1 (SAS, 2010). A one-way analysis of variance (ANOVA) and a post hoc test using the least significant differences (LSD) were used to determine the significance of mean differences; statistical significance is reached when P < 0.05. 

			RESULTS AND DISCUSSION

			Tissue malon di-aldehyde (MDA) assay

			The results of Malon Di-Aldehyde in the liver tissue treated with tetrodotoxin for 90 day showed significant increase (P<0.05) in their concentration in liver (1116.88±0.21) at dose 0.5 µg/kg b.w., while at dose 1 µg/kg b.w. reached to (1150.27±0.22) compared with control group (1075.51±0.23) the result was shown in Table 1.

			Table 1: The effect of Tetrodotoxin on (Malon Di-Aldehyde assay) MDA (pg/ ml) in liver tissue of rat for chronic toxicity.
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							0.66

						
					

				
			

			*Means with a different letter in the same column are significantly different (P<0.05).

			Histopathological study

			Second group (0.2 µg/kg b.w. (1/20 of LD50))

			The main pathological changes in liver tissue were dilation and congestion of central vein, adjacent hepatic sinusoid and portal vein, Focal aggregation of mononuclear cells formation granulomatous like lesion with slight presence of edematous substance in adjacent hepatic parenchyma. Various form of nuclear necrosis with number apoptotic hepatocyte, Moderate nuclear pyknosis of hepatocyte with slight sinusoid congestion with evidence of councilman body Figure 2.

			Third group (1/10 of LD5O) (1 µg/kg b.w)

			The histopathological section of rat liver showed perivascular and periductal mononuclear cells infiltration in liver parenchyma mainly in portal regain with evidence of nuclear pykinosis of adjacent cells, moderate necrotic finding of surrounding hepatocyte Also hepatocyte vessels dilation and congestion with new neutrophil in lumen and binucleted hepatocyte, Moderate perivascular mononuclear cells with scattered apoptotic cells Figure 1.

			Immunohistochemistry study

			IL1 expression

			The results of IL1 expression in the liver tissue treated with tetrodotoxin for 90 day showed significant elevation (P<0.05) in score of liver (42.67±0.33) at dose 0.5 µg/kg b.w, while at dose 1 µg/kg b.w reached to (70.67±0.67) compared with control group (0.00±0.00), the result was shown in Table 2. 

			Table 2: The effect of tetrodotoxin on scoring for IL1 expression in liver tissue of rat for chronic toxicity.
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							70.67±0.67a
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			*Means with a different letter in the same column are significantly different (P<0.05).
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			Figure 1: Histopathological section of liver tissue from tetrodotoxin treated group (A, B, C, D, E) (0.5 µg/kg b.w.) of male albino rats (A) obvious dilation and congestion of portal vein (red arrow) with mild cellular infiltration (yellow arrow) with evidence of scattered apoptotic hepatic cells (blue arrow). (B) moderate vascular congestion and dilation of hepatic vessels (red arrow) with focal aggregation of mononuclear cells formation granulomatous like lesion (yellow arrow). (C) moderate periductal mononuclear cells aggregation (red arrow) with slight presence of edematous substance in adjacent hepatic parenchyma (yellow arrow). (D) various form of nuclear necrosis (red arrow) with number apoptotic hepatocyte (yellow arrow) with periductal mononuclear cells infiltration (blue arrow). (E) moderate nuclear pyknosis of hepatocyte (red arrow) with slight sinusoid congestion (yellow arrow) with evidence of councilman body (blue arrow). (F, G, H) (1 µg/kg b.w) (F) perivascular and periductal mononuclear cells infiltration (red arrow) with moderate necrotic finding of surrounding hepatocyte (yellow arrow) (G) hepatocyte vessels dilation and congestion (red arrow) with new neutrophil in lumen (yellow arrow) with binucleted hepatocyte (blue arrow) (H) moderate perivascular mononuclear cells (res arrow) with numerous binucleated hepatocyte (yellow arrow) with scattered apoptotic cells (blue arrow) (H&E stain, X40).

			Imunohistochamical sections for IL1 detection

			The result of Immunohistochemistry section of liver tissue in treated group showed moderate immune positive cells for IL1 expression mainly around portal regain and central vein and in liver parenchyma mostly in 3rd group Figure 2 when compared to control group which show negative result. 
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			Figure 2: Immunohistochemistry section of liver tissue from tetrodotoxin treated group (A) (0.5 µg/kg b.w), (B) (1µg/kg b.w) of male albino rats. (A) moderate immune positive cells for IL1 antibody (arrow) mainly around portal regain and central vein (B) moderate immune positive cells for IL1 antibody (arrow) mainly around portal regain and liver parenchyma. (C) (0.5 µg/kg b.w), (D) (1 µg/kg b.w) (C) scattered immune positive cells for TNFα antibody (arrow) in hepatocyte. (D) weak reactive immune positive cells for TNFα antibody (arrow) in hepatocyte of portal area. (DAB- chromogen, X40).

			TNF alpha expression

			The results of TNF alpha expression inliver tissue treated with tetrodotoxin for 90 day showed significant elevation (P< 0.05) in score of liver (15.67±0.33) at dose 0.5 µg/kg b.w, while at dose 1 µg/kg b.w reached to (21.67±0.33) compared with control group (0.00±0.00), the result was shown in Table 3.

			Table 3: The effect of tetrodotoxin on scoring for TNF alpha expression in liver tissue of rat for chronic toxicity.
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			*Means with a different letter in the same column are significantly different (P<0.05).

			Imunohistochamical sections for tnf alpha detection

			The result of immunohistochemistry section of liver tissue showed scattered immune positive cells for TNFα antibody in hepatocyte Figure 2. compared to control untreated group that showed negative result.

			Lipid peroxidation of polyunsaturated fatty acids produces malon Di-aldehyde. The amount of malon Di-aldehyde in tissues can be used to evaluate the degree of lipid peroxidation (Laura et al., 2003; Assumaidaee et al., 2019). Malon Di-aldehyde is produced when polyunsaturated lipids are broken down by reactive oxygen species. The synthesis of this molecule, a reactive aldehyde, is employed as a biomarker to estimate an organism’s level of oxidative stress because it is one of the several reactive electrophile species that induce toxic stress in cells (Fabisiak et al., 2002; Kang, 2006). The finding of the chronic toxicity exposure of malon Di-aldehyde in animal tissues were not consistent, with liver tissue exhibiting significantly higher concentrations (P < 0.05) throughout along experimentation period and for both doses. This might be because tetrodotoxin incite the production of lipid peroxides, ROS, DNA damage, and antioxidant enzyme activity in hepatocytes through the action of multispecific bile acid transporters (Gehringer et al., 2004). Moreover, as indicated by the increased levels of thiobarbituric acid reactive substances (TBARS), this raises the body’s oxidative stress. This is also associated with decreased levels of the scavenging enzymes in the liver, kidney, and spleen, including catalase, glutathione peroxidase activity (GPx), and superoxide dismutase (SOD) (Ding et al., 1998; Neama and Yousif, 2022). The present investigation looks at whether the liver of the treated group is more susceptible to oxidative damage. The liver is a highly functioning organ that is especially sensitive to toxins, which helps to explain this discovery. Because of their important involvement in the biotransformation of xenobiotic, high cytochrome P450 concentration, and metabolic activity, hepatocytes are particularly susceptible to oxidative stress in vivo, the multiple liver diseases that have been connected to oxidative stress serve as evidence for this (Saoudi et al., 2009). This result was in line with that of (Saoudi et al., 2009), who showed that Tunisian pufferfish meat (muscle and skin) was hazardous and resulted in oxidative stress and hepatotoxicity.

			The microscopic finding of chronic toxicity showed severe pathological changes in many organs and the severity of the lesions was dose dependent. Numerous reports have confirmed that the major target organs are the liver, kidney and central nervous system exposure to tetrodotoxin, blocking of sodium channels by tetrodotoxin causes gastrointestinal, neurologic and cardiac failure and in many cases respiratory paralysis is the primary cause of death (Katikou et al., 2022). The kidney and liver are often threatened by toxic effects of xenobiotic because of its ability to accumulate these substances by active transport (Racine et al., 2009; A’maal et al., 2006). the present study, there are many lesions reported in liver varying from congestion of central vein and portal area with dilation of sinusoid which causes compression on adjacent hepatocyte, also necrosis with mononuclear cells aggregation and pyknosis nuclei with evidence of binuclated hepatocyte was seen in many sections which indicated that some toxic metabolites may be transported from intestine to liver, resulting in these changes. The presence of distinct necrosis suggested that the toxic metabolites could cause oxidative stress in hepatocytes, as evidenced by changes in the mitochondria and involvement of the monooxygenase system; these changes could be followed by an increase in the production of reactive oxygen species (ROS), which would lead to cell death (Benjamin et al., 2006; Al-Okaily and Ali, 2019). This finding was agree with Elshaer (2016) who investigated that liver of rat treated by tetrodotoxin extracted from gonads and muscles of porcupine fish species causes congestion of central vein, dilation of sinusoid, necrosis with mononuclear cells aggregation and pyknotic nuclei. Councilman body is the final common pathological pathway of liver damage arising from a wide variety of liver diseases. Councilman body also known as a Councilman hyaline body or apoptotic body, is an eosinophilic globule of apoptotic hepatocyte cells fragments. Ultimately, the fragments are taken up by macrophages or adjacent parenchymal cells (Damjanov, 2012) that it occurs due to liver injury or inflammation in most form of liver disease (Malhi and Gores, 2020).

			The current results of Immunohistochemical study showed increased in IL1 expression in the different rat organs that treated chronically with tetrodotoxin, the score of liver (3) specially at 3rd group. These results are due to the tetrodotoxin toxicity that causes injury in these organs so many proinflammatory cytokines will be released to the circulation like Interleukin 1. IL1 is a potent proinflammatory cytokine capable of triggering multiple physiological processes such as activation of lymphocytes, induction of acute-phase hepatic proteins, infiltration of leukocytes at sites of infection, fever and anorexia (Dinarello, 2006, 2009; Al-Ghurabi, 2013), clearly indicating that this cytokine is critical for innate immune response (Al-Samarraae and Al-Maadhidi, 2018). IL1 mainly produced by macrophages during defensive reactions (Boraschi, 2022). The term IL-1 refers to two cytokines, IL-1α and IL-1α (Kaneko et al., 2019). IL-1α released from necrotic cells is considered a major inducer of sterile inflammation in several ischemic conditions, by inducing neutrophil and macrophage recruitment and IL-1 β expression and maturation (Dinarello, 2012; Bertheloot and Latz, 2017). Furthermore, the liver’s production of IL-1 β, together with pro-inflammatory IL-6 and TNF alpha, has a role in activating native immune cells and attracting additional leucocytes to the injured liver, ultimately resulting in chronic inflammation (Tilg et al., 2016).

			The liver (1) score in the current study’s immunohistochemistry results. This is because the toxicity of the tetrodotoxin causes injury and inflammation in the treated organs, leading to the release of various pro-inflammatory cytokines into the bloodstream, including tumor necrosis factor alpha (TNF alpha). TNF alpha is a cytokine that affects different kinds of cells in pleiotropic ways. It is known to play a role in the etiology of some inflammatory and autoimmune disorders and has been identified as a key regulator of inflammatory responses (Bradley, 2008; Yar et al., 2012). It is primarily produced by T lymphocytes, natural killer cells, activated macrophages (including alveolar macrophages, microglia, Langerhans cells, Kupffer cells, and astrocytes) and T lymphocytes (Horiuchi et al., 2010). It is functionally known to initiate a cascade of other inflammatory chemicals, such as chemokines and additional cytokines. On the other hand, excessive or improper TNF alpha signaling activation is linked to chronic inflammation and may eventually cause the emergence of clinical consequences including autoimmune disorders (Jang et al., 2021). TNF-α is a crucial cytokine that can cause inflammation and apoptosis, and it is essential in the disturbance of macrovascular and microvascular circulation both in vivo and in vitro (Yamagishi et al., 2009; Zhang et al., 2009) and is a significant cytokine that has the ability to cause inflammation and apoptosis (Yang and Shao, 2016). Increased synthesis of TNF-α occurs when ROS are present, and TNF-α signaling exacerbates oxidative stress (Zhang et al., 2009). According to Zelová and Hošek (2013), there is a correlation between altered coagulation propensity and TNF-α overexpression. TNF-α, in brief, contributes to leukocyte adherence to the epithelium via expressing adhesion molecules causing vasodilatation and edema development. Moreover, it controls blood coagulation, increases oxidative stress at inflammatory sites, and indirectly raises body temperature (Zelová and Hošek, 2013). TNF alpha contributes to liver inflammation in the liver, and persistent liver inflammation causes liver fibrosis. According to Yang and Seki (2015), TNF alpha induces apoptosis, proliferation, and inflammation.

			 

			CONCLUSION AND RECOMMENDATION

			Based on the experimental findings from the current investigation, we demonstrated that tetrodotoxin has adverse toxic effect on liver tissue of male albino rats. Additional efforts are required to raise awareness that eating fish species that contain tetrodotoxin should be avoided year-round dufe to the potentially fatal effects of TTX. Guidelines for handling these intoxications appropriately.
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Study The Pathological, Immunological Effects After Repeated
Exposure to Tetrodotoxin in Liver of Albino Male Rats
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Abstract | The current study aimed to examine the immunological and histopathological effects after intraperitoneal
injection of tetrodotoxin (TTX) on liver of male albino rats. At the age of 8-9 weeks and weighing 190-200 gm,
60 male albino rats were separated into 3 groups: First group of 20 rats received distilled water and regular pellets.
Second group of 20 rats received weekly injections of 0.5 pg/kg b.w. by I/P route, which was equivalent to 1/20 LD,
of tetrodotoxin. Third group of 20 rats received weekly injections of 1 pg/kg b.w. by I/P route, which was equivalent
to 1/10 LD, of tetrodotoxin. All animals were sacrificed at the conclusion of the experiment (90 days) in order
to conduct biochemical, histopathological, and Immunohistochemical analyses. The oxidative stress result showed
elevation in Malon Di-Aldehyde concentration in liver tissue treated with tetrodotoxin. The pathological lesion in
liver of animals exposed to toxic dose of tetrodotoxin was characterized by dilation and congestion of portal vein, Focal
aggregation of mononuclear cells formation granulomatous like lesion, Various form of nuclear necrosis with number
apoptotic hepatocyte, nuclear pyknosis with evidence of councilman body in liver tissue, The Immunohistochemistry
study revealed an increase in the scoring of IL1 expression in liver that showed score (3) compared to control group,
TNF alpha expression showed score (1) in liver tissue when compared to untreated control group . According to the
findings of the current study, tetrodotoxin has adverse toxic effects on liver tissue of male albino rats.
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INTRODUCTION

he most well-known kind of fish intoxication is puffer

fish intoxication, which has been initially identified
by Dr. Yoshizumi Tahara from globefish ovaries in 1909
(Suehiro, 1994). The powerful neurotoxin tetrodotoxin
(TTX) is present in the muscle, skin, liver and gonads
of many species of marine puffer fish (Saha ¢z o/, 2015).
One naturally occurring toxin that has caused human
intoxications and deaths is called tetrodotoxin (TTX)
(Abu-Amra ¢f al.,2002). TTX was thought to be restricted
to South East Asia, but more recent studies have revealed

that it has spread to other parts of the world such as
Australia, Bangladesh, New Zealand, Spain, Taiwan and
United States of America (California, Hawaii) (Bane o7
al., 2014). However, puffer fish have long been known to
be toxic to people. Many marine organisms contain TTX,
a highly potent neurotoxin (Chulanetra ¢z 4/, 2011; Luo
ef al., 2012). In a few terrestrial ones as well (Mebs and
Yotsu-Yamashita, 2012). The fact that TTX has no known
counteragent and is more than a thousand times more toxic
to humans than cyanide is frequently using to highlight
how harmful it is (Noguchi and Ebesu, 2001; Saoudi ¢ a.,
2010). It is a blocker of channels containing sodium. The
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