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The aim of this study was to investigate the effect of tetrodotoxin 

(TTX) extracted from puffer fish Lagocephalus sceleratus on 

hepatotoxicity induced by carbon tetrachloride (CCl4). Adult male albino 

mice were divided into four groups: 1) control group treated with saline; 2) 

CCl4 group; 3) mice injected with 5 doses of TTX (1 µg/kg) and 4) mice 

injected with 5 doses of TTX (1 µg/kg) then treated with CCl4 for 6 weeks. 
The results showed that injection with 5 doses of TTX extract significantly 

reduced the impact of CCl4 toxicity on the serum markers of the liver, 

aspartate aminotransferase (AST), alanine aminotransferase (ALT) and 

albumin (Alb). However, the biochemical results of TTX group were 

significantly different from the control group. On the other hand, the 

histologic examination of liver sections from mice given CCl4 showed 

hyperplasia of bile ducts, excessive fibrosis in portal areas associated with 

detachment from parenchyma and lymphocytic infiltration. Other 

damaging features were microvesicular fatty change, pyknotic nuclei, 

karyolytic nuclei, irregular dilated sinusoids with active Kupffer cells and 

some hepatocytes showed necrosis. On the other hand, mice injected only 

with TTX showed an almost normal pattern with few random sites of 

hydropic degeneration. While the liver sections from TTX + CCl4 group 

showed noticeable hydropic degeneration, lymphocyte infiltration, and 

hemorrhage especially in the portal area. However, no signs of fatty 

degeneration or excessive fibrosis were observed like those noticed in case 

of CCl4. Moreover, no signs of coagulate necrosis or lytic necrosis were 

noticed. It can be concluded that treating with TTX extracted from puffer 

fish, Lagocephalus sceleratus decreased the damaging effect of CCl4 on 

the liver of albino mice. 

 

INTRODUCTION 

 

The metabolism and the relationship of the liver to the gastrointestinal tract 

make it the major target in preclinical toxicity studies of drugs and xenobiotics. The 

agents which cause acute and chronic hepatic injury have been a great concern for 

hepatologists. Both animal experiments and in vitro studies using cultured 

hepatocytes are useful models for studying the metabolism and toxicity of 

hepatotoxins, and the effects of various hepatoprotective agents (Victor and Eric, 

2004).  
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Hepatotoxins, such as ethanol, acetaminophen, and carbon tetrachloride (CCl4), 

sparked off the liver injury which is characterized by varying degrees of hepatocyte 

degeneration and cell death (Wu et al., 1999). Vitaglione et al. (2004) suggested that 

reactive oxygen species (ROS) including superoxide and hydroxyl radicals are known 

to play an important role in liver disease's pathology and progression moreover, they 

have been proven to associate the intoxication by CCl4. Documented evidences 

suggested that CCl4 has been commonly used as a hepatotoxin in experimental 

hepatopathy (De-Groot and Noll, 1986; Hsu et al., 2008). Covalent binding of the 

metabolites of CCl4, trichloromethyl free radicals, to cell proteins is the initial step in 

a chain of events that eventually lead to membrane lipid peroxidation and finally to 

cell death (Weber et al., 2003). 

Many metabolites were extracted from fish, sea snakes and aquatic mammals 

but their biomedical uses are scanty. Various fish species are used to extract fish oil, 

rich in omega-3 fatty acids, which are used in the preparation of various kinds of 

drugs for the remedies of human beings, such as arthritis. Throughout the world about 

500 species of fishes are considered toxic, the most spectacular substance with 

pharmacological importance extracted from them is Tetrodotoxin (TTX) (Blunt et al., 

2007). 

Tetrodotoxin is a neurotoxin which is found in freshwater and marine species 

including puffer fish, blue-ringed octopus, Indo-pacific goby, gastropod mollusks, 

ocean sunfish, triggerfish and boxfish (Yotsu et al.,2007; Huang et al., 2008 and 

Mebs and Yotsu, 2012). Tetrodotoxin is heat stable, water soluble and a non-protein 

quinazoline derivative (amino-perhydro-quinazoline) C11H17N3O8, one of the 

strongest marine paralytic toxins known today. It can be absorbed through mucous 

membranes and the small intestine. TTX named after the order of fish from which it 

is most commonly associated, the tetradontiformes (tetras-four and odontos-tooth) or 

the tetraodon puffer fish (Sabrah et al., 2006). The distribution of TTX in puffer fish 

bodies appears to be species-specific. Furthermore, there is a compartment variability 

of TTX bioaccumulation, as shown by organs exhibited different toxicities. So, in 

marine species of puffer fish, liver and ovary generally present the highest toxicity, 

followed by intestines and skin (Lee et al., 2000). TTX isolated from puffer fish and 

many other marine organisms has become a useful tool for researchers studying the 

voltage-gated sodium channel, playing an important role in many biological 

experiments (Oliveira et al., 2003).  

The present study was undertaken to investigate the activity of TTX extract 

against CCl4-induced oxidative stress and hepatotoxicity in mice. Hepatic activities of 

AST, ALT and content of Alb in serum were measured to monitor liver injury. The 

extent of the CCl4-induced liver injury and TTX were also analyzed through 

histopathological examination. 
  

MATERIALS AND METHODS 

 

Preparation of TTX extract 

Twenty frozen Puffer fishes (Lagocephalus sceleratus) weighing (60-70 g each) 

and their length reach (18 – 30 cm) and width (5 - 7 cm) collected from (Red Sea) 

during May 2016 were transported to histology laboratory in Department of Zoology, 

Faculty of Science, Ain Shams University. They were immediately washed 

thoroughly under tap water until they were completely cleaned then they were 

dissected out for the preparation of their extract through the following procedures. 

The extraction technique was followed according to Zaki et al. (2001) with slight 
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modification. Tissues from ovary, liver, and skin were obtained after dissection. The 

dissected tissues were weighed and extracted with 5 volumes of 1 % acetic acid in 

methanol. 1 gm in 5 ml was homogenized and heated at 70 
o
C for 10 minutes. Then 

the mixture was centrifuged at 10000 RPM for 15 minutes. The supernatant was 

separated, concentrated and defatted with an equal volume of chloroform. The 

aqueous layer was concentrated by rotary evaporator working under vacuum and then 

freeze-dried at -50 
o
C for 36 hours. 

Experimental Animals 

Adult male Swiss Albino mice weighing 25-30 g were obtained from Theodor 

Bilharz Research Institute (TBRI). Animals were grouped and housed in polyacrylic 

cages (six animals per cage in the well-ventilated animal house of the Department of 

Zoology, Faculty of Science, Ain Shams University. Animals were maintained at 12 

h light/dark cycle, given a commercial pellet diet (protein, fibers, minerals, and 

vitamins) and tap water ad libitum for one week before the start of the experiment as 

an acclimatization period. All animal experiments were performed under protocols 

approved by the local institutional animal ethics committee of Ain Shams University. 

Toxicological test 

Overnight-fasted mice received five intraperitoneal doses of Tetrodotoxin 

(TTX) extracted from puffer fish at dose level of (1 µg/kg of body weight dissolved 

in saline) every next day for 10 days. Animals were observed carefully for 24 hours 

after the first injection and then were followed for next 14 days after the last dose to 

record the death case. The implemented dose was chosen depending on the 

calculations of lethal dose (LD50) and the sub-lethal (1/10 LD50) dose according to the 

method of Saganuwan (2011).  

Experimental design 

Twenty-four adult male Swiss albino mice were randomly assorted into four 

groups: 1) control mice injected i.p. with saline (control group, n=6); 2) mice injected 

i.p. with CCl4 (1 ml/kg of body weight, dissolved in olive oil to reach a final 

concentration of 20%) twice a week for 6 weeks (CCl4 group, n=6) according to Fan 

et al. (2013); 3) mice administered i.p. 5 doses of TTX extract (1 µg/kg of body 

weight dissolved in saline) every next day for 10 days (TTX group, n=6); and 4) mice 

received i.p. TTX extract (1 µg/kg of body weight dissolved in saline) every next day 

for 10 days then intoxicated with CCl4 in the same way as in CCl4 group (TTX + CCl4 

group, n=6). 

Blood collection and biochemical assays  

At the end of the experimental period, all the animals were anesthetized using 

diethyl ether and sacrificed after 48 hours from the last dose to collect blood samples. 

Blood samples were collected in non- heparinized tubes and were allowed to clot at 

room temperature for 1 hour. Serum samples were obtained by centrifugation at 3000 

rpm for 20 min. The level of serum ALT, AST, and albumin concentrations were 

measured by Automated Biosystems analyzer A25 using commercial available 

specific kits (Spain; Biosystems S.A.) and the method followed was according to 

Gella et al. (1985) and Doumas et al. (1997).   
Histological examination 

The livers of dissected mice were firstly washed in 0.85 saline solutions to 

remove the blood.  Small pieces (5mm × 5mm) were fixed in 4% paraformaldehyde 

for 24 hours, dehydrated with ascending series of ethanol. Then cleared in terpineol 

for at least 48 hours and infiltrated with paraplast at 60 
o
C and finally embedded 

using L-shape metallic mold. Sections of 5–6 µm thick were cut using electronic 

digital microtome then affixed on clean glass slides using dilute egg albumin solution 
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and dried in incubator for at least 24 hours at 38
 o

C. Paraffin sections were 

deparaffinized, hydrated to distilled water and stained with Mayer’s hematoxylin and 

counter stained with 1 % Eosin. Then dehydrated, cleared, mounted using DPX. 

Microscopic examination was done using Philips photographic microscope and 

photography was achieved with the digital camera Optika B5. 

Statistical Analysis  

All values were expressed as mean ± SD. Results of biochemical studies were 

statistically analyzed using one-way analysis of variance (ANOVA) followed by 

Post-hoc Bonferroni’s test for multiple comparisons. All statistics were processed by 

using SPSS software (Statistical Package for Social Science). Statistically significant 

differences between groups were defined as p < 0.05. 

 
RESULTS  
 

Toxicological results 

The data presented in Table (1) illustrate the mortality rate of TTX crude 

extract.to determine The lethal dose (LD50) of Lagocephalus sceleratus was obtained 

from the following equation. The LD50 was 0.019 mg/Kg. 

 
 

Table 1: Determination of LD50 of TTX crude extract of pufferfish (Lagocephalus sceleratus) 

 

Biochemical results 

Table (2) illustrate the results of statistical analysis as Mean ± SD and percent 

of change of ALT, AST and total albumin for all groups respectively. ALT (alanine 

aminotransferases): The results obtained from the present study showed that 

administration of TTX 1 µg/kg only significantly increases the serum activity of ALT 

as compared to the control. Also, administration of CCl4 causes highly significant 

increase in the serum level, while the TTX 1 µg/kg + CCl4 group exhibited significant 

increase as compared to the control and significant decrease compared to CCl4 group. 

This indicates that TTX has a suppressive effect on the induced toxicity of CCl4. 

AST (aspartate aminotransferases): Mice injected with CCl4 revealed the 

highest significant increase in serum AST activity among all groups, while the 

control group showed the lowest serum enzyme activity. Tetrodotoxin group featured 

significant increase in the AST level but also showed significant decrease as 

compared to CCl4 group. Administration of TTX 1 µg before CCl4 significantly 

decrease the rise in serum AST as compared to CCl4 treated mice in the same pattern 

that happened with the ALT.  

Albumin: Administration of TTX only significantly decreases the albumin 

content as compared to the control group. CCl4 group displayed significantly the 

lowest serum level of albumin when compared to all other groups, while the control 

group demonstrated the highest level. Administration of Tetrodotoxin 1 µg/kg before 

Dose  

(mg/Kg) 

No. of  

animals 

Survivals            

(S)    

Death       

(D) 

Total 
% Mortality 

S D 

0.01 10 9 1 21 1 4.5% 

0.015 10 5 5 12 6 33% 

0.02 10 4 6 7 12 63% 

0.03 10 2 8 3 20 86.9% 

0.04 10 1 9 1 29 96% 
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CCl4 caused insignificant change in response to the CCl4 treated mice while showed 

significant decrease as compared to the control. 
 

Table 2: Effects of treatment with Puffer fish extract on serum ALT, AST and Albumin. 

  Control CCl4 TTX 1 µg/kg TTX 1 µg/kg + 

CCl4 

F - ratio 

ALT (U/L)        

Mean ± S.D 

49 ± 5.48 
b
 149.67 ± 22.88 

a
 

79.5 ± 6.3 
a,b

 112.67 ± 10.48 
a,b

 79.70 

% change  205.44 62.24 129.94  

AST (U/L)        

Mean ± S.D 

108.83 ± 5.74 
b
 276.67 ± 32.22 

a
 

151.16 ± 6.33 
a,b

 

179.16 ± 5.67 
a,b

 125.60 

% change  154.21 38.89 64.62  

Alb (g/dL)        

Mean ± S.D 

3.18 ± 0.12 
b
 2.8 ± 0.14 

a
 3.02 ± 0.08 

a,b
 2.91 ± 0.08 

a
 13.60 

% change  -11.95 -5.14 -8.49  

Data are expressed as Mean ± SD (n=6 mice per group), Values sharing the superscripts (a) and (b) are 

significantly different.(a) Significantly different from the control group; p<0.05.(b) Significantly 

different from the CCl4 model group; p<0.05. 

 

Histological results 

Histologic examination of liver sections of the control group that were stained 

with hematoxylin and eosin showed a normal hepatic architecture which was covered 

by fibrous capsule called Glisson’s capsule (Fig. 1 A). The hepatocytes contact blood 

in sinusoids, which are distensible vascular channels lined with highly fenestrated 

endothelial cells and populated with phagocytic Kupffer cells. The wall of the 

sinusoid is very thin while its lumen is always filled with blood cells (Fig. 1 B). In 

contrast, liver sections of CCl4 intoxicated mice showed hyperplasia of bile ducts and 

excessive fibroplasia with numerous spindle nuclei of fibroblasts in portal areas 

associated with detachment from parenchyma and lymphocytic infiltration (Fig. 1 C). 

Other damaging features were microvesicular fatty change, pyknotic nuclei, 

karyolytic nuclei, irregular dilated sinusoids with active Kupffer cells and some 

hepatocytes showed necrosis with increased eosinophilia and cell swelling (Fig. 1 D). 

Conversely, liver sections from mice injected only with 1 µg/kg TTX showed 

hepatocytes intact and arranged in the form of strands around central veins with slight 

hydropic degeneration in the center (Fig. 1 E and F). While liver sections from mice 

that were treated with 1 µg/kg TTX then injected with CCl4 showed noticeable 

hydropic degeneration, lymphocyte infiltration, and hemorrhage especially in the 

portal area (Fig. 1 G and H). However, it should be recorded that no signs of fatty 

degeneration or excessive fibrosis were observed. Also, no signs of coagulative 

necrosis or lytic necrosis were noticed. 
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Fig. 1. Photomicrographs of liver sections stained with hematoxylin and eosin from (A) control mouse 

showedGlisson’s capsule (arrow) (magnification 100) and (B) control mouseshowed the 

hepatocytes with two nuclei. Kupffer cells which bulge into the sinusoidal lumen and 

endothelial cells form the wall of the sinusoids (magnification 400). Liver sections of CCl4-

intoxicated mice showed (C) hyperplasia of bile ducts and excessive fibroplasia in portal areas 

associated with detachment from parenchyma, lymphocytic infiltration and edematous features 

on the left side(magnification 100), (D) microvesicular fatty degeneration with faintly stained 

karyolytic nuclei, moreover others were devoid of their nuclei, irregular dilated sinusoids with 

active Kupffer cells and necrotic cells (magnification 400). Liver sections of the TTX group 

showed (E) hepatocytes appear intact and arranged in the form of strands around central veins 

with slight hydropic degeneration (magnification 100), (F) nuclei with halo, necrotic cells and 

increased active Kupffer cell (magnification400). Liver sections of the TTX + CCl4 group 

showed (G) lymphocytic infiltration with hemorrhage and significant hydropic degeneration 

(magnification 100) and (H) hemorrhage and a lot of lymphocytes in the portal area 

(magnification 400). A, portal artery; B, bile duct; CV, central vein; H, hemorrhage; HD, 

hydropic degeneration; I, inflammatory cells; K, Kupffer cells; KN, karyolytic nuclei; N, two 

nuclei; P, portal tract area; S, sinusoids; V, portal vein. 
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DISCUSSION 

 

It is well recognized that the carbon tetrachloride (CCl4) is a lipid-soluble toxic 

chemical. This makes it difficult to be excreted from the body. Fat soluble chemicals 

have a high affinity for fat tissues and cell membranes and are thus well distributed 

throughout the body (Chenoweth and Hake, 1962). The biochemical mechanisms 

involved in the development of CCl4 hepatotoxicity have long been investigated. 

CCl4 is metabolized by drug-metabolizing enzyme system (cytochrome P-450) in the 

hepatic cell into trichloromethyl free radical (CCl3*) which either bind covalently 

with lipoproteins or react with oxygen to form trichloromethyl peroxyl radical 

(CCl3OO*) inducing peroxidation of polyunsaturated fatty acids in the hepatic cell 

membrane. Destructive lipid peroxidation products lead to breakdown of cellular 

membrane structure as well as its function (Drury and Wallington, 1980; Kuzu et al., 

2007). The disturbance in transport function of hepatocytes because of CCl4 effect 

causes the leakage of cytosolic enzymes from hepatocyte to the serum due to altered 

permeability that leads to rapid increase in the serum enzyme levels (Zimmerman and 

Seeff, 1970; Karthikeyan et al., 2010). 

The present study revealed that intraperitoneal injection with CCl4 to male 

albino mice at a dose of 1 ml/kg dissolved in olive oil, twice/week for six weeks 

following the method of Fan et al. (2013) resulted in an increase in the activity of 

serum ALT and AST. Also, the level of Alb decreased. This result is in coincidence 

with many other results obtained by different authors who used CCl4 in their 

experiments (Hassan et al. 2003; Hsiao et al. 2003; Hismiogullari et al. 2014; Kang 

and Koppula, 2014 and Lu et al. 2016). 

In the present study, the intraperitoneal injection of Puffer fish extract to normal 

mice caused a significant increase in serum activities of ALT by (62.24%) and AST 

by (38.89%) and decrease serum Alb by (5.14%) compared with normal control mice. 

In contrast, hepatocellular necrosis and fibrosis caused by exposure to CCl4 caused a 

dramatic increase of serum AST by (154.21%) and by ALT (205.44 %) activities and 

decrease of Alb serum by (11.95%) compared with control mice leads to an increased 

incidence and severity of histopathological hepatic lesions in mice. These results are 

supported by the findings of Yeh et al. (2012), who reported a significant increase in 

serum ALT, AST in mice intoxicated with CCl4 (0.1 ml/100g) for 8 weeks. Similarly, 

Meenakshi et al. (2013) affirmed a significant increase in serum ALT and AST and a 

dramatic decrease in serum Alb level in mice intoxicated with CCl4 (2.5 ml/kg) for 6 

weeks. 

In the present study, mice injected with Puffer fish extract at dose level 1 µg/kg 

showed free movement and no toxic symptoms. These are in good agreement with the 

results of Marcil et al. (2006) who reported that administration of Tetrodotoxin 

extract to the mice showed no behavioral disorders, while Hagen et al. (2005) 

reported that animals injected with TTX exhibited some symptoms of toxicity such as 

slow movement, hair erection and loss of appetite.  

Administration of Puffer fish extract (5 doses of 1 µg/kg) before intoxication 

with CCl4 attenuated the increased levels of the serum enzymes AST, ALT and the 

decreased level of albumin as compared to CCl4 group. However, it caused a 

noticeable hydropic degeneration, lymphocyte infiltration, and hemorrhage especially 

in the portal area comparable to the control group. In line with our findings, Fouda 

(2005) showed an anti-tumor effect of TTX against Ehlrich ascites carcinoma (EAC) 

in Swiss albino mice expressed in the form of reduction in tumor peritoneal cell count 

and fluid volume and an increase in its lifespan by about 28-42 % depending on the 
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dose. Moreover, Fouda (2005) demonstrated that the administration of tetrodotoxin at 

1/10 LD50 dose (0.035 mg) to tumor-bearing mice caused a partial improvement in 

the level of SOD and GSHpx in a time-dependent manner. As a consequence, the 

proliferation and invasiveness of EAC cells are suppressed. The mechanism of the 

potential protective role of tetrodotoxin in ameliorating the toxic effects of EAC cells 

is presumably because of its antioxidant and free-radical scavenging properties. 

Similar results have been obtained from treatment of hepatotoxicity with other natural 

marine animals such as marine brown alga (Makhmoor et al., 2013), Sepia kobiensis 

cuttlebone (Ramasamy et al., 2014) and Sea Cucumber Holothuria atra extract 

(Dakrory et al., 2015). These findings contrast with those of Yamaguchi (1996), who 

found that liver and kidney sections showed congestion in mice after intraperitoneal 

injection of tetrodotoxin prepared from the ovary of Takifugu porphyreus. Treatment 

with an anti-tumor dose of tetrodotoxin could replenish the host's antioxidant system, 

thereby protecting the host's liver and kidney from lipid peroxidation and subsequent 

degeneration. Thus, unlike many other anti-cancer agents, tetrodotoxin not only has 

anti-tumor properties but also protects the host liver and kidney from tumor–induced 

toxicity (Abd El-Wahab and Fouda, 2009).  

Even though TTX is well documented as a pain relief agent because of its 

ability to block the Na+ channel in the nervous system, it has been demonstrated that 

the mode of action of TTX on EAC cells is probably not different from that on other 

cells in the nervous system. It plays an important role in binding to P-glycoprotein of 

the Na+ channels, blocking it and preventing Na
+
 influx into the cells. This action, in 

return, prevents the carcinoma cells from getting enough Na
+
 ions needed for their 

various intracellular functions, and above all to maintain the normal distribution of 

charge across the cell membrane, a process necessary to maintain cell integrity. 

Consequently, the proliferation and invasiveness of such cells are suppressed 

(Grolleau et al. 2001; Bragadeeswaran et al., 2010). 

 

CONCULOSION 
 

It can be concluded that treatment with tetrodotoxin (TTX) extracted from 

puffer fish, Lagocephalus sceleratus decreased the damaging effect of CCl4 on the 

liver of albino mice both at the level of biochemical parameters and histopathological 

investigations. Further studies on active compounds isolated from Tetrodotoxin 

extracted from puffer fish should be carried on to understand the exact mechanism 

behind Tetrodotoxin ability to reduce the hepatotoxicity caused by CCl4. 
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ARABIC SUMMARY 

 

 

 Lagocephalusكوسيه انمستخهص مه أسمبك انبخبخ )دراسة وسيجية و بيوكيميبئية عهي تأثير انتيذروتو

sceleratus) بءضذ انتسمم انكبذى انىبتج عه رابع كهوريذ انكربون في انفئران انبيض 

 

إيمبن عبذ انعبل خهيم 
1

حمذى حبمذ سويهم  –
1

محمذ احمذ زكي  –
2

 

 يصش. -جبيعت عٍٛ شًس  –كهٛت انعهٕو  –قسى عهى انحٕٛاٌ  -1

 يصش. –انسٕٚس  –انبحبس ٔ انًصبٚذ انًعٓذ انقٕيٗ نعهٕو  -2

 

عهٗ  انًسخخهص يٍ أسًبك انبخبخ (TTX) خٛذسٔحٕكٕسٍٛ انحأثٛش دساست ْٕ ِ انبحثانٓذف يٍ ْز

انببنغٍٛ إنٗ أسبع انبٛضبء  ركٕس انفئشاٌ . قسًج(CCl4) انخسًى انكبذ٘ انُبجى عٍ سببعٙ كهٕسٚذ انكشبٌٕ

( 3( يجًٕعت يعبنجت بشابع كهٕسٚذ انكشبٌٕ، 2 ببغت حى يعبنجخٓب بًحهٕل يهحٗ،ضفئشاٌ ( 1:  يجًٕعبث

 TTXيٍ  جشعبث حى حقُٓب بخًس فئشاٌ( 4، يٛكشٔغشاو / كغTTX (1 )يٍ  جشعبث حى حقُٓب بخًس فئشاٌ

جشعبث يٍ  بخًسأظٓشث انُخبئج أٌ انحقٍ . أسببٛع سختنًذة CCl4 ثى اعغبئٓب  يٛكشٔغشاو / كغ( 1)

بعض دالالث ٔظبئف انكبذ يثم َشبط  عهCCl4ٗ  قهم بشكم كبٛش يٍ حأثٛش سًٛت (TTX) ٕكٕسٍٛحٛذسٔح

ٔ كبَج . Alb)) بٕٛيٍٛٔ يسخٕٖ األن ALT)) الٍَٛٔاالَزٚى انُبقم نأل AST)) سببسحبثاالَزٚى انُبقم نأل

يٍ َبحٛت أخشٖ أظٓش ٔ عٍ انًجًٕعت انضببغت. كبٛشًا يخخهفّ اخخالفًب TTXانُخبئج انبٕٛكًٛٛبئٛت نهًجًٕعت 

ًًَغب عبٛعًٛب حقشًٚبب يع انقهٛم يٍ انًٕاقع انعشٕائٛت  TTX ةكبذ يٍ انفئشاٌ انًحقَٕت فقظ نهجٙ ٛانفحص انُس

جزئٛب اَحغبًعب يبئًٛب TTX ٔ CCl4 انفحص انُسٛجٗ نكبذ انفئشاٌ انًعبنجت ة انًبئٙ. بًُٛب أظٓش الَحغبطن

 ذت انخٗ ظٓشث عُجٛت انبببٛت ببنكبذ.اال اَّ نى حظٓش األضشاس انُسٛٛانًُغق خبصت فٙ ٗٔحسهم نًفبٔ٘ َٔزٚف

 انكشبٌٕ ببقم انضشس ٔاخخفج بعض يظبْش انخهف. ذاو سابع كهٕسٚذاسخخ

 

 

 


