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INTRODUCTION 

Puffer fish is the second most poisonous vertebrates 

in the world while on the other hand it is one of the 

most expensive Japanese delicacies prepared by 

trained chefs. Tetrodotoxin (TTX) is a heterocyclic 

guanidium alkaloid (C11H17N3O8) found in puffer fish, 
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Abstract 

Acalypha indica has been used in poisoning cases and are 

known to possess significant antioxidant activities. The 

objective of this study is to evaluate the protective effects of 

an aqueous extract (5 g/l) of A. indica (leaves and stems), 

on biochemical disorder, oxidative stress and 

histopathological changes induced by muscle extract of 

puffer fish Lagocephalus lunaris in swiss albino mice. Mice 

injected with L. lunaris muscle extract (1 ml/100g body 

weight) for 10 days showed (1) a reduced appetite and 

diarrhea resulting in a lower growth rate than controls, (2) 

an increase in serum Alanine aminotransferase, Aspartate 

aminotransferase, Alkaline phosphatase and Total & Direct 

bilirubin levels suggesting liver functional disorders, (3) an 

increase of serum creatinine and uric acid concentrations 

highlighting renal insufficiency and (4) increase in the level 

of serum triglycerides, total cholesterol, glucose and low 

density lipoproteins indicate the interference in the 

metabolism or biosynthesis of lipids (5) an oxidative stress 

as evidenced by the  raise of TBARS and the inhibition of 

antioxidant enzymes (Superoxide dismutase, Catalase and 

Glutathione peroxidase) activities in liver, kidney and heart 

tissues (6) histopathological changes in liver, kidney and 

heart tissues. Absorption of A. indica aqueous extract as a 

drink, for 10 days demonstrated ameliorative action and 

prevented the disorders induced by L. lunaris muscle 

extract. 
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the main causal agent for human intoxication after 

consuming the puffer fish. Puffer fish poisoning cases 

have been recorded right from the 17th century [1] 

and are still being recorded though the number of 

cases has reduced. It is particularly common in Japan 

but a number of cases have been reported in many 

other Asian countries such as China, Taiwan, Hong 

Kong, Philippines, Thailand, Bangladesh, India as 

well as other continents [2-3]. No antidote for puffer 

toxin has been discovered yet.  Intoxicated subjects 

are treated symptomatically together with 

cardiovascular and respiratory supports, fluids and 

diuretics are given to accelerate the toxin excretion 

[4].Many years of studies have demonstrated that 

toxicity of puffer fish shows remarkable individual 

and regional variations [5]. In most marine puffers 

high concentration of TTX are found in liver and 

ovaries/eggs but significant amounts are also 

detected in digestive tissues, skin and muscles [6-8]. 

Lagocephalus lunaris (Lunartail Puffer) is a 

commonly available puffer fish in the southeast 

Indian coast and is eaten by the locals. Both intact as 

well as in disguise the meat of L. lunaris which tastes 

like chicken meat but relatively cheaper is sold in 

fresh market by unscrupulous vendors for making 

easy money. Although TTX was not detected and 

quantified by mouse bioassay in the tissue extracts of 

L. lunaris but symptoms of intoxication were 

observed (under publication) which contradicted to 

the other findings[6,9-10], so this work was taken up. 

It was shown previously that puffer fish 

Lagocephalus lagocephalus flesh or liver extracts 

could produce oxidative damages in liver, kidney and 

erythrocyte tissues[11-12].In this study it was found 

that when L. lunaris muscle extract (1 ml/100 g of 

body weight) was given to swiss albino mice by 

intraperitoneal injection, the mice exhibited 

biochemical disorders and oxidative stress. The 

increased intake of dietary antioxidants may help to 

shift the balance towards an adequate antioxidant 

status [13].  

    Acalypha indica L. (Indian nattle) is a small 

annual shrub which generally occurs as a 

troublesome weed in gardens, roadsides and 

throughout the plains of India [14]. The plant is used 

as an antidote [15] for snakebite in Northern India 

[16]. A. indica has find application in different fields 

of pharmacology. The plant was traditionally used as 

an expectorant against asthma and pneumonia and 

also as an emetic, emenagogue and anthelmintic [17]. 

A. indica contains acalyphine which is used in the 

treatment of sore gums and to have a post-coital 

antifertility effect [18], anti-venom properties [19], 

wound healing effects [20], antioxidant activities 

[21], anti-inflammatory effects [22], acaricidal effects 

[23], diuretic effects [24] and antibacterial activities 

[25]. Therefore, this study was designed to 

investigate the protective effects of aqueous extract of   

A.  indica against L. lunaris induced toxicity. 

 

MATERIALS AND METHODS 

Sample collection 

Specimens of puffer fish L. lunaris were collected 

from local fishermen who usually catch the fish using 

trawl net from Chennai coast, Tamil Nadu in the 

southeastern part of India. It was collected during the 

month of February 2011 and transported to the 

laboratory in dry ice. Samples were frozen at -20 ºC 

until use. The specimens were identified by Prof. S.S. 

Khora, Division of Medical Biotechnology, Vellore 

Institute of Technology University (VITU), Vellore, 

India. Specimens of plant A. indica were collected 

from the campus of VITU, Vellore, India and were 

identified by the Taxonomist, in the Department of 

Plant Biotechnology, School of Biosciences and 

Technology, VITU, Vellore, India. 

 

Fish extracts preparation 

10 g of muscle was carefully dissected from L. lunaris 

and minced properly. To this minced tissue 2.5 

volumes of 0.1% acetic acid was added and boiled in 

water bath for 10 min. Then it was cooled and 

centrifuged at 3000 rpm for 10 min and the 
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supernatant was collected. This process was repeated 

thrice, to make up 5 volumes of the sample taken 

[26]. The supernatant was finally stored at -30 ºC. 

 

Plant extracts preparation 

Aerial part (stem and leaves) of the plant A. indica 

was taken. Air-dried samples were ground, washed, 

put in boiling water (5 g/l, v/w) for 15– 20 min, and 

then filtered using Whatman filter paper [27]. The 

aqueous extract was given as beverage instead of 

normal water. 

 

Animals 

Adult male Swiss albino mice weighing about 25-35 g 

were obtained from VIT animal house (VIT 

University, Vellore, Tamil Nadu, India). They were 

housed at 22 ± 3 ºC with light/dark periods of 12 

hour and a minimum relative humidity of 40%. Mice 

were fed with a commercial balanced diet (V.R.K. 

Nutritional Solutions) and drinking water was 

offered ad libitum. This study was carried out in 

strict accordance with the Committee for the Purpose 

of Control and Supervision on Experiments on 

Animals (CPCSEA) Guidelines for laboratory animal 

facility. The protocol was approved by the 

Institutional Animal Ethical Committee (IAEC), VIT 

University (Permit Number: 

VIT/IAEC/IV/014/2011). All surgery was performed 

under anesthesia by intraperitoneal injection of 

chloral hydrate, and all efforts were made to 

minimize suffering. 

 

Experimental design 

After 1 week of acclimatization, mice were divided 

into two batches: 12 control mice drinking normal 

water and 12 treated mice drinking A. indica extract 

for 10 days [27]. Again, each group was divided into 

two subgroups and one of them was injected daily, 

for 10 days, with L. lunaris muscle extract (1 ml/100 

g, v/w) [12]. Therefore, the mice were divided into 4 

groups: Group A (Control drinking normal water), 

Group B (drinking normal water + i.p. injection of L. 

lunaris extract), Group C (drinking aqueous extract 

of A. indica), and Group D (drinking aqueous extract 

of A. indica + i.p. injection of L. lunaris extract). The 

choice of L. lunaris muscle extract was based on our 

previous studies (under publication). Body weight 

and food consumption were monitored during 

treatment. 

Mice were sacrificed under anesthesia by intra 

peritoneal injection of chloral hydrate. The blood was 

collected without anticoagulant by heart puncture. 

The liver, kidneys and heart were excised and 

investigated for oxidative stress. 

    

Serum parameters  

The blood collected was centrifuged (4000 rpm/15 

min, 4 ºC) and serum and blood cells were obtained. 

Alanine Aminotransferase (ALT), Aspartate 

Aminotransferase (AST), Alkaline Phosphatase 

(ALP), Creatinine (CRE), Uric Acid (UA), 

Triglyceride (TG), Total Cholesterol (TC), HDL 

Cholesterol (HDL-C), LDL Cholesterol (LDL-C), 

Total Bilirubin (T Bil), Direct Bilirubin (D Bil), 

Albumin (ALB), Globulin (GLB), Total protein (TP) 

and Glucose (GLU) were determined in the serum 

using standard commercial kits (Span Diagnostics, 

India).  

 

Oxidative stress analysis 

Preparation of tissue 

The liver, kidneys and heart were excised and rinsed 

with ice cold saline. The liver was homogenized (1:2, 

w/v) in 50 m mol/phosphate buffer (pH 7.4) and 

centrifuged at 5000 rpm for 30 min at 4 ºC [27] The 

supernatants obtained were stored at -30 ºC until 

use. The same procedure was repeated for kidney and 

heart. 

 

Assay of antioxidant enzymes 

Superoxide dismutase (SOD) activity was determined 

according to the method of Marklund and Marklund 

[28] which involves pyrogallol auto oxidation at pH 

8.0. It is expressed in units/mg protein. One unit of 
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enzyme activity is defined as the amount of enzyme 

required to give 50% inhibition of pyrogallol auto-

oxidation and the absorbance was read at 420 nm. 

Catalase (CAT) activity was determined by the 

method of Sinha [29]. In this method, dichromate in 

acetic acid was reduced to chromic acetate when 

heated in the presence of H2O2, with the formation 

of perchloric acid as an unstable intermediate. The 

chromic acetate thus produced was measured 

calorimetrically at 610 nm. The specific activity of 

catalase has been expressed as µmol of H2O2 

consumed/min/mg protein. Glutathione peroxidase 

(GPx) activity was determined 

spectrophotometrically by using Ellmans reagent 

(DTNB) as a coloring reagent following the method 

described by Rotruck et al. [30] and the absorbance 

was read at 412 nm. The specific activity of GPx is 

expressed as µg of Glutathione (GSH) 

utilized/min/mg protein. 

 

Assay of lipid peroxidation 

Lipid peroxidation was determined by the procedure 

of Ohkawa et al. [31]. Malondialdehyde (MDA), 

formed as an end product of the peroxidation of 

lipids, served as an index of oxidative stress 

expressed as n mol MDA/mg protein. The 

absorbance was measured at 530 nm. 

 

Histopathology 

Immediately after sacrifice, a of portion liver, kidney 

and heart were fixed in 10% formalin. The washed 

tissues were dehydrated in descending grades of 

isopropanol and finally cleared with xylene. These 

tissues were then embedded in molten paraffin wax. 

Sections were cut at 5 µm thickness and stained with 

haematoxylin. 

 

Statistical analysis 

Statistical analysis was performed using the Prism 

software package (GraphPad, InStat Version 3). Data 

were expressed as the mean and the standard 

deviation of the mean (SD). The analysis of variance 

(ANOVA) was used to compare the differences 

between the groups. Differences were considered 

significant at the 95% confidence level (p < 0.05). 

 

RESULTS 

Effects on mice body weight and food consumption 

As shown in Fig. 1, during the experiment, the 

increase in body weight was similar in Group A 

(control) and Group C (drinking aqueous extract  of 

A. indica) but lower in Group B ( drinking normal 

water + i.p. injection of L. lunaris extract). In Group 

B the weight loss was accompanied by a significant 

decrease in diet consumption, as compared to the 

controls. The weight gain in Group D (drinking 

aqueous extract of A. indica + i.p. injection of L. 

lunaris extract) was lower when compared to control 

(Table 1).  

 

Effects on Serum parameters 

A marked decrease in ALT, AST, and ALP activities 

and HDL-C while a significant increase in CRE, UA, 

TC, TG, LDL-C, T Bil, D Bil, ALB, GLB, TP and GLU 

was found in the serum of mice treated with L. 

lunaris muscle extract compared to control. Post 

treatment with A. indica extract showed significant 

increase in ALT, AST, ALP activities and HDL-C 

while a significant decrease in CRE, UA, TC, TG, 

LDL-C, T Bil, D Bil, ALB, GLB, TP and GLU when 

compared to the toxic group.  No significant change 

was observed in mice treated with only A. indica 

when compared to control (Table 2). 

 

Effects on Antioxidant enzymes 

A significant decrease of SOD, CAT and GPx activities 

was found in the liver, kidney and heart of mice 

treated with L. lunaris muscle extract compared to 

control whereas, post treatment with A. indica 

extract showed significant increase in SOD, CAT and 

GPx activities when compared to the toxic group.  No 

significant change was observed in mice treated with 

only A. indica when compared to control (Fig. 2, Fig. 

3, and Fig. 4). 
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Effects on lipid peroxidation 

Exposure to L. lunaris muscle extract alone 

significantly increased the TBARS levels in the liver 

of mice whereas A. indica alone did not change the 

degree of TBARS formation compared to controls. 

The combination of L. lunaris muscle extract and A. 

indica showed significant decrease in TBARS level 

when compared to the toxic group (Fig. 5).  

 

Histopathological changes 

Liver section from control group (Group A) showed 

normal lobular architecture and normal hepatic cells 

(Fig. 6a). The liver section from animals injected with 

L. lunaris muscle extract (Group B) showed liver 

damage in the form of congestion, degeneration and 

hepatocellular necrosis (Fig. 6b, 6c, 6d). The 

histological pattern of liver of the mice injected with 

L. lunaris muscle extract and then treated with A. 

indica aqueous extract (Group D) showed no necrosis 

however it showed congestion (Fig. 6e). 

Kidney section from the control group (Group A) 

showed normal renal tubules and Bowman’s capsule 

(Fig. 7a) while the group receiving L. lunaris muscle 

extract (Group B) showed tubular epithelial cell 

degeneration capsule showed mononuclear cell 

infiltration and congestion was also observed (Fig. 

7b, 7c, 7d ). The histological pattern of kidney of the 

mice injected with  L. lunaris muscle extract and 

then treated with A. indica aqueous extract (Group 

D) showed mild tubular epithelial cell degeneration 

(Fig. 7e) 

Heart section from the control group (Group A) 

showed normal features (Fig. 8a) while the group 

receiving L. lunaris muscle extract (Group B) showed 

mononuclear cell infiltration, myocardial 

degeneration and necrosis (Fig. 8b). The histological 

pattern of heart of the mice injected with L. lunaris 

muscle extract and then treated with A. indica 

aqueous extract (Group D) showed congestion (Fig. 

8c). 

 

DISCUSSION 

This is the first study which identifies the protective 

role of A. indica aqueous extract against L. lunaris 

muscle extract induced toxicity in male swiss albino 

mice through comprehensive analysis of toxicity and 

oxidative stress biomarkers. 

A. indica has higher scavenging action for DPPH 

radical thereby showing higher antioxidant activity 

which can be attributed to the presence of phenolic 

compounds, flavanoids, coumarins, quinines etc. as 

proved by the phytochemical analysis [32]. 

The present findings are consistent with Saoudi et al. 

[27] that puffer fish Lagocephalus sp. extract induces 

oxidative damage and biochemical disorders. The 

daily injection of L. lunaris muscle extract in mice for 

10 days led to reduced appetite and diarrhea 

resulting in a lower growth rate than control while no 

change in growth rate was observed in mice treated 

with A. indica aqueous extract. 

Usually the serum ALT and AST activities are 

elevated in viral and other forms of liver diseases 

associated with hepatic necrosis [33-35]. But in the 

present study there was a significant decrease in 

serum ALT and AST activities in mice injected with L. 

lunaris muscle extract which can be attributed to the 

damaged structural integrity of the liver observed in 

the form of congestion, cellular degeneration and 

hepatocellular necrosis in the histopathological liver 

section. Serum ALP measurement is of particular 

interest in the hepatobiliary diseases and in bone 

diseases. Decrease in activity of ALP is found in rare 

congenital defect, hypophosphatasemia and in 

pernicious anemia [34, 36-37]. In this case the 

decrease in serum ALP activity in the group injected 

with L. lunaris muscle extract may be due to the 

induced hepatic disorder. The tendency of these 

enzymes to return to normal levels in the A. indica 

extract administered group is a clear manifestation of 

hepatoprotective [38-39] effect of the A. indica 

extract. Therefore, treatment with A. indica aqueous 

extract seems to preserve the structural integrity of 

hepatocellular membranes.  
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Elevated bilirubin level was observed in the toxic 

group. Total bilirubin concentration is increased 

mildly in chronic haemolytic disease, moderately to 

severely in hepatocellular diseases and markedly in 

cholestatis [40-41]. The levels of total protein and 

albumin were reduced in the L. lunaris extract 

injected group. The reduction can be attributed to the 

initial damage produced and localized in the 

endoplasmic reticulam which could result in the loss 

of P-450 leading to fatty liver as seen in the case of 

carbon tetrachloride toxicity [42]. Concurrent 

depletion of raised bilirubin levels after treatment 

with A. indica aqueous extract suggests the stability 

of the biliary function during the damage caused due 

to L.lunaris muscle extract. The protein albumin 

levels also rose suggesting the stabilization of 

endoplasmic reticulum leading to protein synthesis. 

     Serum urate concentration is elevated in most of 

the patients with gout and renal diseases and in 

conditions where there is increased breakdown of 

nucleic acid [43-44]. Elevated serum creatinine and 

uric acid concentrations indicate the risk of impaired 

renal functions [45]. The elevated serum creatinine 

and uric acid in the group injected with L. lunaris 

muscle extract can be related to the structural 

alterations in renal tissues as previously reported by 

Saoudi et al. [12] and is clearly evident from the 

histopathological changes in the kidney sections. A. 

indica aqueous extract conferred protection against 

L. lunaris induced nephrotoxicity by maintaining the 

serum creatinine and uric acid levels. 

The increase in level of glucose in the group injected 

with L. lunaris muscle extract may be due to 

impaired glucose uptake and changes in hepatic 

glucose metabolism. The impaired glucose tolerance 

occurs mainly due to insulin resistance of peripheral 

tissue [46]. A. indica aqueous extract showed 

hypoglycemic effect on L. lunaris muscle extract 

induced metabolic disturbances. This could be due to 

its insulinotropic action. Additional study is needed 

to identify the action of A. indica extract on glucose 

regulation.  

    Moreover, increase in the level of serum 

triglycerides, total cholesterol and low density 

lipoproteins indicate there is interference in the 

metabolism or biosynthesis of lipids. High levels of 

circulating cholesterol and its accumulation in heart 

tissue are well associated with cardiovascular damage 

[47].  L. lunaris muscle extract increases the LDL 

cholesterol concentration in the blood, which in turn 

leads to the buildup of harmful deposits in the 

arteries, thus favoring coronary heart disease [48]. 

High levels of serum triglyceride have been strongly 

linked with low serum HDL cholesterol, and these 

low HDL levels may contribute to increased risk for 

cardiovascular diseases [49]. Treatment with A. 

indica aqueous extract lowers the level of serum 

triglycerides, total cholesterol and low density 

lipoproteins. The cardioprotective effect of A. indica  

[19,50] is clearly evident from the histopathological 

changes. 

A number of studies have focused on pathogenetic 

significance of oxidative stress in hepatic, renal and 

cardiac injury as well as on therapeutic intervention 

of the process with antioxidant and metabolic 

scavengers. Excess level of reactive oxygen species 

and reactive nitrogen species can attack biological 

molecules such as DNA, protein and phospholipids, 

which leads to lipid   peroxidation, nitration of 

tyrosine and depletion of antioxidant enzymes (SOD, 

CAT and GPx) that further results in oxidative stress 

[51]. In accordance with previous findings [27], in 

this study a high lipid peroxidation with concomitant 

decrease in antioxidant enzymes was observed in the 

group injected with L. lunaris muscle extract. A. 

indica aqueous extract was observed to exhibit 

protective effect as demonstrated by enhanced 

activities of antioxidant enzymes and diminished 

amount of lipid peroxidation against L. lunaris 

muscle extract induced toxicity. Previous 

phytochemical investigations on A. indica revealed 

the presence of acalyphamide (as acetate), 

aurantiamide and its acetate, succinimide, 

calypholacetate, 2- methyl anthraquinone, tri o-
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methylellagic acid, b- sitosterol and its b-D- 

glucoside , cyanogenetic glycoside, two alkaloids, viz. 

Acalyphine and triacetonamine and also n- octasanol, 

b- sitosterol acetate, kaempferol, quebrachitol, 

tannin, resin, hydrocyanic acid and essential oil [52-

55]. Most of these compounds have been reported to 

be potent inhibitor of lipid peroxide formation, free 

radical scavenger and to increase antioxidant 

enzymes [32,39,56]. Flavanoids, alkaloids and 

saponins are linked with hepatoprotective, 

nephroprotective and cardioprotective activity [50, 

57-58]. 

This work reports that A. indica aqueous extract is 

able to counteract the undesirable effects like 

reduced appetite and diarrhea, oxidative stress, 

increase in serum aminotransferases, alkaline 

phosphatase, bilirubin, creatinine, uric acid, 

triglycerides, total cholesterol and glucose induced by 

L. lunaris muscle extract. Therefore, present results 

provide strong evidence that A. indica aqueous 

extract inhibits the hepatic, renal and cardiac toxicity 

induced by L. lunaris muscle extract which can be 

linked to the particular phytoconstituents of A. 

indica. However, further pharmacological evidences 

at molecular level are required to establish the 

mechanism of action of the drug which is underway. 

 

Acknowledgement 

The authors are thankful to the authority of VIT 

University, Vellore for the facilities and 

encouragement. 

 

 

Table 1: Effects of L. lunaris muscle extract, A. indica  aqueous extract and their combination on final body 
weight and total food consumption of mice. 

 

Parameters Group A Group B Group C Group D 

Final Body weight (g) 20.7±0.82 18.6±1.17*** 21.6±1.17### 20.7±0.95### 

Food consumption (g) 52.5±2.7 34.17±3.8*** 52.5±2.7###+++ 43.3±2.6###+++ 

Values are expressed as mean ± SD for 6 mice in each group. 
Group B, C, D vs Group A: ***p≤0.001 
Group C, D vs Group A: ###p≤0.001 
Group C vs Group D: +++ p≤0.001 
 

Table 2: Effects of L. lunaris muscle extract, A. indica aqueous extract and their combination on serum 
biochemical parameters 

 
Parameters Group A Group B Group C Group D 

ALT 82.51±9.1 26.52±9.7*** 79.56±9.7### 64.83±14.4### 

AST 306.45±14.4 111.97±9.1*** 306.45±14.4### 194.48±11.2***###+++ 

ALP 49.72±11.1 27.12±0.0* 45.2±14.1 36.16±14.1 

T-BIL 0.26±0.02 0.51±0.02*** 0.26±0.03### 0.4±0.002***###+++ 

D-BIL 0.04±0.01 0.25±0.01*** 0.07±0.02*### 0.22±0.01***###+++ 

CRE 0.43±0.1 1.390.04*** 0.37±0.1### 0.77±0.2**###+++ 

UA 5.8±0.2 8.68±0.2*** 5±0.1***### 7.95±0.4***###+++ 

TP 7.49±0.1 5.97±0.1*** 7.34±0.2### 6.4±0.5###++ 

ALB 4.12±0.03 3.3±0.09*** 4.2±0.06### 3.82±0.14***#+++ 

GLB 3.38±0.3 2.67±0.2* 3.15±0.3### 2.59±0.4## 

A/G 1.23±0.2 1.24±0.1 1.35±0.1 1.51±0.3 

GLU 87.37±0.5 195.15±0.7*** 80.97±2.4### 139.12±8.9***###+++ 

TC 64.29±1.9 115.17±3*** 53.35±4.5***### 78.02±2.6***###+++ 

TG 73.46±7.2 155.3±17.4*** 72.35±7.2### 100.48±15.2**###++ 

HDL-C 30.94±1.6 9.71±2.1*** 31.47±2.6### 19.92±0.7***###+++ 

LDL-C 18.67±2.6 74.47±5.7*** 8.91±2.4***### 38±2.9***###+++ 

Values are expressed as mean ± SD for 6 mice in each group. 
Group B, C, D vs Group A: ***p≤0.001; **p≤0.01; *p≤0.05. 
Group C, D vs Group A: ###p≤0.001; ##p≤0.01; #p≤0.05. 
Group C vs Group D: +++ p≤0.001; ++p≤0.01. 
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Fig. 1 Effects of L. lunaris muscle tissue extract, A. indica aqueous extract and their combinations on mice body 
weight and food consumption. 

 
 

 
Values are expressed as mean ± SD for 6 mice in each group.*p≤0.05: Group B, C, D vs Group A; #p≤0.05: Group 

C, D vs Group A; + p≤0.05: Group C vs Group D. 
 

Fig. 2 Effects of L. lunaris muscle tissue extract, A. indica aqueous extract and their combinations on Superoxide 
dismutase activity in liver, kidney and heart tissues of mice. 
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Values are expressed as mean ± SD for 6 mice in each group.*p≤0.05: Group B, C, D vs Group A; #p≤0.05: Group 
C, D vs Group A; + p≤0.05: Group C vs Group D. 
 
Fig. 3 Effects of L. lunaris muscle tissue extract, A. indica aqueous extract and their combinations on Catalase 

activity in liver, kidney and heart tissues of mice. 
 

 
Values are expressed as mean ± SD for 6 mice in each group.*p≤0.05: Group B, C, D vs Group A; #p≤0.05: Group 
C, D vs Group A; + p≤0.05: Group C vs Group D. 
 

Fig. 4 Effects of L. lunaris muscle tissue extract, A. indica aqueous extract and their combinations on 
Glutathione peroxidase activity in liver, kidney and heart tissues of mice. 
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Values are expressed as mean ± SD for 6 mice in each group.*p≤0.05: Group B, C, D vs Group A; #p≤0.05: Group 
C, D vs Group A; + p≤0.05: Group C vs Group D. 
 
Fig. 5 Effects of L. lunaris muscle tissue extract, A. indica aqueous extract and their combinations on Lipid 

peroxidation level in liver, kidney and heart tissues of mice. 
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6 (e) 
 

Fig. 6 Pictomicrographs of liver sections taken from different groups. (a) control group showing normal lobular 
architecture and normal hepatic cells (b) L. lunaris muscle extract injected group showing liver damage in the 

form of congestion (c) degeneration (d) hepatocellular necrosis (e) group injected with L. lunaris muscle extract 
and then treated with A. indica aqueous extract showing improvement as there was no necrosis however 

congestion was observed. 
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7 (e) 
 

Fig. 7: Pictomicrographs of kindey sections taken from different groups. (a) control group showing normal renal 
tubules and Bowman’s capsule (b) L. lunaris muscle extract injected group showing renal damage in the form of 

tubular epithelial cell degeneration (c) capsule showed mononuclear cell infiltration (d) congestion  (e) group 
injected with L. lunaris muscle extract and then treated with A. indica aqueous extract showing improvement 

with mild tubular epithelial cell degeneration. 
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Fig. 8 Pictomicrographs of heart sections taken from different groups. (a) control group showing normal features 
(b) L. lunaris muscle extract injected group showing cardiac damage in the form of mononuclear cell infiltration, 
myocardial degeneration and necrosis (c) group injected with L. lunaris muscle extract and then treated with A. 

indica aqueous extract showing improvement as there was no necrosis however congestion was observed. 
 
 

REFERENCES 

1) Clark RF, Williams SR, Nordt SP, Manoguerra AS. A 

review of selected seafood poisonings. Undersea 

Hyperb Med 1999; 26: 175–184. 

2) Arakawa O, Hwang DF, Taniyama S, Takatani T. 

Toxins of Puffer fish that cause Human intoxication. 

In: Ishimatsue A, Lie HJ (eds). Coastal 

Environmental and Ecosystem Issues of East China 

Sea, Tokyo, Japan, TERRAPUB and Nagasaki 

University, 2010, pp 227-244. 

3) Kungsuwan A. Survey on poisonous Puffer fish in 

Andaman Seas. Proceedings of the seminar on 

Fishes, Department of Fisheries, Sept 15-17,  

Bangkok, Thighland, 1993. 

4) Chew SK, Goh CH, Wang KW, Mah PK, Tan BY. 

Puffer fish (Tetrodotoxin) poisoning: Clinical report 

and role of anticholinesterase drugs in therapy. 

Singapore Med J 1983; 24: 168-171. 

5) Miyazawa K, Noguchi T. Distribution and origin of 

tetrodotoxin. J Toxicol-Toxin Rev 2001; 20: 11–33. 

6) Monrat C, Nitat S, Srimanote P, Indrawattana 

N, Thanongsaksrikul J, Chongsa-Nguan M, 

 Kurazono H, Chaicumpa W. Toxic Marine Puffer 

Fish in Thighland Seas and Tetrodotoxin they 

contained. Toxins 2011; 3(10): 1249-1262. 

7) Noguchi T, Arakawa O. Tetrodotoxin distribution 

and accumulation in aquatic organisms and case of 

human intoxication. Marine drugs 2008; 6: 220-

242.  

8) Hwang DF, Noguchi T. Tetrodotoxin poisoning. Adv 

Food Nutr Res 2007; 52: 141-48. 

9) Nagy L, Tariyama S. Distribution of tetrodotoxin in 

puffer fish collected from coastal naters of Sihanouk 

Ville, Cambodia. Food Hyg Soc Jap 2008; 49: 361-

365. 

10) Brillarites S, Samsorn W. Toxicity of Puffers landed 

and marketed in Thighland. Fish Sci 2003; 69: 

1224-1230. 

11) Saoudi M, Abdelmouleh A, Jamoussi K, Kammoun 

A, El Feki A. Hematological toxicity associated with 

tissue extract from poisonous fish Lagocephalus 

lagocephalus- influence on erythrocyte function in 

wistar rats. J Food Sci 2008a; 73: 155–159.  

12) Saoudi M, Abdelmouleh  A, Kammoun W, Ellouze 

F, Jamoussi K, El Feki A. Toxicity assessment of 

puffer fish Lagocephalus lagocephalus from 

Tunisian coast. CR Biologies 2008b; 331: 611–616.  

13) Halliwell B, Murcia MA, Chirico S, Aruoma, OI. 

Free radicals and antioxidants in food and in vivo: 

what they do and how they work. Critical Reviews 

In Food Science and Nutrition 1995; 35: 7–20. 

14) Chopra RN, Nayar SL, Chopra IC. Glossary of 

Indian Medicinal Plants. New Delhi, CSIR 

Publication, 1956. 

15) Houghton PJ, Ibironke OM. Flowering plants used 

against snakebite. Journal of Ethnopharmacology 

39; 1–29, 1993. 

16) Siddiqui MB, Husain W. Traditional antidotes of 

snake poison in Northern India. Fitoterapia  LXI: 

1990; 41–44. 

17) Shivayogi PH, Rudresh K, Shrishailppa B, Saraswati 

BP, Somanth RP. Post coital antifertility activity of 

Acalypha indica L. Journal of Ethnopharmacology 

1999; 67: 253-258.  

18) Bedon E, Hatfield GM. An investigation of the 

antiviral activites of Phodophyllum peltun. Lloydia 

1982; 45(6): 725.  

19) Annie S, Rajendran K,  Ramgopal B, Denish Kumar 

C. Neutralization potential of Viper russelli 

(Russell’s viper) venom by ethanol leaf extract of 

Acalypha indica. J. Enthopharmacol 2004; 94: 

267-273.  

20) Reddy S, Rajeswara Rao JP, Mada SR. Wound 

healing effects of Heliotropium indicum, Plumbago 

zeylanicum and Acalypha indica in rats. J 

Ethnophharmacol 79; 249-251, 2002. 

21) Ruchi GM,  Ramia M, BV, Gouri A, Hussain SB, 

Khamis S. Anti oxidant capacity of some edible and 

wound healing plants in Oman. Food chem 2007; 

101: 465-470.  

22) Mohana VN, Sunil Kumar MV, Kodandaram N, 

Padmanbha Reddy Y.  Evalution of Anti-inflamatory 

F
u

ll L
e

n
g

t
h

 R
e

s
e

a
r

c
h

 M
a

n
u

s
c

r
ip

t
  

Niharika Mandal et al: Ameliorative action of aqueous extract of Acalypha indica against 
puffer fish Lagocephalus lunaris induced toxicity 

 
 

 Int. J. Drug Dev. & Res., April-June 2013, 5 (2): 257-271 
Covered in Scopus & Embase, Elsevier 

 
269 



activity of Acalypha indica. Ind pharm 2008; 7: 89-

91. 

23) Singh D, Raman M, Saradha V, Jayabharathi P,  

Kumar RS. Acarcidal Property of Kuppaimemeni 

(Acalypha indica) against natural Psoroptes 

cuniculi infestion in broiler Rabbits. Indian J Anim 

Sci 2004; 74(10): 1003-1006.  

24) Das AK, Ahmed F, Biswas, NN, Dev S, Masud MM. 

Diuretic Activity of Acalypha indica. Dhaka Univ J 

Pharm Sci 2005; 4: 1-2.  

25) Govindarajan M, Jebanesan A, Reetha D, Anisath R, 

Pushpanathan T, Samidurai K.Antibacterial activity 

of Acalypha indica L. Eur Rev Med Pharmacol Sci 

2008; 12(5): 299-302.  

26) Khora SS. Toxicity studies on puffer fish from 

tropical waters, D. Ag. Thesis, Sendai, Japan, 

Tohoku University, 1991. 

27) Saoudi M, Allagui MS, Abdelmouleh A, Jamoussi 

K, El Feki A. Protective effects of aqueous extract of 

Artemisia campestris against puffer fish 

Lagocephalus lagocephalus extract induced 

oxidative damage in rats. Exp Toxicol Pathol 2010; 

62(6): 601-605. 

28) Marklund SL, Marklund G. Involvement of 

superoxide anion radical in the autoxidation of 

pyrogallol and a convenient assay for superoxide 

dismutase, Eur J Biochem 1947; 47: 469– 474. 

29) Sinha AK. Colorimetric assay of Catalase. Anal 

Biochem 1972; 47: 389–394. 

30) Rotruk JT. Selenium, biochemical role as a 

component of glutathione peroxidase purification 

and assay. Science 1973; 179: 588-590. 

31) Ohkawa H, Ohishi N, Yogi K. Assay for lipid 

peroxides in animal tissues by thiobarbituric acid 

reaction. Anal Biochem 1979; 95: 351–358. 

32) Shanmugapriya R, Ramanathan T, 

Thirunavukkarasu P. Evaluation of Antioxidant 

Potential and Antibacterial Activity of Acalypha 

indica Linn. using in vitro model.  Asian Journal of 

Biomedical and Pharmaceutical Sciences 2011; 1(1): 

18-22. 

33) Schumann G. Clin Chem Med 2002, 40: 718. 

34) Moss DW, Henderson AK. Clinical Enzymology. In: 

Brutis CA  and Ashwood ER  (eds). W.B. Saunders. 

Teitz Textbook of  Clinical Chemistry, 3rd ed, 

Philadelphia, 1994, pp 617-721. 

35) Murray RL. Enzymes. In Kaplan LK and Pesce AJ 

(eds). Mosby CV. Clinical Chemistry; Theory 

Analysis and Corelation, Toronto, 1994, pp 1079-

1134. 

36) Kaplan A and Lavernel LS. Enzymes. In:  Lea and 

Febiger (eds). Clinical Chemistry; Interpretation 

and Techniques, 2nd ed, Philadelphia, 1983, pp 173-

218. 

37) Tietz NW. Clinical Chemistry 1983; 29(5): 751. 

38) Mathew M, Shenoy KT, Gopi TV. Hepatoprotective 

activity of Acalypha indica: A comparative 

evaluation. Drug lines 2002; 5: 5-7. 

39) Mathew M, Nair C,  Shenoy T, Varghese J. 

Preventive and curative effects of Acalypha 

indica on acetaminophen-induced hepatotoxicity. 

International Journal of Green Pharmacy 2011; 

5(1): 49-54.  

40) Tolman KG and Rej R. Liver function. In Brutis CA 

and Ashwood ER  (eds). Saunders WB. Teitz 

Textbook of Clinical Chemistry, 3rd ed,  

Philadelphia, 1994, pp 1128-1177. 

41) Doumas BT. Candidate Reference Method for 

Determination Total Bilirubin in serum: 

Development and Validation, Clinical Chemistry 

1985; 31(11): 1779.  

42) Recknagel RO, Glender EA, Walter RL. Mechanism 

of Carbontetrachloride toxicity. Pharmal ther 1989; 

43: 139-154. 

43) Schultz AL. Non protein compounds. In: Kaplan LK 

and Pesce AJ (eds). Mosby CV. Clinical Chemistry; 

Theory Analysis and Corelation, Toronto, 1984, pp 

1230-1268. 

44) Kaplan A and Lavernel LS. The Kidney Tests of 

Renal Function. In: Lea and Febiger (eds). Clinical 

Chemistry; Interpretation and Techniques, 2nd ed, 

Philadelphia, 1983, 109-142. 

45) Tortora GJ and Grabowski SR. Principles of 

Anatomy and Physiology, 8th  ed, New York, Harper 

Collins College Publishers, 1996. 

46) Kruszynska YT, Home PD, McIntyre N. The 

relationship between insulin insensitivity, insulin 

secretion and glucose tolerance in cirrhosis. 

Hepatology 1991; 14: 103–111. 

47) Slater AM, White DA. Effects of dietary fat on 

cholesterol metabolism: regulation of plasma LDL 

concentrations. Nutr Res Rev 1996; 9: 241-257. 

F
u

ll L
e

n
g

t
h

 R
e

s
e

a
r

c
h

 M
a

n
u

s
c

r
ip

t
  

Niharika Mandal et al: Ameliorative action of aqueous extract of Acalypha indica against 
puffer fish Lagocephalus lunaris induced toxicity 

 
 

  Int. J. Drug Dev. & Res., April-June 2013, 5 (2): 257-271 
Covered in Scopus & Embase, Elsevier 

 
270 



48) Goldstein JL, Ho YK, Basu SK, Brown MS. Binding 

site on macrophages that mediates uptake and 

degradation of acetylated low density lipoproteins, 

producing massive cholesterol deposition. Proc Natl 

Acad Sci USA 1979; 76: 333-337. 

49) Avogaro P, Ghiselli G, Soldan S, Bittolo Bon G. 

Relationship of triglycerides and HDL cholesterol in 

hypertriglceridemia. Atherosclerosis 1992; 92: 79-

86. 

50) Murugan PS, Ramprasath T, Selvam GD. 

Cardioprotective role of Acalypha indica extract on 

Isoproterenol induced myocardial infarction in rats. 

Journal of Pharmacy Research 2011; 4(7): 2129-

2132. 

51) Hinson JA, Bucci  AR, Irwin LK, Michael SL and 

Mayeux PR. Effect of inhibitors of nitric oxide 

synthase on acetaminophen induced hepatotoxicity 

in mice. Nitric oxide 6; 160-167, 2002. 

52) Nadkarni KM. Indian Materia Medica. Popular 

Prakashan, Bombay, 2000, 17-19. 

53) Pal DC, Guha Bakshi DN and Sen Sharma, PA. 

Lexicon of Medicinal Plants in India, Naya Prakash: 

Calcutta, 1999, 24-25. 

54) Murugesa M.  Materia Medica (Vegetable Section) 

Vol. I Siddha Medical Council. 4th ed. Tamil Nadu, 

India, 1998, 359. 

55) Kirtikar KR and Basu BD. Indian Medicinal Plants. 

In: Singh, B. and Singh, M. P (eds). Indian 

Medicinal Plants. New Delhi, India, 1975, 2260-

2264. 

56) Balakrishnan N, Panda AB, Raj NR, Shrivastava A, 

Prathani R. The Evaluation of Nitric Oxide 

Scavenging Activity of Acalypha Indica Linn Root. 

Asian J. Research Chem 2009; 2: 2. 

57) Olagunju JA, Adeneye AA, Fagbohunka BS, Bisuga 

NA, Ketiku AO, Benebo AS, Olufowobi OM, Adeoye 

AG, Alimi MA, Adeleke AG.  Nephroprotective 

activities of the aqueous seed extract of Carica 

papaya Linn. in carbon tetrachloride induced renal 

injured Wistar rats: a dose- and time-dependent 

study. Biology and Medicine 2009; 1 (1): 11-19. 

58) Rekha R, Hemalatha S, Akasakalai K, 

MadhuKrishna CH, Bavan S, Vittal, Meenakshi RS. 

(2009). Hepatoprotective activity of Mimosa pudica 

leaves against Carbontetrachloride induced toxicity. 

Journal of Natural Products 2009; 2: 116-122. 

 

 

 

F
u

ll L
e

n
g

t
h

 R
e

s
e

a
r

c
h

 M
a

n
u

s
c

r
ip

t
  

Niharika Mandal et al: Ameliorative action of aqueous extract of Acalypha indica against 
puffer fish Lagocephalus lunaris induced toxicity 

 
 

 Int. J. Drug Dev. & Res., April-June 2013, 5 (2): 257-271 
Covered in Scopus & Embase, Elsevier 

 
271 


