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ABSTRACT 

 
In this study we have investigated the cytotoxic mechanisms of arsenite As(III) in 

isolated rat hepatocytes. Our experimental design was based on Accelerated Cytotoxic 

Mechanisms Screening technique (ACMS) using the LC502hr concentration, 50 µM . Arsenite 

cytotoxicity was associated with little oxidative stress and lysosomal damage did not occur. 

However arsenite cytotoxicity was associated with loss of mitochondrial membrane potential, 

which was inhibited by the ATP generators fructose, xylitol and glutamine;  and also by MPT 

pore sealing agents such as carnitine, cyclosporin and trifluoperazine.in Arsenite induced 

cytotoxicity, mitochondrial membrane potential decline and also ROS formation were 

significantly increased by inactivating hepatocyte methionine synthase or hepatocyte methyl 

transferase but were prevented by methyl donors such as betaine, methionine , folic acid and 

methylcobalamine and this suggests that arsenite is detoxified by reductive methylation. The 

activity of caspase-3 enzyme the main mediator of apoptosis, was also significantly increased, 

following incubation of hepatocytes with different concentrations of arsenite. In conclusion 

arsenite induced cytotoxicity could be attributed to mitochondrial toxicity and ATP depletion. 
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Abbreviations: ACMS, accelerated cytotoxic mechanisms screening; ANOVA, analysis of 

variance; ATSDR, agency for toxic substances and disease registry;  BCNU, 1,3-bis(2-

chloroethyl)-1nitrosourea; BHA, butylated hydroxyanisole; BHT, butylated hydroxy toluene; 
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BSA, bovine serum albumin; DCF, dichlorofluorescein; DCFH, dichlorofluorescin; DMSO, 

dimethyl sulfoxide; DPPD, N,N’-diphenyl-1,4-phenylenediamine; EGTA, ethyleneglycol-bis(p-

aminoethylether)-N,NN’,N’-tetraacetic acid; GSH, glutathione (reduced form);  HEPES, 4-(2-

hydroxyethyl)-1-piperazine-ethanesulfonic acid; LC502hr, The concentration of a poison that can 

increase the hepatocyte toxicity (death) up to 50% following the 2 hours incubation; MCL, 

maximum contamination level; MPT, mitochondrial permeability transition; pNA, p-nitroaniline; 

ROS, reactive oxygen species; rpm, rotations per minute; SEM, standard error of mean; SOD, 

superoxide dismutase; TBARS, 2-thiobarbituric acid-reactive substances; TCA, trichloroacetic 

acid; US-EPA, U.S environmental protection agency; ٪∆ψ, percentage of mitochondrial 

membrane potential deacrease 

 

 

 

 

Introduction 

 

Inorganic arsenic as an environmental agent, has been ranked highest in priority on a list 

of top 20 hazardous substances by the ATSDR and US-EPA, in part because it has been 

classified as a known human carcinogen . oral inorganic arsenic exposure can induce tumor 

formation in rodents (1,2). American Council on Science and Health report concluded that There 

is clear evidence that chronic exposure to inorganic arsenic at concentrations of at least several 

hundred micrograms per liter in drinking water may cause cancer of skin, bladder and lung(3).  

The Maximum contamination level (MCL) of arsenic in drinking water suggested by 

WHO and US-EPA is 10 and 2 microgram per liter (ppb), respectively (4,5). Ingestion of arsenic 
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contaminated drinking water is however the predominant source of significant environmental 

exposure globally with more than 200 million people at risk (6). 

The most toxic form of arsenic in the environment is arsenite As (III); in this form arsenic 

is soluble and can be uptaken into the cells by aquaglyceroporins. An aquaglyceroporin is a 

member of the aquaporin subfamily, which are multifunctional channels that transport neutral 

organic solutes such as glycerol and urea (7). 

There are few cellular studies in the literature about the molecular cytotoxic mechanisms 

of arsenic (8,9). In the following we have investigated the cytotoxic mechanisms of arsenite As 

(III) at the molecular level  [eg. reactive oxygen species (ROS) generation] and subcellular 

targets (eg. mitochondria/lysosomes).   

 
 
 
Materials and methods 
 
 Chemicals 

1-Bromoheptane, NN’-diphenyl-1,4-phenylenediamine(DPPD), rhodamine 123 and 

hydrazine monohydrate were obtained from Aldrich Chemical Company (Milwaukee, WI, 

USA). Collagenase (from Clostridium histolyticum), bovine serum albumin (BSA) and Hepes (4-

(2-hydroxyethyl)-1-piperazine ethanesulfonic acid) were purchased from Boehringer-Mannheim 

(Montreal, Canada). Trypan blue, sodium arsenite, d-mannitol, dimethylsulfoxide (DMSO), 

catalase, chloroquine diphosphate, methylamine HCl, monensin sodium, thiobarbituric acid 

(TBA), trichloroacetic acid (TCA), cyclosporine A, betaine, methionine, trifluoprazine, folic 

acid, sodium selenite, fructose, dithiothreitol, glutathione (GSH), L-glutamine, sodium 

pentobarbital and heparin were obtained from Sigma (St. Louis, MO, USA). Acridine orange and 

dichlorofluorescin diacetate were purchased from Molecular Probes (Eugene, Ore, USA).   
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Carnitine and xylitol were obtained from ICN Biomedicals (St. Thuringen, Eschwege, 

Germany). All chemicals were of the highest commercial grade available. 

 

 Animals 

Male Sprague–Dawley  rats (280–300 g) purchased from Institute Pasteur (Tehran, Iran), fed 

on a standard chow diet and given water ad libitum, were used for hepatocyte preparation in all 

experiments. 

 

Isolation and incubation of Hepatocytes 

 

Hepatocytes were obtained by collagenase perfusion of the liver and their viability was 

assessed by the trypan blue (0.2% w/v) exclusion test as described by Pourahmad and O’Brien, 

2000a(10). Approximately 85-90% of the hepatocytes excluded trypan blue. Cells were 

suspended at a density of 10 6 cells/ml in round bottomed flasks rotating in a water bath 

maintained at 37 °C in Krebs-Henseleit buffer (pH 7.4), supplemented with 12.5 mM Hepes 

under an atmosphere of  10% O2, 85% N2 and 5% CO2. Each flask contained 10 ml of 

hepatocyte suspension. Hepatocytes were preincubated for 30 min prior to addition of chemicals. 

Stock solutions of all chemicals (×100 concentrated for the water solutions or ×1000 

concentrated for the methanolic solutions) were prepared fresh prior to use. To avoid either non-

toxic or very toxic conditions in this study, we used LC50 concentrations for As(III) in the 

isolated hepatocytes . The LC50 of a chemical in hepatocyte cytotoxicity assessment technique 

(with the total 3 h incubation period) is defined as the concentration, which decreases the 

hepatocye viability down to 50% following the 2 h of incubation (11).  
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Cell viability 

 

The viability of isolated hepatocytes was assessed from the intactness of the plasma 

membrane as determined by the trypan blue (0.2% (w/v)) exclusion test (10). At least 80–90% of 

the control cells were still viable after 3 h. 

 Determination of reactive oxygen species “ROS” 

To determine the rate of hepatocyte “ROS” generation induced by the metals, 

dichlorofluorescin diacetate was added to the hepatocyte incubate as it penetrates hepatocytes 

and becomes hydrolysed to non-fluorescent dichlorofluorescin (DCFH). The later then reacts 

with “ROS” to form the highly fluorescent dichlorofluorescein which effluxes the cell.The 

fluorescence intensity of the “ROS” product was measured using a Shimadzu RF5000U 

fluorescence spectrophotometer. Excitation and emission wavelengths were 500 and 520 nm, 

respectively. The results were expressed as fluorescent intensity per 106 cells (12). 

 

Lipid peroxidation assay 

 

Hepatocyte lipid peroxidation was determined by measuring the amount of thiobarbituric 

acid-reactive substances (TBARS) formed during the decomposition of lipid hydroperoxides by 

following the absorbance at 532 nm in a Beckman DU®-7 spectrophotometer(13). 

 

 Mitochondrial membrane potential assay 

 

The uptake of the cationic fluorescent dye, rhodamine 123, has been used for the 

estimation of mitochondrial membrane potential (14).The amount of rhodamine 123 remaining in 

the incubation medium was measured fluorimeterically using a Shimadzu RF5000U fluorescence 
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spectrophotometer set at 490 nm excitation and 520 nm emission wavelengths.The capacity of 

mitochondria to take up the rhodamine 123 was calculated as the difference (between control and 

treated cells) in rhodamine 123 fluorescence. 

 

Lysosomal membrane integrity assay 

Hepatocyte lysosomal membrane stability was determined from the redistribution of the 

fluorescent dye, acridine orange (15,16,17). Acridine orange redistribution in the cell suspension 

was then measured fluorimetrically using a Shimadzu RF5000U fluorescence spectrophotometer 

set at 495 nm excitation and 530 nm emission wavelengths. 

 

Caspase-3 activity assay 

 Caspase-3 activity was determined due to the amount of  paranitroaniline (pNA) released 

from hydrolysis of  a caspase-3 substrate ( Ac-DEVD-pNA) (sigma kit). pNA concentration  was 

measured based on the absorbance at 405 nm using a  Tecan R5082 ELISA reader and pNA 

calibration curve.   

 

Statistical analysis 

The statistical significance of differences between the control and treatment groups in 

these studies was determined using a one-way analysis of variance (ANOVA) and the Leven’s 

test for homogeneity of variances. Results represent the mean ± standard error of the mean 

(SEM) of triplicate samples (P < 0.001). 
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RESULTS 

 

            The LC50 concentrations found for arsenite (ie. 50% membrane lysis in 2hrs) was 50µM. 

However when hepatocytes were incubated with arsenite at this LC50 concentration, “ROS” 

formation as determined by the oxidation of dichlorofluorescin diacetate to dichlorofluorescein 

was only slightly increased (table 1). Arsenite induced cytotoxicity was therefore only partially 

inhibited by the “ROS” scavengers. Slight lipid peroxidation was also occured in the third hour 

for arsenite (table 1).  

On the other hand arsenite was detoxified by methylation as arsenite induced 

cytotoxicity, "ROS" formation and lipid peroxidation was prevented by methyl donors 

methionine, methylcobalamine, folic acid or betaine (table 1).  

As shown in table 2. however, arsenite induced a rapid decline of mitochondrial 

membrane potential. Fructose / xylitol (glycolytic ATP generators) or glutamine (a mitochondrial 

ATP generator) prevented arsenite induced cytotoxicity (table 4) and the decline in 

mitochondrial membrane potential (table 2.). Furthermore permeability transition pore sealing 

agents carnitine, cyclosporin A and trifluoprazine prevented arsenite induced cytotoxicity, 

“ROS” formation and lipid peroxidation (table 4). The arsenite induced decline of mitochondrial 

membrane potential was prevented by GSH or the  methyl  donors methionine or betaine (table 

4). Arsenite induced cytotoxicity, mitochondrial membrane potential decline and also ROS 

formation were also significantly increased by inactivating hepatocyte methionine synthase or 

hepatocyte methyl transferase using hydrazine and sodium selenite respectively (table 2,4.). As 

shown in table 4.,fructose and xylitol (glycolytic ATP generators) or glutamine (a mitochondrial 

ATP generator) completely protected hepatocytes against arsenite induced cytotoxicity, “ROS” 

formation and lipid peroxidation. The metal chelator dimercaptosuccinic acid also prevented  
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arsenite induced cytotoxicity, “ROS” formation and lipid peroxidation . The dithiol agent 

dithiothreitol was also protected hepatocytes against arsenite induced cytotoxicity (table 4.). 

Table 3 shows a significant increase in hepatocyte caspase-3 activity (the apoptosis final 

mediator) following the exposure of different concentrations of arsenite. These results are quite 

consistent with those of arsenite induced mitochondrial membrane potential decrease. And again 

mitochondrial transition pore sealing agents, ATP generators, methyl donors and thiol agents 

significantly protected the hepatocytes against both arsenite induced raise of caspase-3 activity 

and collapse of mitochondrial membrane potential. 

Lysosome inhibitors chloroquine, methylamine and monensin did not prevent arsenite 

induced hepatocyte toxicity, “ROS” and TBARS generation (table 5). Furthermore, when 

hepatocyte lysosomes were loaded with acridine orange, no significant release of acridine orange 

into the cytosolic fraction ensued within 60 minutes if the loaded hepatocytes were treated with 

arsenite (data not shown). 

 

 

Discussion 

 methylation is likely the major metabolic process for arsenite metabolism as 

dimethylarsinic acid the major metabolite was more readily excreted in the urine and less bound 

to tissue proteins than inorganic arsenate. Dimethylarsinic acid was also much less effective than 

arsenite as a promotor of hepato-carcinogenesis (18), mutagen (19) or a clastogen (20). 

 The liver is a major site for arsenite methylation and this capacity varies as much as 10 

fold among individuals (21). The results presented here suggest that in intact hepatocytes, 

arsenite is mostly reduced by GSH and methyl donors eg. methionine, methylcobalamine, folic 

acid or betaine.  
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Arsenite induced a rapid decline of mitochondrial membrane potential (within 5 mins). 

Furthermore the  ATP generators fructose and xylitol and L-glutamine (a mitochondrial  ATP 

generator) prevented arsenite induced mitochondrial membrane potential decrease (table 2.) 

which indicates that the collapse may be  a consequence of MPT pore opening and ATP 

depletion following the thiol cross linking of the pore region. Lack of mitochondrial ATP results 

in intracellular acidosis and osmotic injury which leads to plasma membrane lysis (22).  

In addition incubation of arsenite in hepatocytes induced a rapid and powerful increase in 

activity of caspase-3 (up to 43 folds following the 1 hour incubation) the final mediator of 

apoptosis. Since the data obtained for different concentrations of arsenite at inducing caspase-3 

activity are quite consistent to their effects at decreasing hepatocyte mitochondrial membrane 

potential, it is suggested that arsenite induced activation of caspase-3 and apoptosis is a result of 

activation of a biological cascade initiated by mitochondrial injury and collapse of mitochondrial 

membrane potential.  

GSH also forms a (GS)3As(III) complex with arsenite which is involved in the biliary  

excretion of arsenic  (23), but can donate As (III) to dithiol containing molecules (24). In the cell 

GSH may play an important role in the mono and bimethylation of inorganic arsenic by 

methylvitamin B12 (25) or by arsenic methyltransferases and S-adenosylmethionine. 

(GS)3As(III) is also a substrate for the later methylation system (26). In our study arsenite 

depleted about 38% of hepatocyte GSH in one hour and 45% in two hours without showing any 

significant change in hepatocyte GSSG (oxidized form of GSH) content (data not shown). 

In conclusion ,  although arsenite has no redox properties and does not participate in the 

lysosomal Haber-Weiss reaction, it is very powerful at decreasing hepatocyte mitochondrial 

membrane potential. Considering our findings that arsenite induced cytotoxicity, mitochondrial 

membrane potential decline and also ROS formation were significantly increased by inactivating 
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hepatocyte methionine synthase or hepatocyte methyl transferase but were prevented by methyl 

donors such as betaine, methionine or folic acid we suggest that arsenite detoxification pathway 

in mammalian cells is surely metabolic methylation and arsenite induced cell death both 

necrolysis and apoptosis could be attributed to mitochondrial toxicity and ATP depletion. 

 

 

Table 1.  Effect of antioxidants and  “ROS” scavengers on arsenite induced cytotoxicity, 
“ROS” and TBARS generation 
Addition                                           %Cytotoxicity    “DCF”             “TBARS”   
      3h  3h  3h  
None      20±2  79±5  0.41±0.05 
Arsenite (50 µM)    76±8 a  165±6 a 2.62±0.08 a 
+Catalase (200 U/ml)   75±5   129±5 b 1.35±0.15 b  
+Superoxide dismutase (100 U/ml)  74±3   113±6 b 1.18±0.10 b  
+Dimethyl sulfoxide (150 µM)  75±4   117±8 b 1.45±0.14 b  
+Mannitol (50 mM)    73±5   109±5 b 1.25±0.05 b  
+BHA (50 µM)    75±5   129±5 b 1.35±0.10 b  
+BHT (50 µM)    75±4   107±8 b 1.45±0.11 b  
+DPPD (1 µM)    73±5   109±5 b 0.85±0.05 b  
 
GSH depleted hepatocytes   26±3  88±8  0.73±0.08  
+Arsenite (50 µM)    87±4 b  235±4 b 3.37±1.94 b 
       
Hepatocytes (10 6 cells/ml) were incubated in Krebs-Henseleit buffer pH 7.4 at 37C for 3.0 hrs following 
the addition of sodium arsenite.  Cytotoxicity was determined as the percentage of cells that take up  trypan 
blue (10). 
DCF formation was expressed as fluorescent intensity units (12). GSH depleted hepatocytes were prepared as described by Khan 
and O'Brien, 1991 (27). TBARS formation was expressed as µM concentrations (13).  
Values are expressed as means of three separate experiments (S.D.) 
a: Significant difference in comparison with control hepatocytes (P < 0.001) 
b: Significant difference in comparison with metal treated hepatocytes (P < 0.001) 
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Table 2. Mitochondrial membrane potential decrease during arsenite induced hepatocyte 
injury   
 
Addition                                         (%∆ψm) 
                                  (Incubation Time)  5 min  15 min  60 min 
             
None       2±1  3±1  4 ±1 
Arsenite (50 µM)     51±4 a  62±5 a  77±7 a 
+Catalase (200 u/ml)     45±4  58±1   72±1   
+Mannitol (50 mM)     46±5   58±1   66±1  
+DMSO (150 µM)     44±4  57±2   70±1    
 
+Carnitine (2 mM)     11±1 b  10±1 b   9±1 b  
+Cyclosporin A (2 µM)    12±2 b  12±2 b   6±1 b  
+Trifluoprazine (15 µM)    11±2 b  12±2 b   11±2 b   
 
+Methionine (1 mM)     11±2 b  14±1 b  18±2 b  

+Betaine (2 mM)     10±2 b  14±1 b  16±2 b 
+Folic acid (100µM)      9±1 b  12±2 b  17±2 b  

+Methylcobalamine (4 µM)    11±1 b  12±1 b  16±2 b 
 
+Sodium selenite(4 µM)    73±6 b  88±7 b  100 b 
+Hydrazine (8 mM)     76±8 b  92±8 b  100 b 
 
+Fructose (10 mM)     11±2 b  13±1 b  15±2 b 
+Xylitol (10 mM)     11±1 b  11±1 b  18±2 b  

+L-glutamine (1 mM)    8±1 b  11±1 b  12±1 b 
 
+GSH (2 mM)     12±1 b  13±1 b  14±1 b  
 
GSH depleted hepatocytes    6±1  6±1  7 ±1  
+Arsenite (50 µM)     61±2 b  78±1 b  88±2 b  
 
Hepatocytes (106 cells/ml) were incubated in Krebs-Henseleit buffer pH 7.4 at 37°C.  
Mitochondrial membrane potential was determined as the difference in mitochondrial uptake of the rhodamine 123  
between control and treated cells and expressed as fluorescence intensity unit (14).  
GSH depleted hepatocytes were prepared as described by Khan and O'Brien, 1991(27). 
Values are expressed as means of three separate experiments (S.D.) 
a: Significant difference in comparison with control hepatocytes (P < 0.001) 
b: Significant difference in comparison with metal treated hepatocytes (P < 0.001) 
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Table 3. Mitochondrial membrane potential decrease and caspase-3 activity increase 
during arsenite induced hepatocyte injury   
 
Addition                                       (%∆ψm)  Caspase-3 activity 
                                  (Incubation Time)  1 hr    1 hr 
             
None       4 ±1    9 ±1 
Arsenite (5 µM)                11±1a    36±6a  

Arsenite (10 µM)                25±2a    108±8a   
Arsenite (25 µM)                43±2a    234±11a  
Arsenite (50 µM)                77±7a    387±19a   
 
+Carnitine (2 mM)      9±1 b    35±3b 
+Cyclosporin A (2 µM)     6±1 b    28±2b 
+Trifluoprazine (15 µM)     11±2 b    39±3b  
 
+Methionine (1 mM)     18±2 b    38±2b    

+Betaine (2 mM)     16±2 b    39±1b 
+Folic acid (100µM)     17±2 b     33±2b 

+Methylcobalamine (4 µM)    16±2 b    38±2b 
 
+Fructose (10 mM)     15±2 b    37±3b 
+Xylitol (10 mM)     18±2 b     37±1b 

+L-glutamine (1 mM)    12±1 b    32±2b 
 
+Dithiothreitol (1 mM)    17±2 b    39±4 b   
 
Hepatocytes (106 cells/ml) were incubated in Krebs-Henseleit buffer pH 7.4 at 37°C.  
Mitochondrial membrane potential was determined as the difference in mitochondrial uptake of the rhodamine 123  
between control and treated cells and expressed as fluorescence intensity unit (14).  
Caspase-3 activity (µm pNA/ min/ ml) was determined using Caspase-3 assay kit (sigma), based on the release of 
pNA from a caspase-3 substrate.   
Values are expressed as means of three separate experiments (S.D.) 
a: Significant difference in comparison with control hepatocytes (P < 0.001) 
b: Significant difference in comparison with arsenite 50 µm treated hepatocytes (P < 0.001) 
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Table 4. Preventing arsenite induced hepatocyte cytotoxicity, ROS formation and lipid 
peroxidation by ATP generators , MPT pore sealing agents and methyl modulators 
  
Addition                                          %Cytotoxicity       “DCF”                     “ TBARS” 
 
      3h  3h                3h  
None      20±2  79±5              0.41±0.05 
Arsenite (50 µM)    76±8 a  165±6 a  2.62±0.08 a 
+Fructose (10 mM)    35±5 b  129±5 b  1.35±0.15 b 
+Xylitol (10 mM)    35±5 b  109±5 b  1.35±0.65 b 
+L-glutamine (1 mM)   33±5 b  101±3 b  1.15±0.11 b 
 
+Dimercaptosuccinic acid (100 µM) 37±4 b  105±6 b  1.37±0.26 b 
+Dithiothreitol (1 mM)   35±5 b  129±5 b  1.38±0.85 b 
 
+Methionine (1 mM)    33±3 b  99±5 b   1.25±0.15 b 

+Betaine (2 mM)    37±4 b  103±5 b  1.31±0.09 b 
+Folic acid(100 µM)              36±2 b  104±5 b  1.17±0.11 b 
+Methylcobalamine (4 µM)   36±3 b  101±5 b             1.25±0.16 b 

 
+Sodium selenite (4 µM)   97±6 b  221±7 b  3.49±1.11 b 
+Hydrazine (8 mM)    100 b             230±7 b  3.52±1.08 b  
 
+Carnitine (2 mM)    33±6 b  111±6 b  1.18±0.08 b  
+Cyclosporin A (2 µM)   36±8 b  105±6 b  1.42±0.07 b  
+Trifluoprazine (15 µM)   35±5 b  109±5 b  1.35±0.15 b 
   
Hepatocytes (10 6 cells/ml) were incubated in Krebs-Henseleit buffer pH 7.4 at 37C for 3.0 hrs following 
the addition of sodium arsenite.  Cytotoxicity was determined as the percentage of cells that take up  trypan 
blue (10). 
DCF formation was expressed as fluorescent intensity units (12). TBARS formation was expressed as µM 
concentrations (13).  
Methionine synthase in activated hepatocytes were prepared by preincubation of hepatocytes with 8mM hydrazine 
monohydrate (28). Methyl trasferase of the hepatocytes were inactivated by preincubation of hepatocytes with 
4µMsodium selenite  (29). 
Values are expressed as means of three separate experiments (S.D.) 
a: Significant difference in comparison with control hepatocytes (P < 0.001) 
b: Significant difference in comparison with metal treated hepatocytes (P < 0.001) 
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Table 5. Effect of lysosome inactivators on arsenite induced hepatocyte cytotoxicity, “ROS” 
and TBARS generation 
Addition                                     %Cytotoxicity    “DCF”             “TBARS” 
                   3h      3h  3h  
None      20±2   79±5  0.41±0.05 
Arsenite (50 µM)    76±8 a   165±6 a 2.62±0.08 a 
+Monensin (10 µM)    75±5    169±5   2.35±1.15  
+Methylamine (30 mM)   75±5    165±7   2.31±1.85  
+Chloroquine (100 µM)   75±4    167±8   2.45±1.14                      
 
Hepatocytes (10 6 cells/ml) were incubated in Krebs-Henseleit buffer pH 7.4 at 37C for 3.0 hrs following 
the addition of sodium arsenite.  Cytotoxicity was determined as the percentage of cells that take up  trypan 
blue (10). 
DCF formation was expressed as fluorescent intensity units (12). TBARS formation was expressed as µM 
concentrations (13).  
Values are expressed as means of three separate experiments (S.D.) 
a: Significant difference in comparison with control hepatocytes (P < 0.001) 
b: Significant difference in comparison with metal treated hepatocytes (P < 0.001) 
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