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ABSTRACT 

Seven prospective biological indicators of systemic 

toxicity were examined at time points ranging from 15 

minutes to 24 hours using male Sprague-Dawley rats, B6C3F1 

mice, Golden-Syrian hamsters and Hartley guinea pigs 

following intraperitoneal dosing with 0.1 mg/kg and 1. 0 

mg/kg sodium arsenite. Rats and mice were also dosed with 

1.0 mg/kg sodium arsenate. Pyruvate dehydrogenase (PDH) 

activity was significantly depressed at early time points in 

mice, hamsters and guinea pigs and at later time points in 

rats dosed with arsenic (III). Rats and mice dosed with 

arsenic (V) also exhibited PDH depression at early time 

points. Uroporphyrin and coproporphyrin excretion was 

elevated in mice following arsenic (III) dosing. 

Coproporphyrin excretion was elevated in rats following 

arsenic (V) dosing. Blood glucose, creatinine, urea 

nitrogen and creatinine were unchanged by arsenic dosing. 

Based upon the amount and types of biological responses 

observed, the mouse appears to be the most sensitive animal 

model for the further study of arsenic toxicity. 

xii 



CHAPTER 1 

INTRODUCTION 

Arsenic is a group V element which has many uses 

in our society including agricultural (pesticides and 

feed additives), wood preservatives, glass production 

and electronics. It is also present in the environment 

as a by-product of ore smelting processes and energy 

production. Arsenic has been found in oxidation 

states varying from -3 to +5. The most common form 

produced by industrial processes is arsenite (As 

(III)), but this form is oxidized to arsenate (As (V)), 

which is the most predominent form encountered in the 

environment (NAS,1977). As (III) and As (V) have very 

different biochemical and toxicological effects. As 

(III) acts as a toxin by preferentially binding protein 

groups containing sulfhydryls. This causes 

inactivation of certain enzymes such as the pyruvate 

dehydrogenase complex (Webb, 1966). 

As (V) has been postulated to be an uncoupler of 

oxidative phosphorylation (Fowler, 1977). Arsenate 

does not readily react with sulfhydryls, but has been 

shown to substitute for phosphate in many biological 

reactions (Webb, 1966). In vitro studies, (Gresser, 
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1981) have shown that arsenate can replace phosphate in 

the oxidative phosphorylation reaction to form 

ADP-arsenate. This product spontaneously hydrolyzed 

without forming ATP and appeared to be the mechanism by 

which arsenate acted as an uncoupler of oxidative 

phosphorylation. 

TOXICITY 

The chemical species of arsenic appears to be the 

major determinant of its toxicity. The mechanisms of 

toxicity of the common valence states of arsenic may 

explain these differences in toxicities. Toxicity of 

the solid forms of arsenic has been shown to be 

affected by particle size, physical state, (Schwartze, 

1923; Harrisson et al. , 1958), purity, and solubility 

(Harrison et al., 1958; Done and Peart, 1971; NAS, 

1977). There were species and strain differences in 

susceptibility to acute arsenic poisoning (Harrison et 

al., 1958). The relative toxicities of some of the 

inorganic arsenicals are: AsH3 > As(III) > As(V). 

Methylated metabolites of inorganic arsenicals have 

been shown to be up to 200 times less toxic than 

arsenite, based on LD3a data (NAS, 1977; Done and 
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Peart, 1971; Venugopal and Luckey, 1977; Hood et al., 

1982). 

Arsine: Arsine has been shown to be the most 

toxic inorganic arsenic compound yet investigated 

(Vallee et al., 1960; Vengopal and Luckey, 1977). 

Although arsine does not occur naturally, this 

trihydride gas is a potential source of industrial 

arsenic intoxication. Arsine intoxication in man has 

been characterized by nausea, abdominal pain, vomiting, 

and shortness of breath followed by hemoglobinurea and 

jaundice (Kipling and Fothergill, 1964). Pulmonary 

edema after inhalation of arsine has been described 

(Vengopal and Luckey, 1978). The action of hemolyzing 

red blood cells to cause anemia explains the major 

toxic manifestations, which are cyanosis and 

asphyxiation (Vallee et al., 1960, Hammond and Beliles, 

1980). The cause of death in severe exposures was 

acute renal failure due to the presence of hemoglobin 

casts in renal tubules which, in turn, lead to blockage 

of the tubules (Fowler and Weissburg, 1974) or 

disturbance of the vascular bed. 

Red blood cell hemolysis induced by arsine may 

have been due to its reducing capacity (Dean, 1979) or 
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to denaturation of the hemoglobin by the binding of 

oxidized glutathione (Cohen and Hochstein, 1964). 

Trivalent arsenic: Arsenite has been shown to be 

more toxic than arsenic (V) (Franke and Moxon, 1936; 

Byron et al. , 1967). The impaired metabolic activity 

observed was probably due to the affinity of As (III) 

for hydroxy and thiol groups. Arsenite binds 

preferentally to vicinal sulfhydryl groups, 1, 3 

dithiols and 2-monothiols to form stable complexes. 

Reaction of trivalent arsenic with sulfhydryl-

containing enzymes has been shown to lead to alteration 

of proteins (NAS, 1977). Most catalytic activities 

hindered by arsenicals occurred in enzymes with two 

sulfhydryl groups in spatial proximity to each other 

(Thompson, 1948). There is a wide variety of such 

enzymes: fumarase, monoamine oxidase, choline oxidase, 

glucose oxidase, urease, and alanine and aspartate 

amino transferases. The pyruvate dehydrogenase 

multienzyme complex (PDH) and succinate enzyme system 

have been shown to be especially sensitive to arsenite 

(NAS, 1977; Vallee et al., 1960; Webb, 1966; 

Schoolmeester and White, 1980). 

The PDH complex is integral in the oxidative 

decarboxylation of pyruvate leading to acetyl CoA 
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production. The actual inhibition of the PDH complex 

has been postulated to be due to depletion of the 

lipoate cofactor (Schoolmeester and White, 1980). This 

cofactor is also required for the formation of succinyl 

CoA from alpha-ketoglutarate. The citric acid cycle 

cannot function properly without adequate acetyl CoA 

levels. Depletion of electron carrier products (NADH 

and FADHe ) of the Krebs cycle causes uncoupling of 

mitochondrial oxidative phosphorylation resulting in 

cell death. 

Pentavalent Arsenic; Arsenate has been shown to be 

generally less toxic than As (III); LD 73 for As (III) 

is 4.25- 4.75 mg/kg. As (V) LD 7s is 14.0-18.0 mg/kg in 

rats, (Franke and Hoxon, 1936). Similar results were 

obtained in dogs (Byron et al., 1967). 

The mechanism of action of arsenic (V) is less 

clearly understood than that of As (III). It does not 

readily react with biologically active sites of most 

enzymes (Webb, 1966). It appears to compete with 

phosphate in biological reactions (Webb, 1966) and to 

uncouple oxidative phosphorylation (Gresser, 1981). It 

may exert a toxic effect following enzymatic or 

nonenzymatic reduction to arsenic (III) in some part of 

the cell . 
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Methylated arsenicals: The predominant metabolites 

of inorganic arsenicals in most species of animals are 

methylated compounds. Methylated metabolites of 

arsenic (III) and arsenic (V) have been shown to be 

less toxic than the parent compounds (Done and Peart, 

1971; Venugopal and Luckey, 1977; Hood et al. , 1982). 

Manifestations of Inorganic Arsenic Exposure. 

Effects of acute exposure to arsenite and arsenate 

differ from those of chronic exposure. High-dose 

single inhalation exposure has caused extensive 

irritation of the respiratory tract (Fowler, 1979). 

Acute oral exposure to arsenite has been shown to 

damage the stomach and upper gastrointestinal mucosa 

(Klevay, 1978). Signs of acute oral intoxication are 

nausea, vomiting, diarrhea and salivation (Klevay, 

1976). Ingestion caused irritation of the mucosa and 

g.i. tract (Stokinger, 1981). Chronic oral exposure 

has been shown to produce anorexia, weight loss, 

lesions of mucous membranes, dermatitis, encephalitis, 

peripheral neuropathy and damage to bone marrow 

(Vengopal and Luckey, 1978). 

Epidemiological evidence has suggested that 

arsenic may be carcinogenic to humans (Lee and 
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Fraumeni, 1969; Blot and Fraumeni, 1975; Pershagen, 

1981; Welch et al., 1982). Studies have shown 

correlations between exposure and subsequent 

development of cancers of the skin and respiratory 

tract. Most of the data was collected using subjects 

who had occupational and/or environmental exposure to 

arsenic released from ore smelting or arsenicals used 

as pesticides. Animal studies have failed to 

corroborate the human results. Neither arsenite or 

arsenate have been shown to be mutagenic by the Ames 

Salmonella bacteria test (Lofroth and Ames, 1978). 

Arsenic has been hypothesized to interfere with the DNA 

repair processes or immunological responses, thus 

acting as a cancer promoter (Rossman et al. , 1977; 

Vengopal and Luckey, 1978), but the mechanisms were not 

proposed. 
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METABOLISM 

Mammals have been shown to metabolize inorganic 

arsenic via two biochemical pathways: 1) 

oxidation-reduction reactions and 2) biomethylation. 

Oxidation-reduction reactions: In vivo 

reduction was demonstrated by Rowland and Davies (1982) 

when arsenate dosed rats excreted arsenite in the 

urine. The same phenomenon was shown in studies by 

Vahter and Enval (1903), using mice and rabbits. The 

oxidation of arsenite to arsenate by mice was also 

reported by Benko (1976) in an uncontrolled experiment. 

Lindgren (1982) administered arsenic (III) to mice and 

hamsters and found radiolabeled As in the skeletons of 

the animals, indicating in vivo oxidation of As (III)" 

to As (V) and the subsequent replacement of phosphate 

by the arsenate formed. 

Biomethylation: Mammals have been shown to 

effectively methylate inorganic arsenic to monomethyl, 

dimethyl or, rarely, trimethyl metabolites. 

Monomethylarsinic acid (MMAA) is a dibasic acid with 

pKa values of 4.1 and 8.7 (NAS,1977). Dimethylarsinic 

acid (DMAA) has a pKa of 6.2 (NAS,1977). Both 
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metabolites would be ionized at physiological pH, which 

would affect excretion and cellular uptake. DMAA has 

been shown to be the major urinary metabolite (60/C) in 

man (Crecelius, 1977; Tarn et al. , 1979; Buchet et al. 

1980, 19Q1). The remaining arsenic was excreted as 

approximately 20 '/. MMAA and 20% inorganic arsenic. 

Other mammals also formed DMAA as the major urinary 

metabolite of inorganic arsenic, although there was 

little information on the formation of MMAA. These 

results were obtained in the rat (Odenaka, 1980; 

Vahter, 1981; Rowland and Davies, 1982), the mouse 

(Odanaka et al., 1980; Vahter and Norin, 1980; Vahter, 

1981), the hamster (Charbonneau et al. , 1980; Qkanaka 

et al., 1980), the rabbit (Odanaka et al., 1980; 

Bertolero et al., 1981), the cat (Odanaka et al., 

1980), and the dog (Tam et al., 1978). A 

trimethylarsenic compound (TMA) has been proposed as an 

additional metabolite in some species. Hamsters 

administered DMAA excreted TMA in the urine (Yamauchi 

and Yamamura, 1984). The extent and rate of 

biomethylation has been shown to be dependent upon the 

valence state of the arsenic, the dose level and the 

route of administration, as well as the animal species 
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(Vahter, 1981; Vahter et al., 1982; Marafante and 

Vahter, 1983). 

The Marmoset monkey was shown to be an exception 

to the prevailing rules governing arsenic metabolism 

(Vahter, et al. , 1982). This monkey did not seem to 

methylate arsenic at all. These animals also showed a 

longer period of elimination when exposed to inorganic 

arsenic. 

Gut microflora did not seem to significantly 

contribute to the in vitro biomethylation of arsenic 

.(Rowland and Davies, 1982). Using in vitro incubation 

of gut content with arsenic, small amounts of DMAA and 

MMAA were found. The production of these compound was 

attributed to bacteria, since autoclaving the mixture 

eliminated the metabolism. The rate of production of 

the methylated metabolites was slow and could not, 

therefore, have contributed significantly to the levels 

of jnethylation observed. 

The liver has been shown to be the most likely 

primary site of arsenic metabolism. Lerman and 

Clarkson (1982) reported that there was a quantitative 

difference in the hepatic uptake of arsenic (III) and 

arsenic (V). They were able to demonstrate that 

isolated hepatocytes took up 14-33 '/. of arsenic (III) 
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but less than 2% of arsenic (V). DMAA quickly 

appeared in the incubation medium with arsenite but 

failed to appear in that with arsenate. In another in 

vitro study, Lerman and Clarkson (1983) found DMAA 

present in the medium of the hepatocytes and liver 

slices exposed to arsenite, but absent in the ones 

exposed to arsenate. However, kidney slices exposed to 

arsenite showed five times less DMAA than kidney slices 

exposed to arsenate. Therefore, this study concluded. 

As (III) appears to be methylated in both the liver and 

kidney and As (V) may be methylated only in the kidney. 

The mechanism of methylation is not well 

understood, but the most popular theory states that the 

valence state of the inorganic arsenic is critical for 

this reaction; i.e., arsenic (V) must be reduced to 

arsenic (III) before methylation can occur (Wood, 1974; 

Wood et al., 1978). Vahter and Envall (1983) reported 

that arsenic (III) appeared in urine before DMAA when 

rabbits were exposed to inorganic arsenic (V). When 

arsenic (III) is present, Ridley et al. (1977) and Wood 

et al. (1978) suggested methylation of metalloids 

occurred by the nucleophilic or free radical attack by 

such a reduced metalloid salt on S-adenosylmethionine 

(SAM) or methyl- B12. This hypothesis has been 
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supported by the data of Marafante and Vahter (1983). 

They demonstrated that periodate-oxidized adenosine, a 

known inhibitor of methyl transferase, significantly 

decreased methylation of arsenic in mice and increased 

hepatic retention of total arsenic. Therefore, arsenic 

can act as a substrate for methyl transferase. The 

reverse reaction, in vivo demethylation of MMAA and 

DMAA, is not likely. <Buchet et al. 1981; Stevens et 

al. 1977) 

ABSORPTION 

Gastrointestinal absorption of arsenic has been 

shown to occur following both ingestion or inhalation, 

since mucociliary clearance of inhaled particles can 

result in oral deposition. Undissolved particles of 

arsenic reaching the GI tract may be solubilized. 

Dissolution is known to be affected by particle size 

(Schwartze, 1923) and would certainly be dependent upon 

other factors, such as pH and gut motility. 

Human data indicate that more than BQ'/. of an oral 

dose of arsenic (III) can be absorbed (Coulson, 1935; 

Crecelius, 1977; Buchet et al. , 1981). Similar 

results were reported in a variety of animal species 
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(Coulson, 1935; Creciluis, 1977; Charboneau et al., 

1978; Vahter and Norin , 1980; Vahter, 1981). The 

valence state of the inorganic arsenic has been shown 

to be unimportant in absorption, since similar 

absorption data has been reported with arsenic <V) (Tarn 

et al., 1979; Pomroy et al. , 1980; Charboneau et al., 

1979; Odanaka et al, 1980; Vahter and Norin, 1980; 

Vahter, 1981; Rowland and Davies, 1982). In the 

hamster, 64 '/. of an oral dose of arsenic (V) was not 

absorbed (Charbonea et al. , 1980). 

Other routes of administration have been 

investigated. Dutkiewicz (1977) demonstrated that the 

route of administration affected absorption of arsenic 

(V) with intravenous = intratratracheal > 

gastrointestinal > dermal routes of exposure. 

Pulmonary exposure has been investigated in mice by 

<Benko and Symon, 1970) and humans (Rosenshtein, 1970; 

Smith et al. , 1977). Methylated metabolites may be 

absorbed from the gastrointestinal tract (Odanaka, 

1980; Rowland and Davies, 1982; Buchet et al., 1981.) 
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DISTRIBUTION 

Following absorption, arsenic is quickly 

distributed by the blood to other parts of the body. 

Arsenic administered as As (III) and As (V) has a 

strong and atypical affinity for the rat erythrocyte 

(Hunter et al., 1942; Cikrt and Bencko, 1974). This 

binding has been shown to be dependent on the 

metabolism of inorganic As to DMAA (Rowland and Davies, 

1982). Due to this strange distribution phenomenon, it 

has been concluded by the National Research Council 

that the rat is not an appropriate model for the study 

of systemic arsenic toxicity. It must be emphasized at 

this point that the problem with the use of the rat as 

an animal model for the study of arsenic toxcicity lies 

in the inability of the rat to excrete arsenic, not in 

a deficiency in arsenic metabolism. Inorganic arsenic 

preferentially distributes to the liver, kidneys, bile, 

spleen, intestinal mucosa, lungs and blood in rats 

(Hunter et al. 1942; Klaassen, 1974; Cikrt and Bencko 

et al., 1974; Odanaka et al., 1980; Rowland and Davies, 

1982). With the exception of the blood profile, the 

distribution in other species resembled that of the 

rat. Following i.v. infusion in mice with As (V), the 
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dose distributed to the same organs and was eliminated 

within 24 hours. (Lindgren et al. , 1982; Deak et al. , 

1976; Vahter and Korin, 1980). The distribution of As 

(III) does not differ from As (V) at early time points 

(Vahter and Norin, 1980; Bertolero et al., 1981; 

Lindgren et al. , 1982). It has been shown, however, 

that As (III) has greater affinity for the skin than As 

(V) and is excreted faster in the bile of rats (Vahter 

and Norin, 1980; Lindgren et al., 1982). This skin 

affinity is probably due the sulfhydryl groups in 

keratin. (Sun et al., 1979). Similar distribution has 

been reported in the guinea pig, chimpanzee, baboon, 

(Hunter, 1942), marmoset monkey (Vahter et al. , 1982;) 

and man (Mealey et al., 1959). 

EXCRETION 

The elimination of absorbed inorganic arsenic is 

primarily via urinary, biliary, and fecal routes. The 

relative importance of these routes depends upon the 

dose, route of exposure, valence state and species. 

Hair and nails have been demonstrated to be less 

important routes of elimination (Shapiro, 1967). Skin 



16 

elimination through desquamation was shown to be the 

least important route (Molin and Wester, 1976). 

Urinary excretion: Following parenteral 

administration, man eliminates 60-90 /. of the dose of 

As (III) in 9 days (Mealey et al., 1959). Similar 

results have been seen in studies conducted with cats 

(Odanaka, et al., 1980), rabbits (Odanaka et al., 1980; 

Bertolero et al. , 1981), hamsters (Charboneau et al., 

1980; Odanaka et al. , 1980),and mice (Odanaka et al. , 

1980). Vahter and Norin, (1980) showed that the amount 

of urinary excretion depends on the valence state. As 

(V) excretion in the mouse was greater than As (III). 

Cikrt et al. (1980) obtained the same results with the 

hamster. In man, 50-80/4 of ingested inorganic arsenic 

was recovered in the urine in 3-7 days with both As 

(III) and (V), (Crecelius, 1977; Tam et al. , 1979; 

Pomroy et al,. 1980; Buchet et al., 1981). Similar data 

has been reported with the Cynomologus monkey 

(Charbonnea et al., 1978) and mouse (Vahter and Norin, 

1980). A comparison of the effect of dose route 

indicates oral dosing results in decreased urinary 

excretion and increased fecal excretion of arsenic when 

compared to parenteral dosing in the mouse, hamster and 

rat (Odanaka, 1980; Charbonneau et al., 1980). 
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Biliary excretion: Biliary excretion has been 

shown to be affected by the valence state, with As 

(III) excreted faster than As (V) in rats (Cikrt and 

Bencko , 1974). The same result occurs with mice given 

arsenic orally (Vahter and Norin, 1980) and i.v. 

(Lindgren et al., 1982). The results were confirmed in 

hamsters (Cikrt and Bencko, 1980). The rats excreted 

arsenic into the bile faster than dogs and rabbits 

(Klassen, 1974), mice (Vahter and Norin, 1980), and 

hamsters (Cikrt et al. , 1980). 

Fecal excretion: less than 10 '/. of parenterally 

administered inorganic arsenic was shown to be excreted 

in the feces of man (Mealey et al. , 1959), and other 

animals (Klaassen, 1974; Odanaka et al. , 1980; 

Bertolero et al., 1981; Vahter et al., 1982;). This is 

not dependent on arsenic valence states, therefore, 

enterohepatic recirculation is significant. 

Inhibition of methylation by inhibiting 

S-adenosyl- homocysteine hydrolase by 

periodate-oxidized adenosine (PAD) has been 

demonstrated by Hoffman (1980). According to the 

author, this method should specifically reduce the 

ability of S-adenosylmethionine to become a methyl 

group donor. The author does note, however, that the 
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hydrolase may not have been completely inhibited in his 

study and the rapid decrease in the S-adenosyl-

methionine/S-adenosylhomocysteine ratio may be 

inhibiting some other methyltransferases. This 

relatively non-specific inhibition of any 

methyltransferase in which S-adenosylhomocysteine 

participates as a substrate or as an effector was also 

demonstrated by Cantoni et al. (1979). 

BIOLOGICAL INDICATORS OF TOXICITY 

Though the common biological effects of arsenic 

exposure are well known, very few attempts have been 

made to assess the effects of arsenic exposure through 

the use of in vivo biological changes. Almost all of 

the work done with the inhibition of enzymes, protein 

binding and other assays of toxicity has been performed 

using isolated systems of enzymes or cells. The 

results of Lerman and Clarkson (1982), which showed 

quite different uptake rates of arsenite and arsenate 

by isolated hepatocytes, would indicate a need for 

further research using in vivo techniques to determine 
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the actual form of arsenic causing the toxic responses 

in the animal. 

Gallium arsenide is an arsenic-containing 

semiconductor material in common use. Intratracheally 

instilled GaAs particles have been shown to cause 

severe pulmonary changes in rats (Webb, 1984). The 

species of arsenic that induces the toxicity of this 

compound is not known, but if biological indicators 

could be developed to differentiate between As (III) 

toxicity. As (V) toxicity and arsine toxicity, then it 

might be possible to determine the intermediate for 

GaAs effects. Following exposure to As (III) or As 

(V), several biological indicators could be monitored 

to detect subacute biological changes and possibly 

differentiate between the effects of different species 

of arsenic. 

An ideal biological indicator of arsenic 

exposure would show significant changes upon very low 

dose exposure and would respond quantitatively in a 

different manner to each different species of arsenic. 

Several biological indicators of arsenic exposure could 

be used in a panel to check for changes in an animal. 

This panel of tests could then be used to assess a 
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given animal model for its appropriateness for arsenic 

toxicity studies. 

Hematocrit: Red blood cell hemolysis caused by 

arsenic exposure may result in lowered hematocrits in 

experimental animals. A resultant anemic state could 

easily be detected by performing hematocrit testing on 

animals following exposure to arsenic. 

Glucose; Blood glucose concentrations are 

controlled by a variety of enzymes. Several of these 

enzymes have been shown to be sensitive to arsenic 

exposure (Webb, 1966). Arsenic exposure then could 

cause in vitro species- specific alterations of glucose 

levels. 

Creatinine: Creatinine is a waste product of 

creatine phosphate metabolism. In the healthy animal, 

it is eliminated through renal clearance so as to 

maintain a low level in the blood at all times. 

Damaged kidneys following arsenic exposure would result 

in increased blood creatinine levels. 

Urea Nitrogen; Blood urea nitrogen is a waste 

product of protein catabolism. Urea nitrogen is 

eliminated by the kidneys. Kidney damage caused by 
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exposure to arsenic would result in measurably 

increased blood urea nitrogen levels. 

Pyruvate Dehydrogenase; Pyruvate dehydrogenase 

(PDH) activity has been shown to be significantly 

depressed by arsenic exposure (Stine et al., 1985). 

This depression is thought to be due to As(III) binding 

of sulfhydryls in one component of the enzyme complex. 

The in vitro changes in PDH activity may be more 

sensitive to some species of arsenic than others. 

Porphyrins; Porphyrins are products of heme 

formation and are normally excreted in the urine. It 

was shown that the level of porphyrin excretion and the 

ratio of coproporphyrin to uroporphyrin were altered 

following exposure of arsenic (Webb, 19Q4; Woods and 

Fowler, 1978). The excretion of these porphyrins may 

be a good indicator of low level arsenic exposure in 

some species of animals. 

ANIMAL MODEL ASSESSMENT 

Several parameters are important in choosing the 

best animal model for the study of arsenic toxicity. 

Of primary importance is the degree to which the model 

mimics the effects shown in man. This requires the 
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animal to have metabolic, distribution and excretion 

functions similar to man's. For example: the marmoset 

monkey would not be a good animal model for the study 

of arsenic toxicity since it does not methylate arsenic 

as a primary metabolic pathway. For a similar reason, 

rats are not a good model, since they have a very 

atypical distribution and elimination pattern. 

Another factor that is important in the choice of 

an appropriate animal model is the biological responses 

of that animal following arsenic exposure. The ideal 

model would respond quickly and measurably to arsenic 

exposure with several of the biological indicators of 

toxicity used in the experiment. It would also have a 

different response to each different species of 

arsenic. 

Finally, factors that are of lesser importance but 

can be considered for convenience are the tissue mass 

available for analytical purposes, the volume of 

excrement, the ease of handling and the cost of the 

animal. 

Rats: The rat is readily available, relatively 

inexpensive and easy to handle. They are large enough 

to yield a good amount of tissue for analysis. It 

should be noted that, though rats metabolize arsenic in 
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much the same manner as many other species, they show a 

very atypical distribution and elimination of the DMAA 

metabolite. This metabolite preferentally binds the 

red blood cell and is excreted very slowly. For this 

reason, the LDS a for arsenic containing compounds is 

generally higher in rats than in other species (NAS, 

1977). 

Mice: The mouse is plentiful and inexpensive. 

Mice demonstrate arsenic distribution and excretion 

profiles which are more typical of man's than do rats. 

In addition, the metabolism of arsenic in the mouse 

resembles the metabolism of arsenic by numerous other 

species. The small size of the mouse is the major 

deficiency of this animal for use as an animal model. 

Because of its small size, only a limited amount of 

tissue and excrement is available for analysis from 

each animal. 

Hamsters; The hamster has been used extensively 

to study the metabolism of arsenic. It is somewhat 

more expensive than rats and mice, but is readily 

available and easy to care for. This species also has 

metabolic, distribution and excretion profiles that 

resemble most other species. The value of the hamster 

as an animal model is limited by its small size and its 
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small urinary output. To conserve water in its system, 

the hamster concentrates its urine so there is very 

little urine available for analysis at early 

experimental time points. 

Guinea pigs: The guinea pig is another animal 

that has typical arsenic metabolism, distribution and 

excretion profiles. It is larger, so tissue mass is 

not as much of a limiting factor in biological assay. 

It is available and easy to house, but is relatively 

expensive and must have a special diet. This animal 

has a high body fat content, which makes it hard to 

work with if anesthesia is used. 

Summary 

The task of determining the most appropriate 

animal model for the further study of arsenic compound 

toxicity necessitates the use of biological indicators 

of toxicity to test in vivo effects of low level 

arsenic exposure. Based upon the availability of 

animals, the cost and the available data base, rats, 

mice, hamsters and guinea pigs were chosen to carry out 

these experiments. Intraperitoneal dosing was chosen 

as the method of introducing arsenic to the animals to 
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ensure uniform dose quantity and reproducibility and 

for the relative simplicity of the procedure. 

The biological indicators used to test the animal 

models were chosen on the basis of expected changes in 

levels following arsenic exposure. All methods were 

rapid and relatively easily performed procedures that 

had been well established prior to the beginning of the 

experiment. 



CHAPTER 2 ' 

MATERIALS AND METHODS 

Unless otherwise specified, all chemicals were 

reagent grade. All the reagents used were low in 

arsenic content as impurities (less than 0.005X). 

Water used in the preparation of solutions was 

distilled deionized H80. All glassware, plastic tubes 

and bottles, and polypropylene tubes were washed with 

detergent and rinsed with tap water and distilled 

deionized water. The tubes, bottles and glassware wer 

oven dried before use. Polycarbonate metabolism cages 

(Econo-cages of Thomas Scientific catalogue # 1114-ALS 

Philadelphia, PA and Nalgene # 650-0100 from VWR 

catalogue, Phoenix, AZ) were washed with detergent and 

rinsed with tap water and deionized water between 

animal studies. 

26 
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Arsenic Analysis 

(Rosner, 1985) 

CHEMICAL REAGENTS 

Standards 

Arsenic!Ill)s Alfa products #88051 

(Thiokol/Ventrol Division, Danvers, MA) Arsenic(III) 

atomic absorption standard solution (914 ug/ml, 0.9/1 

(v/v) He SO* in He0) was used. 

Arsenic(V): Pfaltz and Bauer (Stamford, CN) # 

SO 4150 NaaHAsO*(7Ha0) was dissolved in a 20 % (v/v> 

HC1 and 5 '/. (v/v) He SO* solution to yield a stock of 

1000 ug As/ml (0.4615 g of NaeHAsO* (7He0) into 100 ml 

of acid solution). 

Acids 

All the concentrated acids were "Baker Analyzed" 

(J.T. Baker, Co., Phillipsburg, NJ). The acids used 

(HC1, HN03, He SO*, and glacial acetic acid) in the 

preparation of solvents were low arsenic concentrated 

stocks (Catalogue #9535, 9673, 9598, and 9507, 

respectively). 
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Reagents for Quantitation of Total Arsenic 

Sodium Iodide: Fisher "Certified" Nal (Fisher 

Chemical Co., # 5324, Fair Lawn, NY) was dissolved in 

water to prepare a 20'/. <w/v) solution (50 g Nal in 250 

ml He0). This solution was refrigerated during storage 

and discarded when the color changed. 

Sodium Borohydride: Alfa Products # 14122, 90% 

NaBH* 10/32 inch pellets were used for the arsine 

generation reaction. 

Potassium Dichromate: Primary Standard KeCr807 

(Mallinckrodt, Inc., # 6772, Paris, KY) was used during 

the wet acid digestion. 

Apparatus for the Quantification of Total Arsenic 

Atomic Absorption Spectrophotometer: An atomic 

absorption spectrophotometer (Instrumentation 

Laboratory, Inc., Model #IL151, Lexington, MA) fitted 

with an arsenic hollow cathode lamp was used for the 

arsenic analyses. The instrument was equipped with a 

deuterium lamp for background correction. Absorbance 

measurements were read at the maximal absorbance 

wavelength for arsenic (approximately 193.7 nm on this 
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instrument). The three slot burner head was positioned 

so the light from the arsenic lamp was about 0.5 cm 

above the head surface. The burner head was used to 

provide a nitrogen-entrained air-hydrogen flame. The 

Na flow rate was 3 L/min and the He flow rate was 1 

L/min. The signal output was recorded on a strip chart 

recorder set at 10 mV with chart speed of 0. 5 in/min. 

Hydride Generator: Arsine was generated in a 

three-neck 100 ml round bottom flask. The central neck 

was fitted with a two-hole rubber stopper and glass 

tubing which allowed Ne gas to enter the flask and 

effectivly purge the head space gases out the exit 

tube. The exit tube was attached to an inlet of the 

atomic absorption spectrophotometer, entering directly 

into the burner head. The flask's contents could be 

evacuated to a waste container via a one-way stopcock 

positioned on a side neck. The other side neck was 

fitted with a rubber stopper with a 3/8 inch bore hole 

which had a glass plunger inserted within the hole. 

This stopper served as the delivery system for the 

NaBH* pellet required for the production of Hs gas. 

Hotplate: Hotplates with dimensions 25 X 25 cm 

(Corning Model #PC-101, Corning, NY) were used to heat 

the samples for the wet acid digestion. Temperature 
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measurements of the hotplate surface were determined by 

heating a 28 x 28 x 7.5 cm aluminum block fitted with a 

thermometer holder. The dial setting of the hot plate 

was marked for the corresponding temperatures read on a 

standard mercury thermometer. 

Arsine Generation 

While the system was "closed" <all three necks 

were stoppered), the round-bottom flask was drained of 

any previous contents by opening the glass stopcock and 

pinching off the exit line to the burner head. The 

stopcock was then closed, the exit line was released 

and the rubber stopper with the glass plunger was 

removed. The glass plunger was pulled up a bit so a 

NaBH* pellet could be fitted snugly in the hole. The 

appropriate volume of sample was pipeted into the 

round-bottom flask filled with 4.25 N HCl, to make a 

final volume of approximately 20 ml. The system was 

closed by replacing the stopper. Once a stable 

baseline was achieved on the recorder, the plunger was 

depressed to introduce the pellet into the HCl solution 

containing sample. The constant N» flow carried the 

arsine and excess He produced to the burner head. Once 

the recorder returned to baseline, the procedure was 
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repeated. Each sample run was completed in about one 

minute. 

Calculations 

Arsenic levels were determined by measuring, to 

the nearest millimeter, noise corrected peak height and 

peak width (at half height) of the recorder response . 

The responses of appropriate blanks were subtracted 

from these values. All Nal reduced samples were 

quantified from a standard curve of arsenic(III) 

carried through the wet acid digestion. 

Wet Acid Digestion <Webb and Carter, 1984) 

While the hotplate surfaces were preheated to 

120-140 degrees C for 15 minutes, the sample solution, 

a boiling stone, approximately 30 mg KaCre07, and 3 ml 

of concentrated HN03 were sequentially added to an 

individual 25 ml Ehrlenmeyer flask for each sample to 

be analyzed. The samples were heated until their 

volume was reduced to about 1 ml. Samples should not 

be allowed to be heated to dryness since this may lead 

to loss of arsenic from spattering or vaporization. 

The flasks were removed and allowed to cool. The 

hotplate setting for the surface temperature was 

adjusted to 240-260 degrees C. and allowed to preheat 
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for 15 minutes. To each flask, 3 ml of concentrated 

He SO* was added. The samples were heated for an 

additional 30-40 minutes after the boiling stopped to 

vaporize excess HN03 and a pink precipitate was formed. 

Once the samples charred during the HaSO* heating, the 

flasks were removed from the heat and allowed to cool. 

The contents were quantitatively transferred into 50 ml 

polypropylene centrifuge tubes via a 40 mm glass 

funnel, which trapped the boiling stone. Aliquots (1 

ml) of 20% Nal were added to each tube and the final 

volume was brought up to 8 ml with He0. Samples were 

allowed to sit overnight before analysis. 

PORPHYRIN ANALYSIS 

CHEMICAL REAGENTS FOR PORPHYRIN ANALYSIS 

Porphyrin Standards 

A porphyrin acid chomatographic marker kit was 

used: Porphyrin Products (Logan, Ut), # CMK-1A. Each 

vial in the kit contains 10 nmoles of 8,7,6,5, and 4 

carboxyl porphyrins and was reconstituted with 1 ml IN 

HCl to yield 10 nmoles of each porphyrin per ml of HCl. 
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Coproporphyrin III: Porphyrin Products (Logan, 

Ut), # C-654-3. 1.32 mg was reconstituted with 4L IN 

HC1 to yield 0.5 pmole/ul. 

2 Vinyl, 4 Hydroxy-methyl deuteroporphyrin IX 

(internal standard): Porphyrin Products (Logan, Ut). 

1.6B mg was reconstituted with 0.5L IN HC1 to yield 8 

pmole/ul. 

Working standards: Appropriate volumes of each 

stock solution were diluted with IN HC1 to yield 1 

picomole (pm), 3 pm, and 5 pm of each porphyrin per 

injection into the HPLC. Each injection also contained 

10 ul of internal standard solution. All standards 

were made within 2 days of calibration of the 

instrument. 

Acid 

All concentrated HC1 was "Baker Analyzed" (J.T. 

Baker Co., Phillipsburg, NJ, Catalogue #9535). The acid 

was used in the preparation of standards and in 

porphyrin extractions. 

Buffer 

Phosphate buffer: A solution of 13.61 g sodium 

phosphate monobasic (NaHaPQ*(He0), Fisher Chemical Co., 

Philadelphia, PA (Catalogue # P-285) in 1 L He0 was 
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prepared. A solution of 22.82 g sodium phosphate 

dibasic (NaeHPO*), Mallinckrodt, St. Louis, MO 

(Catalogue # 7088) in 1 L Ha0 was prepared. The pH of 

the monobasic solution was adjusted to 6.86 by addition 

of the dibasic solution. 

Acetonitrile 

Acetonitrile: HPLC grade acetonitrile (Pierce 

Chemical Co., Rockford, IL, Catalogue # 48810) was used 

as a portion of the mobile phase in the HPLC separation 

of porphyrins. 

Saturated sodium acetate 

A saturated solution of sodium acetate (CH3C00Na> 

(Mallinckrodt, St. Louis, MO, catalogue # 7364) was 

prepared by placing sodium acetate into aqueous 

solution until crystals remained undissolved. 

Aqueous Extraction solution 

An aqueous extraction solution was prepared by 

adjusting the pH of 8.0 N HCL to 3.0 by adding 

saturated sodium acetate. 

Organic Extraction solution 

Organic extraction solution was prepared by adding 

150 ml fluorometric grade 1-Butanol (Harleco, 
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Philadelphia, PA catalogue # 64487) to 450 ml HPLC 

grade ethyl acetate. (Pierce Chemical Co., Rockford, 

IL. Catalogue # 50120). 

Apparatus for Quantitation of Porphyrins 

High Performance Liquid Chromatograph: A high 

performance liquid chromatograph (Specta Physics SP 

8700 pump and SP 4270 integrator. Spectra Physics 

Corp., San Jose, CA) equipped with a C-3 column 

(Beckman C-3 ultrasphere HPLC column, Beckman Corp., 

Fullerton, CA., catalogue # 3RTSC 559) was used for 

separation of porphyrins. The instrument was equipped 

with a fluorescence detector <Schoeffel Instrument 

Corp., Westwood, NJ. Model CTM 970) for the detection 

of separated porphyrins. Separation of porphyrins was 

achieved by using a mobile phase of phosphate buffer 

and acetonitrile. A concentration gradient of 0 to 90 

V. acetonitrile was used over a time period of 25 

minutes with a flow rate of 0. 75 ml/min. The detector 

was set with excitation at 400 nm and a 580 nm emission 

filter. 
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Extraction 

A volume of 50 ul of urine from experimental 

animals was added to a 15 ml screw cap tube containing 

3.0 ml of the aqueous extraction solvent and 20 ul of 

the internal standard mixture. A volume of 3.0 ml of 

the organic extraction solvent was then added to the 

tube and the contents mixed and centrifuged. The 

aqueous portion was then discarded and the organic 

phase evaporated to dryness under a Ne stream. The 

dried extract was then reconstituted with IN HC1 and 

injected into the HPLC. 

Calculations 

Porphyrin levels were determined by measuring peak 

height of the detector response. All porphyrins were 

quantified from a standard curve of the appropriate 

standard calculated with an internal standard method. 

Pyruvate Dehydrogenase <PDH) Activity Assay 

(Stine et. al, 1984) 

Chemical Reagents for PDH Activity Assay 
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Acid 

HC1 and Glacial acetic acid used were "Baker 

Analyzed" (J.T. Baker, Co., Phillipsburg, NJ, Catalogue 

# 9535 and 9507 respectively). 

Pyruvate 

Labeled pyruvate was prepared by adding 50 uCi 

1-'*C pyruvate (New England Nuclear, Boston, MA. 

Catalogue # NEC-255) to 55 ml 0.144% acetic acid. 

Carrier pyruvate was prepared by adding 237.6 mg 

pyruvic acid (Calbiochem, San Diego, CA, Catalogue # 

92112-4180) to 45 ml of 0.144 '/. acetic acid. On the 

day of analysis a working pyruvate mixture was prepared 

by mixing 1 part carrier with 3 parts radioactive 

pyruvate. 

Buffer 

Tris buffer, pH 8.13: The buffer was prepared by 

combining 8.04 g Tris-HCl, 5.94 g Tris Base (Sigma 

Chemical Co., St. Louis MO, Catalogue # T-3853 and 

T-1503 respectively), 0.20 g MgCle (J.T. Baker Co. 

Phillipsburg, NJ Catalogue # 2444-1) and 0.23 g CaCle 

(Mallinckrodt, St. Louis MO., Catalogue # 4092-X) and 

diluting to a volume of 500 ml. The pH was adjusted to 

8.13 with 12 N HC1. 
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EDTA 

EDTA solution was prepared fresh daily by diluting 

1.86 mg EDTA (Aldrich Chemical Co., Milwaukee, WI, 

Catalogue # 10631-3) to 50 ml with the pH 8.13 Tris 

buffer. 

Cofactors 

A cofactor mixture was freshly prepared each day 

of analysis and kept on ice until use. This mixture 

was prepared by adding together 12.6 mg cysteine HCl 

(Sigma Chemical Co. St. Louis, MO. Catalogue # C-7880), 

5.8 mg CoEnzyme A (Sigma Chemical Co. St. Louis, MO. 

Catalogue # C-3144), 3.7 mg thiamine pyrophosphate 

(Sigma Chemical Co., St. Louis Mo. Catalogue # C-8754) 

and 66.3 mg NAD*(Sigma Chemical Co., St. Louis, MO. 

Catalogue # N-0632) in 20 ml of the pH 8.13 Tris 

buffer. 

Sucrose 

A 0.25 M sucrose (Aldrich Chemical Co., Milwaukee, 

WI. Catalogue # 24,761-8) solution was prepared by 

diluting 42.7 g sucrose to 500 ml with d.d. water. 
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Trichloroacetic acid 

A 20% (w/v) trichloroacetic acid solution was 

prepared by diluting 20 g trichloroacetic acid (Fisher 

Chemical Co., Pittsburg, PA-, Catalogue # A-3220) to 

100 ml with d. d. water. 

Tissue Solubilizer 

Tissue solubilizer solution (Amersham, Arlington 

Heights, IL. Catalogue # 190620) was used to capture 

C0a evolved in the assay. 

Scintillation fluid 

Betaphase (WestChem, San Diego, CA., Catalogue # 

LSC-300) was used as a scintillation fluid. 

Apparatus for Pyruvate Dehydrogenase Activity Assay 

Liquid scintillation counter: A liquid 

scintillation counter (Beckman Instruments, Fullerton, 

CA. Model # LS 2800) was used to determine the amount 

of labeled C0e evolved from pyruvate by the PDH. DPM 

was calculated by the instrument using an internal 

quench curve. 

Water bath: A water bath (Precision Scientific 

Group, Chicago, IL., Model # 66722) was used to 
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incubate the tubes containing the assay of PDH 

activity. 

Assay Procedure 

A 9 mm X 75 mm test tube was set inside a larger 

15 ml test tube. The smaller test tube contained 

kidney homogenate, working pyruvate mixture and the 

reaction cofactors. A 0.5 cm piece of filter paper was 

saturated with Tissue Solubilizer, blotted and placed 

inside the larger test tube and outside the smaller 

test tube. The system was stoppered and incubated for 

15 minutes at 30 degrees C. The reaction was stopped 

by injection of TCA into the small test tube through 

the stopper. The test tubes were then allowed to set 

for 2 hours so the filter paper could absorb the C0a 

evolved by the PDH. The filter paper was placed in a 

scintillation vial and left in the dark for at least 2 

hours, then counted in the liquid scintillation 

counter. 

Calculations 

The disintegrations per minute <DPM) were 

normalized per mg of protein used in each test. The 

result of this calculation was then compared as a 
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percentage to the control to yield a percent of control 

final answer. 

Determination of Protein Content in Kidney Homogenate 

Chemical Reagents for protein quantitation. 

Standards 

Bovine serum albumin (BSA) (Sigma Chemical Co, St. 

Louis, Mo, Catalogue # 905-10) was used as a standard 

for all protein determinations. The stock standard (10 

g/L) was diluted with d.d. water to yield a 2 g/L 

working standard. The working standard was used to 

construct a standard curve. 

Reagents 

All reagents were supplied in kit form (Pierce 

Chemical Co., Rockford, 111., Kit # 23225). Reagent 

"A" consisted of sodium carbonate, sodium bicarbonate, 

bichinchoninic acid (BCA> and sodium tartrate in 0.2 N 

NaOH. Reagent "B" was composed of 4'/. CuS0*-5He0. A 

working reagent was prepared on the day of the assay by 

adding 1 part reagent "B" to 50 parts reagent "A". 
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Apparatus 

Spectrophotometer: A spectrophotometer (Beckman 

model # DU-40, Beckman Instruments, Fullerton, CA) was 

used to detect absorbance changes at 562 nm. 

Water Bath: A water bath (Precision Scientific 

Group, Chicago, IL., Model # 66722) was used to 

incubate test tubes at 37 degrees C. 

Assay 

The assay for protein consisted of adding tissue 

sample (or standard) to a test tube containing BSA 

working reagent, then incubating the mixture for 30 

minutes and reading the absorbance at 562 nm. This 

assay was found to obey Beer's law over the range of 

the protein concentrations. 

Calculations 

Protein concentration was calculated by plotting a 

standard curve of absorbance versus concentration and 

determining unknown concentrations from their 

corresponding absorbances. 
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Determination of Serum Glucose 

CHEMICAL REAGENTS FOR GLUCOSE DETERMINATION 

Reagents 

All reagents were obtained in kit form (Sigma 

Chemical Co., St. Louis, MO, Kit # 115). 

Standard: The glucose standard solution (Sigma 

Chemical Co., St. Louis, MO, Catalogue # 635-100) 

consisted of 100 mg/dL glucose in saturated benzoic 

acid solution. 

Glucose color reagent: The reagent used for color 

development was a glucose color reagent (Sigma Chemical 

Co., St. Louis, MO, Catalogue # 115-5) containing 

phenazine methylsulfate and iodonitrotetrazolium 

chloride. 

Glucose enzyme reagent: The enzyme reagent (Sigma 

Chemical Co., St. Louis, MO, Catalogue # 115-20) 

containing ATP, NADP, Mg, hexokinase and G-6-PD, was in 

lyophilized form and was reconstituted with d. d. water 

on the day of the assay. 

Acid: The HC1 used in the assay (J.T. Baker 

Chemical Co., Phillipsburg, NJ, Catalogue # 9535) was 

"Baker Analyzed". 
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Apparatus 

Spectrophotometer: A spectrophotometer (Beckman 

model # DU-40, Beckman Instruments, Fullerton, CA) was 

used to detect absorbance changes at 520 nm. 

Water Bath: A water bath (Precision Scientific 

Group, Chicago, IL., Model # 66722) was used to 

incubate test tubes at 37 degrees C. 

Assay 

The analysis of glucose is based on the hexokinase 

catalyzed conversion of glucose to glucose-6-phlosphate 

(G-6-P). This reaction is coupled with the subsequent 

reduction of nicotinamide dinucleotide phosphate (NADP) 

to NADPH by the action of glucose-6-phosphate 

dehydrogenase. In the presence of NADPH, phenazine 

methosulfate (PMS> is reduced. The PMSH generated is 

then responsible for reduction of iodonitrotetrazolium 

chloride (INT) forming INTH, which is measured 

colorimetrically at 520 nm. The colorimetric response 

is directly proportional to the glucose concentration. 

Calculations 

Glucose concentration in unknown specimens was 

calculated by plotting a standard curve of absorbance 
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versus concentration and determining unknown 

concentrations from their corresponding absorbances. 

Determination of Urea Nitrogen in Serum 

CHEMICAL REAGENTS FOR THE DETERMINATION OF UREA 

NITROGEN 

Reagents 

All reagents for this assay were supplied in kit 

form (Sigma Chemical Co, St. Louis, MO, Kit # 535). 

Standards: Urea nitrogen standard solutions 

containing 30 mg/dL and 150 mg/dL (stock # 535-30 and 

535-150 respectively) were supplied in the kit. 

Acid reagent: An acid reagent (stock # 535-3) 

containing ferric chloride in phosphoric and sulfuric 

acids was used. 

Color reagent: A color reagent (stock # 535-3) 

containing diacetyl monoxime and thiosemicarbazide was 

also used. 

Acid: Trichloroactic acid was also used in the 

assay (Sigma Chemical Co, St. Louis, MO, stock # 

635-3). 
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Apparatus 

Spectrophotometer: A Beckman DU-40, DU-7 or ACTA 

II Spectrophotometer (Beckman Instruments, Fullerton, 

CA) was used to measure absorbance. 

Hot plate: A hot plate (Corning Model PC-351, 

Corning, NY) was used to produce a boiling water bath. 

Assay 

Urea nitrogen levels were determined in serum or 

plasma. Urea reacts directly with diacetylmonoxime to 

form a pink chromogen. Urea concentration is directly 

proportional to intensity of the color produced, which 

is measured spctrophotometrically between 515-540 nm. 

Calculations 

A standard curve , plotting absorbance vs. 

concentration, was constructed and the unknown 

concentrations were determined through the use of this 

standard curve. 
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Determination of Serum Creatinine 

CHEMICAL REAGENTS FOR THE DETERMINATION OF CREATININE 

Reagents 

All reagents used in the creatinine assay were 

obtained in kit form (Sigma Chemical Co., St. Louis, 

MO., Kit # 555). 

Creatinine standard: Creatinine standard solutions 

containing 3.0 mg/dL and 15.0 mg/dL creatinine 

(Catalogue # 925-3 and 925-15 respectively) were used 

in the assay as they were packaged. 

Sodium hydroxide: IN Sodium hydroxide (catalogue 

# 930-65) was used in the assay. 

Acid reagent: An acid reagent (catalogue # 555-2) 

was also used in the assay. 

Creatinine color reagent: A reagent to develop 

color in the assay (catalogue # 555-1) contained picric 

acid, sodium borate and surfactants. 

Alkaline picrate solution: An alkaline picrate 

solution was prepared for each assay by mixing 5 

volumes color reagent with 1 volume sodium hydroxide. 
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Apparatus 

Spectrophotometer: A Beckman DU-40, DU-7 or ACTA 

II Spectrophotometer (Beckman Instruments, Fullerton, 

CA) was used for the determination of absorbance. 

Assay 

Addition of alkaline picrate to serum causes 

development of many chromogens. Addition of acid to 

this solution causes the color development due to 

creatinine to dissipate. By measuring the absorbance 

difference after addition of the acid reagent the 

creatinine concentration can be calculated. 

Calculations 

A standard curve was constructed using the above 

principle and the creatinine concentrations of the 

unknown samples were determined from this curve. 
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Determination of Blood Hematocrit 

HEMATOCRIT DETERMINATION (Davidsohn and Nelson, 1969) 

Apparatus 

Capillary hematocrit tubes coated with heparin 

<VWR, Phoenix, AZ Catalogue # 1540-628) were filled 

with whole blood and stoppered with clay (Clay-Adams, 

Parsippany, NJ>. Tubes were then spun in a hematocrit 

microcentrifuge (Clay-Adams/Becton-Dickenson, 

Parsippany, NJ) for 5 minutes at high speed. 

Calculations 

Hematocrit, expressed as a percentage, was 

determined by dividing the height of the red blood cell 

column by the height of the whole blood specimen. 
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Speciation of Arsenic by Thin Layer Chroniatoarapv 

(Miketukova et. al., 1968). 

CHEMICAL REAGENTS FOR SEPARATION OF As (III) AND As (V) 

BY THIN LAYER CHROMATOGRAPHY 

Standards 

Sodium Arsenite: As (III) (NaAsOe) (Fisher 

Chemical Co, Pittsburg, PA, Catalogue # S-225) in the 

concentration of 1 ug/ul was made by diluting 163 mg 

NaAsOa to 100 ml with d.d. water. 

Sodium Arsenate: As (V) (NaeHAsO*•7H„0) (Pfaltz 

and Bauer, Stamford, CN. Catalogue # SO 4150) in the 

concentration of 1 ug/ul was made by diluting 416 mg 

Na0AsO* to 100. ml with d. d. water. All standards 

were prepared on the day of the assay. 

Thin layer chromatography 

Separation of As (III) and As (V) was achieved on 

thin layer cellulose sheets (Eastman Kodak Co., 

Rochester, NY, Catalogue # 13255). 

The mobile phase consisted of methanol: IN 

ammonium hydroxide (8:2 v/v). Methanol was purchased 
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from Fisher Scientific (Pittsburg, PA, Catalogue # 

A-452), and the ammonium hydroxide from Aldrich 

Chemical Co (Milwaukee, WI., Catalogue # 22,122-8). 

Detection solution was made by dissolving 30.8 g 

silver nitrate (Mallinckrodt, St. Louis, MO, Catalogue 

# 2169) in a 10% ammonium hydroxide solution. 

Procedure for separation of arsenicals. 

Approximately 10 ug of As standard and dosing 

solution was placed on the origin of the TLC plate. The 

plate was placed in a tank containing the mobile phase 

and developed about 80 minutes. The plate was then 

allowed to dry and sprayed with the detection solution. 

The As (III) was visualized as a yellow-brown spot 

at Rf of 0.5, while As (V) was seen as a dark brown 

spot at Rf of 0.3. 

Animal Treatment 

All animals used in this experiment were housed 

and cared for by the Department of Animal Resources at 

the University of Arizona. Animals were allowed to 

acclimate at least one week prior to dosing. 
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Male Sprague Dawley Rats were obtained either from 

the Department of Animal Resources or Hilltop Breeding 

Laboratories (Scottdale, PA). They were fed Wayne Lab 

diet for rats during the course of the experiment. 

Male Golden Syrian Hamsters were obtained from 

Charles River Breeding Laboratories (Boston, MA). 

These animals were fed a special arsenic free diet (ICN 

Nutritional Biochemicals, Cleveland, Ohio, catalogue # 

905453) for at least 72 hours prior to the start of the 

experiment. 

Male B6C3F1 Mice were obtained from Hilltop 

Breeding Laboratories (Scottdale, PA). These animals 

were also fed the special arsenic free diet for at 

least 72 hours prior to the start of the experiment. 

Male Hartley Guinea Pigs were obtained from 

Charles River Breeding Laboratories (Boston, MA). 

These animals were fed a normal Wayne Lab diet for 

rabbits in DAR prior to the experiment. 

Dose Solutions 

Dosing solutions were prepared so that each animal 

would receive either 0.1 mg As or 1.0 mg As per kg of 

body weight. The NaAsQs was dissolved in normal saline 

and the pH was adjusted to 7. 4 with 0. 5 N HC1. The 
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solution was brought to volume with normal saline. 

Normal saline was prepared by diluting 9. 0 g of NaCl 

(Fisher Scientific., Pittsburg, PA., catalogue # S-271) 

to 1.0 L with d.d. water. For example, the 1.0 mg/kg 

dosing solution for rats was made by adding 86.7 mg 

NaAsOe to 80.0 ml saline and adjusting the pH to 7.4 

with HC1. The solution was then brought to 100 ml with 

saline. The 0.1 mg/kg dosing solutions were prepared 

by diluting the 1.0 mg/kg solution by a factor of 10. 

Preparation of the As (V) dosing solutions for rats 

consisted of dissolving 208.2 mg of NaeHAs04-7He0 in 

about 80 ml saline, adjusting the pH to 7.4 with HC1, 

and bringing the total volume to 100 ml with saline. 

The 0.1 mg/kg dosing solution was made by diluting the 

1.0 mg/kg solution 1:10 with saline. 

Using the above procedure for mice, 51.9 mg of 

NaAsOe was brought to 100 ml for the 1.0 mg/kg dose and 

diluted 1:10 for the 0.1 mg/kg. Preparation of the 1.0 

mg/kg As (V) dosing solution was acheived by diluting 

125.1 mg of the NaeHAsCU • 7He0 to 100 ml. A 1:10 

dilution of the 1..0 mg/kg solution was used for the 

0.1 mg/kg dosing solution. 

For the hamsters, 216.5 mg of NaAsOe was brought 

to 100 ml for the 1.0 mg/kg dose group and a 1:10 
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dilution prepared for the 0.1 mg/kg dose group. The 

solution for the dosing of guinea pigs was prepared by 

dissolving 1S7.0 mg of the NaAsOe to 100 ml with d.d. 

water. 

Intraperitoneal dosing 

All animals were dosed with saline (control), 0.1 

mg/kg As (III) or As (V), or 1.0 mg/kg As (III) or As 

(V) intraperitoneally (i.p.) using 1 cc. syringes and 

22 gauge needles. 

Collection of Excreta and Tissues 

Following intraperitoneal dosing, animals were 

placed in plastic metabolism cages. Urine was 

collected at the end of the study period for each 

group. The urine was stored frozen in 15 ml plastic 

centrifuge tubes and protected from light until assayed 

for porphyrins. The animals were anesthetized with an 

intraperitoneal injection of sodium methohexital, ( Eli 

Lily and Co., Indianapolis, IN) at the appropriate time 

points and blood was drawn by heart puncture. The 

animals were then killed by cervical dislocation and 

the kidneys removed and placed, in cold water. The time 

points for collection of tissues following dosing was 
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15 minutes, 30 minutes, 1 hour, 2 hours, 4 hours, 8 

hours and 24 hours. 

At the time the animals were killed, blood was 

collected in hematocrit tubes and in plastic centrifuge 

tubes. As the blood was being centrifuged for 

separation of plasma and red cells, hematocrit was also 

determined. The kidneys were weighed and cut into 

small pieces after being washed thoroughly. They were 

then placed in 1 ml of 0.25 N sucrose/ ml kidney and 

stored in the refrigerator at 0 - 4 degrees Centrigrade 

for 2 days. Following refrigeration, the kidneys were 

homogenized on a homogenizer (Tekmar Model # SDT, 

Cincinnati, OH) and frozen at (-70) degrees C until the 

pyruvate dehydrogenase assay was performed. Blood was 

analyzed for glucose, creatinine, urea nitrogen and 

total arsenic content in addition to hematocrit. 

Statistics 

Least squares line of best fit was determined for 

each standard curve to allow prediction of the amount 

of analyte in each sample. All standard curves were 

required to have an re value of greater than 0. 95 to 

be acceptable. When available, commercially prepared 

controls were used to confirm accuracy of analysis. 
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Comparisons of the three treatment groups of 

animals in all the studies were performed after 

applying appropriate mathematical transformations to 

normalize the data (Sims, 1985). Since all values can 

be assumed to fit a normal distribution, a one-way 

analysis of variance test was used to detect 

statistically significant differences between the 

treatment groups. When variation was indicated between 

groups, a Welch's t-test was applied to the data to 

determine which group of data was significantly 

different than the control data. All differences in 

values were considered statistically significant if p < 

0. 05. 



CHAPTER 3 

RESULTS 

BLOOD ARSENIC LEVELS 

Total arsenic <all forms) was quantified in the 

blood of each animal tested. Figure 1 (Appendix A) 

shows mean blood arsenic concentration of each group of 

rats following intraperitoneal dosing with As (III). 

The arsenic levels in the blood were significantly 

elevated above control values at 30 minutes, 2 hours 

and 4 hours in the 1.0 mg/kg dose group only. Average 

total arsenic levels reached a peak of 15. 8 ppm in the 

1.0 mg/kg dose group at 4 hours and declined to near 

control levels by 8 hours. Control animals had 

approximately 7 ppm of arsenic in their blood at all 

time points. The values obtained from the blood of the 

0.1 mg/kg dose group did not differ significantly from 

control values at any time point. 

Figure 2 (Appendix B) shows mouse blood arsenic 

levels following intraperitoneal dosing with As (III). 

Significant elevations above control values of total 

arsenic were seen at 15 minutes, 1 hour and 2 hours in 

the 0.1 mg/kg dose groups and at all time points less 

than 8 hours in the 1.0 mg/kg dose groups. In the 1.0 
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RAT BLOOD ARSENIC LEVELS 

4 8 

•-• CONTROL 
•-• O.lmg/Kg SODIUM ARSENITE 
o-o l.Omg/Kg SODIUM ARSENITE 

* P(0.05 

12 16 20 24 

TIME {HOURS) 

Rat blood total arsenic levels following intraperitoneal 
dosing with As(III) expressed in parts per million as 
determined by direct hydride FAAS. Animals were dosed 
with normal saline, 0.1 mg/kg or 1.0 mg/kg As 
equivalents of sodium arsenite. Values are mean ±S.D. 
(n = 3). Asterisks (*) denote values significantly 
different from the control mean values (p < 0.05). See 
Appendix A.) 
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MOUSE BLOOD ARSENIC LEVELS 

* 0 

•-• CONTROL 
•-• 0.1 mg/Kg SODIUM ARSENITE 
o-o 1.0 mg/Kg SODIUM ARSENITE * p (0.05 

o~·~~-====a====~===*~--~--~ 
0 4 8 12 16 20 24 

TIME {HOURS) 

Fig. 2. 
House blood total arsenic levels following intra
peritoneal dosing with As(III) expressed in parts per 
billion as determined by direct hydride FAAS. Animals 
were dosed with normal saline, 0.1 mg/kg or 1.0 mg/kg 
As equivalents of sodium arsenite. Values are mean 
±S.D. (n = 3). Asterisks (*) denote values signifi
cantly different from the control mean values(p < 0.05). 
(See Appendix B.) 
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mg/kg dose group, a average peak blood level of 301 ppb 

was reached at the 4 hour time point. The blood arsenic 

levels had decreased to near control values by 8 hours 

following dosing in this dose group. 

Figure 3 (Appendix C) shows hamster blood arsenic 

levels following intraperitoneal dosing with As (III). 

Significant elevations in blood arsenic levels were 

seen in the 0.1 mg/kg dose groups at 15 minutes and 30 

minutes in the 1.0 mg/kg dose groups at all time points 

less than 24 hours. In the 1.0 mg/kg dose groups, an 

average peak blood arsenic level of 257 ppb-was seen at 

15 minutes with the levels steadily declining 

thereafter. 

Figure 4 (Appendix D) shows guinea pig blood 

arsenic levels following intraperitoneal dosing with As 

(III). Significant differences between control animal 

levels and experimental animal levels were seen at 15 

minutes and 30 minutes in the 1.0 mg/kg dose groups. An 

average peak arsenic level of 161 ppb in the 1.0 mg/kg 

dose group was reached at 30 minutes after the dose. 

Figure 5 (Appendix E) shows rat blood arsenic 

levels following intraperitoneal dosing with 1.0 mg/kg 

As (V). Blood arsenic levels of the experimental 
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HAMSTER BLOOD ARSENIC LEVELS 

4 

•-• CONTROL 

•-• 0.1mg/kg SODIUM ARSENITE 

o-o 1.0mg/kg SODIUM ARSENITE 

* p (0.05 

8 12 16 20 24 

TIME {HOURS) 

Hamster blood total arsenic levels following intra
peritoneal dosing with As(III) expressed in parts per 
billion as determined by direct hydride FAAS. Animals 
were dosed with normal saline, 0.1 mg/kg or 1.0 mg/kg As 
equivalents of sodium arsenite. Values are mean ±S.D. 
(n = 3). Asterisks (*) denote values significantly 
different from the control mean values (p < 0.05). 
(See Appendix C.) 
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GUINEA PIG BLOOD ARSENIC LEVELS 
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Fig. 4. 
Guinea pig blood total arsenic levels following 
intraperitoneal dosing with As(lll) expressed in parts 
per billion as determined by direct hydride FAAS. 
Animals were dosed with normal saline or 1.0 mg/kg As 
equivalents of sodium arsenite. Values are mean± S.D. 
(n = 3). Asterisks (*) denote values significantly 
different from the control mean values (p < 0.05). 
(See Appendix D.) 
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RAT BLOOD ARSENIC LEVELS 

•-• CONTROL 
o-o 1.0 mg/Kg SODIUM ARSENATE * p (0.05 

* * , u------------------------0 

0.0*1----~1----~1~---41----~1-----+1----~1 
0 4 8 12 16 20 24 

TIME (HOURS) 

Fig. 5. 
Rat blood total arsenic levels following intraperitoneal 
dosing with As{V) expressed in parts per million as 
determined by direct hydride FAAS. Animals were dosed 
with normal saline or 1.0 mg/kg As equivalents of sodium 
arsenate. Values are mean± S.D. {n = 3). Asterisks 
{*) denote values significantly different from the 
control mean values {p < 0.05). {See Appendix E.) 



54 

animals was significantly elevated above control levels 

at 8 hours and 24 hours. 

Table 1 shows mouse blood arsenic levels following 

intraperitoneal dosing with 1.0 mg/kg of As (V). A 

significant increase in the experimental group blood 

arsenic level above the control level was seen only at 

the 1 hour time point. 

Pyruvate Dehydrogenase Activity 

Pyruvate dehydrogenase <PDH) assays were performed 

on kidney homogenate from each animal used. Results of 

the assay were then checked for significance by the 

standard statistical tests. The results were then 

expressed as a percentage of control for the purposes 

of convenience. Figure 6 (Appendix F) shows rat PDH 

activity following intraperitoneal dosing with As 

(III). PDH activity was significantly depressed in 1.0 

mg/kg dose group animals only at 8 and 24 hour time 

points. In these animals no recovery of PDH activity 

to pre-dosing levels was evident. 

Figure 7 (Appendix G) shows mouse PDH activity 

following intraperitoneal dosing with As (III). 

Significant depression of PDH activity was observed at 

15 minutes in the 0. 1 mg/kg dose group and at 15 
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minutes, 30 minutes and 1 hour in the 1.0 mg/kg dose 

group. In all cases, the PDH activity had recovered to 

near control levels by 2 hours following the dose. 

Figure 8 (Appendix H) shows hamster PDH activity 

following intraperitoneal dosing with As (III). In the 

0.1 mg/kg dose group a significant elevation of PDH 

activity was seen at 30 minutes. Significantly 

decreased activity was seen in the 1.0 mg/kg dose 

groups at 15 minutes, 30 minutes and 1 hour. At both 

dose levels the PDH activity had returned to near 

normal levels by 2 hours. 

Figure 9 (Appendix I) shows guinea pig PDH 

activity following a 1.0 mg/kg intraperitoneal dose of 

As (III). PDH activity in the experimental animals was 

significantly depressed below control levels at 30 

minutes, 1 hour, 2 hours and 24 hours following the 

dose. 

Figure 10 (Appendix J) shows rat PDH activity 

following intraperitoneal dosing with 1.0 mg/kg As (V). 

Significant depression of PDH activity was seen at 30 

minutes, 1 hour and 2 hours. The PDH activity of 

experimental animals had returned to near control 

levels by 8 hours. 
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Table 1 

Mouse Blood Arsenic Levels Following 
Arsenic (V) Dosing 

RESULTS 

CONTROL 1.0 mg/kg 

TIME X SD X SD 

30 min 0. 0 0. 0 23. 7 41. 0 

1 hr 0. 0 0. 0 5. 4* 2. 7 

2 hr 0. 0 0. 0 6. 3 6. 3 

8 hr 1. 1 1. 9 0. 0 0. 0 

24 hr 0. 0 0. 0 1. 1 1. 9 

Results expressed as mean <X) in parts per billion (ppb) 
with group standard deviation (SD) as determined by direct 
hydride FAAS. Mice were dosed intraperitoneally with 1.0 
mg/kg arsenic equivalents (as sodium arsenate). (n = 3). 
The asterisk <») denotes values which are significantly 
different from the control value (p < 0.05). 
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RAT KIDNEY PDH ACTIVITY 

4 

•-• O.lmg/kg SODIUM ARSENITE 
o-o l.Omg/kg SODIUM ARSENITE * p (0.05 

-o 

* 

8 12 16 20 24 

TIME {HOURS) 

Rat kidney pyruvate dehydrogenase activity levels 
following intraperitoneal dosing with As(III) expressea 
as S y' control activity as determined by C02 evolution 
from C-pyruvate. Animals were dosed with normal 
saline, 0.1 mg/kg or 1.0 mg/kg As equivalents of sodium 
arsenite. Values are mean +S.D. (n = 3). Asterisks 
(*) denote values significantly different from the 
control mean values (p < 0.05). (See Appendix F.) 
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MOUSE KIDNEY PDH ACTMTY 

•-• O.lmg/kg SODIUM ARSENITE 
o-o l.Omg/kg SODIUM ARSENITE * p (0.05 
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TIME (HOURS) 

Fig. 7. 
House kidney pyruvate dehydrogenase activity levels 
following intraperitoneal dosing with As(III) expressed 
as S Yt control activity as determined by co2 evolution 
from C-pyruvate. Animals were dosed with normal 
saline, 0.1 mg/kg or 1.0 mg/kg As equivalents of sodium 
arsenite. Values are mean+ S.D. (n = 3). Asterisks 
(*) denote values significantly different from the 
control mean values (p < 0.05). (See Appendix G.) 
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HAMSTER KIDNEY PDH ACTIVITY 

4 

•-• O.lmg/kg SODIUM ARSENITE 
o-o l.Omg/kg SODIUM ARSENITE * p (0.05 

8 12 16 20 24 

TIME {HOURS) 

Hamster kidney pyruvate dehydrogenase activity levels 
following intraperitoneal dosing with As(III) expressed 
as S 9~ control activity as determined by C0 2 evolution 
from C-pyruvate. Animals were dosed with normal 
saline, 0.1 mg/kg or 1.0 mg/kg As equivalents of sodium 
arsenite. Values are mean + S.D. (n = 3). Asterisks 
(•) denote values significantly different from the 
control mean values (p < 0.05). (See Appendix H.) 
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Fig. 9. 
Guinea pig kidney pyruvate dehydrogenase activity levels 
following intraperitoneal dosing with As(III) expressed 
as % of control activity as determined by CO2 evolution 
from ^C-pyruvate. Animals were dosed with normal 
saline or 1.0 mg/kg As equivalents of sodium arsenite. 
Values are mean + S.D. (n = 3). Asterisks (•) denote 
values significantly different from the control mean 
values (p < 0.05). (See Appendix 1.) 
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RAT KIDNEY PDH ACTIVITY 
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Fig. 10. 
Rat kidney pyruvate dehydrogenase activity levels 
following intraperitoneal dosing with As(V) expressed 
as % of control activity as determined by COg evolution 
from ^C-pyruvate. Animals were dosed with normal 
saline or 1.0 mg/kg As equivalents of sodium arsenate. 
Values are mean + S.D. (n = 3). Asterisks (•) denote 
values significantly different from the control mean 
values (p < 0.05); (See Appendix J.) 
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Figure 11 (Appendix K) shows mouse PDH activity 

following intraperitoneal dosing with 1.0 mg/kg As (V). 

Significant depression of PDH activity was seen only at 

30 minutes, 1 hour and Q hours. 

Uroporphyrin Excretion 

Urinary uroporphyrin concentrations were 

quantified in all animals that had produced a 

sufficient quantity of urine for analysis. Table 2 

shows rat uroporphyrin concentration following 

intraperitoneal dosing with As (III). No significant 

differences between experimental animals and control 

animal uroporphyrin excretion were observed. 

Figure 12 (Appendix L) shows mouse uroporphyrin 

excretion following intraperitoneal dosing with As 

(III). The only significant increase in uroporphyrin 

excretion was seen in the 1.0 mg/kg dose group at the 4 

hour time point. 

Table 3 and Table 4 show hamster and guinea pig 

uroporphyrin excretion following intraperitoneal dosing 

with As (III). No significant differences between 

control groups and experimental groups were seen in 

these two species. 
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Fig. 11. 
Mouse kidney pyruvate dehydrogenase activity levels 
following intraperitoneal dosing with As(V) expressed 
as % of control1activity as determined by C02 
evolution from C-pyruvate. Animals were dosed with 
normal saline or 1.0 mg/kg As equivalents of sodium 
arsenate. Values are mean + S.D. (n = 3). Asterisks 
(*) denote values significantly different from the 
control mean values (p < 0.05). (See Appendix K.) 
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Table 2 

Rat Uroporphyrin Levels 
Following As (III) Dosing 

TIME X 

CONTROL 

SD 

RESULTS 

0-1 mg/kg 

X SD X 

1.0 mg/kg 

SD 

15 min 

30 min 

1 hr 

2 hr 

4 hr 

8 hr 

24 hr 

N/A 

6. 8 

2. 8 

N/A 

N/A 

2. 8 

4. 1 

N/A 

4. 6 

1. 3 

N/A 

N/A 

0 .  1  

1. 7 

N/A 

2. 3 

1.3 

N/A 

N/A 

4. 6 

3. 2 

N/A 

1. 1 

0. 9 

N/A 

N/A 

0. 6 

0. 8 

N/A 

2. 5 

3. 2 

N/A 

N/A 

5. 9 

4. 3 

N/A 

1. 5 

0. 6 

N/A 

N/A 

4. 0 

2. 6 

Results expressed as mean (X) in ug uroporphyrin/100 ml 
urine (ug/dl) with group standard deviation (SD) as 
determined by HPLC. Rats were dosed intraperitoneally with 
normal saline, 0.1 mg/kg or 1.0 mg/kg arsenic equivalents 
(as Sodium Arsenite). (n = 3). N/A indicates that there 
were insufficient animal test results for statistical 
analyses. 
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Fig. 12. 
House urine uroporphyrin levels following intra
peritoneal dosing with As(III) expressed in ug 
uroporphyrin/100 ml urine as determined by HPLC. 
Animals were dosed with normal saline, 0.1 mg/kg or 1.0 
mg/kg As equivalents of sodium arsenite. Values are 
mean ± S.D. (n = 3}. Asterisks ( *) denote values 
significantly different from the control mean values 
(p < 0.05). (See Appendix L.) 
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Table 3 

Hamster Urine Uroporphyrin Levels 
Following As (III) Dosing 

TIME X 

CONTROL 

SD 

RESULTS 

0.1 mg/kg 

X SD X 

1.0 mg/kg 

SD 

15 min 

30 min 

1 hr 

2 hr 

4 hr 

8 hr 

24 hr 

3. 5 

N/A 

2. 5 

N/A 

0. 6 

1. 0 

2. 4 

3. 0 

N/A 

2. 2 

N/A 

1. 0 

1.0 

1. 5 

6. 5 

N/A 

3. 2 

N/A 

1. 9 

0. 3 

1. 9 

5. 9 

N/A 

3. 5 

N/A 

0. a 

0. 6 

0. 9 

3. 6 

N/A 

3. 3 

N/A 

3. a 

1. 9 

2. 3 

4. 3 

N/A 

2. 7 

N/A 

2.  0  

1. 9 

1. 7 

Results expressed as mean <X) in ug uroporphyrin/100 ml 
urine <ug/dl) with group standard deviation (SD) as 
determined by HPLC. Hamsters were dosed intraperitoneally 
with normal saline, 0.1 mg/kg or 1.0 mg/kg arsenic 
equivalents (as Sodium Arsenite). (n = 3). N/A indicates 
that there were insufficient animal test results for 
statistical analyses. 
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Table 4 

Guinea Pig Urine Uroporphyrin Levels 
Following As (III) Dosing 

RESULTS 

CONTROL 1. 0 mg/kg 

TIME X SD X SD 

15 mill 1. 5 1. 7 1.0 1. a 

30 min 1. 7 i. a 1. 4 0. 6 

1 hr 1. 1 0. 3 1. 5 0. a 

2 hr 2. 5 2. 6 2. 4 1. 0 

4 hr i. a 1.5 4. 0 2. a 

8 hr 2. 6 1.0 2. 6 0. a 

24 hr 3. 7 1. 6 3. 7 1. 6 

Results expressed as mean (X) in ug uroporphyrin/100 ml 
urine (ug/dl) with group standard deviation (SD) as 
determined by HPLC. Guinea pigs were dosed 
intraperitoneally with normal saline or 1.0 mg/kg arsenic 
equivalents (as Sodium Arsenite). (n = 3). 
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Tables 5 and 6 show uroporphyrin excretion in rats 

and mice following intraperitoneal dosing with As (V). 

No significant differences in uroporphyrin excretion 

were seen between control groups and As exposed groups. 

Coproporphyrin Quantification 

Coproporphyrin quantification was performed using 

the urine of all animals who had produced a volume of 

urine adequate for analysis. Tables 7, 8 and 9 show 

rat, hamster and guinea pig coproporphyrin excretion 

following intraperitoneal dosing with As (III). In 

these three species, no significant differences between 

control animals and experimental animals coproporphyrin 

excretion were observed. 

Figure 13 (Appendix M) shows mouse coproporphyrin 

excretion folowing intraperitoneal dosing with As 

(III). Significantly elevated coproporphyrin levels 

were observed in the 0.1 mg/kg dose group at 8 hours 

and in the 1.0 mg/kg dose groups at 4 and 8 hours. 

Figure 14 (Appendix N) shows rat urinary 

coproporphyrin levels after intraperitoneal dosing with 

1.0 mg/kg As (V). Significantly increased levels of 

coproporphyrin were observed at 8 hours and 24 hours. 
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Table 10 shows mouse coproporphyria levels 

following intraperitoneal dosing with 1.0 mg/kg As (V). 

No significant differences between control and 

experimental groups were observed. 

Table 5 

Rat Urine Uroporphyrin Levels 
Following As (V) Dosing 

RESULTS 

CONTROL 1. 0 mg/kg 

TIME X SD X SD 

15 min N/A N/A N/A N/A 

30 min 14. 7 5. 3 8. 0 11. 8 

1 hr 41. 5 18. 6 18. 4 2. 9 

2 hr 7. 4 0. 3 5. 7 8. 9 

4 hr 6. 7 2. 2 3. 2 3. 5 

8 hr 9. 5 5. 2 9. 8 3. 9 

24 hr 16. 5 4. 4 11. 2 5. 9 

Results expressed as mean (X) in ug uroporphyrin/100 ml 
urine (ug/dl) vith group standard deviation <SD) as 
determined by HPLC. Rats were dosed intraperitoneally vith 
normal saline or 1.0 mg/kg arsenic equivalents (as Sodium 
Arsenate). (n = 3). The asterisk (•) denotes values vhich 
are significantly different from the control value (p < 
0.05). N/A indicates that there vere insufficient animal 
test results for statistical analyses. 
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Table 6 

Mouse Uroporphyrin Levels 
Following As (V) Dosing 

RESULTS 

CONTROL 1. 0 mg/kg 

TIME X SD X SD 

15 min N/A N/A N/A N/A 

30 min 3. 6 3. 6 3. 5 2. 1 

1 hr 7. 0 3. & 2. 3 1. 0 

2 hr 1. 5 1. 3 2. 3 1. 7 

4 hr 0. 2 0. 3 0. 2 0. 3 

a hr 3. 2 1. 2 5. 5 5. 4 

24 hr 1. 2 0. 2 1. 4 0. 4 

Results expressed as mean (X) in ug uroporphyrin/100 ml 
urine (ug/dl) with group standard deviation (SD) as 
determined by HPLC. Mice were dosed intraperitoneally with 
normal saline or 1.0 mg/kg arsenic equivalents <as Sodium 
Arsenate). (n = 3). N/A indicates that there were 
insufficient animal test results for statistical analysis. 
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Table 7 

Rat Urine Coproporphyrin Levels 
Following As (III) Dosing 

CONTROL 

RESULTS 

0. 1 mg/kg 1.0 mg/kg 

TIME X SD X SD X SD 

15 min 

30 min 

1 hr 

2 hr 

4 hr 

8 hr 

24 hr 

N/A 

51 

17 

N/A 

N/A 

21 

46 

N/A 

43 

a 

N/A 

N/A 

18 

17 

N/A 

33 

18 

N/A 

N/A 

53 

42 

N/A 

14 

7 

N/A 

N/A 

21 

5 

N/A 

10 

4a 

N/A 

N/A 

57 

5S 

N/A 

6 

21 

N/A 

N/A 

9 

13 

Results expressed as mean (X) in ug coproporphyrin/100 ml 
urine <ug/dl> with group standard deviation (SD) as 
determined by HPLC. Rats were dosed intraperitoneally with 
normal saline, 0.1 mg/kg or 1.0 mg/kg arsenic equivalents 
(as Sodium Arsenate). (n = 3). N/A indicates that there 
were insufficient animal test results for statistical 
analysis. 
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Table 8 

Hamster Urine Coproporphyrin Levels 
Following As (III) Dosing 

CONTROL 

RESULTS 

0.i mg/kg 1.0 mg/kg 

TIME SD X SD X SD 

15 min 

30 min 

1 hr 

2 hr 

4 hr 

8 hr 

24 hr 

2. 1 

N/A 

2. 3 

N/A 

0. 0 

1. 4 

3. 3 

2. 0 

N/A 

1. 2 

N/A 

0. 0 

2. 0 

1. 1 

5. 2 

N/A 

2. 1 

N/A 

1 .  0  

1 .  0  

2. 3 

3. 4 

N/A 

1 .  2  

N/A 

1. 0 

1 .  0  

1.4 

12. 5 

N/A 

2. 1 

N/A 

3. 1 

2. 4 

1 .  2  

10. 1 

N/A 

1. 3 

N/A 

1 .  0  

1 .  2  

1.0 

Results expressed as mean (X) in ug coproporphyrin/100 ml 
urine <ug/dl) with group standard deviation (SD) as 
determined by HPLC. Hamsters were dosed intraperitoneally 
with normal saline, 0.1 mg/kg or 1.0 mg/kg arsenic 
equivalents (as Sodium Arsenite). (n = 3). N/A indicates 
that there were insufficient animal test results for 
statistical analysis. 
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Table 9 

Guinea Pig Urine Coproporphyrin Levels 
Following As (III) Dosing 

RESULTS 

CONTROL 1.0 mg/kg 

TIME X SD X SD 

15 min 4. 5 2. 0 2. 3 0. 4 

30 min 3. 4 1. 3 2. 1 1. 0 

1 hr 4. 0 2. 4 4. 2 2. 3 

2 hr 3. 2 1. 0 3. 1 1. 4 

4 hr 3. 0 1. 5 3. 9 i. a 

8 hr 4. 1 0. 8 4. 7 1. 5 

24 hr 5. 4 1. 7 5. 2 1. 0 

Results expressed as mean (X) in ug coproporphyrin/100 ml 
urine <ug/dl) with group standard deviation <SD) as 
determined by HPLC. Hamsters were dosed intraperitoneally 
with normal saline or 1.0 mg/kg arsenic equivalents (as 
Sodium Arsenite). (n = 3). 
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Fig. 13. 
House urine coproporphyrin levels following intra
peritoneal dosing with As{III) expressed in ug 
coproporphyrin/100 ml urine as determined by HPLC. 
Animals were dosed with normal saline, 0.1 mg/kg or 1.0 
mg/kg As equivalents of sodium arsenite. Values are 
mean ±S.D. (n = 3). Asterisks (*) denote values 
significantly different from the control mean values 
(p < 0.05). (See Appendix H.) 
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Fig. 14. 
Rat urine coproporphyrin levels following intra
peritoneal dosing with As(V) expressed in ug 
coproporphyrin/100 ml urine as determined by HPLC. 
Animals were dosed with normal saline or 1.0 

1 
0 

24 

mg/kg As equivalents of sodium arsenate. Values are 
mean± S.D. (n = 3). Asterisks (*) denote values 
significantly different from the control mean values 
(p < 0.05). (See Appendix N.) 
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Table 10 

Mouse Urine Coproporphyrin Levels 
Following As (V) Dosing 

RESULTS 

CONTROL 1.0 mg/kg 

TIME X SD X SD 

15 min N/A N/A N/A N/A 

30 min 15. 3 5.6 7. 7 3. 5 

1 hr 17.1 6.5 13.2 5.2 

2 hr 5. 7 2. 9 6. 3 3. 0 

4 hr 0. 9 1.2 1.5 1.4 

8 hr 4. 5 1.3 7. 3 6. 1 

24 hr 3. 8 0.9 7. 3 5. 5 

Results expressed as mean (X) in ug coproporphyrin/100 ml 
urine <ug/dl> with group standard deviation (SD) as 
determined by HPLC. Mice were dosed intraperitoneally with 
normal saline, 0.1 mg/kg or 1.0 mg/kg arsenic equivalents 
(as Sodium Arsenate). (n = 3). N/A indicates that there 
were insufficient animal test results for statistical 
analysis. 
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Hematocrit 

Hematocrit ( '/. red blood cells in total blood 

volume) was determined on all test animals given As 

(III). Tables 11, 12, 13 and 14 show the hematocrit 

obtained from rats, mice, hamsters and guinea pigs 

following intraperitoneal dosing with As (III). The 

only significant difference between control animals and 

animals dosed with As (III) was in the rats at the one 

hour time point. At this time point, both the 0. 1 

mg/kg dose group and the 1.0 mg/kg dose group results 

were higher than the control group results. 

Blood Glucose Levels 

Blood glucose levels were also determined using 

the blood of each experimental and control animal dosed 

with As (III). Tables 15, 16, 17 and 18 show the 

glucose levels observed in rats, mice, hamsters and 

guinea pigs following intraperitoneal dosing with As 

(III). The only glucose levels that were significantly 

different in experimental animals than control animals 

were in the guinea pigs given 1.0 mg/kg As (III). The 

glucose levels at 1 hour and 2 hour time points were 

elevated above control levels. 
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Table 11 

Rat Hematocrit Results 
Following As (III) Dosing 

CONTROL 

RESULTS 

0.1 mg/kg 1.0 mg/kg 

TIME X SD X SD X SD 

15 min 

30 min 

1 hr 

2 hr 

4 hr 

8 hr 

24 hr 

45. 0 

46. 3 

43. 7 

45. 0 

40. 0 

44. 3 

48. 7 

2. 0 

0. 6 

0. 6 

2. 6 

10. 4 

2. 5 

3. 1 

46.3 2.1 

44.3 1.2 

46.7* 1.2 

44. 3 0. 6 

40.7 8. 1 

47.7 0.6 

50.3 2. 1 

45. 0 

46. 7 

46. 3* 

46. 3 

48.3 

42. 3 

47. 0 

1.  0  

1 .  2  

1. 5 

1 .  2  

0. 6 

3. 1 

3. 6 

Results expressed as mean (X) in % red blood cells/total 
blood volume with group standard deviation <SD) as 
determined by microhematocrit method. Rats were dosed 
intraperitoneally with normal saline, 0.1 mg/kg or 1.0 mg/kg 
arsenic equivalents (as Sodium Arsenite). <n = 3). The 
asterisk (*) denotes values which are significantly 
different from the control value (p < 0.05). 
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Table 12 

Mouse Hematocrit Results 
Following As (III) Dosing 

CONTROL 

RESULTS 

0.1 mg/kg 1.0 mg/kg 

TIME X SD X SD X SD 

15 min 

30 min 

1 hr 

2 hr 

4 hr 

8 hr 

24 hr 

44. 1 

44. 7 

40. 3 

40. 5 

45. 0 

46. 5 

40. 5 

0. 4 

0. 8 

4. 6 

6. 4 

1.  0  

1. 7 

4. 4 

44.1 2.8 

41.1 2.8 

36.0 6.1 

43. 5 3. 1 

44.7 4.2 

46.0 1.7 

41.0 6.3 

41. 2 

39. 2 

40. 0 

40. 3 

39. 8 

44. 7 

40. 2 

2. 7 

2. 5 

7. 0 

2. 8 

3. 4 

1.5 

5. 0 

Results expressed as mean (X) in '/. red blood cell 
volume/total blood volume with group standard deviation (SD) 
as determined by microhematocrit method. Mice were dosed 
intraperitoneally with normal saline, 0.1 mg/kg or 1.0 mg/kg 
arsenic equivalents (as Sodium Arsenite). (n = 3). 
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Table 13 

Hamster Hematocrit Results 
Following As (III) Dosing 

CONTROL 

RESULTS 

0.1 mg/kg 1.0 mg/kg 

TIME X SD X SD X SD 

15 min 

30 min 

1 hr 

2 hr 

4 hr 

a hr 

24 hr 

46. 3 

41. 6 

45. a 

45. 0 

47. 0 

45. 2 

46. 1 

4. 2 

5. 0 

3. 0 

2. 6 

2. 0 

1.6 

0. 7 

N/A N/A 

44.7 2.8 

46.8 0.5 

45.8 2.5 

47.5 0.9 

N/A N/A 

N/A N/A 

N/A 

N/A 

47. 8 

45. 3 

48. 3 

44. 8 

46. 6 

N/A 

N/A 

1. 4 

4. 7 

0. 3 

3. 4 

2. 1 

Results expressed as mean (X) in '/. red blood cell 
volume/total blood volume, with group standard deviation 
(SD) as determined by microhematocrit method. Hamsters were 
dosed intraperitoneally with normal saline, 0.1 mg/kg or 1.0 
mg/kg arsenic equivalents (as Sodium Arsenlte). (n = 3). 
N/A indicates that there were insufficient animal test 
results for statistical analysis. 
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Table 14 

Guinea Pig Hematocrit 
Following As (III) Dosing 

RESULTS 

CONTROL 1.0 mg/kg 

TIME X SD X SD 

15 min 40. 6 5. 1 42. 9 2. & 

30 min 42. 8 2. 5 43. 5 1. 2 

1 hr 42. 5 1.7 43. 1 0. 1 

2 hr 41. 8 0. 0 41. 2 1. 3 

4 hr 41. 0 3. 2 45. a 3. 3 

8 hr 42. 3 2. 4 46. 8 4. 0 

24 hr 42. 3 5. 2 47. 3 2. 6 

Results expressed as mean (X) in '/. red blood cell 
volume/total blood volume with group standard deviation (SD) 
as determined by microhematocrit method. Guinea pigs were 
dosed intraperitoneally with normal saline or 1.0 mg/kg 
arsenic equivalents (as Sodium Arsenate). (n = 3). 
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Table 15 

Rat Blood Glucose Levels 
Following As (III) Dosing 

RESULTS 

CONTROL 0. 1 mg/kg 1. 0 mg / i  

TIME X SD X SD X SI 

15 min 192 9 206 31 196 24 

30 min 171 10 171 14 143 32 

1 hr 254 75 189 40 194 16 

2 hr 165 14 199 31 199 30 

4 hr 148 56 165 18 164 26 

8 hr 192 31 168 5 237 19 

24 hr 181 42 199 51 181 17 

Results expressed as mean (X) in mg glucose/100 ml blood 
<mg/dl) with group standard deviation <SD> as determined by 
spectrophotometry. Rats were given free access to food and 
dosed intraperitoneally with normal saline, 0.1 mg/kg or 1.0 
mg/kg arsenic equivalents <as Sodium Arsenite). (n = 3). 
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Table 16 

Mouse Blood Glucose Levels 
Following As (III) Dosing 

RESULTS 

CONTROL 0.1 mg/kg 1.0 mg/kg 

TIME X SD X SD X SD 

15 min 283 59 227 49 391 78 

30 min 257 47 193 91 222 9 

1 hr 243 84 292 118 244 27 

2 hr 157 29 170 25 159 69 

4 hr 166 39 163 7 247 118 

a hr 233 30 225 65 189 16 

24 hr 134 107 270 70 235 56 

Results expressed as mean (X) in mg glucose/100 ml blood 
(mg/dl) with group standard deviation (SD) as determined by 
spectrophotometry. Mice were dosed intraperitoneally with 
normal saline, 0.1 mg/kg or 1.0 mg/kg arsenic equivalents 
(as Sodium Arsenite). (n = 3). 
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Table 17 

Hamster Blood Glucose Levels 
Following As (III) Dosing 

CONTROL 

RESULTS 

0.1 mg/kg 1 .  0  mg/kg 

TIME X SD X SD X SD 

15 min 

30 min 

1 hr 

2 hr 

4 hr 

8 hr 

24 hr 

N/A 

228 

250 

218 

188 

205 

198 

N/A 

20 

71 

36 

21 

39 

49 

N/A 

196 

201 

202 

200 

226 

197 

N/A 

35 

27 

. 6  

29 

38 

45 

N/A 

238 

224 

166 

215 

213 

169 

N/A 

10 

36 

19 

38 

32 

33 

Results expressed as mean (X) in mg glucose/100 ml blood 
(mg/dl) with group standard deviation (SD) as determined by 
spectrophotometry. Hamsters were dosed intraperitoneally 
with normal saline, 0.1 mg/kg or 1.0 mg/kg arsenic 
equivalents (as Sodium Arsenite). (n = 3). N/A indicates 
that there were insufficient animal test results for 
statistical analysis. 
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Table 18 

Guinea Pig Blood Glucose Levels 
Following As (III) Dosing 

RESULTS 

CONTROL 1.0 mg/kg 

TIME X SD X SD 

15 min 260 115 234 46 

30 min 184 38 179 17 

1 hr 245 11 317 » 11 

2 hr 202 4 226 » 10 

4 hr 155 4 166 15 

8 hr 239 54 242 21 

24 hr 175 22 179 51 

Results expressed as mean (X) in mg glucose/100 ml blood 
<mg/dl) with group standard deviation (SD) as determined by 
spectrophotometry. Mice were dosed intraperitoneally with 
normal saline or 1.0 mg/kg arsenic equivalents <as Sodium 
Arsenite). <n = 3). The asterisk <») denotes values which 
are significantly different from the control value (p < 
0.05). 
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Blood Creatinine Levels 

Creatinine levels were performed using the blood 

of all the animals dosed with As (III). Tables 19, 20, 

21 and 22 show the results of the determinations on 

rats, mice, hamsters and guinea pigs following 

intraperitoneal dosing with As (III). Insufficient 

specimen volume on the mice made this portion of the 

results invalid. No significant differences were seen 

between control animals and experimental animals in any 

of the species tested. 

Blood Urea Nitrogen Levels 

Urea nitrogen levels were examined on each of the 

animals in the study. Tables 23, 24, 25 and 26 show 

the urea nitrogen levels obtained from rats, mice, 

hamsters and guinea pigs intraperitoneally dosed with 

As (III). The only significant difference between 

control and experimental animal urea nitrogen levels 

was in the hamsters given 1.0 mg/kg As (III) at the Q 

hour time point. 



97 

Table 19 

Rat Blood Creatinine Levels 
Following As (III) Dosing 

CONTROL 

RESULTS 

0.1 mg/kg 1.0 mg/kg 

TIME X SD X SD X SD 

15 min 

30 min 

1 hr 

2 hr 

4 hr 

8 hr 

24 hr 

1. 2 

1. 3 

1. a 

1 .  2  

1. 4 

1. 4 

1. 4 

0. 1 

0. 1 

0. 4 

0 .  0  

0. 1 

0.  1 

0. 3 

1. 1 

1. 4 

1. 4 

1. 2 

1. 4 

1. 3 

1. 1 

0. 0 

0. 1 

0.  1 

0.  0 

0. 0 

0. 0 

0. 6 

1 .  0  

1. 2 

1 .  6  

1. 3 

1. 4 

1. 3 

1. 5 

0 .  2  

0. 1 

0. 1 

0. 3 

0 .  1  

0 .  0  

0. 4 

Results expressed as mean <X) in mg creatinine/100 ml blood 
<ug/Dl) with group standard deviation (SD) as determined by 
spectrophotometry. Rats were dosed intraperitoneally with 
normal saline, 0.1 mg/Kg or 1.0 mg/kg arsenic equivalents 
(as Sodium Arsenite). (n = 3). 
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Table 20 

Mouse Blood Creatinine Levels 
Following As (III) Dosing 

CONTROL 

RESULTS 

0.1 mg/kg 1.0 mg/kg 

TIME X SD X SD X SD 

15 rain 

30 rain 

1 hr 

2 hr 

4 hr 

8 hr 

24 hr 

N/A 

2. 5 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

0. 1 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

2. 1 

2. 4 

N/A 

N/A 

N/A 

N/A 

N/A 

0. 2 

0. 1 

N/A 

N/A 

N/A 

2. 5 

2. 3 

N/A 

2. 4 

N/A 

N/A 

N/A 

0 .  1  

0 .  2  

N/A 

0. 1 

N/A 

Results expressed as mean (X) in mg creatinine/100 ml blood 
(mg/dl) with group standard deviation (SD) as determined by 
spectrophotometry. Mice were dosed intraperitoneally with 
normal saline, 0.1 mg/kg or 1.0 mg/kg arsenic equivalents 
(as Sodium Arsenite). (n = 3). N/A indicates that there 
were insufficient animal test results for statistical 
analysis. 
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Table 21 

Hamster Blood Creatinine Levels 
Following As (III) Dosing 

CONTROL 

RESULTS 

0.1 mg/kg 1.0 mg/kg 

TIME X SD X SD X SD 

15 min 

30 min 

1 hr 

2 hr 

4 hr 

8 hr 

24 hr 

1. 3 

1.  6  

1 .  2  

1. 3 

1.4 

1. 3 

1. 1 

0. 1 

0. 4 

0. 1 

0. 3 

0. 2 

0. 3 

0. 1 

1. 2 

1. 4 

1 .  2  

1. 1 

1 .  2  

1. 1 

1. 3 

0. 1 

0. 4 

0. 0 

0. 1 

0.  1 

0.  0 

0. 1 

1 .  2  

1. 4 

1 .  2  

N/A 

1. 4 

1. 4 

1. 7 

0. 1 

0. 2 

0. 1 

N/A 

0.  2  

0. 2 

0. a 

Results expressed as mean (X) in mg creatinine/100 ml blood 
(mg/dl) with group standard deviation (SD) as determined by 
spectrophotometry. Hamsters were dosed intraperitoneally 
with normal saline, 0.1 mg/kg or 1.0 mg/kg arsenic 
equivalents (as Sodium Arsenate). (n = 3). 
N/A indicates that there were insufficient animal test 
results for statistical analysis. 
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Table 22 

Guinea Pig Blood Creatinine Levels 
Following As <III) Dosing 

RESULTS 

CONTROL 1.0 mg/kg 

TIME X SD X SD 

15 min 0. 8 0. 4 1. 0 0. 0 

30 min 1. 0 0. 0 1. 0 0. 0 

1 hr 1. 1 0. 0 1. 1 0. 0 

2 hr 1. 1 0. 0 1. 1 0. 0 

4 hr 1. 0 0. 1 1.0 0. 1 

8 hr 1. 1 0. 1 1. 1 0. 1 

24 hr 1.0 0. 0 1. 1 0. 0 

Results expressed as mean (X) in mg creatinine/100 ml blood 
(mg/dl) with group standard deviation (SD) as determined by 
spectrophotometry. Guinea pigs were dosed intraperitoneally 
with normal saline or 1.0 mg/kg arsenic equivalents (as 
Sodium Arsenate). (n = 3). 
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Table 23 

Rat Blood Urea Nitrogen Levels 
Following As (III) Dosing 

RESULTS 

CONTROL 0. 1 mg/kg 1. 0 mg/k( 

TIME X SD X SD X SD 

15 min 23. 3 3. 9 19. 5 2. 0 19. 3 1. 7 

30 min 23. 0 1.6 18. 3 1. 4 17. 4 3. 2 

1 hr 21. 0 1. 5 21. 3 2. 3 ia. a 3. 4 

2 hr ia. 5 2. 3 20. 2 1.3 23. 1 5. 7 

4 hr 24. 6 6. 9 32. 9 10. 0 24. 9 5. 0 

8 hr 21. 2 1.2 19. 0 3. 1 20. 9 1. 9 

24 hr 20. 3 4. 1 21. 3 2. 2 19. 2 3. 9 

Results expressed as mean (X) in mg urea nitrogen/100.ml 
blood (ug/dl) with group standard deviation (SD) as 
determined by spectrophotometry. Mice were dosed 
intraperitoneally with normal saline, 0.1 mg/kg or 1.0 mg/kg 
arsenic equivalents (as Sodium Arsenite). (n = 3). 
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Table 24 

Mouse Blood Urea Nitrogen Levels 
Following As (III) Dosing 

RESULTS 

CONTROL 0. 1 mg/kg 1. 0 mg/ki 

TIME X SD X SD X SD 

15 min 28. 6 4. 9 15. 1 1. 6 18. 0 8. 4 

30 min 25. 5 1. 6 23. 6 10. 0 14. 1* 3. 1 

1 hr 20. 2 4. 4 18. 4 1. 7 21. 0 3. 7 

2 hr 21. 9 3. 0 N/A N/A 24. 5 2. 5 

4 hr 23. 4 15. 4 17. 7 3. 6 21. 4 2. 7 

8 hr 18. 2 5. 6 18. 5 2. 2 18. 2 2. 9 

24 hr 17. 8 2. 3 19. 8 3. 7 10. 7* 2. 5 

Results expressed as mean (X) in mg urea nitrogen/100 ml 
blood (mg/dl) with group standard deviation (SD) as 
determined by spectrophotometry. Mice were dosed 
intraperitoneally with normal saline, 0.1 mg/kg or 1.0 mg/kg 
arsenic equivalents 'as Sodium Arsenate). (n = 3). The 
asterisk <») denotes values which are significantly 
different from the control value <p < 0.05). N/A indicates 
that there were insufficient animal test results for 
statistical analysis. 



103 

Table 25 

Hamster Blood Urea Nitrogen Levels 
Following As (III) Dosing 

CONTROL 

RESULTS 

0.1 mg/kg 1.0 mg/kg 

TIME X SD X SD X SD 

15 min 

30 min 

1 hr 

2 hr 

4 hr 

8 hr 

24 hr 

N/A 

25. 9 

28. 2 

18. 5 

24. 4 

16. 3 

18. 5 

N/A 

2. 9 

5. 5 

4. 4 

2. 6 

2. 3 

6 .  6  

22.8 3. 5 

23.1 4.6 

29.0 3.9 

18.3 4.6 

27.9 4.7 

14.4 2.8 

17.1 0.6 

21. 0 

22. 9 

26. 4 

17. 3 

27. 5 

21. 6 

12. 4 

2. 9 

4. 7 

1. 1 

1. 0 

7. 0 

2.  8  

0. 3 

Results expressed as mean (X) in mg urea nitrogen/100 ml 
blood (mg/dl) with group standard deviation (SD) as 
determined by spectrophotometry. Hamsters were dosed 
intraperitoneally with normal saline, 0.1 mg/kg or 1.0 mg/kg 
arsenic equivalents (as Sodium Arsenate). (n = 3). N/A 
indicates that there were insufficient animal test results 
for statistical analysis. 
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Table 26 

Guinea Pig Blood Urea Nitrogen Levels 
Following As (III) Dosing 

RESULTS 

CONTROL 1. 0 mg/kg 

TIME X SD X SD 

15 min 17. 4 4. 9 13. 4 1. 3 

30 min 16. 0 3. a 15. 6 1. a 

1 hr 23. 7 3. a 23. 4 2. 9 

2 hr 17. a 2. 3 17. 9 2. 5 

4 hr 15. 5 1. 0 16. 2 0. 6 

8 hr 24. 1 0. 9 19. 9 1. 5 

24 hr ia. 0 0. 9 17. 9 1. 7 

Results expressed as mean (X) in mg urea nitrogen/100 ml 
blood (mg/dl) with group standard deviation <SD) as 
determined by spectrophotometry. Mice were dosed 
intraperitoneally with normal saline, 0.1 mg/kg or 1.0 mg/kg 
arsenic equivalents (as Sodium Arsenate). (n = 3). The 
asterisk (») denotes values which are significantly 
different from the control value (p < 0.05). 



CHAPTER 4 

DISCUSSION 

There hae been much research done in the area of 

arsenic toxicity testing. Though much progress has 

been made, there are *=;till many unanswered questions. 

In this study we have attempted to assess several 

prospective biological indicators of low level arsenic 

toxicity by testing four different animal species. The 

biological indicators of toxicity were further 

evaluated for their usefulness in the further study of 

arsenic exposure. Not only were positive results 

deemed important, but negative results were considered 

important, as well, because of their ability to predict 

no-effect levels of exposure. 

The animal species studied were Sprague-Dawley 

rats, B6C3F1 mice. Golden Syrian hamsters and Hartley 

guinea pigs. The biological indicators of toxicity 

examined were pyruvate dehydrogenase activity, urinary 

porphyrin excretion, blood glucose levels, serum 

creatinine concentration, blood urea nitrogen 

concentration, and hematocrit. 
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BLOOD ARSENIC LEVELS 

The level of arsenic in the blood of an animal is 

not necessarily an indicator of arsenic toxicity. It 

may, however, be useful as proof that systemic 

distribution of arsenic has occurred following 

different dosing techniques and as a parameter to use 

to estimate the severity of a change in a biological 

indicator of toxicity. The blood arsenic levels we 

observed in our experiments did not always reflect our 

expected levels. This was due to differences in 

experimental protocol between our methods and those of 

other researchers or inadequate sensitivity in our 

available instrumentation. Due to the erratic nature 

of our results, it would be difficult, if not 

impossible, to consistently correlate these blood 

arsenic levels to changes in biological indicators. 

All of the Sprague-Dawley Rats in our study, both 

test subjects and control animals, showed high total 

arsenic blood levels. This result was attributed to 

the concentration of arsenic in the lab diet the 

animals had been fed since birth. This diet consisted 

of fish meal which often contains up to 1 ppm arsenic 

(Ray Dotson and Dr. Joel Drews, Wayne Laboratories, 
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personal communication). Due to DMAA binding rat 

erythrocytes, a substantial amount of arsenic was seen 

in the blood. This discovery led us to place all 

experimental animals on a special arsenic-free diet for 

the remainder of the experiment. 

In our study, following intraperitoneal As (III) 

dosing of rats, the highest blood levels of arsenic 

were seen at 4 hours in both the 0.1 mg/kg and 1.0 

mg/kg dose groups. The clearance from the blood 

appeared to be complete within 8 hours of the dose, 

when compared to control levels. Other researchers 

have found that rats given arsenite as a single oral 

dose had whole body retention of almost 805C of the dose 

at 48 hours (Vahter, 1981). This retention was 

attributed to erythrocyte-bound DMAA. The most 

reasonable explanation for the discrepancy in the 

results of the two studies is the difference in 

experimental protocols. Vahter used 7 * As to dose the 

rats, and measured arsenic retention at only one time 

point, 48 hours. Due to the nature of our experimental 

protocol, we measured not only the amount of arsenic in 

the blood due to dosing, but, additionally, the arsenic 

in the blood of the rats that was due to accumulation 

from their diet. This resulted in such a high 
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background level of arsenic that changes in the blood 

levels of arsenic caused by i.p. dosing were difficult 

to assess. 

The rats in our study that were dosed with sodium 

arsenate showed a pattern of retention similar to that 

discovered by other researchers working with As (V). 

Our results showed arsenic levels steadily increasing 

from the time of the dose until the conclusion of the 

experiment. Our rats exhibited the highest blood 

levels of arsenic at 8 and 24 hours following the dose, 

though the concentration of arsenic in the blood of 

these animals was noticeably lower than the arsenic 

levels we saw in the rats that were dosed with As 

(III). This effect could be due to the change in 

experimental protocol involving the change of diet in 

the latter group of animals. Vahter, (1981), dosed 

rats orally with 74 As labeled sodium arsenate which 

resulted in 65% whole-body retention after 48 hours. 

Rowland and Davies, (1982), dosed rats with 10 ug of 

sodium arsenate orally and found 120 ppb arsenic in 

their blood 1 hour later. This corresponds closely to 

the percentage of the dose found in the blood of the 

animals in our study at the same time point. The 

Rowland and Davies study was concluded within 3 hours 
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and the blood arsenic levels were still increasing at 

that time, as were the blood arsenic levels of our 

animals at the same time point in the study. 

Qur studies using B6C3F1 mice injected with 

arsenite yielded blood levels similar to those reported 

in the literature. In our study, 173 ppb was found 0.5 

hours after a 1.0 mg/kg i.p. dose of As (III). The 

blood levels peaked at 232 ppb at 1 hour and declined 

to 13 ppb by 24 hours. Vahter and Norin (1982), found 

110 ppb arsenic in the blood of mice 0. 5 hours 

following a 0.4 mg/kg oral dose of As (III). Their 

study also demonstrated 180 ppb at 2 hours, 80 ppb at 6 

hours and 20 ppb at 24 hours. Lindgren, et al. (1982) 

found 106 ppb arsenic in the blood of mice 0. 5 hours 

following a 0.4 mg/kg i.v. dose of As (III). The 

blood levels in their animals declined to 30 ppb by 6 

hours after the doee. In both of these studies. As (V) 

given to mice at the same dose levels resulted in blood 

levels of arsenic very similar to the levels obtained 

following As (III) dosing. Vater and Norin (1982) 

found blood arsenic levels of 110 ppb at 0.5 hours, 130 

ppb at 2 hours, 70 ppb at 6 hours and 10 ppb at 24 

hours following As (V) dosing. Lindgren, et al. 

(1982), found 160 ppb at 0.5 hours, 16 ppb at 6 hours 



110 

and 1 ppb at 24 hours following the dose of As (V). 

Our studies of mice dosed with sodium arsenate resulted 

in much lower blood arsenic levels at these time points 

than did the other researchers. Our results showed no 

significant amounts of arsenic in the blood of mice at 

any time after the 1.0 mg/kg dose. The notable 

discrepancy between the blood arsenic levels achieved 

in our experiments with As (V) dosing and the levels 

achieved by other researchers is most likely explained 

by an error in our procedure for arsenic quantification 

on the day of this assay which resulted in inadequate 

sensitivity to detect arsenic in the ppb range needed 

for the mouse work. Though the exact nature of this 

error is impossible to determine, it may be speculated 

that either the digestion was not well performed or the 

analytical instrumentation was not functioning properly 

on this batch. Due to an oversight, only arsenite 

spikes were performed with this batch, so there was no 

control for arsenate in this batch. 

Our studies using Golden Syrian Hamsters dosed 

intraperitoneally with arsenite showed blood levels of 

arsenic t^) be highest at early time points with no 

measurable amount of arsenic remaining in the blood 

after 24 hours. These results are in agreement with 
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reports of the fast excretion of arsenic in this type 

of animal (Cikrt et al. , 1980), which found less than 

1'/. of an i. v. dose of As (III) remaining in the blood 

of hamsters after 24 hours. The total arsenic levels 

obtained from the blood of our experimental animals 

resembled the levels seen in the mice we dosed with 

arsenite. 

•ur studies of Hartley English Shorthair Guinea 

Pigs dosed with arsenite yielded results similar to the 

data from our mice and hamsters, which showed blood 

levels of arsenic peaking at 0.5 hours after the dose 

and arapid clearance rate from the blood. The blood 

arsenic levels we saw in the guinea pigs were lower 

than the levels we saw in mice and hamsters. Though 

there is very little data available from other 

researchers on the distribution of arsenic in guinea 

pigs, some data from chronic oral dosing studies is 

available to be used for comparison. Peoples found 

blood arsenic levels in guinea pigs to be 4 ppm after 

21 days of being fed a diet of 50 ppm arsenic trioxide. 

In the same study. Peoples found 2.5 ppm arsenic in the 

blood of hamsters, using the same protocol. An 

interesting finding in this study is that the heart of 

the guinea pigs seemed to retain arsenic. The heart 
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tissue of the guinea pigs contained 20 ppm arsenic, 

while the heart of the hamsters on the same diet 

contained 7 ppm and rabbits on the diet only had 0.2 

ppm arsenic in their hearts. This could indicate that 

guinea pigs have atypical distribution of arsenic 

metabolites. This atypical distribution pattern could 

explain the lower than expected blood arsenic levels we 

observed in our animals. 

KIDNEY PYRUVATE DEHYDROGENASE ACTIVITY 

Though little research has been performed using 

PDH from rat kidneys, mouse kidney PDH activity has 

been used as an indicator of arsenic poisoning 

(Aposhian et al., 1983). Our studies of Sprague-Dawley 

rat kidney pyruvate dehydrogenase activity following 

intraperitoneal sodium arsenite dosing showed 

significantly depressed PDH activity at time points of 

8 and 24 hours. The depression we observed at these 

late time points was not predicted by the blood arsenic 

levels in these animals and was not in agreement with 

in vivo results obtained from the use of mice in 

Aposhian's experiments. 
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It must be pointed out that during this portion of 

our experiment the animals were not on an arsenic-free 

diet prior to the dosing. The form of arsenic in the 

chow these animals consumed was assumed to be 

arsenobetaine or other arsenic compounds from marine 

sources. Arsenobetaine is not considered to be a 

reactive form of arsenic, and does not seem to be 

metabolized into an active species. High blood levels 

of arsenic were seen in control animals and the form of 

arsenic that binds rat erythrocytes is DMAA. This 

would indicate that either the arsenic compound that is 

present is bound by rat hemoglobin or the compound is 

metabolized into an arsenic species that binds rat 

hemoglobin. This means that either arsenobetaine is not 

the compound in the rat chow or that there is another 

undiscovered source of arsenic in the diet of these 

animals. In vivo metabolism of ingested arsenic 

compounds in rats could result in the formation of 

other arsenic species that could result in low level 

changes in biological activity in these animals. Since 

the PDH activity is compared to control values for 

significant depression, the control values may be 

affected by the arsenic in the diet. PDH activity 

alterations in experimental animals could be masked by 
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the PDH activity effects coming from arsenic in the 

diet. 

The rats we dosed with sodium arsenate exhibited a 

response similar to the results obtained from our 

studies of other species. The PDH activity was 

depressed at the early time points and recovered to 

near normal levels later. The total blood arsenic 

levels reached the highest point in these animals at 

the longer time points and does not correlate with the 

times that the PDH activity was depressed. This lack 

of correlation may be due to the form of arsenic 

present. Our method measures only total arsenic, and 

does not distinguish between oxidation states. Then, 

at some time points the arsenic may be in a form that 

does not affect PDH activity. The recovery of PDH 

activity in these animals to near normal control levels 

by Q hours may be indicative of clearance of the 

arsenic from the kidneys, or changes in the form of 

arsenic to inactive forms. 

Our studies on the effect of arsenite exposure on 

the PDH activity in B6C3F1 mouse kidney also showed 

mice exposed to sodium arsenate had depressed activity 

at early time points and recovery to near control 

levels by 2 hours. These results agreed with the 
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experimental results from the literature (Aposhian et 

al. , 1983), in which PDH depression of at least 95 '/. 

was shown in vivo using mice dosed subcutaneously with 

0.10 mmol/kg sodium arsenite. PDH activity in their 

animals was maximally depressed by 30 minutes after the 

dose and remained depressed until the conclusion of the 

experiment <90 minutes). In this study, the i.p. dose 

was much lower and the time points used were all less 

than 90 minutes, so it is not known if PDH activity in 

these animals would have recovered if given additional 

time. 

The PDH activity of the animals in this part of 

our study showed a roughly inverse correlation with 

blood arsenic levels. The highest arsenic levels were 

at early time points, while these time points also had 

the lowest PDH activity. There is also evidence in our 

study of an effective dose to cause PDH suppression . 

The 0.1 mg/kg dose group exhibited PDH depression at 

only the earliest time point while the 1.0 mg/kg groups 

showed the effects for a longer period of time. 

The mice dosed with 1.0 mg/kg arsenate also showed 

depressed PDH activity at early time points and the 8 

hour time point. The depressed PDH activity seen at 

the longer time point can be accounted for only as an 
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artifact or an analytical error. Vahter and Norin, 

<1980) found that mice dosed orally with arsenate and 

arsenite eliminated the arsenite at more than twice the 

rate of arsenate. The blood arsenic levels in these 

animals was below detection limits of the method at 

most time points, so it is impossible to correlate 

blood levels with PDH activity. Using mouse blood 

arsenic concentration from other investigators 

following I.V. dosing (Lindgren et al., 1982) it can be 

seen that at low doses arsenate is eliminated from the 

blood a little slower than arsenite. When comparable 

doses of 0.4 mg/kg arsenite or arsenate were given to 

mice slightly higher blood arsenic levels were seen in 

the animals given arsenate <164 ppb vs. 106 ppb). By 6 

hours after the dose, the blood levels of arsenate had 

declined to only 10 '/. of the level at one half hour 

after the dose, while the blood levels of arsenic in 

the animals dosed with arsenite were still at 19 '/. of 

the earlier value <30 ppb vs. 16 ppb). This slower 

rate of arsenate excretion could account for the 

depression of PDH activity at the 8 hour time point. 

This result may also indicate that the levels of 

arsenic in the kidney tissue may be more important than 
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the blood level of arsenic in the determination of PDH 

activity in the kidney. 

Our studies of PDH activity using kidneys of 

Golden Syrian Hamsters dosed intraperitoneally with 

arsenite yielded similar results to the mouse results. 

The 1.0 mg/kg dose groups showed depressed PDH activity 

at early time points while the 0.1 mg/kg groups showed 

no depression. These results also showed an inverse 

correlation with the blood arsenic levels in these 

animals. In general, the higher the blood arsenic 

level, the more depressed the PDH activity. Since the 

hamster excretes arsenic at much the same rate as the 

mouse, this was not an unexpected result. 

Our studies of the PDH activity using the kidneys 

of Hartley Guinea Pigs following arsenite yeilded 

results that were quite different from the results we 

obtained using the mouse and hamster. The PDH 

supression in the guinea pigs seemed to increase almost 

continually throughout the study. The one exeption was 

the 8 hour time point where no depression was seen. 

Guinea pigs had not been used in the study of PDH 

activity prior to this study, so perhaps there are 

other species differences that also could help to 

explain the continuous depression of PDH activity. 
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Overall, the PDH activity assay appears to be a 

sensitive indicator of low level arsenic exposure. PDH 

activity was decreased by both arsenite and arsenate in 

all the species tested. It seems to be most useful in 

evaluating acute exposures in rats, mice and hamsters 

at time points shortly after the dose. These results 

do not indicate that PDH activity would discriminate 

between As (III) and As (V) exposure. Pyruvate 

dehydrogenase activity has been shown to be inhibited 

by the presence of arsenic both in vivo and in vitro. 

This inhibition has been attributed to the binding of 

arsenite to the sulfhydrils in the PDH complex. In our 

experiments we demonstrated that PDH activity can also 

be affected in vivo by arsenate exposure. If PDH 

activity is depressed only by arsenite, then the 

arsenate must be converted quickly to arsenite. This 

conversion has been described in other research. 

Rowland and Davies, (19Q2) demonstrated that the 

majority of arsenic found in the blood of rats 5 

minutes after an intravenous dose of sodium arsenate 

was in the form of arsenite. In addition to this rapid 

change in oxidation state, there is evidence that 

arsenate may be preferentially distributed to the 

kidney. Lerman and Clarkson (1983) demonstrated that 5 
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minutes following an i.v. dose of arsenate or arsenite 

to rats, arsenite was distributed to the liver and 

kidneys, while arsenate was distributed to the kidneys 

only. This suggests that arsenate may be converted to 

arsenite in the kidney. The arsenite could then cause 

the PDH depression. The PDH activity depression 

observed following arsenate dosing could be accounted 

for by the preferential distribution to the kidney and 

conversion there to arsenite. 

URINE UROPORPHYRIN CONCENTRATION 

Coproporphyrin is the most prevalent porphyrin 

normally excreted in the urine of most animals while 

uroporphyrin is present in lesser amounts. Exposure to 

most heavy metals causes increased coproporphyrin 

excretion (Tschudy, 1974). In addition to increased 

coproporphyrin excretion, arsenic exposure has been 

demonstrated to cause increased uroporphyrin excretion. 

When compared with control groups. Woods and Fowler 

(1978) found 12- fold increases in uroporphyrin 

excretion in rats dosed orally with arsenate. In 

their experiment rats were fed 20, 40 or 85 ppm sodium 

arsenate (equivalent to 1.2, 2.2 and 3.5 mg/kg/day) for 

six weeks. At the end of the experimental period. 



120 

urine was collected for 24 hours and analyzed for 

porphyrin excretion. The mechanism of arsenic 

porphyrinogenicity appeared to be mediated via the 

partial inhibition of mitochondrial heme synthetase 

(60% inhibition) and ALA synthetase (80% inhibited). 

ALA dehydratase and uroporphyrin I synthetase were not 

found to be inhibited in vivo. Martinez, et al. (1983) 

also found similar uroporphyrin excretion patterns in 

rats fed similar amounts of arsenite. 

Our studies of urine uroporphyrin levels in 

Sprague-Dawley rats dosed intraperitoneally with 

arsenite revealed no significant increases in porphyrin 

excretion following dosing. This was not an unexpected 

result, since Webb, (1984) had demonstrated that 

porphyrin levels took several days to respond after 

intratracheal instillation of GaAs particles. The 

animals in this portion of our experiment were not on 

an arsenic-free diet and, as a consequence, the results 

could reflect the effects of arsenic in the diet. In 

some cases, the quantity of urine collected was 

insufficient to perform the test and this invalidated 

all data for the group. Rats dosed with arsenate also 

showed no significant changes in uroporphyrin excretion 

within the time of this experiment. 
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In our studies B6C3F1 mice dosed with arsenite 

showed some changes in uroporphyrin excretion patterns. 

The 1.0 mg/kg dose group had increased uroporphyrin 

concentration in the urine within 4 hours of dosing. 

No significant changes were seen in uroporphyrin 

excretion at S and 24 hours. The lack of increase in 

uroporphyrin excretion at these later time points may 

have been due to the method employed for specimen 

collection. The urine was collected only at the time 

the animals were killed. This procedure resulted in a 

much greater urine volume with the 8 and 24 hour 

animals and, thus, a sample which represented an 

average over the preceding time period. No significant 

differences in urine volume between control and 

experimental animals were seen (data not shown). No 

significant changes in uroporphyrin excretion were 

evident in the mice dosed with arsenate. 

Our studies of hamster urine uroporphyrin 

excretion following arsenite dosing showed no changes 

in excretion patterns after the exposure. A major 

problem encountered with these animals was the small 

urine volume available for analysis. In many cases, 

the bladders of the animals had to be punctured at the 

time of death in order to get urine for the. study. In 
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addition to the small volume of urine collected, the 

urine in these animals is very concentrated and this 

makes the extraction procedure more difficult and 

introduces possible sources of error into the 

analytical procedure. 

Our studies of guinea pig uroporphyrin excretion 

patterns following arsenite dosing also yielded no 

significant changes at the time points tested. These 

animals also concentrate their urine, but because of 

the larger size of the animal, sufficient quantity was 

available for analysis in all cases. The extraction of 

the urine was also difficult with these animals due to 

the large amount of precipitate present and the 

concentrated nature of the urine. 

The value of studying uroporphyrin excretion at 

these early time points after dosing may only be in 

evaluating the exposure to arsenic in mice and not in 

other species. Since the mice responded to arsenite 

and not arsenate, uroporphyrin excretion may be an 

indicator of toxicity that could be used to 

discriminate between arsenite and arsenate exposure. 

The rats exposed to arsenite were not on an arsenic 

free diet, so this data cannot be considered valid 
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since it cannot be interpreted to correlate directly to 

arsenic exposure. 

URINE COPROPORPHYRIN CONCENTRATION 

Coproporphyrin is the most prevalent porphyrin 

excreted in the urine of most species of animals. 

Exposure to most heavy metals cause increased 

coproporphyrin excretion (Tschudy, 1974). Woods and 

Fowler (1978) found increases of coproporphyrin 

excretion of up to nine-fold above control values in 

rats fed 85 ppm sodium arsenate for six weeks. Though 

coproporphyrin is normally the most prevalent porphyrin 

excreted in urine, it has been reported by other 

investigators that coproporphyrin was replaced by 

uroporphyrin as the major porphyrin excreted following 

metals exposure. Webb, (1984) reported this result 

following intratracheal instillation of GaAs particles 

into the lungs of rats. This effect first became 

evident several days after the exposure. 

Our studies of the urinary coproporphyrin 

concentrations in rats dosed with arsenite showed no 

significant changes following the exposures. The 
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coproporphyrin concentrations in all animals tested 

were much higher than the uroporphyrin concentrations 

in the same animals. Our study was concluded after 

only 1 day, indicating that the biological changes that 

cause porphyuria in rats may take longer than one day 

to respond to arsenic. Also, it should be noted that 

the animals in this portion of our study were not fed 

an arsenic-free diet. Therefore the absence of changes 

in porphyrin excretion patterns could have been due to 

excess arsenic in the diet. 

•ur studies of the coproporphyrin excretion of 

rats dosed with 1.0 mg/kg arsenate yielded data showing 

elevated coproporphyrin levels within 8 hours following 

the dose. The time points of the high coproporphyrin 

levels corresponded to the time points when blood 

arsenic levels were highest in these animals. The 

increases in coproporphyrin concentration in the urine 

of these rats could indicate the alteration of enzyme 

activities, uroporphyrin decarboxylase in particular, 

resulting in elevated coproporphyrin levels. The 

inhibition of this enzyme would, theoretically, be most 

likely caused by the action of As (III), not As (V); 

but reduction of arsenite could have occurred in this 
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period of time, so the As (III) could then still be 

causing the enzyme affects. 

Woods and Fowler (1970) found greatly increased 

uroporphyrin and coproporphyrin (approximately 10-fold 

over controls) excretion in mice fed 85 ppm arsenate in 

their drinking water for six weeks. The Woods and 

Fowler study found that, while heme synthetase activity 

was inhibited by arsenate exposure, uroporphyrin I 

sythetase activity was increased. Our studies of mice 

dosed with arsenite yielded results showing increased 

coproporphyrin excretion following the 1.0 mg/kg dose 

by 4 hours and 8 hours following the 0.1 mg/kg dose. 

Again, this could be due to the inhibition of enzymes 

by As (III) in these animals. The mice dosed with As 

(V) did not show any changes in coproporphyrin 

excretion patterns. This would serve to corroborate 

evidence that As (III) is more likely to inhibit 

enzymes than is As (V). 

Our studies of the effect of arsenite exposure on 

the excretion of coproporphyrin by hamsters and guinea 

pigs showed no changes in excretion patterns following 

exposure. This may have been due to the strange 

characteristics of the hamster and guinea pig urine. 



126 

Coproporphyria excretion is a promising indicator 

of arsenic toxicity. It is both sensitive to low level 

arsenic exposure in some animal species and is also a 

possible indicator of the species of arsenic that the 

animal was exposed to. The increased coproporphyrin 

excretion in mice following arsenite exposure, but not 

following arsenate exposure, may be indicative of the 

ability of this test to discriminate between these two 

species of arsenic, or perhaps indicative of the 

concentration of arsenite. The results in the rats, 

indicating that only arsenate was causing the increased 

excretion, may be due to the diet of the rats dosed 

with arsenite. This would mean that, in the rat, 

coproporphyrin excretion should not be taken as a 

discriminatory indicator of toxicity until this 

discrepancy is resolved. 
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BLOOD HEMATOCRIT LEVELS 

Exposure to arsenite or arsenate could, 

theoretically, result in the formation of arsine in 

vivo. The toxic manifestations of arsine exposure are 

lysis of red blood cells resulting in hemoglobinuria 

and renal failure (Faulkner and King, 1976). 

Hematocrit levels would be expected to fall when red 

blood cell lysis is occurring. Our studies of blood 

hematocrit levels following arsenic dosing yielded no 

consistent changes in hematocrit in any of the four 

animal species studied. This would indicate that, 

following exposure to arsenite and arsenate, arsine was 

not formed in vivo at these dose levels. 

BLOOD GLUCOSE CONCENTRATION 

The effects of arsenic on the metabolism of 

glucose has been studied in a variety of organisms 

(Webb, 1966). These studies used microbial organisms 

and tissue slices from mammals to study in vitro 

effects of arsenic exposure. Some studies showed that 

arsenic depressed glucose oxidation by up to 30 '/. while 

others found glucose uptake by guinea pig brain slices 
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to be increased by arsenite. The conclusion of Webb, 

following a review of the work done in the area, was 

that it was impossible to predict overall response of 

glucose metabolism in an organism due to the 

variablility between species in systems used for 

glucose uptake, respiration, polysaccharide synthesis, 

C0B production and lactate metabolism. 

•ur studies of blood glucose concentration 

following arsenic exposure showed no consistent changes 

in blood glucose levels in any of the four animal 

species studied. Since activity of several of the 

enzymes involved in the maintainence of blood glucose 

levels is known to be altered by arsenic, the glucose 

level was thought to be a possible indicator of 

low-level arsenic exposure. Our experiments showed 

that, at the dose levels used, blood glucose was not 

useful as an indicator of arsenic exposure in any of 

the species tested. 

BLOOD CREATININE CONCENTRATION 

Creatinine, a waste product of creatine 

metabolism, is removed from the blood by glomerular 

filtration. Blood creatinine levels are common tests 
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used to evaluate kidney function. Kidney damage 

results in decreased creatinine clearance from the 

blood and, therefore, increased blood levels of 

creatinine. Increased plasma levels of creatinine due 

to decreased glomerular filtration could result from 

any type of renal damage (Teitz, 1976). Acute exposure 

to arsenic could, by this mechanism, cause increased 

serum creatinine levels. 

While arsenic is known to have toxic effects on 

the kidney,(Fowler and Weisberg, 1974), most research 

on renal damage following exposure to metals has been 

done using metals other than arsenic (Foreman, 1962). 

Acute exposure to lead has been noted to cause renal 

lesions in humans (Hernberg, 1976). These lesions may 

not show up for up to 10 years following exposure. 

Daily administration of cadmium to rabbits has been 

shown to induce renal lesions (Nomiyama and Nomiyama, 

1974). These lesions also appeared following 

subcutaneous dosing of 1.5 mg/kg cadmium for 21 days. 

Studies using shorter time points did not produce any 

conclusive data. This would indicate that metal 

poisoning from low-level exposures would tend to 

produce only chronic changes in the kidney. The 
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changes in blood creatinine levels in these cases might 

well be observed only at longer time points. 

Our studies of blood creatinine levels following 

arsenic exposure yielded no consistent changes in any 

of the animal species tested. This lack of creatine 

level change indicates that there is not enough kidney 

damage at the early time points to cause elevation of 

blood creatinine. Another explanation is that 

creatinine is released slowly into the blood (Faulkner 

and King, 1976). Increased creatinine levels in the 

blood then would follow renal failure by some time 

making this test of little value in a short-term study. 

BLOOD UREA NITROGEN CONCENTRATION 

The blood urea nitrogen level is often used as a 

clinical indicator of renal function. Increased plasma 

levels of urea nitrogen indicate general renal 

dysfunction. Any lesion that causes renal dysfunction 

will raise the urea nitrogen levels. These levels may 

change relatively soon following the onset of renal 

lesion. Since arsenic induces renal lesions by forming 

hemoglobin casts in the renal tubules, increased urea 

nitrogen levels would not be expected at very early 

time points in animals exposed to arsenic. At later 
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times, however, the lesion may have had time to develop 

and cause increased levels of urea nitrogen in the 

blood of the exposed animals (Faulkner and King, 1976). 

Our studies of blood urea nitrogen concentration 

following arsenic exposure showed no consistent changes 

in any of the four animal species used. The lack of 

elevated urea nitrogen levels could be interpreted as 

meaning that there is no kidney damage following 

arsenite exposure, that not enough arsenite was 

converted to arsine to cause damage, or that the 

increase in urea nitrogen blood levels following kidney 

damage could be too slow of a process for this test to 

be used as an indicator of toxicity in short-term 

evaluations. 
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THE RAT AS A PROSPECTIVE ANIMAL 

MODEL FOR THE STUDY OF ARSENIC 

The Sprague-Dawley rat has several advantages as 

an animal model for the study of the toxic effects of 

arsenic exposure. These advantages include its 

relatively large size and easily measurable biological 

responses to arsenic exposure. The size of the rat 

means an adequate volume of blood for several tests, 

large kidneys and adequate urinary output, all of which 

contribute to the ease of handling and experimentation. 

Our experiments with the biological indicators showed 

the rat to have measurable biological responses to 

arsenic exposure, including PDH activity depression 

following arsenite and arsenate exposure and increased 

copropo'rphyrin excretion following arsenate exposure. 

This increase in coproporphyrin excretion occurred at 

time points that corresponded to the times when blood 

arsenic levels were highest. 

Conversely, there are several major disadvantages 

of using the rat as an animal model for studying 

arsenic exposure. Primary among them are the unusual 

redistribution of arsenic metabolites and the absence 

of excretion of arsenic. This phenomenon causes such 
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high levels of arsenic to be present in the blood of 

rats at all times that correlation of biological 

parameters to blood arsenic levels are difficult, at 

best. The blood levels of arsenic in the rat also make 

it difficult to determine if a response in the animal 

is due to recent arsenic exposure or the chronic 

presence of arsenic in the animal. Our research failed 

to correlate arsenic levels in the blood of these 

animals to changes observed in the PDH activity. The 

porphyrin excretion did not change following arsenite 

dosing. 

In conclusion, since the rat demonstrated such 

significant anomalies as abnormal distribution and 

excretion of arsenic and unexpected biological 

responses to arsenic exposure, it is not the animal of 

choice for the study of arsenic toxicity unless 

excretion studies are done using another animal model. 
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THE MOUSE AS A PROSPECTIVE ANIMAL 

MODEL FOR THE STUDY OF ARSENIC 

Our studies of the biological effects of arsenic 

exposure using the B6C3F1 mouse confirmed several 

suspected deficiencies of this species as an animal 

model for this type of toxicity study. The most 

important shortcoming of the mouse is its small size 

which results in small organ weights and deficient 

urinary output. The lack of blood and urine volumes 

make some analyses impossible unless these bodily 

fluids are pooled from several animals before the 

assay. These animals are also very susceptible to 

respiratory infections which limits their use in an 

experiment involving pulmonary toxicity. The short 

life span of this particular species of mouse is a 

problem for their use in any long-term study. 

This mouse had many very positive responses in our 

arsenic experiments. These studies revealed arsenic 

blood levels that corresponded to decreased PDH 

activity. There was. also increased uroporphyrin 

excretion and coproporphyrin excretion following 

arsenite exposure, though this increased porphyrin 

excretion was not seen with arsenate exposure. This 



135 

gives us three sensitive biological indicators of 

arsenic exposure, which appear to discriminate between 

species of arsenic to which the animal is exposed. For 

these reasons, the B6C3F1 mouse is the most appropriate 

animal model tested for the further study of arsenic 

toxicity. 

THE HAMSTER AS A PROSPECTIVE ANIMAL 

MODEL FOR THE STUDY OF ARSENIC 

Our study of the biological responses of the 

Golden Syrian hamster to arsenite exposure also 

revealed several deficiencies in this animal as a model 

for the further study of arsenic toxicity. Again, as 

with the mouse, the hamster is a small animal with 

small organs and an extremely small urinary output. 

This causes the same problems mentioned above. In 

addition to the small size of the animal, there were no 

biological changes evident in our testing due to 

arsenic exposure other than PDH activity depression. 

This lack of change in biological indicators could be a 

severe handicap in the comparison of the toxicities of 

the various arsenic species. 
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On the positive side, the hamster did demonstrate 

measurable blood arsenic levels following arsenite 

exposure at time points that corresponded to the time 

points when the PDH activity was depressed. This one 

positive indicator is not sufficient reason to 

recommend this species as one to use as a primary model 

for the study of arsenic toxicity. 

THE GUINEA PIG AS A PROSPECTIVE ANIMAL 

MODEL FOR THE STUDY OF ARSENIC 

Our studies of the biological responses of the 

Hartley guinea pig following exposure to arsenite 

showed us several inadequacies of this animal as a 

prospective model for the further study of arsenic 

toxicity and relatively few benefits. Practically, the 

only advantage this animal has as an animal model is 

its size. The comparatively large size of the guinea 

pig results in large tissue volumes for analysis. 

Unfortunately, the large amount of body fat was a 

hindrance both to the absorption of arsenic and in the 

use of anesthetics during surgery. This resulted in 

arsenic blood levels that were too low to measure at 

most time points. The PDH activity did seem to be 

suppressed in these animals following arsenic exposure. 
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but did not recover to pre-dose level in the manner 

other animal species did. There were also no 

measurable changes in porphyrin excretion in these 

animals following arsenic exposure. As a result of 

these findings, the guinea pig is not recommended as 

the animal of choice in further arsenic toxicity 

studies. 



CHAPTER 5 

CONCLUSIONS 

Summary 

The rat responded to indicators of arsenic 

toxicity. It has been reported to have an atypical 

pattern of distribution and excretion of arsenic 

metabolites and inadequate correlation of blood arsenic 

levels to PDH activity depression. Conversely, the rat 

did show increased coproporphyrin excretion following 

arsenate exposure, but not after arsenite exposure. 

The mouse, while being a smaller animal with the 

associated problems of its size, such as small urinary 

output and small organ volumes, exhibited the best 

overall responses to arsenic exposure. The PDH 

activity was substantially depressed following both 

arsenite and arsenate dosing and this correlated well 

to arsenic levels in the blood of animals dosed with 

arsenite. Increased excretion of both uroporphyrin and 

coproporphyrin were observed following arsenite 

exposure, but not following arsenate exposure. 

138 
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The hamster is probably not the animal best suited 

to the further study of arsenic exposure. Though PDH 

activity depression correlated with the higher blood 

levels of arsenic, the animals produced inadequate 

urine volumes for porphyrin analysis at early time 

points. Guinea pigs also excreted a very concentrated 

urine that resulted in small and erratic urine volumes. 

This also was a handicap in performing porphyrin 

analysis. The PDH activity study with the guinea pigs 

also showed no correlation of blood arsenic levels to 

supression of PDH activity. 

A evaluation of several biological indicators of 

arsenic toxicity revealed pyruvate dehydrogenase <PDH) 

activity to be the most sensitive indicator of arsenic 

exposure. PDH was shown to respond to both arsenite 

and arsenate dosing at low levels of exposure. In 

rats, mice and hamsters the PDH activity recovered to 

near normal levels within hours following the exposure. 

The second most valuable biological indicator of 

arsenic exposure was porphyrin excretion. In mice 

dosed with arsenite, an increase in the excretion of 

both uroporphyrin and coproporphyrin was shown. This 

increase did not occur following exposure to arsenate. 

This selectivity was not observed with the rat. The 
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results in mice give us a possible method for 

determining differential toxicities between As (III) 

and As (V) exposures, but further experiments will be 

needed to confirm this. Coproporphyrin excretion was 

also increased in rats given arsenate, but not 

arsenite. This could possibly be explained as a result 

of arsenic in the diet of the animals given arsenite. 

Hematocrit, glucose, creatinine and urea nitrogen 

from blood were found to be unresponsive to arsenic 

exposure at the levels and times used in these studies. 



APPENDICES 

APPENDIX A: Rat Blood Arsenic Levels (ppm) Following Dosing 
with Sodium Arsenite. 

CONTROL 

DOSE 

0.1 mg/Kg 1.0 mg/Kg 

TIME 

15 min 

30 min 

1 hr 

2 hr 

4 hr 

8 hr 

24 hr 

X 

7. 1 

6 .  6  

6 .  6  

7. 5 

7. 2 

7. 4 

7. 6 

SD 

0. 7 

0. 4 

0. 6 

1. 2 

2. 3 

0. 4 

0. 6 

RESULTS 

X SD 

7.3 0.5 

5.7 1.8 

6. 5 

7. 5 

0. a 

1. 2 

9.9 0.8 

7.6 0.5 

6.3 2.6 

X 

7. 8 

12. 2 

a. l  

a. 9 

15. 8 

a. 0 

9. 0 

SD 

2. 7 

0. 4 

1. 2 

0. 9 

1.  6  

0. a 

0. 4 

Animals dosed intraperitoneally. Results expressed as mean 
(X) with standard deviation (S.D.). 
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APPENDIX B; Mouse Blood Arsenic Levels (ppb) Following 
Dosing with Sodium Arsenite 

DOSE 

CONTROL 0.1 mg/Kg 1.0 mg/Kg 

RESULTS 
TIME X SD X SD X SD 

15 min 0 0 24 5 154 89 

30 min 2 3 1 3 99 77 

1 hr 1 1 17 17 428 561 

2 hr 1 1 21 10 151 63 

4 hr 0 0 11 5 301 167 

8 hr 0 0 8 7 54 20 

24 hr 3 5 2 4 13 14 

Animals dosed intraperitoneally. Results expressed as mean 
(X) with standard deviation <S.D.). 
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APPENDIX C: Hamster Blood Arsenic Levels (ppb) Following 
Dosing with Sodium Arsenite 

TIME 

CONTROL 

SD 

DOSE 

0.1 mg/Kg 

RESULTS 
X SD X 

1.0 mg/Kg 

SD 

15 min 

30 min 

1 hr 

2 hr 

4 hr 

8 hr 

24 hr 

3 

1 

1 

1 

1 

1 

0 

5 

1 

2 

1 

2 

2 

0 

46 

33 

23 

8 

5 

2 

0 

2 

19 

19 

6 

4 

7 

0 

257 

203 

124 

166 

117 

54 

22 

61 

32 

73 

32 

69 

17 

33 

Animals dosed intraperltoneally. Results expressed as mean 
(X> with standard deviation (S.D. ). 
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APPENDIX D: Guinea Pig Blood Arsenic Levels (ppb) Following 
Dosing with Sodium Arsenite 

TIME 

CONTROL 

SD 

DOSE 

0. 1 mg/Kg 

RESULTS 
X SD X 

1.9 mg/Kg 

SD 

15 min 

30 min 

1 hr 

2 hr 

4 hr 

8 hr 

24 hr 

0 

0 

0 

9 

1 

0 

5 

0 

0 

0 

16 

1 

0 

9 

N. D. 

N. D. 

N. D. 

N. D. 

N. D. 

N. D. 

N. D. 

N. D. 

N. D. 

N. D. 

N. D. 

N. D. 

N. D. 

N. D. 

50 

151 

39 

69 

32 

96 

1 

21 

102 

48 

87 

39 

101 

Animals dosed intraperitoneally. Results expressed as mean 
(X) with standard deviation (S.D.). N.D. indicates 
inadequate sample to perform analysis. 
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APPENDIX E: Rat Blood Arsenic Levels (ppm) Following Dosing 
with Sodium Arsenate 

DOSE 

TIME 

CONTROL 

SD 
RESULTS 

X 

1.0 mg/Kg 

SD 

30 min 

1 hr 

2 hr 

8 hr 

24 hr 

1. 70 

1. 64 

0. 61 

1. 43 

0. 84 

0. 15 

0. 10 

0. 54 

0. 43 

0. 84 

1. 05 

2. 02 

1. 43 

2. 30 

2. 20 

0. 95 

0. 15 

0. 43 

0. 04 

0. 17 

Animals dosed intraperltoneally. Results expressed as mean 
(X) with standard deviation (S.D.). 
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APPENDIX F: Rat Kidney Pyruvate Dehydrogenase Activity (as '/. 
of control) Following Dosing with Sodium Arsenite 

0. 1 

TIME X 

15 min 100 

30 min 113 

1 hr 103 

2 hr 95 

4 hr 94 

8 hr 94 

24 hr 78 

DOSE 

mg/Kg 1.0 mg/Kg 

RESULTS 
S. D. X S. D. 

9. 5 90 8. 0 

12.8 92 7.5 

10. 9 71 9. 4 

10. 1 98 6. 3 

8.0 109 12.9 

9.9 68 8. 3 

6.0 58 4. a 

Animals dosed intraperitoneally. Results expressed as mean 
(X) with standard deviation (S.D.). 
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APPENDIX G: Mouse Kidney Pyruvate Dehydrogenase Activity (as 
'/. of control) Following Dosing with Sodium Arsenite 

DOSE 

0. 1 mg/Kg 1. 0 mg/Kg 

RESULTS 

TIME X S.D. X S.D. 

15 min 76 8. 4 37 4. 5 

30 min 94 8.9 38 4.0 

1 hr 74 7. 1 82 7.9 

2 hr 117 12.2 112 10.7 

4 hr 109 11.4 112 13.2 

8 hr 97 10. 5 87 9.3 

24 hr 97 8.6 94 8. 8 

Animals dosed intraperitoneally. Results expressed as mean 
<X) percent of control values. 
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APPENDIX H: Hamster Kidney Pyruvate Dehydrogenase Activity 
(as '/. of control) Following Dosing With Sodium Arsenite 

DOSE 

TIME 

0.1 mg/Kg 

RESULTS 
X S.D. X 

1.0 mg/Kg 

S. D. 

15 min 

30 min 

1 hr 

2 hr 

4 hr 

8 hr 

24 hr 

78 6. 0 

122 11.8 

98 10.1 

99 10.9 

98 9. 4 

101 11.1 

89 9. 3 

42 

61 

60 

68 

118 

88 

102 

4. 5 

6. 4 

5. 8 

7. 0 

12. 4 

7. 3 

9. 9 
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Animals dosed intraperitoneally. Results expressed as mean 
(X) percent of control values. 

APPENDIX I: Guinea Pig Pyruvate Dehydrogenase Activity (as '/. 
of control) Following Dosing with Sodium Arsenite 

DOSE 

1.0 mg/Kg 

RESULTS 
TIME X S.D. 

15 min 72 7. 5 

30 min 30 4. 0 

1 hr 39 4. 7 

2 hr 46 4. 7 

4 hr 48 5. 0 

a hr 82 6. 6 

24 hr 60 7. 3 

Animals dosed intraperitoneally. Results expressed as mean 
(X) percent of control values. 
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APPENDIX J: Rat Pyruvate Dehydrogenase Activity (as % of 
Control) Following Dosing with Sodium Arsenate 

DOSE 

1.0 mg/Kg 

RESULTS 

TIME X S.D. 

30 rain 15 2. 0 

1 hr 19 3. a 

2 hr 49 5. 7 

8 hr 98 10. 3 

24 hr 89 7. 7 

Animals dosed intraperitoneally. Results expressed as mean 
(X) percent of control values. 
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APPENDIX K: Mouse Pyruvate Dehydrogenase Activity (as of 
control) Following Dosing with 1.0 mg/Kg Sodium Arsenate 

Dose 
1.0 mg/Kg 

RESULTS 

TIME X S.D. 

30 rain 32 2. a 

1 hr 53 6. 2 

2 hr 110 8
 

S
 

a hr 49 3. a 

24 hr 123 13. 9 

Animals dosed intraperitoneaily. Results expressed as mean 
<X) percent of control values. 
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APPENDIX L; Mouse Urine Uroporphyrin Concentrations (UG/DL) 
Following Dosing with Sodium Arsenite (N.D. indicates 
inadequate volume to complete analysis) 

TIME X 

CONTROL 

SD 

DOSE 

0.1 mg/Kg 

RESULTS 
X SD X 

1.0 mg/Kg 

SD 

15 min 

30 min 

1 hr 

2 hr 

4 hr 

8 hr 

24 hr 

N. D. 

N. D. 

N. D. 

3. 6 

2. a 

3. 0 

4. 2 

N. D. 

N. D. 

N. D. 

0. 6 

3. 0 

1.4 

2. 1 

N. D. 

N. D. 

N. D. 

1. 6 

3. 0 

4. 6 

5. 7 

N. D. 

N. D. 

N. D. 

0. 7 

0. 6 

1. 1 

0. 9 

N. D. 

N. D. 

N. D. 

2. 8 

6. & 

7. 5 

7. 5 

N. D. 

N. D. 

N. D. 

0. 6 

0. 7 

3. 6 

2. 4 

Animals dosed intraperitoneally. Results expressed as mean 
(X) with standard deviation (S.D.). N.D. indicates 
inadequate sample to perform analysis. 
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APPENDIX M: Mouse Urine Coproporphyrin Concentrations 
(UG/DL) Following Dosing with Sodium Arsenite 

TIME X 

CONTROL 

SD 

DOSE 

0. 1 mg/Kg 

RESULTS 
X SD X 

1.0 mg/Kg 

SD 

15 min 

30 min 

1 hr 

2 hr 

4 hr 

8 hr 

24 hr 

N. D. 

4 

N. D. 

6 

3 

2 

6 

N. D. 

1 

N. D. 

1 

1 

0 

2 

N. D. 

5 

N. D. 

4 

6 

6 

7 

N. D. 

2 

N. D. 

2 

2 

2 

0 

N. D. 

N. D. 

N. D. 

6 

11 

6 

10 

N. D. 

N. D. 

N. D. 

2 

2 

2 

3 

Animals dosed intraperitoneally. Results expressed as mean 
(X) with standard deviation (S. D. ). N. D. indicates 
inadequate sample to perform analysis. 
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APPENDIX N: Rat Urine CoproPorphyrin Concentration (UG/DL) 
Following Dosing with Sodium Arsenate 

DOSE 

TIME X 

CONTROL 

SD 
RESULTS 

X 

1.0 mg/Kg 

SD 

30 min 

1 hr 

2 hr 

4 hr 

8 hr 

24 hr 

14. 3 

62. 5 

28. & 

6 .  9 

7. 6 

42. 7 

5. 4 

31. 9 

4. & 

0. 9 

2. 5 

13. 3 

11. 1 

22. 9 

24. 8 

8. 3 

58. 5 

100. 5 

11. 9 

10. 2 

15. 2 

5. 6 

20. 6 

15. 0 

Animals dosed intraperitoneally. Results expressed as mean 
(X) with standard deviation <S.D.). 
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