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ABSTRACT 

This project consisted of two separate studies. 

The first was conducted with the two isomers of endo-

14 
sulfan and three of its metabolites, the other with C 

technical endosulfan. 

The primary objective of the first study was to 

examine qualitatively and quantitatively differences in 

toxicant metabolism among rats subjected to low, normal, 

and high temperatures. Young adult, male rats were dosed 

orally with endosulfan I or II and placed in metabolism 

units designed to collect feces and urine separately. 

Pairs of animals with controls thus treated, were subjected 

o 
for twenty four hours, in different tests to either 15 C, 

25° C or 35° C ambient temperatures while metabolizing the 

administered doses. At the end of each study, organs, 

tissues and excreta were collected from all animals, 

extracted, and analyzed using gas and thin layer chroma

tography. 

To examine further the scheme of endosulfan metabo

lism under temperature stress conditions, endosulfan diol, 

lactone and alpha-hydroxy ether were administered to rats, 

vii 
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which then metabolized the doses in 15° C, 25° C, and 

35° C temperature stress experiments. 

The radioisotope labeled portion of the project was 

quantitative in nature. Rats were dosed with known amounts 

of C^-endosulfan and subjected to 15° C, 25° C, or 35° C 

ambient temperature, while metabolizing the doses. Its 

primary objective was to determine differences in rats sub

jected to different ambient temperatures, to accumulate 

radioactivity in organs and tissues, or eliminate activity 

in feces or urine. After the twenty four hour metabolic 

studies, aliquots of most organs, tissues, blood, respired 

COg and urine were solubilized in vials with NaOH, when 

necessary, and prepared for analysis directly, using 

aqueous solubilizer scintillator solutions. All analyses 

were made using a liquid-scintillation spectrophotometer. 

Feces, stomach, and small intestine were extracted con

ventionally before counting. 

Results indicated that the sulfate is the metabo

lite most commonly recovered from organs, tissues and feces 

of rats dosed with endosulfan I and II, regardless of tempera

ture stress. Visceral fat, kidney, stomach and small 

intestines also contained traces of the sulfate, while the 

feces contained large amounts of unchanged endosulfan. 



Endosulfan diol, alpha-hydroxy ether and lactone were 

recovered from most urine and feces of rats fed either 

isomer. 

Dosing studies with the diol, lactone, and alpha-

hydroxy ether showed accumulation of unchanged material in 

organs, tissues and excreta with two exceptions: the diol 

and alpha-hydroxy ether were both transformed in small 

amounts to lactone in urine, and rats dosed with the diol 

hydrolyzed this material to alpha-hydroxy ether in small 

intestine and feces, irrespective of holding temperature. 

Trimethylsilyl derivatives of the hydroxyl-

containing aqueous metabolites, endosulfan diol and alpha-

hydroxy ether, were prepared to increase their sensitivity 

to electron capture gas chromatography and to aid in their 

identification. 

14 
C -Endosulfan studies indicated that little 

difference exists in accumulation of activity in organs 

and tissues between rats maintained at 15° C, and 35° C, 

while 25° C rats had a lower rate of radioactivity accumu

lation in organs, tissues and urine. Absorption and 

excretion were generally highest at 35° C and lowest at 

25° C. Feces normally had the highest radioactivity and 

were the principal route of excretion. 



INTRODUCTION 

Endosulfan, or Thiodan®, are common names for the 

di-isomeric insecticide 1, 2, 3, 4, 7, 7-hexachloro - 2, 2, 

1 hepten - 5, 6 bioxymethylene sulfite. The off-white to 

brown flakes of technical endosulfan melt at temperatures 

between 80-90° C, and are found in an approximate ratio 

of 65:35. The purified high and low melting isomers melt 

at 206-8, and 106-9° C respectively and like the technical 

material have a terpene-like odor. Solubility in water is 

extremely low while solubility in many organic solvents, 

particularly chloroform, benzene, and acetone, is mod

erately good. Structures of endosulfan and all known meta-

bolites are shown in Figure 1. 

Endosulfan was introduced as an experimental insecti

cide by Farbwerke Hoechst, A. G., vormals Meister Lucius and 

Bruning, Frankfurt, West Germany, in 1956 and has since 

become important in controlling insect pests of garden, 

field and orchard. Endosulfan, like other cyclodiene insecti

cides, is a product of the Diels-Alder condensation. How

ever, some characteristics of the cyclodiene group are lost 

in endosulfan in that it displays unusual characteristics. 

1 
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Although its effectiveness against insect pests is 

generally good, and toxicity to fish high, the level of 

endosulfan's toxicity to warm blooded animals is relatively 

low. In addition, it or its metabolites are not signif

icantly stored in these animals. Because it is relatively 

selective, but effective, Maier-Bode (1968) has suggested 

that it be classified not as a persistent organo-chlorine 

insecticide, but as an "organic sulfurous acid ester". 

Maier-Bode (1968) has effectively collected and 

summarized the literature relating to endosulfan toxicology 

through 1966. Endosulfan metabolism studies in both plants 

and animals are numerous. 

Both isomers of endosulfan and traces of the metabo

lites, sulfate, ether and diol have been reported by 

different authors to be found in or on plants to which the 

parent compounds had been applied (Lindquist and Dahm, 1957; 

Terranova and Ware, 1963; Cassil and Drummond, 1965; Forman 

et al., 1965; and Beard and Ware, 1969). Recovery of these 

compounds from plant parts signifies residual rather than 

systemic characteristics. 

The sulfate is the most widely distributed, and in 

some cases the exclusive, metabolite in organs, tissues, 

milk and feces of most mammals fed endosulfan (Gorbach et al. 

1968; Deema, Thompson, and Ware, 1966). Excretion of 
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unchanged endosulfan and its metabolites in feces and urine 

seems to be the most important route of elimination from 

the body. Rahn (1963) found endosulfan diol and an unknown 

metabolite in urine of rats fed technical endosulfan. 

Ballschmiter and Tolg (1966) contended that endosulfan is 

not excreted in rat urine as diol but as endosulfan alpha-

hydroxy ether. Deema et al. (1966) thought the principal 

urinary metabolite in mice to be endosulfan diol while 

Gorbach et al. (1968) found both diol and alpha-hydroxy 

ether in endosulfan-fed sheep. Maier-Bode (1968) refers to 

a study in which small amounts of endosulfan were found in 

urine after feeding trials with dogs. 

Endosulfan metabolism studies with arthropods have 

shown the sulfate, ether (Barnes and Ware, 1965), alpha-

hydroxy ether and lactone as metabolites of endosulfan 

(Ballschmiter and Tolg, 1966). 

Klimmer (1964) showed that undiluted endosulfan is 

slowly and incompletely absorbed into the digestive tract of 

warm-blooded animals, but that oils, often used as vehicles, 

accentuate this absorption rate. In arthropods absorption 

and action rate of ingested endosulfan is apparently 

enhanced by increased temperatures or even more importantly, 

increased humidity (Czech, 1958; Klee, 1960). 



A few studies concerning effects of temperature 

stress on animals ingesting toxicants are reported in the 

literature (Evans and Hansens, 1968; and McICinlay and Martin, 

1967). Denisenko, Ostrovskii, and Lisitsina (1968) studied 

certain stress effects, including heat, on toxicity of 

chlorophos for mice. No studies were found in the litera

ture v/hich concerned temperature stress effects on the 

ability of animals to metabolize a toxicant quantitatively 

and qualitatively. Considering this dearth of information 

a study with the following objectives was undertaken: 

1. Compare qualitatively and quantitatively, stored 

endosulfan or its metabolites in tissues, organs and 

excreta of the rat held under normal, hot and cold 

stress conditions while metabolizing doses of 

endosulfan I, II, diol, lactone and alpha-hydroxy 

ether. 

2. Determine if endosulfan accumulates at different 

rates in tissues, organs and excreta of rats held 

at different temperatures, based on radioactivity 

recovered from these samples after dosing with C^ -

labeled mate rial. 

3. Prepare trimethylsilyl derivatives of the urinary 

metabolites, endosulfan diol and alpha-hydroxy 

ether, to aid in identification and quantitation. 
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The labeled portion of this project was primarily concerned 

with determining the quantity of material absorbed into 

different tissues, while analysis of unlabeled tissues was 

primarily concerned with identifying recovered endosulfan 

and its metabolites. 

It is hoped that this study will help elucidate the 

effects that some environmental conditions impose on an 

animal which may be chronically subjected to sublethal doses 

of residual pesticides in nature. Animals possess natural 

mechanisms for metabolizing and many times detoxifying these 

pesticides. However, animal studies in the laboratory, 

unlike conditions in nature, are normally maintained under 

relatively consistent environmental conditions with few 

stress factors. Therefore, an assessment of the relative 

ability of rats to metabolize ingested toxicants at different 

temperatures was sought. This project will hopefully lead 

to a better understanding of the metabolism of insecticides 

by mammals in their natural environment. It is also hoped 

that this will contribute to one of the general schemes 

which will eventually result in safe and effective control of 

insect pests. 



MATERIALS AND METHODS 

Metabolism Studies 

Test Compounds 

High purity endosulfan and endosulfan metabolites 

were required for use in dosing solutions and as standards. 

Endosulfan I, II, ether, diol and sulfate were provided by 

the Niagara Chemical Division, Food Machinery and Chemical 

Corporation, Middleport, New York. With the exception of 

endosulfan I and II, which had purities of 99.3 and 99.8% 

respectively, all compounds were 100% pure. Endosulfan 

alpha-hydroxy ether and lactone, provided by Farbwerke 

Hoechst A. G., were 100% chromatographically pure. 

14 
The C -labeled technical endosulfan, was also 

furnished by the Niagara Chemical Company and had a specific 

14 
activity of 0.576 ̂ ic/mg. The C label was located in the 

hexachlorocyclodiene ring at carbons 5 and 6. The technical 

compound was composed of 59.72% endosulfan I, 31.94% endo

sulfan II, 8.34% endosulfan ether, and less than 1% endosul

fan diol as determined by electron capture gas chromatography 

(ECGC). 

7 
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Temperature Control 

In this project, the most important variable was 

the temperature to which the animals were subjected while 

metabolizing the administered toxicant. In view of the 

fact that the metabolic apparatus needed to conduct these 

studies was relatively large (Figure 2), a temperature con

trol cabinet with adequate space was a basic requirement. 

A Percival climate control cabinet (No. PGW- 132) designed 

for control of temperature, humidity, lighting, and venti

lation was used to hold the metabolism chambers during each 

study. This cabinet maintained selected temperatures to 

+ 1° C in each test, while relative humidity was held at 

approximately 50%. Incandescent lighting served to light 

the cabinet during each twenty-four hour study. All 

studies were conducted in this cabinet. 

Experimental Animals 

Young adult, male, white laboratory rats of the 

Sprague-Dawley strain, weighing 250-300 g were obtained 

from the Holtzman Company, Madison, Wisconsin. The rats 

were housed in polypropylene standard pair rat cages, 18 x 10 

x 6 inches deep, covered with wire tops. The cages were 

held in an air conditioned rearing room with the temperature 

ranging between 22 and 25° C. Cages were cleaned three 



Figure 2. Apparatus used in metabolism studies 
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times a week and pine wood shavings placed in the bottom 

of each cage to absorb excreta. The animals were provided 

with Purina laboratory chow and water ad libitum. All rats 

were held for at least three weeks before being subjected 

to experimentation. 

Metabolism Chambers 

Two types of small mammal metabolism chambers, 

designed to collect urine and feces separately, were used. 

An all-glass Roth metabolism cage (Roth et al., 1948), 

Delmar Science Laboratories, Chicago, Illinois, was designed 

to collect respired CO2> in addition to excreta, and was 

used in both the labeled and unlabeled studies (Figure 2). 

The Econo-lab metabolism units (Model #10), Maryland 

Plastics Inc., New York, New York, were used only in the 

unlabeled studies. These units were constructed of plastic 

and covered with a wire mesh top to contain the animal 

during studies. 

Pilot Studies 

For developing the necessary techniques, pilot 

studies were conducted in which rats were dosed with peanut 

oil and maintained in metabolism units for twenty-four hours. 

These animals were not killed, but their excreta were 

collected and used in recovery studies. 
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The general procedure for preparing the rats for 

study was the same throughout all tests. The stomach con

tents of the rats were controlled by fasting for 15-18 hours 

prior to each test. The animals were weighed before dosing. 

Dosing solutions were prepared by dissolving a known amount 

of toxicant in acetone or hexane in a 10 ml volumetric 

flask. The total volume was then adjusted to approximately 

0.5 ml and a peanut oil vehicle was used to dilute the 

solution to the desired volume. 

The concentration of the toxicant in the vehicle 

was such that 1 ml contained the total dose desired for 

administration to one rat. In all tests, dosing was executed 

using a 1.0 cc disposable tuberculin syringe fitted with a 

blunted 18 gauge needle and five inches of #200 polyethylene 

(S) 
Intramedic tubing. The dosing technique involved admin

istering 1 ml of the vehicle by inserting the tubing to the 

base of the animal's stomach through its mouth and dis

charging the syringe contents. Care was taken to avoid 

abrading the animal's esophagus during dosing. 

Endosulfan Metabolism 

Effects on endosulfan metabolism of temperature 

extremes are significant only when compared with results 

of studies conducted at normal temperatures. Therefore, 
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the 25° C (77° F) metabolism studies were the first to be 

conducted, and served as a baseline to which the other 

studies could be compared. The Percival climate chamber 

was set at 25° C with light, humidity, and constant internal 

air exchange adjusted to desired standards. 

In the 25° C (77° F) studies, three rats were fasted 

as explained. One rat was dosed with 6.0 mg of endosulfan I, 

one with 6.0 mg of endosulfan II, and each placed in a 

metabolism chamber. The third or control rat was treated 

identically but was administered only peanut oil. 

Urine and feces were collected periodically during 

the test and stored in glass screw cap vials at 0° C. At 

the end of the 24 hour study each rat was killed and the 

brain, liver, fat, testes, kidneys, visceral fat, spleen, 

stomach and small intestine were excised and weighed using 

a Mettler analytical balance. Each organ and the excreta 

were placed in glass screw cap vials and frozen at 0° C to 

await extraction and analysis. 

Two additional studies were conducted to determine 

the effects of low (15° C, 59° F) and high (35° C, 95° F) 

temperatures on the relative ability of rats to metabolize 

endosulfan I and II. Each of these two tests involved three 

rats, one receiving 6.0 mg of endosulfan I, another 6.0 mg 

of endosulfan II, and a control. The dosing, handling, 
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and experimental procedures were identical to the first 

study, with the exception of temperature. 

Metabolism of Related Compounds 

Toxicants ingested by an animal are either absorbed 

or excreted. If absorbed, they may or may not be chemi

cally altered before being deposited in tissue. If the 

parent compound is physiologically altered, there may be 

intermediate alterations and degradation before the com

pound is deposited in its final form. 

A portion of this project was designed to determine 

if any of the three potential or actual aqueous metabolites 

of endosulfan, the lactone, diol, and alpha-hydroxy ether 

are altered to any other of the metabolites in short term 

studies (24 hours). In addition, relative rates at which 

administered doses of these compounds were absorbed, 

excreted or accumulated in organs and tissues of the rat 

under normal, cold and hot conditions were sought. 

Three rats were administered 6.0 mg of either the 

diol, alpha-hydroxy ether or lactone in each of three metabo

lism studies, involving 25° C, 15° C, and 35° C ambient 

temperatures. In each case, after dosing, rats were placed 

in the climate chamber in their metabolism chambers for 

twenty four hours. All following procedures were as described. 
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14 
C  - Endosulfan Metabolism 

The third and final portion of this project involved 

the use of C-endosulfan in metabolism experiments with 

temperature stressed rats. In general the rationale for 

conducting this portion of the project, in addition to the 

unlabeled studies, was two-fold: (1) It provided an 

' alternate method whereby data collected in the unlabeled 

studies could be confirmed or compared. (2) Labeled 

studies permit direct quantitation without losses due to 

14 
extraction. Therefore the C data obtained, representing 

quantity of dose absorbed into various tissues and excreted, 

were expected to be more accurate. In addition, analytical 

resolution is superior to ECGC. 

In the labeled study, no attempt was made to deter

mine qualitatively the presence of endosulfan metabolites 

in organs, tissues or other samples analyzed since these 

had been examined and recorded from the unlabeled portion 

of the experiment. The relative fractions of administered 

doses absorbed, excreted or accumulated in organs, tissues 

or expired as C^Og from rats subjected to different 

temperatures were desired. 

14 
A total of 15.0 mg of C -endosulfan was weighed 

into a flask and brought to volume in redistilled acetone. 

Reference standards were taken and diluted for later use 



and the total volume of acetone in the flask was evaporated 

to low volume and rinsed into a calibrated centrifuge tube 

with acetone. Here the volume was again evaporated slowly 

to about 100 pi and 3 ml of peanut oil were added. In each 

14 
1 ml of this dosing solutxon were <3.9 mg of C -endosulfan 

representing 2.88 yjc (6.4 x 10^ dpm). 

Two rats were used for each of the three temperature 

studies. One served as a control for the other and was 

dosed with 1 ml of peanut oil. The test rat was administered 

1 ml of the dosing solution. In each labeled study, the rat 

was placed in the Roth metabolism chamber. After sealing 

the chamber, cabinet air was dried and freed of CO^ by 

drawing it through a column of Drierite and then through a 

small column of Ascorite, separated by a coarse sintered 

glass disk. The air then entered the chamber at the top, 

was drawn off at the bottom and finally passed through 

three gas scrubbers containing 2.5 N NaOH for collection of 

respired COg. The rate of flow through the system was about 

1 liter/minute, the vacuum being applied by a Gelman pump. 

In this closed system the temperature cabinet had to be 

calibrated for an external temperature slightly cooler than 

the chamber temperature desired, otherwise the chamber 

temperature increased, probably as a result of the rat's 

body temperature. 
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Attempts to keep a rat alive for twenty four hours 

under the closed metabolism unit conditions at 35° C were 

not possible. Due to high humidity resulting from animal 

transpiration and difficulty with maintaining the temperature 

at the desired level, two consecutive test animals died of 

heat prostration in the 35° C test, even though the air 

flow rate through the system was increased to a maximum of 

nearly 3 liters/minute. Consequently, in the 35° C study, 

the system was opened with a subsequent loss of the respired 

14 C Og sample. The control animal in each test was held in 

an Econo-lab metabolism unit. At the end of twenty four 

hours blood was collected by cardiac puncture, after which 

the rats were killed, and organs, tissues, excreta, and C02 

collected and stored at 0° C. 

In general, handling, dosing, and experimental pro

cedures were the same as in the unlabeled studies. 

Sample Extraction and Preparation 

Endosulfan 

The frozen organs, tissues, urine and feces were 

brought to room temperature before extraction. Each organ 

or tissue was diced with scissors and macerated until 

powdered in a mortar with five times the organ or tissue 

weight of anhydrous sodium sulfate. About 5 ml of redistilled 



acetone was added for each gram of tissue and the resulting 

slurry macerated further (Taylor, Rea and Kirby, 1964). 

The acetone was then pipetted from the mortar into a one 

liter separatory funnel. Two to four further extractions 

were made and added to the separatory funnel. At least a 

four-fold excess in distilled water of the original volume 

of acetone extract was then added to the separatory funnel. 

This mixture was then extracted with redistilled hexane 

at the rate of 2 ml hexane for 1 ml original acetone extract. 

After three extractions, the acetone-water mixture was dis

carded and the combined hexane extracts were reduced to 

10 ml and transferred to calibrated 12 ml centrifuge tubes 

to await analysis. 

Feces were weighed, dried and extracted in an 

Omni-mixer with redistilled benzene. For each gram of feces 

a total of 25 ml of benzene in four extractions was used. 

After each extraction the benzene extract was poured through 

a funnel containing anhydrous sodium sulfate into a sample 

bottle. The total volume of extract was then adjusted to 

10 ml in centrifuge tubes and the sample stored at 0° C to 

await analysis. 

Urine samples were extracted twice, using two 

different methods. Each sample was measured into a 
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separatory funnel and extracted three times with a total 

volume of redistilled benzene equal to the volume of urine. 

The benzene extracts were combined, filtered through an

hydrous sodium sulfate, and stored for analysis. The 

aqueous phase was brought up to 100 ml total volume with 

distilled water and enough concentrated H^SO^ added to bring 

the pH of the solution to 1.5. The acidified aqueous phase 

was then refluxed for two hours. After refluxing, the 

solutions were allowed to cool and extracted with redis

tilled ethyl ether three times, using a total volume equal 

to the original volume of urine. The extracted material 

was discarded and the ethyl ether extracts were combined, 

reduced to a 1 ml volume and brought to 10 ml with re

distilled hexane in a centrifuge tube and stored at 0° C to 

await analysis. 

Control organs, tissues, feces, and urine were sub

jected to the same extraction procedures and later analyzed 

and compared with test extracts. Some control tissues and 

excreta were used in recovery studies. 

Related Compounds (Silylation) 

Procedures for extraction and preparation of samples 

taken from rats dosed with the diol, alpha-hydroxy ether 



or lactone were the same as for endosulfan. Once extracted 

the diol and alpha-hydroxy ether presented a special prob

lem. 

The endosulfan diol metabolite is relatively insen

sitive to ECGC, which makes quantitation difficult because 

it is rarely recovered from the animal in large amounts. 

Although the column packing material used was superior to 

others for diol resolution, a method of chemically stabi

lizing this metabolite to ECGC was sought. To aid in its 

identification, the alpha-hydroxy ether metabolite was also 

reacted. 

Sweeley et al. (1963) first prepared trimethyl-

silyl derivatives of sugars and related substances for 

analysis by gas chromatography. Klebe, Finkbeiner and White 

(1966) used silyl-proton exchange reactions with bis 

(trimethylsilyl) acetamide for preparative silylation of 

amides, ureas, amino acids, and other alcohols, carboxylic 

acids and enols. Ludwig and Korte (1965) prepared tri

methylsilyl derivatives of metabolites of the cyclodiene 

insecticide, dieldrin, and were able to increase the sen

sitivity of this metabolite many times to gas chromatography. 

Originally, this method was used. It involved a rather 

lengthy process whereby pyridine, hexamethyldisilazane and 
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trichloromethyl silane were premixed in a ratio of 20:2:1, 

and used to prepare trimethyl silyl derivatives of the 

hydroxy-containing metabolites. Although effective, this 

method was time consuming and gave way to use of Regisil®, 

bis (trimethylsilyl) tri-fluoroacetamide, (Regis Chemical 

Company, Chicago, 111.), which provided a much less compli

cated but yet effective method for preparing the derivatives. 

Samples suspected of containing either the diol or 

alpha-hydroxy ether were analyzed first for quantitation of 

other metabolites and then treated with Regisil. Prior to 

silylation, samples were reduced to 5 ml, 0.25 cc of Regisil 

added, the solution mixed well, and the vials stoppered. 

The mixture was heated to about 60° C for an hour in a 

water bath and left to stand overnight. Standards of known 

concentrations were treated along with each group of samples 

to be analyzed for diol or alpha-hydroxy ether and were used 

to construct standard curves for quantitation of unknown 

samples. 

14 
C -Endosulfan 

The weighed tissues and organs were thawed and 

macerated in their storage vials. Tissue samples up to 

100 mg were excised and added to 4 dram low-potassium counting 

vials which contained 0.5 ml of 2 N NaOH. Samples were 
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heated until digested into aqueous solution. The samples 

thus treated were solubilized in toluene fluor using Beckman's 

Bio-Sol solubilizers, BBS-2 and BBS-3 (Newman, 1968). About 

2 ml of BBS-2 was added to the hydrolyzed sample and mixed 

gently until the solution cleared. A few drops of 30% hydro

gen peroxide usually eliminated any color that was present. 

After the solution cleared, it was left to stand for at 

least ten minutes to allow complete reaction between the 

acid solubilizer and the alkaline hydrolysate. Ten ml of 

fluor prepared by dissolving 8 g/1 of butyl PBD (2-(4'-t-

butylphenyl)-5-(4"-biphenyl)-l, 3, 4, -oxdiazole) and 0.5 g/1 

of PBBO (2-(4-biphenyl) - 6-phenyl-benzoxazole) in ana

lytical grade toluene, were then added to the vial. The 

mixture was shaken and usually resulted in a cloudy mixture. 

To clear it, 1-2 ml of BBS-3 was added and the vial shaken. 

Any cloudy appearance usually disappeared in a few hours. 

Urine samples of 0.5 ml were added to vials contain

ing 10 ml of fluor and 1 ml BBS-3. After being shaken, the 

solution usually cleared immediately. When the solution did 

not clear, a few more drops of BBS-3 usually resulted in a 

clear solution. 

Blood was centrifuged in a Sorvall ultracentrifuge 

at 5,000 rpm for a few minutes to separate the plasma from 



cellular material. One tenth ml aliquots were taken from 

measured amounts of the plasma and treated as was urine. A 

few drops of 30% hydrogen peroxide usually cleared these 

solut ions. 

Since stomach and small intestine contents and feces 

would not dissolve adequately in 2 N NaOH, it was necessary 

to extract them in the conventional manner used in unlabeled 

studies. After extraction, the volumes of the combined 

extracts were adjusted and 0.5 ml samples were added to 

scintillation vials. The acetone extracts of stomach and 

small intestine were amenable to the same solubilization 

processes as are aqueous samples and therefore were treated 

similarly to obtain clear counting solutions. Feces were 

extracted with benzene, which was completely miscible with 

the fluor, to which it was added. 

« 

A reagent blank and recovery on small intestine were 

conducted in parallel with the labeled extraction studies. 

A control organ was prepared for each set of organs, tissues, 

urine, blood or feces sample to be used later for reference 

background counts. Seven standard solutions were prepared 

14 
by diluting from the original C -endosulfan standard. A 

known activity, 11,500 dpm, was added to each of the seven 

vials, and 10 ml of fluor added to each. One standard went 

untreated while the other six received 10, 20, 30, 40, 50, 
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and 60 pi respectively of nitromethane, a very effective 

chemical quenching agent. An eighth vial received fluor 

only, and was used for background. These standards with 

increasing degrees of chemical quench were used to construct 

a channel's ratio quench curve for correction due to quench 

in test samples. 

Respired CO^ which had been trapped in 2.5 N NaOH 

was prepared for analysis using a different scintillator 

solution (Harlan, 1961). The NaOH samples containing 

respired C0^ were diluted to a known volume and 0.5 ml 

samples were added to four dram low-potassium scintillation 

vials which had been previously filled loosely with Cab-O-Sil. 

Fifteen ml of scintillator solution was prepared by mixing 

378 ml of absolute ethanol with 600 ml of toluene containing 

0.4% PPO (2,5-diphenyl-oxa2ole) and 0.0015% POPOP 

(l,4-bis-2 (5-phenyloxazolyl)-benzene). The Na2C03 pre

cipitated after the sample was shaken. A series of quench 

standards with known activities was prepared as for other 

radioactive samples. 

Sample Analysis 

Endosulfan 

Gas Chromatography. A Micro-Tek Model DSS-171 Type 

DPT gas chromatograph with a tritium source electron capture 
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detector (ECGC) and Sargent recorder, Model SR were used 

throughout these studies. Although several column packing 

materials were tried, analyses were made using 1.5% OV-17 

and 2.0% QF-1 on Firebrick in a 45 inch long % inch 0. D. 

borosilicate column. The nitrogen carrier gas was passed 

through a molecular sieve and maintained at a flow rate of 

60 ml/minute. Temperatures of the inlet, column and detec

tor were maintained at or near 230°CS 235°C and 225°C 

respectively. On a few occasions, temperatures were dropped 

20°C to obtain better separation for peak identification. 

Sample extracts were either in hexane or benzene 

and therefore could be injected directly into the gas 

chromatograph. Injected volumes ranged between 1 and 5 p.1 

and were made with a 10 jil Hamilton syringe. Samples were 

injected to determine the degree of dilution required, the 

dilution made and analysis conducted on volumes which gave 

suitable peak heights. Standard curves were constructed 

with known amounts of each endosulfan type and injected 

alternately with samples for identification and quanti

tation. In some cases, known standards were taken into the 

syringe with unknown sample extracts to check the simi

larity of retention times. 

Thin Layer Chromatography. Extracts of excreta con

tained the highest levels and most diverse types of 
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metabolites found in any samples. Many of these extracts 

showed the presence of metabolites by gas chromatographic 

analysis. Extracts were concentrated and spotted with 

known standards on Eastman precoated plastic thin-layer 

chromatograms, 20 x 20 cm, coated with silica gel G, con

taining a fluorescent indicator. Chromatograms were then 

developed using acetone-hexane (1:6) v/v, dried and exposed 

to ultraviolet light until spots appeared. Areas correspond

ing to known metabolites were scraped into centrifuge tubes 

and extracted with a small amount of redistilled benzene. 

They were then analyzed again by ECGC for comparison of 

retention times. 

C14 -Endosulfan 

All radioactive samples were counted on a dual 

channel, ambient temperature, Nuclear-Chicago Model 6822 

liquid scintillation spectrophotometer. The degree of 

chemical quenching in samples was determined by adjusting 

window settings and tap voltage for channels-ratio count, 

and constructing a standard quench curve with standards of 

known activities and quench. Sample vials were wiped clean, 

shaken, and placed in the scintillation counter and counted 

to statistical significance. 
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Contamination Check 

The Econo-lab metabolism units were constructed to 

collect urine and feces while housing test animals. Unfor

tunately, feces commonly adhere to the sides of the funneling 

vessel which also directs urine into a collecting cup. A 

test was therefore designed to determine if urine was being 

contaminated with metabolites present in feces adhering to 

the funnel's inside surface. 

About 100 g of rat feces were collected and forti

fied with endosulfan I and sulfate. The material was mixed 

well and the contaminated feces were placed along the surface 

of the collecting funnel. Freshly collected urine was then 

released in small volumes down the funnel's sides, through 

the contaminated feces, and into the urine collecting cup. 

After collection of the urine, extraction was executed 

using 0.2% acetic acid in hexane as the solvent, after which 

the extract was analyzed by gas chromatography. 



RESULTS AND DISCUSSION 

Pilot Studies 

This project had as its primary concern, accurate 

recovery and identification of endosulfan and metabolites 

from the tissues and by-products of the rat. In studies 

conducted without the aid of radio-tracers, as near complete 

extraction of the compound as possible was normally sought. 

Several types of solvent systems have been used by 

different authors to extract endosulfan and its metabolites 

(Lindquist et al., 1959; Paulig, 1961; Zweig and Archer, 

1960; and Burke and Mills, 1963). The acetone-hexane 

solvent system used to extract tissues in this study was 

chosen primarily because it is simple and relatively effec

tive. Although recoveries from plants are good (Beard and 

Ware, 1969), recovery of endosulfan and its metabolites from 

animal tissues and excreta presents a different picture, 

(Maitlen, Walker and Westlake, 1963). Endosulfan recoveries 

from animal material are usually less than with many other 

organo-chlorine insecticides, including many of the cyclo-

diene group. 

Recoveries from tissues fortified by addition of 

known amounts of standards to the mortar containing the 
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tissue-sodium sulfate before maceration, were conducted 

in parallel with sample extractions and are shown in Table 

1. Samples were fortified with only those endosulfan types 

which were expected as metabolites. These data are not 

meant to suggest that the actual compound recoveries 

reacted identically, since these materials are absorbed 

metabolically into tissues differently than poured-in forti 

fying standards. They do, however, indicate the potential 

variability of recovery from different organs, tissues, and 

excreta. By using other more polar solvent systems, 

recoveries could probably have been increased and rendered 

more consistent, but at the risk of extracting, in addition 

to the desired compounds, a greater quantity of extraneous 

material which sometimes complicates gas chromatographic 

analysis of the extracts. 

Attempts were made to extract livers by soxhleting 

macerated portions for twenty four hours with redistilled 

methanol. Gas chromatographic analysis of these extracts 

was not possible because of the great quantities of extran

eous materials present. An attempt was made to clean the 

extracts using thin layer chromatography, but unsuccessful! 

One additional recovery was conducted in which rat small 

intestine was fortified with a mixture of five endosulfan 
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Table 1. Average recoveries of endosulfan I, II, 
sulfate and diol from fortified tissues and excreta of the 
rat. 

Endosulfan Endosulfan Sulfate Diol 
I II 

Liver - - - -

1 
78% - -

Fat - - - - 68% - -

Kidney 90% - -

Testes 75% - -

Stomach 55% 70% 

Small Intestine 60% 75% 65% 

Urine - - 72% 

Feces 68% 60% 

1 
Difference between duplicate recoveries varied no 

more than 10%. 
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metabolites and extracted as in other tissues. Analyses 

i n d i c a t e d  t h a t  i n  p e r  c e n t  r e c o v e r y ,  e n d o s u l f a n  I I > e t h e r > I >  

sulfate > alcohol. 

Because of the potential difference in recovery from 

tissue to tissue, unlabeled quantitative results between 

tissues cannot accurately be compared, although recovery 

of material from the same tissues seems to be reasonably 

constant. 

Attempts were made to clean the extracts which 

showed high amounts of extraneous biological material, using 

partially activated florisil. Unless endosulfan added to 

the columns was elated with relatively polar solvents (e. g. 

ethyl ether), which gave insufficient clean-up column 

recoveries were poor. 

Recoveries of endosulfan from columned plant extracts 

are comparable with many other organo-chlorine insecticides, 

while recoveries from columned animal tissues are consis

tently less (Burke and Mills, 1963). Lindquist and Dahm 

(1957) reported that endosulfan is converted to endosulfan 

alcohol in small amounts if only passed through a column. 

This method of clean-up could have given sample metabolite 

identification an additional variable to be considered, in 

addition to poor recoveries. 



Most extracts were comparatively clean. The 

extracts which contained the most extraneous material, 

liver, fat, stomach and contents, and feces, also generally 

held higher residues and with the dilutions necessary for 

ECGC analysis gave relatively clear chromatograms. 

Endosulfan 

Extracts of tissues and excreta were identified 

and quantitated by ECGC. Retention time ratios with the 

sulfate for endosulfan ether, diol, alpha-hydroxy ether, 

I, lactone and II were 0.136, 0.125, 0.125, 0.335, 0.40, 

0.61, 1.0 respectively. Retention times at the operating 

temperature given varied between 0.56 minutes for the ether 

to 4.1 minutes for sulfate. Figure 3 shows a gas chromato-

gram tracing of endosulfan and all of its known metabolites 

ECGC identifications were confirmed using thin 

layer chromatography (TLC). In samples which had high 

amounts of extraneous biological material, the R^. of any 

given metabolite was found to be slightly less, especially 

if its actual R^. was low. The lactone, alpha-hydroxy ether 

diol and sulfate spots showed some overlap in many samples. 

Regardless, spots scraped from areas nearly adjacent to 

known spots, usually gave the corresponding peaks in ECGC. 
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A standard chromatogram tracing is shown in Figure <3, and 

Table 2 gives the R^ values obtained. 

The types and quantities of endosulfan metabolites 

recovered from rats fed endosulfan I and II, at 15°, 25°, 

and 35° C, are shown in Tables 3 and 4 respectively. Small 

amounts of the oxidation product of endosulfan, the sulfate, 

were found in liver, visceral fat, kidney, stomach, small 

intestine, and feces of rats, regardless of the temperature 

to which they were subjected. 

Sample extracts from rats dosed with endosulfan I 

or II showed the unaltered compound in visceral fat, kidney, 

stomach, small intestine, and highest amounts excreted in 

feces at all temperatures. Traces of endosulfan II were 

r e c o v e r e d  f r o m  f e c e s  o f  r a t s  d o s e d  w i t h  e n d o s u l f a n  I ;  

similarly, endosulfan I was found in feces of rats dosed 

with endosulfan II. No residues were found in the brains, 

testes or spleens of endosulfan II dosed rats. Traces of 

a metabolite having the same retention time as the ether 

were found in rat feces fed endosulfan I, but not in rats 

fed endosulfan II. The lactone was recovered from the 

feces and urine of all rats dosed with endosulfan I and II 

except the 15° C and 35° C endosulfan dosed rats. Both 

alpha-hydroxy ether and diol were found in all feces extracts 

at relatively high levels and in similar quantities. 
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Figure 4. Thin layer chromatogram of endosulfan and its metabolites. 

Types are: Endosulfan I (I), Endosulfan II (II), Endosulfan ether (E), 
Endosulfan lactone (L), Endosulfan sulfate (S), Endosulfan diol (D), and u 

Endosulfan alpha-hydroxy ether (A). ^ 
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Table 2. Thin layer chromatography R^ values 
of endosulfan metabolites developed with acetone and 

hexane (1:6). 

Metabolite R.. 
i 

Endosulfan I 0.79 

Endosulfan II 0.49 

sulfate 0.334 

diol 0.20 

ether 0.64 

alpha-hydroxy ether 0.29 

lactone 0.334 
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Table 3. Endosulfan* and metabolites recovered 
from rats dosed with endosulfan I, (ppm).+ 

15° C 25° C 35° C 

Brain 

Liver 

Fat 

Kidney 

Testes 

a 

g 

a 

g 

trace 

0.02  
0 . 2  

1 . 1  
trace 

trace 

0.03 
trace 

1.0 
0.01 

0.027 

0.05 
0.59 

0.45 
0.036 

Stomach 

Small Intestine 

Spleen 

Urine 

a 

g 

a 

g 

a 

d 

e 

f 

0.1 
trace 

trace 
trace 

0.07 

0.004 
0.011 

0.024 
trace 

0.01 

trace 

0.009 

0.005 

1.07 
trace 

0.02 

0.031 

0.085 
0.022 
0.004 
0.011 

Feces a 
b 
c 
d 
e 
f 
g 

9.0 
0.014 
trace 
1.0 
3.0 

0.175 

27.5 
0.019 
0.05 
0.52 

6.77 
1.03 
0.075 

35.0 
0.165 
trace 
4.6 
4.6 

0.3 

* Control samples contained no residues. 
+ Not corrected for recovery. 

1 

2 
Residues below detectable levels. 
Code= (a) endosulfan I (b) II (c) 

(d) diol (e) alpha-hydroxy ether (f) lactone 
ether 
(g) sulfate 
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Table 4. Endosulfan and metabolites recovered 
from rats dosed with endosulfan II, (ppm)+. 

15° C 25° C 35° C 

Brain 

Liver 

Fat b 

g 

Trace 

0.06 
0.083 

Trace 

0.053 
0.048 

0.031 

0.113 
0.103 

Kidneys 

Testes 

0.026 0.037 0 .02  

Stomach b 

9 

0.56 
Trace 

0.18 
0.36 

6.3 
Trace 

Small Intestine b 
g 

0.009 
Trace 

0.015 
Trace 

0.145 
0.097 

Spleen 

Urine b 
d 
e 
f 

0.007 
Trace 

0.006 

0.05 

0.004 

0.12 
0.004 
0.003 
0.005 

Feces a 

b 

c 

d 
e 
f 
g 

0.065 
12.9 

2.5 
2 . 8  
0.44 
0.43 

0.181 
32.5 

2.7 
1.45 
0.124 
0.34 

3.1 
171.5 

7.6 
8.6 
Trace 
3.8 

* Control sample contained no residues. 
+ Not corrected for recovery. 

Residues below detectable levels. 
^ Code= (a) endosulfan I (b) II (c) ether 

(d) diol (e) alpha-hydroxy ether (f) lactone (g) sulfate. 
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Urine extracts presented a special situation. Two 

different extractions were made of each urine sample. 

Urine samples were extracted directly with benzene and then 

acidified, refluxed and again extracted with ethyl ether. 

This was done primarily to determine the degree of con

jugation between the aqueous metabolites and urine material. 

The benzene extractable material in the urine included low 

quantities of endosulfan lactone in all samples analyzed. 

The alpha-hydroxy ether metabolite was found in the ben

zene extractable urine from 15° C and 35° C endosulfan I 

dosed rats and the 35° C endosulfan II dosed rat. The diol 

was found in the 35° C endosulfan I, and 15° C and 35° C 

endosulfan II dosed rats. Unchanged endosulfan I and II 

were recovered in small amounts from the urine of rats fed 

each respectively. These could have been contaminants 

from the feces since small amounts of endosulfan I were 

recovered in urine after it had been passed over feces 

fortified with endosulfan I and sulfate in the contamination 

experiment. Recovery of unchanged endosulfan in urine from 

dogs fed endosulfan has been previously referred to by 

Maier-Bode (1968). 

After urine samples were acidified, refluxed, and 

again extracted, no further metabolites were found, with 
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the exception of a trace of diol in the urine of the 35° C 

endosulfan I fed rat. 

Feces contained the largest amounts of residues 

and as the labeled studies also indicate, apparently provide 

the primary pathway for elimination of endosulfan. Although 

quantitative results are variable in this portion of the 

unlabeled study, it seems that, in general, rat tissues 

showed greater accumulation of endosulfan metabolites when 

subjected to 35° C than the lower temperatures. The amounts 

of unchanged toxicant recovered in feces of both endosulfan 

I and II dosed rats increased significantly when the tempera

ture in each test was increased. An important consideration 

here is the amount of food and water the animal ingested 

during the twenty four hour study. 

Related Compounds 

The metabolite which is least amenable to ECGC is 

endosulfan alcohol. Freshly prepared standards of the diol 

usually produce single peaks of less than one tenth of the 

sensitivity of endosulfan I to ECGC. After several weeks of 

shelf life at room temperatures, however, the same standard 

will show less sensitivity to analysis and the peak will 

spontaneously become two-lobed with breakdown products 

appearing in the chromatogram (Figure 5a). To stabilize the 
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Figure 5. Gas chromatograms of silylated and un-
silylated endosulfan diol and alpha-hydroxy ether. 

Gas chromatograms of: (a) Endosulfan diol, 
(b) Silylated diol, (c) Endosulfan diol and alpha-hydroxy 
ether and (d) Silylated alpha-hydroxy ether. 
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diol to ECGC and to increase its sensitivity, it was con

verted to a trimethyl silyl derivative. In addition to 

producing a spike peak with greatly enhanced ECGC sensi

tivity, the retention time of the silylated diol character

istically increased slightly (Figure 5b). 

There was additional merit to this retention time 

alteration. Unfortunately, unsilylated diol and alpha-

hydroxy ether have near identical retention times (Figure 

5c) which make separate identification impossible using gas 

chromatography alone. The alpha-hydroxy ether metabolite 

is relatively sensitive to ECGC and could have been quanti-

tated without silylation were it not for the similarity of 

retention times with the diol. Two factors here, however, 

provided events which enable both to be quantitated. The 

first is that the retention time of the silylated diol is 

lengthened slightly and the second is that the alpha-

hydroxy ether moiety is also amenable to silylation so that 

its retention time is shortened slightly, (Figure 5 d). 

Standard quantity-response curves were constructed using 

these silylated compounds and both compounds showed lin

earity within the limits used. Silylation treatments were 

made only on urine and feces extracts of rats fed endo-

sulfan I and II, alpha-hydroxy ether, lactone, and on all 
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sample extracts of rats fed diol. No other metabolites were 

affected by treatment with Regisil. 

Silylated alpha-bydroxy ether, unfortunately, had a 

retention time which was identical to endosulfan ether. As 

a result of this and for other reasons, sample extracts 

suspected of containing the ether were analyzed for ether 

before being silylated, and for alpha-hydroxy ether after 

treatment. Peaks with retention times matching those of 

endosulfan ether were found only in feces extracts of rats 

fed endosulfan I, and then only at very low levels. After 

silylation of these extracts, the alpha-hydroxy ether was 

also found but in much greater quantities than ether; thus 

no problems were encountered in retention time similarities 

between these metabolites. 

Data from studies involving rats fed diol, lactone 

and alpha-hydroxy ether are shown in Tables 5, 6, and 7 

respectively. Rats dosed with endosulfan diol and lactone 

contained residues in tissues except spleens and excreta. 

Alpha-hydroxy ether dosed rats contained residues in all 

excreta and tissues except brain, kidneys, testes and 

spleen. Only lactone was recovered from tissues and excreta 

of rats dosed with lactone. Significant amounts of alpha-

hydroxy ether, however, were recovered from the small 
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Table 5. Endosulfan metabolites recovered from 
rats dosed with endosulfan diol, (ppm).+ 

15° C 25° C 35° C 

Brain 

Liver 

Fat 

Kidney 

Testes 

Stomach 

d' 

d 

d 

d 

d 

0.37 

0.125 

trace 

0.55 

0.038 

0.274 

Small Intestine d 7.45 
e 11.7 

0.23 

0.415 

0.15 

0.088 

0.043 

0.198 

2.87 
2.38 

0.0 

0.068 

trace 

trace 

0.14 

0.023 

12.8 
18.2 

Spleen 

Feces d 
e 

32.0 
45.0 

0.3 
0.15 

0.7 
1.13 

Urine d 
f 

0.011 
0.008 

0.009 
0.026 

0.03 
0.006 

Control samples contained no residues. 
+ Not corrected for recovery. 

1 Residues below detectable levels. 
2 Code= (d) endosulfan diol (e) alpha-hydroxy 

ether (f) lactone. 
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Table 6. Endosulfan lactone recovered from rats 

dosed with endosulfan lactone.*1" 

O
 

0
 r-

f 

25° C 35° C 

Brain2 .018 0.008 0.022 

Liver 0.13 0.008 0.180 

Fat 3.88 2.23 0.65 

Kidney 1.15 0.85 0.715 

Testes 0.045 0.127 0.018 

Stomach 0.32 0.066 2.44 

Small Intestine 0.023 0.14 0.95 

Spleen 
1 

- - - -

Feces 14.8 8.5 10.2 

Urine 0.81 0.56 0.58 

* 
Control samples contained no residues. 

+ Not corrected for recovery. 

Residues were below detectable levels. 
p 

All figures represent ppm of endosulfan lactone. 
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Table 7. Endosulfan metabolites recovered from 
+ 

rats dosed with endosulfan alpha-hydroxy ether, (ppm) . 

15° C 25° C 35° C 

Brain 

Liver 

Fat 

0.0088 

0.53 

0.0016 

trace 

trace 

0.55 

Kidney 

Testes 

Stomach 3.15 

Small Intestine e 1.6 

0.226 

2.75 

7.2 

0.34 

Spleen 

Feces e 180.5 197.5 267.2 

Urine d 0.48 
e trace 

0 . 6 6  
0.043 

0.014 
0.011 

Control samples contained no residues. 
+ Not corrected for recovery. 

1 Residues were below detectable levels. 
Code= (e) endosulfan alpha-hydroxy ether (f) lac

tone . 



intestine and feces of endosulfan diol dosed rats, while 

urine from rats dosed with diol and alpha-hydroxy ether 

contained small amounts of lactone. Based on these results, 

it seems that both diol and alpha-hydroxy ether can be 

further converted to endosulfan lactone in excreta and small 

intestines. It is possible that lactone, in feces and urine 

of rats dosed with endosulfan I and II, is a by-product of 

diol and alpha-hydroxy ether metabolism, since rats dosed 

with either of these show traces of lactone. In addition, 

diol can apparently be further hydrolyzed in some measure 

to alpha-hydroxy ether and deposited in the small intestine. 

No particular trends are evident in the metab

olite study with respect to quantity of dose recovered from 

organs, tissues and excreta of rats held at different 

temperatures. Lower residues were generally found in 

tissues from rats held at room temperature, as compared with 

those at temperature extremes. In all studies with metab

olites and at all temperatures, the greatest residues were 

found in feces with an exception in the diol study. Here, 

an unusually high amount of material was recovered in the 

small intestines of the 25° C and 35° C rats while little 

was excreted in the feces. The particularly high amount in 

15° C rat feces is probably a result of the fact that rats 

generally ate and drank very little or nothing and, since 
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these data are reported in ppm, the values for the 15° C 

dosed rat study are probably misleading. Only small amounts 

of feces were excreted in these rats and as a result, would 

probably carry much higher amounts of toxicant per unit 

weight of feces. 

Analyses of alpha-hydroxy ether dosed rat tissues 

and excreta consisted of two steps. First, extracts were 

identified and quantitated on ECGC and then were silylated 

using Regisil, to determine if the diol was also present. 

No diol was found but, since the silylation changed the 

retention time of the alpha-hydroxy ether, this procedure 

provided an additional approach for confirmation of alpha-

hydroxy ether identity. 

14 
C -Endosulfan 

The labeled study in this project was quantitative 

in nature. Radioactivity above background was present in 

all samples analyzed. All data were quench-corrected and 

background counts, determined from control samples prepared 

and counted along with test samples, were subtracted. No 

self absorption corrections were made. Data are shown in 

Table 8. 

Total amounts of radioactive sample administered 

to each rat in this study varied slightly, bu+ were 
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Table 8. Radioactivity recovered from organs, tissues, respired CO and 
blood of rats dosed with C -endosulfan. t ^ 

15°C Study 25°C Study 35°C Study 

Percent Percent Percent 
total total total 

dpm/g activity dpm/g activity dpm/g activity 

Brain 

Liver 

Visceral Fat 

Kidney 

Testes 

Small Intestine 

Stomach 

Spleen 

Muscle 

Blood"1" 

2 

c02 

Urine2 

2 
Feces 

336 

17,000 

3,031 

35,600 

385 

566 

1,960 

500 

320 

2,800 

12,600 

230,100 

275.500 

<1 

9.8 

>1 

5.3 

<1 

6 . 6  

17.2 

<1 

>1 

>1 

<1 

9 . 7  

11.6 

94 

8,210 

1,325 

22,200 

158 

82 

54 

360 

159 

1,440 

13,800 

163,000 

569.000 

<1 

6.7 

>1 

4.2 

<1 

1.3 

<1 

<1 

>1 

<1 

<1 

275 

14,800 

2,045 

32,200 

720 

323 

138 

550 

292 

2,550 

3 

8 . 2  2 1 0 , 7 0 0  

28.4 1.405.000 

<1 

9.5 

>1 

4.5 

<1 

3.9 

1.5 

<1 

>1 

>1 

8 . 8  

56.7 



dpm/g 

Percent 
total 
activity dpm/g 

Percent 
total 
activity dpm/g 

Percent 
total 
activity 

Brain 

Liver 

Visceral Fat 

Kidney 

Testes 

Small Intestine 

Stomach 

Spleen 

Muscle 

Blood"'" 

2 
C0_ 

Urine2 

Feces 

336 

17,000 

3,031 

35,600 

385 

566 

1,960 

500 

320 

2,800 

12,600 

230,100 

275,500 

<1 

9.8 

>1 

5.3 

<1 

6 . 6  

17.2 

<1 

>1 

>1 

<1 

9.7 

11.6 

94 

8,210 

1,325 

22,200 

158 

82 

54 

360 

159 

1,440 

13,800 

163,000 

569,000 

<1 

6.7 

>1 

4.2 

<1 

1.3 

<1 

<1 

>1 

<1 

<1 

275 

14,800 

2,045 

32,200 

720 

323 

138 

550 

292 

2,550 

3 

8.2 210,700 

28.4 1,405,000 

<1 

9.5 

>1 

4.5 

<1 

3.9 

1.5 

<1 

>1 

>1 

8 . 8  

56.7 

Radioactivity/ml plasma. 
2Total activity in dpm excreted. 
^No sample taken. 
^Corrected for chemical quenching and background. 
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accurately measured, and the total activity given each rat 

was known. After adjustments were made to equilibrate 

amounts of muscle, fat and blood taken from each rat, deter

minations of total recovered dose were made. In the 15° C, 

25° C, and 35° C studies, a minimum of 63.3%, 52.9%, and 

87.0% of administered activity was recovered respectively. 

The descending sequence of percentage of ingested radio

activity found in tissues and excreta of rats is shown in 

Table 9. Differences between percent activity recovered 

in organs and tissues of rats metabolizing the ingested dose 

at different temperatures were not great, except in the small 

intestine and stomach of the 15° C rat. Quantity of dose 

eliminated in feces between rats metabolizing at temperature 

extremes was highly variable. 

Compared with rats held at other temperatures the rat 

held at 15° C showed relatively little activity in feces 

(11.6% of ingested dose), while the activity retained in the 

stomach was voluminous (17.2% of dose). In the 25° C study, 

28.4% was eliminated in feces and 1% was retained in the 

stomach. In the 35° C study, 56.7% was eliminated in feces 

and 1.5% remained in the stomach. Again it appears that 

15° C rats normally refrained from eating and drinking. As 

far as could be determined, this rat neither ate nor drank 
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Table 9. Descending sequence of radioactivity 
from organs, tissues, and by-products of C^^-endosulfan 
dosed rats maintained at 15° C, 25° C, and 35° C. 

15° C 25° C 35° c 
Tissue 
Type 

Per cent 
Activity 

Tissue 
Type 

Per cent 
Activity 

Tissue Per Cent 
Type Activity 

Stomach 17.2 Feces 28.4 Feces 56.7 

Feces 11.6 Urine 8.2 Liver 9.5 

Liver 9.8 Liver 6.7 Urine 8.8 

Urine 9.7 Kidney 4.2 Kidney 4.5 

Small 
Intestine 6.6 

Visceral 
Fat 1.5 

Small 
Intestine 3.9 

Kidney 5.3 Small 

Intestine 
1.3 Stomach 1.5 

Visceral Fat >1 Muscle >1 Visceral 
Fat 

>1 

Muscle >1 Blood <1 Muscle >1 

Blood >1 Respired C02 <1 Blood >1 

Respired C02 <1 Stomach <1 Testes <1 

Testes <1 Testes <1 Brain <1 

Brain <1 Spleen <1 Spleen <1 

Spleen <1 Brain <1 Respired 
co2 

1 

No sample taken. 



during the twenty lour hour study. Unlike the studies at 

higher temperatures, the 15° C rat retained a large amount 

of toxicant in the stomach and small intestine and only 

small amounts were carried out in the attenuated quantity 

of feces excreted. 

One would expect the body temperature of the rat 

to remain reasonably constant whether the ambient tempera

ture increases or decreases. However, maintainance of 

psysiological homeostasis probably stresses the animal. 

In regulating their temperatures, rats held at 35° C would 

be expected to have higher rates of respiration, trans

piration, heart beat and possibly gastrointestinal and renal 

absorption, as compared with rats held at 25° C or 15° C. 

Therefore, it would be expected that higher temperatures 

would increase absorption of administered doses, while 

cooler temperatures would elicit a contrasting response. 

These studies do not support that expectation. One reason 

for this may be the relatively high quantity of dose 

retained in the stomach of the 15° C rat. The large dose 

retention in the gastrointestinal tract of this rat may 

have resulted in increased absorption and would consequently 

give higher than expected residues in organs and tissues. 

If this were the case, one would also expect lower residues 
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in feces, which occurred. The amount excreted in urine 

was unaffected by temperature differences and was probably 

related to the amount which was absorbed directly into the 

blood. 

In general, activity was higher in tissues and 

excreta of rats subjected to temperature extremes than with 

the rat held at room temperature, the notable exception 

being feces of the 15° C rat. Accumulation in organs, 

tissues and urine showed no great differences between rats 

held at 35° C and 15° C. The differences in total recovered 

radioactivity are largely explained in the difference of 

amounts in feces. A general scheme for endosulfan metabo

lism is shown in Figure 6. 

In mammals the liver microsomal system is generally 

responsible for metabolizing exogenous chemicals. The 

metabolites found in the gastrointestinal tract were most 

likely metabolized in the liver and returned via bile. 

Although liver metabolism of metabolites found in the gastro

intestinal tract has not been reported for endosulfan 

specifically, it is known to occur in mammals fed other 

cyclodiene insecticides (Morsdorf, Ludwig and Korte, 1963). 



no change unchanged toxicant (gastrointestinal tract, 
fat, feces) 

oxidation sulfate (organs, tissues, feces) 

reduction lEndosulfan ether (feces) 

diol (excreta) hydroxylatipn— alpha-hydroxy 

ether (feces) 

oxidation lactone (urine) 

alpha-hydroxy ether (excreta) 

Figure 6. General metabolism scheme for endosulfan in the rat. ^ 
w 



summary and conclusions 

Endosulfan sulfate is found in most tissues, organs 

and feces of rats dosed with either isomer regard

less of the temperatures to which the animals were 

subjected while metabolizing the administered dose. 

The largest residues are generally found in feces, 

regardless of temperature stress or ingested 

endosulfan type. Endosulfan I dosed rats contained 

endosulfan I and sulfate as primary fecal metabo

lites. Endosulfan II, ether, lactone, alpha-

hydroxy ether and diol were recovered in small amounts 

and are believed to be additional fecal metabolites. 

Endosulfan II rats excreted primarily unchanged 

material and showed the same metabolites as did 

endosulfan I, including traces of endosulfan I. 

A metabolite which had BCGC and TLC characteristics 

similar to those of endosulfan lactone was present 

in all urine extracts regardless of the endosulfan 

type ingested or temperatures to which the rats were 

subjected. Endosulfan diol and alpha-hydroxy ether 

were found less consistently, but both are suspected 

54 
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of being principal urinary metabolites. Appli

cation of silylation procedures to these two 

metabolites aided both in identification and quanti

tation . 

A .  Extraction of urine samples both before and after 

acid hydrolysis suggested that the urinary metabo

lites are not strongly conjugated, if at all, since 

nearly all were recovered from extractions made 

before acid hydrolysis. 

5. Rats dosed with lactone, diol or alpha-hydroxy 

ether showed their respective residues in most 

tissues and all excreta. In addition, lactone was 

found in urine of diol and alpha-hydroxy ether 

dosed rats, and alpha-hydroxy ether was found in 

urine of diol dosed rats. 

14 
6. C -Endosulfan studies indicated little difference 

in accumulation in tissues and organs of admin-

o 
istered doses, between rats maintained at 35 C and 

15° C while 25° C rats had a lower rate of activity 

accumulation in tissues and urine. Excretion in 

feces is the principal route of elimination from 

the body of all rats and accounted for the difference 

in total recovered dose in the three studies. Feces 



showed the highest residues in all labeled studies 

except in the 15° C rat, which maintained a high 

quantity of toxicant in the gastrointestinal tract 

Comparisons between rats held at temperature 

extremes, in ability to accumulate activity in 

tissues and organs, are affected by the apathy 

shown toward food and drink by the 15° C rats. 

These studies can be interpreted to suggest that 

temperature stresses, whether lower or higher than 

room temperatures, change the absorption and excre 

tion pattern in a variable fashion, depending on 

such things as variability in individual rats and 

amount of food and drink the experimental animal 

ingests during the study period. 
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