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ABSTRACT 

As the primary persistent dehydrochlorination metab

olite of DDT, DDE has proven resistant to degradation in the 

environment, and being lipophilic, has a predilection for 

cumulative storage in adipose tissues. Since liver has div

erse functions of anabolism, catabolism, and detoxification, 

it is the site of DDE metabolism as well as the source for 

distribution of lipid (DDE-carrying) complexes to organs and 

tissues for storage throughout the body. 

The major objective of this isolated bovine liver 

perfusion experiment was to examine the abilities of bovine 

livers to metabolize a single large dose of DDE after prev

ious exposure in a feeding trial to various levels of the 

pesticide. 

The results demonstrated a decreasing level of DDE 

in the blood over time, establishing an increasing capacity 

for metabolism of DDE by livers with previous exposure. An

alysis of the post-perfusion liver tissue and bile indicated 

an increase of DDE in the tissue and fluid reflecting func

tional activity throughout the perfusion period. 
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INTRODUCTION 

DDE [2-bis(p-chlorophenyl)-l,l-dichloroethylene] has 

been extensively studied in regard to its persistence as a 

hazard in the environment, particularly in fish, insects, 

birds, and humans. The metabolic pathway of DDE conversion 

from the parent pesticide, DDT [2,2-bis(p-chlorophenyl)-l, 

1,1-trichloroethane], has been established. Except for 

studies concerning DDE elimination rates from tissues and 

milk of dairy cattle and sheep, much less is known concerning 

individual organ tolerances or systemic metabolism of this 

material. 

Considering that regulation of toxic substances are 

set at minute levels in food animals and products, then milk 

and meat from these animals must meet these strict standards. 

The low catabolism of DDE by the environment long after the 

Environmental Protection Agency (EPA) ban on the use of its 

source, DDT, is still a major concern of investigators to

day. Dicofol [2,2-bis(p-chlorophenyl)-l,l,l-trichloroeth-

anol] can also be a metabolite of DDT, and is currently used 

as an acaricide for cotton. This product contains 0.5% to 
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1.5% DDE by legal descriptive formulation. This, plus the 

fact that DDE is currently being detected in animal feeds 

and animal products produced in cotton-growing areas of the 

United States, strongly recommends that DDE catabolism and 

metabolism be further recommended. 

This experiment was designed to examine the ability 

of an isolated perfused bovine liver to metabolize a large 

dose of DDE after in vivo feed exposure to DDE. The isol

ated perfusion apparatus was used primarily because of its 

ability to simulate the in vivo conditions of the intact an

imal, and because of the multiple pass biomagnification ef

fect upon the material being studied. 



LITERATURE REVIEW 

Metabolism of DDE 

DDT was the first synthetic organic insecticide ex

tensively produced. The agricultural use of DDT was banned 

by the EPA in 1973 (9). This ban was based upon proof that 

DDT, and its major metabolites DDE, and DDD [2,2-bis(p-chlor-

ophenyl)-1,1-dichloroethane], were persistent environmental 

hazards due both to the accumulation in the food chain as 

well as to their long half-lives (9), The major pathways of 

metabolism and degradation have been constructed over the 

past few decades (Figure 1), but several of the minor break

down reactions have not been completely established. 

Three common pathways exist for the degradation of 

DDT, but only two of these lead to DDE; one directly and 

one indirectly. The direct breakdown of DDT to DDE is via 

dehydrochlorination. The indirect route is oxidation of 

DDT to dicofol, and then to DDE and other byproducts. The 

chemical relationship of DDE and dicofol are understood 

(Figure 1), but the in vivo pathway has not been established. 

Datta (16) has determined that the liver is involved in 
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Figure 1. (G. T. Brooks, 1974 [ 9 ] )• 

Pathways and products of DDT metabolism in some living organisms. 
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enzymatic degradation of DDE to DDMU [l,l-bis(p-chlorophen-

yl)-2-chloroethylene] to DDNU [l,l-bis(p-chlorophenyl)-eth

ylene] . DDNU is then transported through the blood to the 

kidney, which in the rat, is converted to DDOH [2,2-bis(p-

chlorophenyl)-ethanol] , and excreted as DDA [2,2-bis(p-chlor-

ophenyl)-acetic acidj. 

The concern with dicofol, as well as with DDE, is 

that although DDT has been banned by the EPA, DDE is still 

present in the environment in increasing amounts, and that 

dicofol is currently in use as a cotton acaricide. Whole 

cottonseed, cottonseed meal, cottonseed hulls, and many of 

the other cotton byproducts are commonly used in feeding 

programs for domestic livestock. Furthermore, pesticide 

drift onto alfalfa and other forages from treated target 

crops may compound this problem. This matter presents 

itself as a concern for the animals used as food sources 

for man, 

Aizawa (1), in 1982, perceived that DDE produced 

from DDT is an end in some metabolic systems. However, 

in certain mammalian conditions, the C=C of DDE is not sta

ble. One phenyl ring can be selectively epoxidized, and hy-
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droxylated. Although the conversion to these metabolites 

is low, all are readily detectable. Four phenolic metabol

ites of p,p'DDE were discerned by Sundstrom (56) in rat fe

ces after dosage with DDE. 

As previously indicated, the usual method of an an

imal acquiring exposure to DDE (direct or indirect) is by 

ingestion of contaminated feedstuffs» Once in the animal 

system, DDE reaches the liver for detoxification, distri

bution, and deposition in tissues, and eventual excretion. 

In 1972, Fries, Marrow, and Gordon (20) investigated a po-

lychlorobiphenyl (PCB) compound named Aroclor 1254, using 

DDE as a reference compound, and compared the rates of e-

limination from the systems of dairy cows. They also de

monstrated the similarity of PCB and DDE in regard to time 

required for elimination after the cows were removed from 

the contamination source. Both compounds were found to be 

highly resistant to metabolic degradation. 

In 1968, Apple (4) investigated the metabolism and 

detoxification of DDT in mammals, using rodents, rabbits, 

and human volunteers. DDE was shown to be a minor part of 

both fecal and urinary excretion products. It was conclud

ed there was a species difference in both the amount and 



the type of excretory byproduct, and also that DDE was not 

an intermediary between DDT and DDA in urine. 

The partition of DDT and its metabolites among in

tercellular organelles from rat liver was evaluated by 

Vessey (58). The liver cell components were separated by 

ultracentrifugation into subcellular fractions labelled 

crude nuclear, soluble, mitochondrial, and microsomal. A 

majority of the DDE appeared in the mitochondrial fraction 

and the soluble fraction 16 hours post in vivo dosage. 

However, one week post in vivo dosage, DDE had migrated to 

the microsomal fraction. Vessey (58) concluded the liver 

cells were possibly active in the detoxification of DDT 

primarily to DDD, and secondarily to DDE. 

Stull, Brown, and Whiting (54) examined the effect 

of various routes of administration of DDT and DDT metabol

ites and the subsequent variation in the metabolites de

tected in milk. Stull et al (54) confirmed ingestion as 

the major source of DDE contamination in the milk via the 

fatty acids. The structures of the phenolic metabolites 

of DDE, as investigated by Sundstrom (55) showed that other 

highly fat soluble compounds may be released, which may be 

more toxic than their parent compound. 
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Toxic compounds have been suspected of being cap

able of inducing increased liver enzyme production activ

ity. This renders the liver even more capable of detoxi

fication. Starvation and hepatic microsomal enzyme induc

tion and the influence on mobilization of the DDT residues 

in the rats was examined by Lambert and Brodeur (32), in 

1976, using a known enzyme inducer, phenobarbitol. A 

combination of phenobarbitol and starvation was demonstrat

ed to be a superior means of clearing contaminated tissues. 

Mehendale (39) also studied DDT-induced modification of 

hepatic function, and concluded DDT decreased biliary ex

cretion and the production of IMP (imipramine), 

In 1974, Pocock and Vost (44) investigated the chy

lomicron transport of DDT, which was shown to be transfer

red to higher density serum proteins in vitro and in vivo, 

and to bovine albumin prior to tissue uptake. DDE was al

so identified in the lymph. 

Since the liver functions in detoxification as 

well as distribution of synthesized products for the body, 

albumin is one of the more abundant substances in the 

bloodstream that has been formed in the liver. There is 

a significant correlation between serum albumin concen
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tration and liver cell performance, according to Reinhold 

(46). Albumin synthesis in the liver is influenced by di

et, stress, hormonesdisease, and environment. The in

crease in catabolism of albumin seen in pregnancy is coun

tered by a related increase in liver synthesis of albumin, 

as concluded by Hoffenberg, Gordon, Black, and Louis (23). 

Alary, Guay, and Brodeur (2) discussed phenobarbi-

tol pretreatment and its effect on the metabolism of DDT 

and DDT metabolites in both the rat and the bovine, with 

the result that the bovine liver appears susceptible to 

enzyme induction. Phenobarbitol, however, had little or 

no effect on elimination of DDE. Pocker, Beng, and Ainar-

di (43) examined, in 1971, the effect of DDT, DDE, and di-

eldrin on bovine erythrocyte carbonic anhydrase (BCA) en

zyme, but found only that BCA activity was reduced when 

the compounds were in excess of their solubility. 

Steroid hydroxylation in bovine adrenocortical mi

crosomes was noted to have occurred by Brooks (9). Bovine 

adrenocortical microsomes contain a similar system to liv

er cytochrome P450, which is active in liver enzyme induc

tion, and bovine adrenocortical microsomes are inhibited 

by carbon monoxide. Pesticide stimulation in general (of 
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microsomal activity) is greater in terms of percent increase 

in the young animal, as was noted by Lu, Kuntzman, and Con-

ney (34). Hepatic induction does increase hepatic blood-

flow and bile production in the rat. Liver microsomes con

tain the reduced form of nicotinamide adenine dinucleotide 

phosphate (NADPH) dependent systems which hydroxylate ster

oids such as estradiol and progesterone.(10). The NADPH-

dependent systems may also be involved in the oxidation of 

lipid soluble drugs.. These enzymic hydroxylations of drug 

and steroids can also be inhibited by carbon monoxide. 

DDT and its analog DDE increase liver microsomal metabolic 

enzyme activity, and according to Brooks (9), the elimina-

tion rate may be altered if the toxin level exceeds the 

level of induction. Both DDE and DDMU cause an increase 

in liver weight due to cellular increase. This may be due 

to an increase in lipid concentration in rat livers, and/ 

or an increase in hepatic smooth endoplasmic reticulum(SER),. 

The SER of the liver is the site of particular im

portance for degradation of foreign compounds, as indicat

ed by Moriarty (41). He mentioned^that mixed function oxi

dases are in the microsomes of SER in the liver, and that 

these enzymes are dependent for operation upon NADPH and 
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cytochrome P450. The inducibility varies between sex, age 

and species, with the cytochrome P450 detected in greater 

amounts in males than females in several species. It was 

al&o noted by Moriarty (41) that microsomal mixed function 

oxidases and glucuronyl transferases metabolize and aid in 

the excretion of organochlorines. 

The involvement of liver and muscle as the early 

major deposition sites of chlorinated hydrocarbons was ex

amined by Matthews, Chen, Mehendale, and Anderson (37) in 

1974 and wKo confirmed the excretionary route through the 

kidney via urine. Matthews et al (37) states that the 

rate of clearance is generally inverse to size, and is dir

ectly related to sex, age, and activity of enzymes. Hein-

richs, Gellart, Bakke, and Lawrence (22) examined the per

sistent estrus and sterility effect of DDT upon the uteri 

of rats, while Deichmarui and McDonald (17) confirmed that 

normal physiological events such as breeding activity can 

reduce fat reserves, with subsequent repercussions on res

idue levels. Variations in bovine serum lipoproteins dur

ing various stages of lactation and gestation have been in

vestigated by Puppione, Raphael, McCarthy, and Simons (45), 

who emphasized the importance of utilization of.depot fat 
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in early lactation. The influence of ovarian hormones on 

blood serum fatty acids was examined by Scott, Aurand, Ul-

berg, and Clawson (51), who reported that estrogens exert 

an effect on blood glycerides as well as on milk lipids, 

and that there are peak concentrations of plasma estrogens 

just prior to estrus and also six to ten days post-estrus. 

Whiting, Brown, and Stull (61) investigated trans

placental passage of DDT and found that newborn calves con

tain vital tissue DDE on a lipid basis at levels propor

tional to their dams' dietary intake, and equal to milkfat 

levels. DDT levels in stillborn calves were confirmed by 

Rumsey, Samuelson, Bovard, and Priode (49) to be similar 

to the concentrations of the dams' fat, organs, and muscle * 

Transplacental passage of DDE in bighorn sheep and the dis

tribution in maternal and fetal tissues were studied in 

1979 by Turner (57). The greatest amount of DDE was found 

in fetal perianal fat. In the maternal liver, DDE was low

er than DDD; while in the fetal liver, DDE was higher than 

DDD. In 1975, a study of low oral dosage of DDT and DDE, 

and the metabolism by tame mule deer fawns, was conducted 

by Watson, Pharoah, Wyllie, and Benson (59). Almost with

out exception, DDT was stored at higher levels than DDE in 



13 

wild ruminants. This suggests the possibility that wild 

ruminants are somehow able to convert ingested DDE to the 

more degradable DDT form, and to dechlorinate DDT to DDD 

for ultimate conversion to DDA and excretion. 

Kurtz and George (31) investigated DDT metabolism 

in detail in Pennsylvania White Tail deer, doing a compari

son study with beef steers for examination of the routes of 

excretion for DDT metabolites. Blood contained more DDE 

than other tissues, and DDE was stored in bone and muscle 

to a greater extent than in fat in deer. DDE was particu

larly noticeable as the predominant metabolite 30 days af

ter dosage. Of note is the comment that at the highest DDT 

consumption level, both liver and kidney demonstrated much 

greater concentrations than expected. 

In the study on sheep metabolism of DDE, DDD, and DDT 

by Hunnego and Harrison (28) , several trials involving single 

or combination doses of these were conducted. Sampling for 

blood and fat were done throughout the dosing period, and con

tinued for a year after exposure. DDE was greater than DDD, 

which was greater than DDT, in concentrations. The DDE:DDD:DDT 

ratio was 10:2:1 in fat. Rate of elimination for DDD was 

greater than that for DDT which was greater than that for DDE, 
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with DDE having an apparent half-life of 14 weeks. There 

was a correlation between DDE concentration in fat and in 

whole blood. Sheep given a single dose of all three com

pounds demonstrated highest concentrations in blood at 15 

and 32 hours after dosage. Levels in the blood became con

stant 14 days after dosage, indicating that equilibrium had 

been established. 

Perfusion Techniques 

Miller (40) stated that while the idea of perfusion 

techniques were discussed over 100 years ago, an actual com

plete perfusion apparatus was not used until 1910 (26) <, Pre

vious advances had been made in Europe by Van Ferey and Gu-

ber (40)in 1885, by Jacobi (40) in 1890 and 1896, and by Gru-

ber and Bain (40) in 1903, using both in vitro and in vivo 

techniques. Biochemistry and physiology were studied with 

this technique until the Warburg tissue slice and tissue 

homogenate techniques became the predominant methods of 

studying tissue metabolism in the 1930's. Hooker (26) had 

studied the effect of arterial pulse pressure on renal func

tion and organ viability, and later(27), he examined calcium 

and potassium concentrations relative to cardiovascular be

havior and metabolic function. A- complete isolated perfusion 
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apparatus was developed by Richards and Drinker (47) in 

1915, who then studied its use with various organs. 

In 1928, a hepatic artery perfusion was developed 

by Dale and Schuster (15) with a blood reservoir and pump, 

and Andrews (3) studied biliary function in the isolated 

canine liver with a perfusion apparatus in 1953. Also, 

in that year, the perfusion technique was refined by Ku

mar, Lakshmanan, Corbin, and Shaw (30) with their study of 

the effects of time lapse between excision and hookup on 

organs. Kumar etal (30) demonstrated the use of a perfus

ion pump, and examined the carbon dioxide-oxygen needs in 

the system with a lung attached in series to the perfused 

organs, 

As early as 1955, Young, Prudden, and Stirman (62) 

had developed a perfusion technique studying rabbit liver 

protein metabolism and nutrition in an effort to under

stand and help human burn victims. In 1958, the first 

isolated perfused bovine (calf) liver was utilized by 

Martinis, Goldsworthy, Jones, Nyhus, DeVito, Volmiler, and 

Harkins (36) to study hepatic physiology in a state as 

close to in vivo as possible. In 1959, the metabolism of 

volatile fatty acids by the perfused goat liver was stud
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ied, and the effect of biomagnification produced by the per

fusion technique was examined by McCarthy, Shaw, and Laksh-

manan (38). Datta (16) examined in detail the detoxifica

tion of p,p'DDT by the isolated perfused rat liver and kid

ney to elucidate the capacity of the liver to perform DDT 

to DDNU breakdown, and to investigate the role of the kid

ney in degrading DDNU to the DDA excretory product. An in 

vivo liver perfusion method was described in 1960 by Shoe

maker, Panico, Walker, and Elwyn (52) in which they confirm 

ed that the perfusion method itself did not result in physio 

logic damage. 

The isolated perfused bovine liver and its capacity 

to metabolize DDT into its various metabolites was examined 

by Whiting, Hagyard, Brown, and Stull (60). DDE production 

was believed to be due to catalytic action in hemoglobin 

breakdown at that time. Holter, McCarthy, and Kesler (25) 

had described an improved apparatus for organ perfusion, 

while Connolly, Head, and Williams (11) investigated the 

metabolism of albumin-bound palmitate C^ with the isolated 

perfused goat liver. Kern, Eiseman, and Normell (29) used 

an isolated perfused pig liver to research the changes in 

plasma lipids. They concluded that the liver could have the 
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ability to clear triglycerides from the blood and convert 

them into serum cholesterol and phospholipids. It was con 

firmed by Fisk, McFarlane, Kawalewski, and Couves (19) 

that the reliability of electronic feedback blood pump con 

trols for the isolated organ perfusions presented an im

provement over the previously used roller pumps. 

Coagulation factors and the major role of the liv

er in synthesis of plasma proteins involved in these fac

tors, were studied by Dodds and Hoyer (18) using isolated 

perfused rabbit livers to examine these activities. Bick-

erstaffe, West, and Annison (7) used perfused chicken liv

ers to study lipid metabolism. It was confirmed by Golds -

worthy, McCartor, McGuigan, Peppers, and Volmiler (21) 

that the liver was the principal source of anabolic activ

ity for albumin, transferrin, and fibrinogen, using the 

isolated perfused bovine liver. 

A great many perfusion studies have utilized the 

rat liver due to its easy low cost acquisition and conven

ient size. In particular, Bartosek (6) examined prolonged 

perfusion effects in an isolated rat liver. The book Iso

lated Liver Perfusions and Its Applications, edited by Bar 

tosek (6) deals almost entirely with rat liver technique 
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and biochemistry. Also, Ziona and Dionigi (63) examined 

disc, bubble, and screen oxygenators, and proposed a mem

brane prototype oxygenator for use in rat liver perfusion 

studies. 

An all-glass perfusion apparatus was designed in 

1981 by Connors (12) for use in pharmacological research 

with rats and mice. She utilized a bubble oxygenator and 

a pulsatile pump, and also examined the efficacy of the 

design by various measurements (Oxygen extraction rates, 

bile flow rates, dye uptakes, potassium leakage, and gross 

histology) for liver viability. The one disadvantage that 

was stated was the increased cost of operation with use of 

an animal as relatively inexpensive as the rat. Reiterat

ing the disadvantage of increased expense in use of perfu

sion apparatus, Ritchie and Hardcastle (48) additionally 

listed several advantages to the technique, such as its 

similarity to the live animal metabolism, the precision of 

its responses, the direct control of the experimental con

ditions, and the possibility of multiple measurements. 

Ritchie and Hardcastle (48) offered a warning in 

regard to trauma by hypoxia to the liver. If trauma oc

curred but was limited, recovery might be possible, but 
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the time taken to recover might limit the precision of the 

experiment. Although the initial loss of potassium, for 

example, occurs in the expected trauma period of approxi

mately the first thirty minutes, this may be reversed with 

adequate perfusion. They stated thait overperfusion, not 

underperfusion, was the most potential danger in experi

mentation of this type. Overperfusion might be indicated 

by edema, or by a slow rise in portal venous pressure. 

Use of autogenous blood prevents hepatic vasospasm 

and minimal use of plastic prevents liposoluble absorption 

of chemicals by the apparatus. Use of silicone rubber (in

ert and elastic) limits the effect of absorption with some 

substances. A great deal of emphasis was placed on the 

type of pump by Ritchie and Hardcastle (48), and upon the 

flow rate of the perfusate, and the rate of pump action/ 

minute. Ideal pumps should produce only the final arter

ial pulse to the organ. Pulsatile pumps were a definite 

improvement over roller pumps in reliability, with less 

damage, and a more normal pulse, although blood damage 

could occur at excess flow rates in pulsatile pumps. 

Gas mixtures (95% O2 / 5% CO2) produce a consis

tent flushing rate without effecting pH of the perfusate. 
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Some antifoams may be reliable, but all have additional prob

lems with prebaking required or with residue effects upon 

organ activity. An easily monitored criterion, according to 

Ritchie and Hardcastle (48), could be oxygen uptake for per

fusion flow rate. Hematocrit values, arterial and venous 

pH, temperature, humidity, bile flow, and clearance studies 

could be indicators of viable function in tissue. There can 

be a slight gradual increase in hematocrit values and liver 

weight in any perfusion. Overperfusion of a liver may show 

visible edema, vascular resistance, bile tinged with blood, 

and petechial hemorrhages during the initial thirty minute 

period of recovery. After that period, very stable condi

tions of flow and pressure commonly assert themselves. 



EXPERIMENTAL PROCEDURE 

Extensive care in preparation is essential for the 

accurate operation of the liver perfusion apparatus, as well 

as for the purity and reproducibility of p,p'DDE dosage. 

All technical apparatus and materials were checked for free

dom from contamination. 

Preparation 

Technical Preparation 

All technical preparation included the standard sol

ution of p,p'DDE; the dosing solution of reference DDE; all 

other solutions and adsorbents and gases; antibiotics and 

glassware; the perfusion apparatus itself, and its accessor

ies; the ECD-GLC equipment (electron capture detector - gas-

liquid chromatography and its accessories; and the pre-per-

fusion feeding exposure trial. 

Standards. Working standards, with the following 

concentrations of p,p'DDE (Aldrich), were prepared in n-

hexane: Standard I, 0.05 parts per million (ppm); Standard 

II, 0,10 ppm; Standard III, 0.25 ppm. 

21 
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Dosing Solution. A solution of 99.0% p,p'DDE was 

prepared by dilution in a minimal volume of acetone, and 

then brought up to final volume with 100% ethanol to 20ppm 

concentration. Complete dissolution was accomplished by 

agitation for one minute in a Branson Automatic Ultrasonic 

Vibrator. A 10 ml glass hypodermic syringe was used for 

dosing at a 1 ml/ liter bovine DWB (defibrinated whole 

blood). 

Florisil. 60/80 mesh (Floridin Co) was purified 

with three liters of methanol and two liters of n-hexane. 

It was activated and stored in 160*C oven0 

Celite-545. Powder(Fisher Scientific Co„). 

Sodium Sulfate. Anhydrous granular, AR grade (MCB 

Manufacturing Chemists, Inc.). 

Celite-545/Sodium Sulfate Mixture. 1:1 by weight. 

Formic Acid. 88% pure, AR grade (J.To Baker Co.). 

Physiologic Saline. Prepared by dissolving 153 

grams of sodium chloride, AR grade (Fisher Scientific Co.) 

in 8-10 liters of tap water at 38 C shortly before use. 

Solvents. Ethyl ether, hexane, petroleum ether, 

and acetone were all redistilled in glass for pesticide 

analysis use. Ethanol was absolute, U.S.P. (U.S. Indus

trial Chemicals Co.). 
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Gasses. Nitrogen 99+% purity (Liquid Air Inc.) 

and Carbogen(95% O2/ 5% CO2), U.S.P0(Liquid Air Inc.). 

Antibiotic. Terramycin Soluble Powder, 98.2% pure 

(oxytetracycline HC1, Pfizer Co,). A 100mg/2ml solution • 

with distilled water was prepared to be used with a 10 ml 

glass hypodermic syringe to dose bovine DWB. 

Apparatus. A complete description and photographs 

have been given by Whiting et al (60). For the purposes 

of this paper, a description will be made in the Liver Per

fusion section. 

Culture Tubes. Plain 24 ml (Pyrex) screw-capped 

with Teflon liners. 

Centrifuge Tubes. Graduated 12 and 15 ml (Pyrex) 

with ground glass stoppers. 

Separatory funnels. 250 ml and 2000 ml (Pyrex). 

Beakers. 250 ml, 600 ml, 1000 ml, and 2500 ml (Py

rex) . 

Chemical Funnels. Six-inch short stem plastic (Ex-

ax), o.d. 200 mm; four-inch short stem glass, o.d. 160 mm, 

(Matheson Scientific). 

Glass Wool. Prewashed with ethyl ether and hexane . 
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Gas Chromatograph and Accessories. Microtek MT-220 

equipped with a tritium electron capture detector, and op

erated in DC voltage mode. Column packing was 1.5% OV-17/ 

2.07c 0V-210 on 100/120 mesh Chromosorb W (HP), (Analog Lab 

Inc.), and contained in a glass U-tube 2m x 3mm, i.d. mod

ified for on-column injection. Chart recorder from West-

ronics MT-21. 

The gas chromatograph operating conditions were: 

Carrier gas: N£ at 50 ml/min at 40 psi 

Temperatures: Inlet: 235*C 

Oven : 215 *C 

Detector^lO'C 

Output attenuation: 8 

9 
Output sensitivity: 10 

Preparation. Several weeks prior to the experiment 

the liver perfusion apparatus and all necessary equipment 

was examined against a checklist, and all repairs made. 

All items were cleaned thoroughly and rinsed with distill

ed water, 2 rinses of acetone, 2 rinses of hexane/ethyl 

ether 1:1, and 2 rinses of acetone. Analysis of hexane 

rinses checked by ECD-GLC confirmed freedom from contamin

ants . 
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Feeding Exposure. In a previous experiment, a Nu

trition and Food Science Ph.D. candidate dosed 12 Univer

sity of Arizona cows by oral bolus for 32 days with the 

following levels of p,p'DDE: 3 control cows were given 0; 

3 low-dosed cows were given 0.1 ppm; 3 medium-dosed cows 

were given 0,5 ppm; and 3 high-dosed cows were given 1.0 

ppm. All dosage levels were given for the amount of 20 kg 

of feed/ day. 

After the termination of the dosage feeding period 

the cows were fed the normal milking ration for the Univ

ersity of Arizona milking herd for a 34 day period. This 

feeding regimen had previously been determined to be resi

due-free below the 0,01 ppm level. After this period, 1 

animal was selected from each dosing level to be used in 

the liver perfusion experiment. 

Liver Perfusion 

On consecutive days, one cow from each DDE dosage 

level was sacrificed to provide liver and blood for a per

fusion operation. Animals were sacrificed in ascending or 

der of dosing concentration. For the remainder of this 

thesis, these cows and days shall be referred to as Cow 1, 

2, 3, 4, and Day 1, 2, 3, 4, for simplified reference. 
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The University of Arizona Dairy Research Center of 

the Department of Animal Science provided the Holstein dai

ry cows from the experimental herd. Pertinent data regard

ing Cows 1, 2, 3, and 4,; their livers; and total blood vol 

umes are presented in Table I. 

The liver perfusion experiments were conducted with 

the organ perfusion chamber designed by Whiting et al (60) 

to maintain an isolated liver under controlled conditions 

simulating the in vivo state, similar to that of Holter 

et al (25). One important change made by Whiting et al 

(60) was the substitution of glass parts in contact with 

liver or blood. Glass, an inert substance, prevents ad

sorption of organochlorines and reduces the possibility of 

degradation or contamination by any less inert substances. 

The only exception to this all-glass system was the small 

piece of polyvinyl tubing in the peristaltic pump, which 

was considered negligible. One cm diameter glass tubing 

provided the glass vascular system (arterial=oxygenated) 

carrying arterial blood to the liver via a 165 cm glass 

"trombone-shaped" tube that looped through a water bath 

(between inner glass chamber and outer stainless steel 

shell). Thus, the oxygenated blood passing through the 



TABLE I 

Experimental Animals 

"fc 

Cow No. Age(Yr) Live Body Weight(lb) Liver Weight(lb) Total Blood Volunie(Liter) 

1 2.4 1104 17 8.25 

2 3.0 1412 22 16.00 

3 3.0 1202 18 15.00 

4 3.0 1520 23 19.00 

* varies with Individual animals estimated at 1.5Z body weight. 
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water bath at a temperature of 38.0+ 0.5 'C was able to ad

just to normal bovine body temperature before entry into 

the liver. A 95% oxygen/ 5% carbon dioxide source was us

ed to oxygenate the venous blood perfusate by way of an 

artificial lung, composed of a glass column filled with 

glass marbles (designed to increase surface area). The 

gas flow was regulated by low gage PR at 26 ml/ minute 

and bubbled through a physiologic saline solution prior 

to entry into the artificial lung to prevent dehydration 

of the blood, Young et al (62). The peristaltic action 

pump drew oxygenated perfusate from the glass lung and 

pulsed it up into the arterial apparatus. Any foam which 

formed at the top of the lung was drawn off by a slight 

vacuum into a 5 gallon glass foam trap, where at regular 

intervals, blood was released and returned to the perfus

ion chamber. A glass cover over the perfusion chamber 

minimized environmental exposure, and simulated the inter

nal conditions of heat and moisture of the animal. 

Technique 

Upon receipt of an animal in the Meats Laboratory, 

at the University of Arizona Campus Farm, the animal was 

stunned, hoisted into position, jugular vein pierced, and 
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the blood collected in buckets. The "bucket contents were 

immediately defibrinated by stirring the blood with wooden 

paddles, which were then removed, with clots. The DWB was 

then passed through a filtration system to remove any re

maining small clots or lipid globules. This system was 

composed of three funnel units in a column on a ringstand. 

Filter unit one consisted of a double layer of cheesecloth 

while filter unit two consisted of three layers of cheese

cloth, and filter unit three of surgical cotton over a 

double layer of cheesecloth. The perfusate was collected 

from the filter system into glass beakers and the total 

volume recorded. The oxygenation and heart-pumping action 

was begun as soon as the DWB was transferred to the cham

ber to supply the oxygen-starved organ with highly oxygen

ated perfusate as soon as possible. Antibiotic was added 

(2 ml) to the blood in the chamber for bacteriostatic ac

tion. 

Concurrently, the liver was removed from the cow, 

and immediately rinsed externally with physiologic saline 

at body temperature, and then cannulated via the portal 

vein. The hepatic vein was tied off, the gallbladder was 

drained and tied off, and all extraneous fat and connec
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tive tissue removed as quickly as possible. Maintaining a 

rapid pace to minimize trauma to the liver tissue, the re

sidual blood in the liver was rinsed with 8-10 liters of 

body temperature physiologic saline solution while massag

ing gently in the direction of blood flow. 

After a short drainage period, the liver was trans

ported to the perfusion chamber, and attached by portal 

vein cannula to the glass artery. After hookup, the per

fusate flow was stabilized by pump rate. After a baseline 

blood sample was drawn from the venous side of the system, 

the liver was directly injected with DDE based on the ini

tial DWB volume, and calculated to be a reference concen

tration of 20 ppm in the perfusate. The baseline samples 

were then referred to as time zero samples, and periodic

ally at 15 minute intervals thereafter, blood samples were 

drawn from the venous drainage over a two hour total per

iod. As each blood sample was taken, blood was also taken 

from the foam trap after vacuum was released, and returned 

to the perfusion chamber. The blood flow rate was reduced 

during the sampling period, then returned to standard oper

ating rate. Sample jars were placed in crushed ice until 

the end of each experiment, when all samples were transfer

red to a freezer for storage until extraction and analysis. 
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Blood recovery was determined by circulated dosed blood 

only through the perfusion apparatus. 

Extraction And Cleanup 

Blood Samples. Blood samples were thawed by immersion in 

38.0*C water bath. The column extraction method by Maior-

ino, Whiting, Brown, Reid, and Stull (35) was used. For 

each sample and its duplicate, 2 ml of thawed bovine DWB, 

well mixed, plus 2 ml of 88% formic acid were pipetted in

to a beaker and swirled for 1 minute. Dry Celite-545 (4.5 

grams) was then added to the contents of the beaker, and 

slurried thoroughly until the mixture appeared homogenous, 

resembling damp sand. 

A glass wool plug was inserted into a 22 mm i. d. 

glass chromatographic column fitted with a Teflon stopcock * 

Prewashed activated Florisil was poured-into the column 

prior to addition of 13 mm of dry 1:1 Celite-545/ Sodium 

sulfate mixture. The column was packed with a vibration 

unit under mild vaccuum, then rinsed with 80 ml of 6% eth

yl ether in petroleum ether. As the solvent level reached 

the surface of the column packed materials, the sample was 

quantitatively transferred onto the column. The column 

walls were rinsed with eluant, and a 250 ml beaker placed 
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beneath the column to collect the eluate. 

As the eluant level again reached the surface of 

the slurry, the column was repeatedly tapped gently to re

duce air pockets in the slurry substance. One hundred ml 

of eluant was then added, and a flow rate of 1.5-2.0 drops 

per second was established. After complete collection, 

the eluate was concentrated to a small volume in a beaker 

in a AO'C water bath with a gentle stream of dry compress

ed air. The small volume of eluate remaining was quantita

tively rinsed with hexane into a calibrated centrifuge tube 

and then stoppered with a ground glass top until analysis. 

The sample was diluted with hexane and dilutions recorded 

at the volume required for the final GLC analysis. 

Liver. Duplicate liver samples were thawed in a 38.0"C wa

ter bath, and weighed on aluminum tares (1.18 to 1.49 gm 

samples). Tissue was transferred to a tissue grinder. The 

aluminum dish was reweighed and recorded for future calcul

ations. Four ml each of ethyl ether, hexane, and methanol 

were added to each sample. As the solvent phase loaded up 

with tissue particles, the supernatant was poured into a 

250 ml separatory funnel through a washed glass wool plug, 

within a small glass funnel. This step was repeated until 

all tissue was ground. All grinding surfaces were quanti
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tatively rinsed with 5 ml each of 1:1 ethyl ether/hexane. 

Seventy-five ml of distilled water was added to the separa-
* 

tory funnel and gently shaken for 1 minute, then allowed to 

stand for 15 minutes. Emulsions were very slight, if any, 

and were broken with an exterior rinse of warm water and 

gentle swirling. The lower aqueous phase was drained and 

discarded. The entire process was repeated twice more. The 

final solvent layer was drained into a beaker, rinsing the 

interior of the funnel with 15 ml of ethyl ether/hexane. The 

solvent was evaporated to a small volume in a 40.0*C water 

bath as before. The remaining eluant was quantitatively 

rinsed into a graduated centrifuge tube and diluted for sub

sequent GLC analysis. Reagent blanks were incorporated into 

all extraction procedures to monitor for interfering contam

inants. Ten percent volume by weight of the original samples 

were evaporated from aluminum dishes, and calculations for 

percent fat, and concentrations of DDE on a fat basis made. 

Analysis and Statistics 

Under the previously described conditions, samples 

and duplicates were prepared and analyzed on a Microtek MT-

220 gas chromatograph. Instrument stabilization and sensi

tivity were determined by standard injections and resultant 
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linear graphs. Detector sensitivity determined the range of 

suitable injection amounts for the standard curve, which was 

prepared by calculating the linear regression of peak heights 

versus the amount injected. Linearity was determined against 

the standard curve. 

Sample solution injection volumes varied to keep all 

peak heights within calibration range of the standards. A 

calibration equation was used to determine parts per million 

and nanograms (concentrations). Peak retention times were 

recorded. 

The Preis-Winston technique for linear autocorrela

tion regression analysis was used. Standard error, the cor

relation coefficient, and goodness-of-fit were calculated 

and used to indicate significance of data. The CYBER comput

er from the University of Arizona computer center and the 

statistical support group facilities and personnel were 

utilized. 



RESULTS AND DISCUSSION 

Of the twelve Holstein cows dosed at 0, 0.1 ppm, 

0.5 ppm, and 1.0 ppm of p,p'DDE in a previous experiment, 

four animals were selected for the liver perfusion exper

iment, one from each dosing level. 

Liver Perfusion Experiments 

During four consecutive days of liver perfusion, 

there was good performance from all apparatus, except for 

two incidents. A glass venous drain tube connection broke 

on day 3 and was held in place by hand for the last thirty 

minutes of that perfusion run. Blood loss was estimated a 

at 200 ml at that time. Also on day 3, but without an ef

fect on the trial itself, a stress fracture occurred in th 

the glass at the base of the artificial, lung. External 

layers of epoxy glue were placed around the glass tube to 

retain its shape, and to prevent any leakage. It hardened 

well and was successful on day 4 experiment with no adverse 

effects noted. Day four, at ninety minutes into the run, 

a glass ball joint in the arterial system at the attachment 

to the heart pump became loose, and approximately a liter 
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of blood was lost. This was repaired quickly with no further 

problems. The water bath was consistently 38 *C -f 0.5"C 

throughout all four experiments. The performance of the 

perfusion apparatus overall was very good, particularly 

the precise response from the peristaltic pump. The essen

tially all-glass design appeared to serve the purpose of pre

venting adsorption or degradation by the surfaces of the 

apparatus upon the experimental compound. 

All liver tissues were judged viable by good color 

and functional appearance of the area near the capsule. Al

so, excellent bile production in the previously drained and 

tied off gallbladders, indicated continued function of the 

organs. Cow 1 had a perfectly normal appearing liver. Cow 

2 had numerous very small connective tissue leaking arter

ioles and venioles which required clamping off during the 

perfusion. Cow 3 had been highly excitable, and also had 

small leaking vessels in the connective tissue area, but 

fewer in number than cow 2. These were also closed with 

clamps. Of note is the fact that several people were aware 

of a very strong sweet odor from the blood of cow 3. This 

was believed due to her recent ovulation. The liver from 

Cow 4 was the largest and most friable. Several large leaks 
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from the liver vessels required clamping. 

Blood colors were perceptibly different, being much 

redder with Cow 2, perhaps indicating a greater oxygen up

take capacity. Cows 1 and 3 had good red color, with their 

arterial blood being brighter red and easily distinguishable 

from their darker red venous blood. Blood from Cow 4 was 

very fatty, and difficult to filter. This was believed con

sistent with her friable liver, although there was no appar

ent difference in color. One liter of blood from Cow 4 was 

circulated through the perfusion apparatus without a liver, 

to examine the time it required for blood to complete one 

cycle through the apparatus. The cycle was consistently 

25 seconds/liter. 

All livers developed minor compression tissue necro

sis in the capsule region where the organs were supported by 

the grid of glass rods in the perfusion chamber. This was 

visible as gray to white lines along the external capsule 

following the pattern of the grid. Minimal tissue damage 

(relative to the whole liver) was believed to have occurred. 

A cross-section of the dead tissue areas did not show any 

depth (3-5mm) to these lesions. Variable tissue appearance 

in the livers is consistent with the size of each liver in 
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relation to the size of each cow, except Cow 4, whose liv

er appeared exceptionally large. This result may be due to 

the high level of DDE dosage this animal received, or to un

derlying pathological problems. 

Foam production was the greatest for the 5-month 

pregnant high-dosed cow 4, but was also relatively high for 

the ovulating medium-dosed Cow 3. Both Cow 1, who was 4 

months pregnant and a control level animal, and the open 

Cow 2, low-dosed, had small amounts of foam production. 

Extraction and Cleanup 

A number of extraction procedures for blood were ex

amined for reproducibility and recovery. Several particular 

items in the experiment had to be addressed by the extraction 

method, primarily the long-term storage. A secondary consid

eration was avoidance of emulsions. In 1965, Dale, Curley, 

and Cueto (13) suggested that the binding of pesticides to 

human serum protein was the cause of incomplete recovery by 

simple hexane extraction. Also mentioned was the probabil

ity of in vitro binding during storage, and hexane recovers 

only free or unbound pesticide from serum. Bonderman, Choi, 

Hetzler, and Long (8) performed a statistical evaluation of 

recovery of p,pfDDE from blood. The conclusion was that aged 
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serum, increased amounts of hexane, decreased mixing time 

duration, and increased temperatures could all be intercor-

related with a poor recovery effect. Aging was related to 

the degradation of the lipoprotein fractions in serum dur

ing storage. Dale, Miles, and Gaines (14), in 1970, invest

igated a formic acid-hexane method of extraction, and con

cluded it gave consistently higher results than their prev

ious method, and also that the formic acid eliminated the 

emulsions in the serum. 

Apple, Morgan, Roan (5) performed a comparison of 

hexane, formic acid-hexane, and hexane-acetone methods of 

extraction of DDT metabolites from human serum. They inves

tigated the physiologic determinants of these pesticides in 

the blood. It was noted that DDE had a tendency to maintain 

a level particularly unique to the individual metabolism, and 

the importance of these highly individual mechanisms for ex

cretion and/or chemical conversion. With human blood less 

than fifteen days old, the Schoor (50) extraction method pro

duced a two-fold increase in recovery of p,p'DDE and reduced 

its variability. Schoor also determined that protein fraction 

in the blood could contain 80% of the original amount of DDE. 

In 1981, Smrek, Head, and Needham (53) compared two 
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deproteinization methods for the determination of DDT and 

its metabolites in serum. One method used methanol, and 

was compared to Dale et al (14) formic acid-hexane method,, 

Although the methanol method gave consistently higher recov

eries, the formic acid-hexane method did not include a col

umn chromatography cleanup step. 

For the blood samples from this liver perfusion ex

periment, the Celite-545/sodium sulfate and formic acid meth

od by Maiorino et al (35) was selected due its lack of form

ation of emulsions, and its high reproducibility and recov

eries. Also, it was suspected that a simple one-step proc

edure utilizing formic acid would denature the DDE-bound 

lipoprotein complexes formed in extended storage. Analyses 

by ECD-GLC confirm this conclusion. 

Differences in individual metabolism may play a maj

or role in liver function, as shown by the variation in per

cent recovery of DDE from blood (Table II). At 120 minutes, 

all the DDE reference-dosed livers showed variable recovery 

with each animal. Cow 1, the control animal with no expos

ure, demonstrated 63.75% recovery; Cow 3, medium-dosed, had 

24.55%. Cow 2, the low-dosed exposure, showed highest level 

of recovery of DDE (131.30%), while the last animal, Cow 4, 
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of high exposure to DDE, showed 105.05% recovery. These and 

the other figures indicate individual differences in liver 

metabolism, and that induction of enzymes to detoxify pesti

cides may be dependent upon previous exposure, also. The 

reason for the poor metabolism of DDE by Cow 3, as suggested 

by her low values in liver and blood, may be her state of 

estrus, excitability, or simply individuality. The differ

ences in size and age of cows as well as the length of gest

ation could also be factors„ 

The distribution (Figure 2) of the actual ppm of 

DDE from Cow 1 indicates a linear increase in metabolic ac

tivity with a significant increase of DDE in the blood from 

105 to 120 minutes. This suggests an induction period may 

be necessary before the enzymes are stimulated to increased 

action. Cow 3 also had a linear response, but appeared to 

have less ability to respond, and only plateaued at 105 min

utes. It is recommended that any future similar perfusions 

be carried out for three or more hours to verify or reject 

these suppositions. In both Cows 2 and 4, the livers dra

matically responded. Within 15 minutes, livers had metabol

ized a large quantity of DDE into the blood. However, by 

60 minutes, Cow 2 had reached an apparent steady state of 
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metabolic rate, while Cow 4 did not plateau until 105 min

utes. These results seem to indicate a predisposed enzyme 

population, or a more amenable liver metabolism, reducing 

the necessary induction period to deal with the toxic mat

erials. The Preis-Winston autocorrelated regression data 

(Table III) appears to confirm this data. 

Of note in Table IV is the total lack of DDE in the 

bile of the cows at time zero, while at the end of each 

dosed perfusion, a significant amount Df DDE was present in 

the bile. These results confirm this route of excretion of 

DDE from the bovine liver. Percent fat in the liver was 

highest in Cow 2, next highest in the fetal liver of Cow 1, 

then Cow 1, with Cows 3 and 4 being least and equivalent. 

On a fat basis, ppm of DDE in the liver were highest in Cow 

3, then Cow 4, 1, 2, with the least being detected in the 

fetus of Cow 1. 

On analysis, there were no breakdown products of 

p,p'DDE detected on any of the gas chromatograms. Holler, 

Yert, Patterson, Smrek, and Needham (24) investigated in 

1981 the interfering compounds extracted by hexane in sol

vent dispensing systems, solvents, sample containers, and 

added reagents, as well as the laboratory environment as 



43 

possible sources of contaminants. Analytical errors from 

contamination of sodium sulfate, filter paper, wash bottles, 

soiled Teflon gaskets, and glass wool were examined by Levi 

and Nowicki (33), In our perfusion experiment, wash bottles, 

gaskets, and other items of use were tested clean, and the 

sodium sulfate and glass wool were solvent washed to remove 

impurities prior to use. 

Statistics 

Statistical examination using Preis-Winston autocor

relation regression was performed due to the small number of 

samples in this experiment. The maximum standard error was in 

data from Cow 4 (0.08), with Cows 1 and 2 having only 0.02 

standard deviation. The Durbin-Watson estimate of the auto

correlation could not be performed because all correlations 

were negative values. Correlation coefficient (closeness-

of-fit) ranked greatest for Cow 2, then Cow 1, Cow 4, with 

least correlation for cow 3. Cow 3's data was linearly 

correlated to a degree of only 50%. This confirms the data. 

Interpretation of negative correlation close to 1.0 

implies a significance that as one variable increases, the 

other variable decreases. Using the T-test, with H0: u=uQ, 

Ha: u>uQ, and reject Ot^ resulted in rejection of the 
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null hypothesis (that there is no significance) for all 

four cows. In terms of both the T-test and the correlation 

coefficient, all data was thus significant. However, as 

the Preis-Winston regression indicates, the overall signi

ficance of the data only reaches 507o- 707o. 

The variation of the individual metabolic response 

of liver enzymes to p,p'DDE needs to be considered in the 

interpretation of these statistics. The overall results 

implies a decreased enzyme induction period in 2 of 3 livers 

previously exposed to DDE, and data also infers bile as an 

excretory route of DDE. Estrous cycle or length of gesta

tion appears to have some effect on liver metabolism, but 

data is not conclusive. 
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TABLE II 

ACTUAL DETECTED VALUES OF DDE IN DWB PERFUSATE 

Time(rain) 
From Dosing Cow 1 Cow 2 Cow 3 Cow 

0 0, .01 0. 04 0, .02 0, .05 

15 5, .42 36. 51 3. .99 39, .30 

30 5, .70 28. 13 3. .99 26. ,20 

45 . 6. .27 24. 80 3. .13 25. .40 

60 7. .40 21. 41 5. ,40 17. ,68 

75 7, ,65 22. 42 5. ,25 18. ,56 

90 8. ,40 22. 61 5. ,53 24. ,49 

105 7. ,37 26. 32 4. ,42 21. ,17 

120 12. ,71 26. 26 4. ,91 21. ,01 
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TABLE III 

DISTRIBUTION OF VALUES FOR DDE OF LIVER AND BILE 

LIVER 120 minutes after dosing BILE 

Cow Number Fat (%) Tissue DDE (ppm) Fat Basis (ppm) Time 0 120 min 

1 1.59 1.05 2.19 

OO cn • 

o
 

2 4.94 1.94 1.73 0 

3 0.98 0.99 3.87 .01 

4 0.98 0.68 • 2.94 •
 0
 

i—
1 1 i 

Fetus of 1 1.84 0.03 0.12 » B « 
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TABLE IV 

PREIS-WINSTON VALUES OF DDE IN DWB PERFUSATE 

Cow 1 Time Cow 2 
Predicted Observed Minutes Predicted Observed 

0.73 0.73 15 1.54 1.56 

0.77 0.76 30 1.45 1.43 

0.80 0.80 45 1.40 1.39 

0.84 0.87 60 1.34 1.33 

0.88 0.88 75 1.36 1.35 

0.92 0.92 90 1.39 1.35 

0.96 0.87 105 1.39 1.42 

1.00 1.10 120 1.52 1.42 

Cow 3 Time Cow 4 
Predicted 

0.59 
Observed 
0.60 

Minutes 
15 

Predicted 
1.56 

Observed 
1.59 

0.61 0.60 30 1.45 1.42 

0.63 0.50 45 1.37 1.41 

0.65 0.73 60 1.32 1.25 

0.66 0.72 75 1.30 1.27 

0.69 0.74 90 1.30 1.39 

0.70 0.65 105 1.33 1.33 

0.88 0.69 120 1.39 1.32 
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