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TRACE METAL ALTERATIONS DURING ENDRIN

INTOXICATION

CHAPTER I

INTRODUCTION

Throughout history, there has been a struggle between man
ard insects that has continued without letup to the present time, and
will continue, no doubt, as long as a member of the human race en-
dures.

There are some people who embrace the idea that man is
dominant over insects. However, let us recall that the outcome of
most of the great wars of history was not decided by man on the battle
fields but by insects, as a consequence of insect-borne diseases. The
Allies had to defeat the insects in the South Pacific during World War
II before they could attack the enemy forces (31). The great plagues
of history were caused by insect-borne diseases. On two occasions,
insects arrested the construction of the Panama Canal. Efforts taken
to eliminate damage caused by insect vectors of human diseases is
demonstrated by the rapid growth of chemical pest control which has

1



grown to a multi-million dollar enterprise (31).

In the agriculture field, much progress has been made with
the aid of economic poisons, but still there are animal losses from in-
sects estimated at $4 billion annually (31). Obviously, there is much
room for improvement. The wastage of food consumed or defiled by
rodents and insects during a period when millions of people throughout
the world are hungry is tragic, inexcusable, and could be prevented by
the use of pesticides (32).

Many insect vectors of important human diseases have been
brought under control to such a degree that the once dreaded diseases
malaria, yellow fever, cholera, and bubonic plague are no longer
scourges of mankind and there are those who feel that we may be well
on our way to the eradication of at least some of them (32). Each year,
until the advent of insecticides, some 250 million persons were afflicted
with malaria throughout the world and some 25 million died annually.

According to Herms and James (69), Hodge reported that one
adult fly can deposit 120 to 150 eggs per lot for a total of at least six
lots, each separated by 3 to 4 days. Based on this he calculated
that

'""a pair of flies beginning operations in April may be
progenitors, if all were to live, of 191,010,000, 000, 000,000,000

flies by August. Allowing onhe.-eighth of a cubic inch to a fly,
this number would cover the earth 47 feet deep."
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insecticides have made it possible to enharnce the quality and
quantity of agricultural products and to protect the heaith of people.

A spectacular example is the use of the insecticide, 1,1, 1-trichloro-2,
2-bi{p-chlorophenyl) ethane (DDT), in the campaign against malaria by
the World Health Organization which reached all but 300 million of the

1,400 million persons who live in malarious regions (other than China,
North Korea, and North Vietnam).

The economic poisons constituted a billion dollar business in
the United States in 1965. In that year, more than $590 million were
spent for agricultural pesticides (139).

In 1962, the United States exported more than 22 million
pounds of herbicides, and in the 1962 to 1963 period, herbicides com-
| prised 20 per cent of the total organic pesticide production in the United
States. In the years from 1959 to 1962, the value of herbicides exported
increased from $6.7 million to $22.4 million. In the same period,
fungicides exported increased from $8 million to $26 million (139).

Household, lawn, and garden use accounted for approximately
20 per cent of all the pesticides purchased in 1965. In 1964, the United
States exported pesticides valued at $134 million and in the first six
months of 1966, the vaiue increased to $92,860,834 which was a 36 per
cent increase for 1966 (139).

It is obvious that every state in the United States, every
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country in the world, and every individual person is in some way de-
perdent upon and affected by the use of economic poisons for his liveli-
hood and health.

Pesticides may be defined as '"materials which kill unwanted
organisms'' (71). Economic peison means any substance or mixture
of substances intended for preventing, destroying, repelling, or miti-
gating any insects, rodents, nematodes, fungi, or weeds, or any of
the other forms of life declared to be a pest, and any substance or
mixture of substances intended for use as a plant regulator, defoliant,
oi; desiccant (76). This includes all preparations intended for use as
insecticides, rodenticides, nematocides, fungicides, herbicides,
amphibian and reptile poisons or repellents, bird poisons or repel-
lents, fish poisons or repellents, mammal poisons or repellents, in-
vertebrate animal poisons or repellents, plant regulators, plant de-
foliants, and plant desiccants (76). All of these substances are subject
to control by the Federal Insecticide, Fungicide and Rodenticide Act
of 1947 and the Miller Pesticide Residue Amendment to the Federal
Food, Drug and Cosmetic Act (71).

Insecticides are classified as inorganic and organic poisons.
Inorganic pesticides include metallic and soluble compounds which
are effective as gastrointestinal poisons for pests with chewing mouth

parts or as contact, protoplasmic poisons and include antimony,



arsenic, barium, cyanide, fluoride, mercury, phosphorus, and
thallium. Organic pesticides include six major broad classes; namely
benzene hexachloride derivatives and isomers, chlorinated camehenes,
chlorobenzene derivatives, carbamates, organic phosphates, pesticides
of botanical origin, miscellaneous compounds and cyclodiene or indane
derivatives (20). They are also classified into subclasses according
to their physiological action such as systemic (1), contact, or stomach
poisons. One of the most important insecticide groups is the cyclo-
dienes, which are commonly known as the chlorinated hydrocarbon or
indane insecticides. This group includes aldrirn, dieldrin, isodrin,
and endrin.

The presence of chlorinated pesticides in human tissues
throughout the world attests to the almost universal application of and
exposure to these materials. The cyclodienes, especially endrin, are
deposited in fatty tissue where they remain until they are metabolized
and/or excreted in the milk, urine, and/or feces (158). For that
portion of the chlorinated hydrocarbons that are subjected to metabo-
lism or degradation in the body, the products formed may be more
toxic than the original compound.

In general, the cyclodienes are highly toxic to man, animals
and insects through their action on the central nervous system. The

most consistent observations following repeated exposure of experi-



mental animals have been changes in the liver and kidneys (158). En-
drin, one of the most toxic of the cyclodienes, has induced symptoms
such as abdominal discomfort, vertigo, insomnia and weakness of
legs during mild intoxication, and nausea and diarrhea during acute
exposure., Moderate doses have been obsérved to produce, without
warning, a marked loss of appetite, loss of weight and convulsions
(158). Due to this comparatively high toxicity, the Federal Govern-
ment permits no endrin residual on crops that are to be consumed by
humans or marketable animals.

Even though much is known about the pharmacological action
of the cyclodienes relatively little is known concerning their molecular
base of action. Recent studies concerning similar disease states have
indicated that shifts in certain trace metals at the molecular level re-
sult in observed clinical phenomena. Such trace metal shifts may not
only result from, but also contribute to, the toxic state and as such
could provide a basis for the detection and evaluation of intoxication
before these gross physiological responses are manifested. Thus, an
evaluation of trace metal mobilization appears to be essential to a basic

knowledge of the toxic reaction.



CHAPTER 1II

REVIEW OF LITERATURE

Chemistry of the Cyclodienes

The cyclodiene insecticides are highly chlorinated cyclic hy-
drocarbons characterized by an endomethylene-bridge structure.
Synthesis of these cyclodienes, except tbxaphene, is by a Diels-Alder
diene reaction. Structural isomers (Ex_d_o_- and g_}_{g«uforms) are possible
in the bridged-ring compound. The isomers are named from the rela-
tive positions occupied by the rings in relation to each other. Attach-
ments can be made in two positions (as shown in Figure 1) using carbon
atoms 7 at the top of the drawings as the beginning point of the tri~
angle, and carbon atoms 1 and 2 are used to determine the isomeric
positions of the ring structures {51).

Rings attached to carbon atoms 1 and 2 may be in one of two
positions. If the adjacent ring lies outside an angle drawn from carbon
atom 7 through carbon atom 2, it is identified as an €x0 derivative,
while those rings which lie inside the angle are called endo derivatives

(51). The second ring attached to carbon atoms 1 and 2 becomes

7



Figure 1. Structual isomers (endo- and exo-forms).
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either exo- or endo- with respect to the ring containing carbon atoms

1 through 7. This second ring may also have attachments that can be

exo~ or endo- so that four theoretical isomers may exist: exo, exo-;

exo, endo~; endo, exo-; and endo, endo-. Oxidation of the 6, 7-positions

with per-acids gives the 6, 7T-epoxy derivatives (51).

Aldrin

in 1949, Kearns et al. (82) published the first report on a new
insecticide that was introduced in 1948 and called "Compound 118."
Later this insecticide was assigned the coined name, ALDRIN, because
it was synthesized by the Diels-Alder reaction. The endo-exo isomer
aldrin is a product having not less than 95 per cent of its principal
constituent the chemical 1,2, 3,4,10, 10-hexachloro-1,4, 4a,5, 8, 8a-
The principal component is a white crystalline solid which has a
melting point of 100 to 102°C. This compound has no odor at room
temperature, but has a pine-like odor when heated to higher tempera-
tures. Epoxidation of the 6,7 positions of aldrin with per-acids forms
the endo-exo epoxide, dieldrin (51).

The initial insecticidal toxicity of aldrin is relatively high
and it also has a comparatively high chronic and dermal toxicity to

animals. Usually, the residual action is short, and the residues do
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Figure 2. Structural configurations of the cyclodienes.
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rot persist longer than three weeks, with no phytotoxicity when

applied as directed.

isodrin

The erdo-endo isomer of aldrin was isolated in the latter

part of 1950 {514, and was given the name "Compound 711." Later
the ¢oined name of ISODRIN was given to this isomer. Chemicaily,
isodrin s 1,2,3,4,10,10-hexachloro-1,4,4a,5,8,8a-hexshydro-1,

4. erd:verdo-5,8-dimethanonaphthalere {51) (Figure 2}, and is a white
crystaliine so.°d which is not decomposed by alkalies but is slowiy
decompesed when he sted above 100°C. ‘thas & high acute toxicity to
warm-blooded srumals and a low toxicity to flies. isodrin is synthe-
s.zed oy s.owiy rescting cyclopentadiene with the condensation pro-
duct 0of hexachlorocyciopentadiene and vinyl chloride (51}, The 6,7-

positions are oxidized with per-acids to give the 6, 7-epoxy derivative

endrin,

Dieldrir.
Kesrns et al. 1yn 1948 132) first described this insecticide
under the name "Compound 497, and DIELDRIN was coined in 1949
anrd registered as a generic name for the 'Compound 497." This name

was chosen because this compound was synthesized by the Diels-Alder

coriden=aron reaction Like s'drin., The active insecticidal product
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contains pot less than 85 per cent of its principle constituent, the
chemical 1,2,3,4,10,10-hexachloro-6, 7-epoxy-1,4,4a,5,6,7,8,8a-
octahydro-1. 4-endo-exo0-5, 8-dimethanonaphthalene {51} {Figure 2.
It 1s a buff-colored crystalline solid with very little odor and a melting
point of 150°C in mixtures and 175 to 176°C in the pure state (51). Be-
low 43°C, 1t is less volatile than DDT or aldrin and is more volatile
at higher temperatures. it is relatively stable in spite of the epoxy
iinkage. Dieidrin has a higher toxicity to some insects than DDT or
aldrin and is considered a general poison with a pronounced residual

action. and very little phytotoxicity. It is both a stomach and contact

poison and readily absorbed through the skin in lethal quantities.

Endrin
Endrin (the stereoisomer of the principie constituent of

dieldrin} is a white crystalline solid, having the erdo-endo config-

uration ‘Figure 1j with respect to the two methanro portions of the
formula, and is defined as 1,2, 3,4,10,10-hexachlioro-6, 7-epoxy-1,

4,4a,5,6,7,8,8a-octahydro-1, 4-endo-endo-5, 8 -dimethanonaphthalene

(157: {Figure 2). This {ormulation was formerly cailed "Compound
269." .ater it was given the coined name ENDRIN. This isomer is
stable to basic reagents ard alkalies, but when treated with acids or

heated ahove 200°C, a rearrangement of the molecule occurs with
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the production of two derivatives: one referred to as the delta keto-

153 derivative, 1,8,9,10,11-hexachloropentacyclo-(6. 2. 13’ 6. 02’ 7.

04, 10

y-dodecane-5-one (127), and the other derivative is an aldehyde,
4,5,6,7,8,8-hexachloro-4, 7-methano-3,5, 6-methenoindane-1-car-
boxyaldehyde (119). Endrin is soluble in the usual organic solvents,
but insoluble in water. Its greatest solubility is in aromatic hydro-
carbons such as benzene and xylene (51). It was introduced in the
early 1950's and has found extensive field use because of a striking
potency against many household and field insects (51). Endrin is
considered a general poison, killing both by contact and stomach
action. It is toxic to animals and insects in small quantities and ab-
sorbed into the body by one of three methods: inhalation, ingestion,
or through the intact skin. Once endrin enters the body, it can be
stored in the fatty tissue or secreted via the feces and milk (158).
Endrin dissipates from the fatty tissues more expeditiously
than the other cyclodiene insecticides (158). It appears to be transi-
tory in the body and no evidence of metabolites or end products have
been reported. The exact cause of death from endrin has not been
determined; neither have the deposition, distribution, and quantity
of endrin in the individual cell fragments been evaluated.
Endrin can undergo isomerization, rearrangement, and de-

composition when exposed to heat, sunlight, and ultraviolet irradi-
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ation. This instability of endrin under these special conditions can be
both a blessing and a curse. Degradation under ultraviolet irradiation
can be used for identification of endrin on thin layer chromatograms.
At the temperature required in gas chromatography, pure endrin will
give rise to multi-peak chromatograms (57) (119). Two major peaks
of almost equal size are the result of thermal isomerization of endrin
to a ketone and a new isomeric aldehyde (Figure 3). Intermediate to

the formation of the ketone and the aldehyde is an enol-like compound
(Figure 4) (146).

Sunlight produces the delta-keto isomer, a mixture of poly-
mers, and a carbonyl type compound (126). Ultraviolet irradiation
(2537 X) produces many of the same products and the mechanism is
thought to involve either a hydride shift or a hydrogen abstraction of
an epoxy-hydrogen (119). Uniquely caused by 2537 Risa hydrogen
atom replacement of a chloride atom adjacent to the double bond.

In general, the compounds produced by thermal, photochemi-

cal, or ultraviolet isomerization appear to be the same.

Toxicology of Endrin

Humans

All methods of manufacture, formulation, and use of endrin
are similar to that employed in the handling of other economic

poisons of similar toxicity, yet only 214 cases of poisoning have



15

H H

¢ ¢ Re
¢l H '
cl .
cl N
ENDRIN

DELTA-KETO-153 ALDERYDE

Figure 3. Endrin derivatives



KETONE

Qi 2

H™0
ALDEHYDE

cl
2 S c (cvCLO PROPANE)
cl
cl
ENDORIN Cl =
W
ALDEHYDE
(crcLoBUTANE)

\/
Cl OH

Figure 4. Physical degradation scheme for endrin.

91



17
been reported (158). These 214 cases include suicidal attempts,
accidental ingestion, occupational exposure, and consumption of food
contaminated with endrin. Only a few cases of intoxication have
occurred among personnel engaged in the processing of endrin, and
no deaths are known to have occurred. The low incidence of casualties
might conceivably be explained by the care taken in the safe methods
of use, or safe handling in every aspect in the manufacture of endrin,
but these do not appear to explain or coincide with the facts.

The best description available of the human reaction to a
single oral dose of endrin is that of Davies and Lewis (27), in which
a group of 59 persons in Italy were poisoned by eating contami-
nated bread. The bread was made from flour that had become con-
taminated in transit.

Symptoms, which developed in about 3 hours in 30 of
the 59 people were epileptiform in character (158). Dizzi-
ness, weakness in the legs, abdominal discomfort, and nausea
occurred in the less severe cases. Several of the individuals were
confused and a few complained of temporary deafness. Weakness,
insomnia, and anorexia persisted for several days in a few cases,
but most of those affected were improved the second day regardless
of whether or not they had experienced convulsions (158). It is of

significance that from all these illnesses there were no fatalities.
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Brief, but effective, exposure by other than oral routes has
produced characteristically the same sequence of symptoms, begin-
ning with a sudden attack of convulsions. Very often vomiting is the
first indication of the absorption of a toxic amount ot endrin (180).
Of immense significance is the fact that after the poisoning
occurred in 1956, none of the persons affected suffered anything un-

favorable which could in any way be associated with the endrin
poisonings.
A careful appraisal of a 10-year period between 1952 and

1962 has disclosed only 43 cases of chronic htiman intoxication.

Twenty~seven of the 43 were so mild that no time was lost from work

and no medical attention was necessary, but the other 16 involved

loss of consciousness or convulsions and four of the 16 were fatal.

In the 16 cases, there was a history of gross over-exposure. After
having endured muscle twitching, loss of consciousness, or convuls-
ions, 12 patients made a complete recovery within 24 to 96 hours,
and many resumed work in 3 days without further incident (158).
Sixty -four non-occupational intoxications have occurred in
the various countries of the world over a period of 10 years. In the

Sudan, three villagers drank water from a ditch contaminated with

endrin, and each one became ill with nausea, vomiting, headache,
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and dizziness, but had no convulsions and recovered within 24 to 48

hours. A man in Spain consumed freshly-sprayed blackberries and
became ill with convulsions, but recovered promptly. Jacobziner

and Raybin (77) described one case where a child in Venezuela be-
came ill from contamination of the skin.

Over a period of 10 years, a total of 30 cases of accidental
ingestion of endrin has taken place due to gross negligence. This is
a relatively minor number when compared to all the accidental
poisonings caused by the ingestion of such things as kerosene,
bleaches, aspirin, and other common household products. There have
been a total of 24 fatalities from this group of intoxications and five
non-fatal cases which manifested convulsions (158). All these
persons consumed endrin in large amounts.

There have been 69 cases of suicide by ingestion of endrin
over a period of 10 years in eight different countries. Other than
the suicides, there were 145 cases of intoxication, and of these there
were 28 fatalities (including four in the USA, and Canada), or an
average of less than three fatalities per year (138).

Fifty-one of the 53 patients reported to have had convulsions
recovered quickly and completely. The two exceptions were both
infants who had absorbed very large amounts of endrin ¢

one by accidental ingestion (158), the other by gross skin exposure
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{77}, This latter incident was the case of a small child in Maracaibo,
Venezuela, who, after playing in a puddle of endrin mistakenly used
for house-spraying, had severe convulsions with prolonged coma and
cerebral anoxia which resulted in decerebrate rigidity and permanent

brain injury.

Fish

The significance of endrin becomes more complicated when
it is used near fish since most species are affected by small concen-
trations of endrin. Several investigators (39) (45) (46) (47) (48) (158)
(173) have studied the toxicity of endrin to several different species
of fish and fresh water shrﬁnp. Parameters affecting resistance are
genetic selectivity, unidentified metabolites formed in the body,
structure of red blood cells, and reproductive capacity.

Under laboratory conditions, lethal concentrations of endrin
to fish were studied and found to range between 1 ppb and 500 ppb
{158). The fact that endrin partitions from water into mud serves as
a protective measure; consequently}, fish can tolerate a higher con-
centration of endrin in their natural habitat than in the laboratory (158).

No change was noted in the size of the liver, level of serum
chloride, or gamma globulin; however, the concentrations of serum

sodium, potassium, calcium, and uric acid were consistently lower
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in the treated fish than in the controls (39). Since serum cholesterol
levels in endrin-exposed puffers was higher in test fish than controls
and cholesterol metabolism is primarily a function of the liver, Eisler
and Edmunds (39) suggested that endrin enhances cholesterol production
by the liver or inhibits its excretion to the bile duct. This rapid trans-
fer of sodium, potassium, and calcium from theliver into the serum as
the concentration of endrin increases supports the theory that endrin

impairs the liver function of fish.

Other Animals

Exposure to airborne endrin under conditions found to be
non-lethal to rats, mice, guinea pigs, hamsters, and cats was found
to be fatal to rabbits (162). The loss of appetite, occasional vomiting
and hypersensitivity to physical stimuli or noise are usually the first
indications of endrin intoxication in dogs (162). In view of the fact that
rats were able to tolerate 5 - to 10 times as much endrin in their
diet as dogs (109), species variation was obvious in the capability to
resist the effects of chronic doses of endrin. Sex difference in the
same species was not always marked; however, female rats were
found to be more susceptible to endrin than males with the reverse
being true for quail (30)(109).

Following prolonged absorption of endrin, animals exhibited
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diffused degenerated lesions of the brain, liver, kidney, and adrenal
tissues {180)., Necrosis of the proximal and distal convoluted tubes
of the kidney and fatty vacuolization of the cytoplasm of the hepatic
cells were frequent findings even when other organs were normal (180).
Cellular degeneration has been noted in rat livers even when there was
r.o cytoplasm vacuolization. Basophilic cells were noted in zones a-
round the central veins in the liver lobules as early as the seventh day
after ingestion of a single dose of 3.5 mg/kg of body weight. These
lesions advanced in intensity as the ingestion of endrin continued (180).

Treon (159) observed pulmonary hyperemia and edema in
animals that died from extremis resulting from terminal dyspnea and
hypoxia rather than from endrin. Irregularly distributed foci of swollen
hepatic cells with cytoplasmic granules in their periphery were observed
in rodents that survived two years of endrin ingestion (159). No in-
crease in incidence of tumors was noted in animals subjected to endrin
when compared with a control group not exposed to endrin (159). In-
crease in the permeability of the so-called blood-brain barrier was
observed {147) following the absorption of endrin, and the same author
found that intravenous injection of trypan blue blocked the initial acute
reaction to the absorption of endrin. Treon (159) observed that, when

incorporated into the diet of dogs, endrin was stored in the fat and
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liver with smaller quantities in the kidneys, muscle, and brain, and
the amount stored did not increase in proportion to the amount ad-
ministered.

Endrin storage in the body depends on the lipid content of the
tissues; however, it was found that female rats had a higher storage
rate than male rats (86) (160). Nelson et al. (109) reported that
endrin was absorbed on the alkaline phosphatase in the blood of rats;
however, Weil and Russel (174) observed that the alkaline phosphatase

levels decreased in the blood of rats after eight hours of fasting.

Physiological Mechanism

Intravenous injection of endrin in anesthetized pigeons in-
duced a number of changes in telencephalic neuronal function (125).
Dosages of 4 mg/kg or more caused seizure activity throughout the
telencephalon; however, at the 2 to 3 mg/kg dosage level the seizure
activity was limited primarily to the ectostriatum by stimulation of
the nucleous rotundus, a diencephalic visual projection area. The
reticular formation functions tested were affected very little by endrin
at any dosage tested. It was suggested that relatively low levels of
endrin found in the brain may impair visuai function in birds and that
this visual impairment could be a major factor underlying the well-

known sensitivity of birds toward the chlorinated hydrocarbon pesti-
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cides {125). Revzin (125) observed that the slope of the dose-response
curve was very steep since 1.2 mg/kg was an LD whereas 2.0 mg/kg
approximated an LDl‘OO with an LDgq of 1.5 mg/kg. No evidence of
toxicity was observed in the birds 4 hours after injection of the
pesticide (125).

Pentobarbital in sufficient doses completely blocks the
electrographic effects of endrin. Given in convulsive doses, endrin
had a diphasic action upon the effects of ascending reticular activating
system stimulation (125).

Emerson et al. (42) observed that dogs‘ treated with lethal
amounts of endrin followed the usual pattern of symptoms and that
their tolerance for barbiturate increased greatly during intoxication,
even though the barbiturate decreased the arterial blood pressure.
Decreased venous blood pH, increased rectal temperature, hemo-
concentration, and leukocyte concentration also occurred. Succinyl-
choline completely prevented convulsions in endrin-treated dogs, and
in these dogs, arterial pressure always increased initially but fell
subsequently.

Endrin administered to dogs produced cardiovascular alter-

ations such as hypertension and severe bradycardia (41). The brady-

1=~

cardia appeared to result from a potentiation of acetylcholine and in-

creased vagal activity. This potentiation of acetylcholine resulting in
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bradycardia could be related to an accumulation due to a fall in pH
since cholinesterase activity decreases with decreasing pH. These
results have been noted in dogs treated with dieldrin and aldrin (58)
(59).

Increased glomerular filtration rate and renal blood flow with

hypertension and bradycardia was observed by Reins et al. (123) for

1 to 2 hours after acute exposure of dogs to endrin (123). Mori-
bund animals revealed significant changes in renal function which were
secondary to alterations in systemic hemodynamics (123). Increased
renal resistance suggests that endrin stimulates the sympatho-adrenal
system and that the renal vascular resistance was due to circulating
catecholamines and to autoregulation within the kidney (123). Adrenal
gland discharges do not influence systemic hypertension or brady-
cardia, but stimulation of central nervous system or carotid and
cardiac reflexes are overriding humoral effects, or bradycardia can
be produced by release of acetylcholine and/or inhibition of acetyl-
choline esterase (123).

Catecholamines at high levels are a factor in the lethal cardio~
vascular effects of DDT (120) (148). Endrin caused an increase in the
venous return and a corresponding elevation of disc output, with no
change in peripheral resistance (124). Abdominal visceral vascula-

ture was identified as the origin of the increased cardiac inflow
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following endrin intoxication (124). Hematocrit value increased even
in eviscerated dogs when the splenic stores of red blood cells were
removed (124). Hypertension developed much less and slower in
adrenalectomized dogs than in intact animals (124). Endrin produced
a decreased oxygen uptake and reduced metabolic activity (124).

Noticeable rise in cardiac inflow coincided with a steady
drop in resistance (70). Left atrial pressure increased strikingly
within 15 minutes after treatment with endrin, but the right atrial
pressure held steady (70). In some experiments, the left heart failed.
Injection of endrin produced striking increases in oxygen uptake and
carbon dioxide production. Acidosis developed within an hour in
dogs dosed with endrin and the pH was constantly below 7.0. Endrin
appeared to have two actions when it was administered in LDyg doses:
one on the central nervous system and one on the left ventricle (70).
Gowdey' et al. (58) reported that the chlorinated hydrocarbin insecti-
cides exerted their effects through stimulation of the central mechan-
isms, not peripherally. A prominent feature was the striking rise
in venous return after endrin treatment (70). Convulsions apparently
originate from a direct action of endrin on the central nervous

system (70) (Figure 5).
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Figure 5. Physiological changes produced by endrin.
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Metabolism
In 195_9, Perry (114) made the following statement:
Despite considerable work on this subject, there is

no conclusive evidence at the present time that any of

the chlorohydrocarbon insecticides exert lethal action

by inhibiting a vital enzyme or enzyme system.
According to Perry (115), Sacktor in 1949 showed that DDT partially
blocked a vital metabolic pathway and cytochrome oxidase. Sacktor
(130) (131) showed that DDT resistant house flies had 50 per cent
more cytochrome oxidase than a susceptible strain of house flies.
Chlorinated insecticides completely inhibited cytochrome oxidase in
the muscle of the cockroach in small doses (106). Barsa and Ludwig
(7) showed that the amount of inhibition by 10"3M DDT was dependent
on the concentration of both cytochrome oxidase and succinic de-
hydrogenase. Brown and Brown (18) observed that neither DDT nor
methoxychlor induced a significant decrease in cockroach muscle
cytochrome oxidase activity in vivo; therefore, the authors concluded
that the in vitro effects observed earlier by several investigators
were largely due to the adsorption of hydrophobic colloid particles
of DDT on the hydrophilic enzyme surface. Perry in 1959 (114)
found that DDT did not involve the carbonic anhydrase system in the

American cockroach or house fly as a mechanism of detoxification.

Sacklin et al, (129) observed that 5 x 10-3M DDT completely inhibited
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the oxidation of the citric acid cycle intermediates and oxidative
phosphorylation of subcell particles from the house fly.

According to Perry (114), Tomizawa and Koike observed that
lindane did not effect cholinesterase or alkaline phosphatase, but it
had a slight inhibitory effect on fumaric dehydrogenase and moderate
in vivo inhibitory effect on citric dehydrogenase of the rice stem borer.

Sternburg et al. (151} isolated the enzyme DDT-dehydro-
chlorinase which catalyzes the dehydrochlorination of DDT in vitro.
He also (150) observed that only DDT -resistant strains of house flies
contained this enzyme.

Perry (116) isolated from both resistant and susceptible body
lice an enzyme identified as DDT -ase that detoxifies DDT in vitro at
the same rate, but only the resistant strain was capable of detoxifying
DDT in vivo. Lindquist and Dahm (93) detected small amounts of DDE
but large quantities of DDT and three unidentified metabolites in the
excreta of DDT -treated Madeira roaches.

Giannotti et al. (53) showed that aldrin was partially con-
verted to dieldrin in the cockroach. Perry (116) observed that 83 per
cent of the applied aldrin was metabolized to dieldrin within 24 hours
following topical application, and the conversion was complete at the
end of 96 hours with 5 to 8 per cent of total radioactivity found in

the excreta. After application of 0136 or cl4 dieldrin, 8 to
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12 per cent of the total radioactivity was detected in the excreta.
Therefore, it appeared to Perry (116) that dieldrin was not metabo-
lized by resistant insects and was retained unchanged in non-sensitive
tissues, probably the body fat.

Chlorinated insecticides were studied by Weikel et al. (173)
to determine their effect on the ion movement across the rabbit
erythrocyte membrane. They observed that lindane, DDT, dieldrin,
methoxychlor and aldrin inhibited the phosphate exchange rate, but
DDT produced a selective increase in the permeability of the erythro-
cytes to sodium. Weikel et al. (173) showed that aldrin produced a
loss of phosphate and potassium from the erythrocytes.

The toxic manifestations of the cyclodiene insecticides are
controlled by their low solubility in water and their high solubility
in fat. Dieldrin toxicity is uniform for a particular solvent and con-
centration, but the quantity finally absorbed depends upon the contents
of the animal's gastrointestinal tract and its rate of peristalsis (68).
The short period of time from treatment to onset of symptoms would
suggest that dieldrin and other cyclodiene insecticides are absorbed
from the upper portion of the gastrointestinal tract (68). Moss and
Hathway (107) showed that dieldrin was transported in the blood
following absorption on lipo-proteins and certain other proteins, and

the rate of excretion was influenced by the nutritional state of the rat.
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If the rat was starved the excretion rate increased. When the bile
duct was cannulated, fat absorption was stopped completely, Cl36 in-
creased in the bile, and the quantity of unchanged dieldrin excreted in
the feces was greater than in the normal rat (68). In weight loss,
production of polar metabolites, and excretion by the bile duct, there
must be an excess capacity to metabolize dieldrin or the metabolizing
enzyme must be readily stimulated (68). The principle metabolite
which was more polar than dieldrin was excreted in the feces (68) and
contained 60 per cent of total chlorine excreted. Studies on dieldrin
metabolism in rats have demonstrated that there are many unidentified
metabolites (68).

Hathway et al. (66) observed that increases of lactic acid
and pyruvic acid in rat brain during acute aldrin poisoning were
associated with hyperactivity of the brain, and that an increase of
alanine concentration in the cerebrum occurs before the convulsions.
During the dieldrin-induced seizure, the concentration of ammonia
was out of phase with the actual convulsions. Telodrin produces
intermediate metabolites in the brain (66). Alanine and glutamine
concentration increases as well as liberation of ammonia before the
onset and during the course of the convulsions (66).

Hosein and Proulx (75) preincubated brain tissue with dieldrin

and observed a decreased oxygen consumption by the tissue, and this
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inhibition was found to be due to action of dieldrin on various de-
hydrogenases and cytochromes. Other studies by these same authors
showed that dieldrin would inhibit anaerobic glycolysis as well as the
hydrolysis of acetylcholine by brain acetylcholinesterase and it would
also increase the activity of the nonspecific serum esterases.

The material in the acid-precipitate from dieldrin-treated
rat brain tissue was identified as a mixture of free betains: gamma-
butyrobetaine, crotonbetaine, and carnitine. Other substances from
the brain extract were identified as choline, acetylcholine, and prop-
ionylcholine. Since it had been reported that alkaline ;einecka.te pre-
cipitation selectively removed conjugated betains from solution, the
materials found in this fraction were identified as beta-alanine, and
two other substances, ribose and phosphoric acid, -as the phosphate
part of coenzyme A (75).

Ludwig et al. (94) in 1964, fed G * aldrin to male rats daily
for three months. At the end of the eighth week the rats excreted
daily the amount that had been administered each day, and at the end
of the experiment, approximately 90 per cent of the active material
had been excreted. Twelve weeks after the end of feeding, approxi-
mately 99.5 per cent of the active material had been excreted. The
active material in the feces and urine consisted of aldrin, dieldrin,

and considerable amounts (up to 75 per cent in the feces and up to 95
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per cent in the urine) of a mixture of hydrophilic metabolic products.
There were at least two different products in the feces and in the
urine, with the principle metabolite of each being different; how-
ever, the secondary metabolites had the same R -values.

In 1964, Poonawalla and Korte (122) studied the distribution
of g 14 chlordane by intravenously injecting male rats with 27 pg of
active material. Hydrophilic metabolism products in the feces
accounted for 75 per cent of the radioactivity, and large amounts of
hydrophilic metabolites were detected in the entire alimentary tract
and in the kidneys, with unchanged chlordane detected only in the
subcutaneous fat.

Rabbits were dosed orally twice weekly with cl4 dieldrin
for a period of 22 weeks by Korte and Arent (85). At the end of
the feeding period the animals had excreted 42.2 per cent of the ad-
ministered radioactivity (29.7 per cent in the urine and 12.5 per cent
in feces), After 52 weeks, the excretion in the urine had increased
to 43.1 per cent, while the radioactivity in the feces had decreased
rapidly after termination of dieldrin administration. Six metabolites
were isolated from the urine with the principle metabolite, which was
present in amounts of about 86 per cent, and had a melting point of
_1 30 to 131°C. From the structure, Korte and Arent (85) concluded

that the epoxy ring system of dieldrin had hydrolized in vivo, leading
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to a 6. 7-trans-dihydroxy-dihydro-aldrin. The structural formula of
this metabolite was one of the two enantiomorphic isomers of the
synthetic racemic 1.2.3.4.10.10-hexachloro-6.7-trans-dihydro-1. 4-

endo-5.8-exo-dimethano-1.4.4a.5.6.7.8.8a-octahydro-naphthalene.

Acute oral toxicity of the 6. 7-trans-dihydroxy-dihydro-aldrin in mice
(LDgo-1250 mg/kg) was less than dieldrin. The metabolite was in-
jected into rats and within 3 days 82.2 per cent of the radio-
activity was found in the excreta, 84 per cent as unchanged trans-
dihydroxy-dihydro-aldrin and 16 per cent of a more hydrophilic com-
pound that was identical to one metabolite found in dieldrin metabolism

studies (85).

Trace Metals

Many elements occur in living tissue in small quantities and
are frequently referred to as trace elements, minor elements, oligo-
elements, or micro-nutrient elements. All of these terms will be re-
ferred to as trace metals for the purposes of this investigation. Fre-
quentlir, iron is not included in this group due to its high mammalian
requirement, primarily in the hemoglobin molecule. Some investi-
gators include iron because it functions as a component of several
oxidative enzymes in a manner similar to copper and other trace

metals (163). Some mammals require many times more copper than
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cobalt, and the concentrations of zinc in animal tissues are much
greater than either manganese or nickel (163). In this study, iron,
magnesium, zinc, and copper will be referred to as trace metals.

Several trace metals are essential dietary components para-
mount to the enzymatic processes of the living organism; additional
ones exhibit certain specific metabolic activities (163). The study of
the trace metals began approximately 100 years ago (163). According
to Underwood (163), Bernard and MacMunn opened the way to the
discovery of the metalloenzymes and to metal-enzyme catalysis.
Kehoe et al. (83) and Wright and Papish (179) made a series of detailed
studies of the distribution of trace metals in biological materials.

Green (60) said that "enzymic catalysis is the only rational
explanation of how a trace of some substance can produce profound
biological effects.' Trace metals may perform various enzymic
reactions that range from weak ionic strength eflects to the highly
specific associations found in metalloenzymes. In the metalloenzymes,
the ion is so firmly attached and such an integral part of the enzyme
molecule, it cannot be reversibly removed without permanent loss
of enzymatic activity.

Enzymes are not noticeably affected by the presence or
absence of salts, but the presence of certain ions are absolutely

necessary for the activity of some enzymes, while other ions are
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highly toxic to nearly all enzymes. One ion may be toxic to certain
enzymes and act as an activator for others; the same ion may inhibit
an enzyme at one concentration and be an activator of the same enzyme
at another concentration (33).

There are some 15 different metal cations with atomic num-
bers between 11 and 55 that have been found to activate one or
more enzymes. Four of the most important cations are Zn++, Cu++,
Mg++ and Fe'™ as based on the total number of effected enzymes.
Ionic size is one of the most important factors determining which metal
activates a particular enzyme. Radii of the metal activators lie within
a narrow zone and in the middle range of observed atomic radii (33).
In general, activators are not interchangeable. In some enzymes only
one metal is an activator and in other cases two or three metals are
capable of activating a single enzyme. Mg""+ is the natural activator
of most of the enzymes which act on phosphorylated substrates, notably
the kinases, the synthetases, and the enzymes that hydrolyze phos-
phoric acid anhydrides, but not the phosphorylases. More is known
about metalloenzymes than the so-called metal ion-activated enzymes
(163). A fixed number of metal atoms are firmly associated with the
protein molecule in metalloenzymes (163). A rapidly increasing
number of metalloenzymes have been isolated from living tissue in

recent years (163); some of the more important ones containing iron
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are: the cytochromes, catalase, cytochrome c-reductase, and
fumaric dehydrogenase. Those containing copper are ascorbic acid
oxidase, uricase, cytochrome oxidase, and S-aminolevulinic acid
dehydrase and those containing zinc are carbonic anhydrase, carboxy-
peptidase, alkaline phosphatase, and several pyridine nucleotide de-
hydrogenases (163). Some of the most important enzymes containing
magnesium are kinases, synthetases (those which act on phosphory-

lated substrates), and those that hydrolyze phosphoric acid anhydrides.

Iron

Iron was used by the ancient Greeks in treatment of muscular
weakness and wounds of war. Investigations of the cytochromes by
Keilin and others in the 1920's clearly established a broader concept
of the biological significance of iron (163). New emphasis was placed
on the relation of iron to the basic processes within the tissues upon
the discovery of iron-containing flavoprotein enzymes. In 1937,
McCance and Widdowson (100) found that there was no organ which
excreted iron, and that the capacity to regulate the amount of iron
in the body must therefore remain in the absorptive mechanism.
Notwithstanding the enormous progress made in the last two decades,
many physiological mechanisms embracing iron remain nebulous.

The iron concentration in the body varies with the species,
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sex, age, nutrition, and state of health. In man, the iron content is
between 0,006 and 0.007 per cent of the entire body weight, and in the
adult rat, 0.005 per cent (145). Variations in liver iron stores and in
hemoglobin levels are noted among species at birth; for example, the
pig has relatively little iron stores in its body at birth, but in contrast,
the body iron content of the newborn rabbit is exceptionally high.
When both male and female rats were fed on the same diet, the females
accumulated more iron in their livers (113). Usually the liver and
spieen rank highest in iron content, followed by the kidney, heart,
skeletal muscles, pancreas, and brain, which normally contain only
a half to a tenth of the concentrations in the liver and spleen (163).
Gross et al. (62) reported vast increases in the iron content of the
liver, up to a total of 10 g in human malignancy and chronic infections.
As much as 50 g may accumulate in the human body in the final stages
of hemochromatosis (34); conversely, in conditions such as iron de-
ficiency and hemorrhagic anemia, the iron content of the liver, spleen,
and bone marrow is reduced below normal (163).

Iron has been known for many years to occur in the plasma
in three forms: protein bound, "acid soluble iron,' and plasma
hemoglobin iron. Improved methods of analysis have shown that in
disease, iron may occur in the plasma in at least seven different

complex forms (89). Normally, the major part of iron exists in the
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plasma bound to the specific iron-binding protein, transferrin. A
diminutive amount of iron is always present in the hemoglobin firmly
bound to haptoglobin, the normal hemoglobin-binding plasma protein.
In severe hepatocellular damage, the plasma sometimes contains
ferritin, a normal intracellular iron-apoferritin complex (89). Iron
metabolism had been known many years before it was verified that
""'serum iron" circulates with the plasma firmly chelated to the spe-
cific metal-combining Pl -globulin, usually named transferrin (Tr) or
siderophilin. Laurell and Ingelman (90) resolved that every Tr mole-
cule can firmly bind two atoms of ferric iron or loosely bind cupric
copper or zinc. In the CuTr complex, iron can readily replace
copper (72). In the complex, the iron is trivalent and essentially
bound with ionic bonds (38). The normal total iron-binding capacity
ranges between 250 to 400 g of iron per 100 ml of serum and norm-
ally is a measure of concentration of Tr-bound iron in the plasma (10).
The FeTr complex may be regarded as a small, readily available,
atoxic, circulating iron depot. Gitlin et al. (55) and Jager and
Gubler (78) established that the iron in the FeTr complex has a much
shorter biological half-life in the circulation than Tr itself, which
proves that the reaction between the iron and Tr is normally re-
versible in plasma, and that the Tr serves as a true carrier of iron

with the protein molecule taking up and giving cff iron according to
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environmental requirements.

Normally, plasma contains 0.20 to 0.32 g of iron per 100
ml, but during pregnancy, in chronic iron deficiency, and occasionally
in the initial phase of acute hepatitis, higher values develop. In acute
and chronic active diseases the concentration of plasma Tr decreases
(23), and the higher the activity of the disease, the lower the Tr con-
centration will be. Usually the cells in the bone marrow utilize 70 to
80 per cent of the daily iron turnover, but in active diseases more
plasma iron than normal is retained by the reticulo-endothelial cells,
and less is utilized by the bone marrow (89). In the presence of in-
flammation, there appears to be a defect since more iron is released
from the tissues to the plasma transferrin pool (52). Both the plasma
iron and Tr values fall rapidly in acute diseases (23). Iron ion activ-
ity in plasma can be determined by the ratio between the iron-bound
and free transferrin.

Normally, hemoglobin in small amounts (1 to 3 mg/100 ml)
can be detected in plasma from which the erythrocytes have been re-
moved (89). Most of the time the circulating plasma hemoglobin is
bound to haptoglobin, the hemoglobin-binding plasma protein. Hapto-
globins link hemoglobin more strongly than any other plasma proteins.
In the plasma, haptoglobin has a great affinity for hemoglobin and no

measurable quantity of free hemoglobin occurs in the plasma until all
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haptoglobin has been saturated. Haptoglobinemia is usually found in
individuals with a profound shortened life span of the erythrocytes,
and in patients with pernicious anemia (111). Since haptoglobin forms
relatively high molecular weight complexes, the hemoglobin is not
excreted in the urine. In oxyhemoglobin, the bond between heme and
globin is covalent, but in reduced hemoglobin and in methemoglobin,
the bond is ionic (163).

Hemoglobin, the pigment of the red blood cells is a complex
of basic protein, globin, and four ferroprotoporphyrin or heme
moieties. When under the influence of oxidants, the iron atom is
oxidized to the ferric state and loses its capacity to transport oxygen.
Ferritin has a central nucleus of iron, stored in six micelles arranged
at the corners of a regular octahedron, surrounded by a shell of pro-
tein, spherical in shape (108), and contains up to 20 per cent iron.

Hemosidern, an amorphous compound containing up to 35
per cent iron, condenses into an essentially protein-free aggregate
comprised of ferric hydroxide (141), and is a valuable aid in diag-
nosing iron deficiency anemia. The stored iron in the form of ferri-
tin and hemosiderin is readily available from the liver and spleen for
erythropoiesis and for placental iron transfer to the fetus (140).
Normal human adults excrete between 0.1 and 0.3 mg/day in the

urine (6), but this amount may be increased up to 10 mg/day under
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certain controlled conditions. Iron is also excreted in sweat and other
means in small quantities. It has been estimated that from all sources,
adult humans lose between 0.5 and 1.0 mg/day of iron (35).

In animals with single stomachs, iron is absorbed mainly in
the duodenum (19) and only in the ferrous state (105), but in the rat and
dog ferric as well as ferrous salts are utilized (162). It is well known
that substances such as ascorbic acid and cysteine in food assist in
the reduction of iron from the ferric to ferrous iron in virto (121).
High levels of phosphates and phytates reduce the absorption of iron
by formation of insoluble salts (170) (175). Bothwell et al. (15) sug-
gest that factors controlling iron absorption other than dietary are
the rate of erythropoiesis and the condition of the iron stores. Con-
ditions such as coeliac disease, steatorrhea, and hemochromatosis,
produce constitutional defects that break down normal absorption of
iron (118). Joseph (80) used radioactive iron in normal patients with
iron deficiency anemia and observed that the normal patients absorbed
2 to 20 per cent and the iron deficiency patients absorbed 20 to 60 per
cent of an oral dose. An increase in iron absorption occurs in a-
plastic anemia, hemolytic anemia, pernicious anemia, pyridoxine
deficiency, hemochromatosis and transfusional hemosiderosis (118).

In the normal human male, a total of 800 to 900 g of hemo-

globin is synthesized and destroyed every 120 to 125 days (163).
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Moore (104) administered radioactive iron, and within 4 to 8 hours,
hemoglobin was identified in the peripheral blood. Within 7 to 14
days, 70 to 100 per cent of the isotope was detected in the circulating
hemoglobin. The transfer of iron from the plasma to the liver cells
depends upon the eneroy-yielding ractions in liver cells for the con-
tinued synthesis of adenosine trophosphate, which together with ascor-
bic acid, reduces the ferric iron of transferrin to the ferrous state,
thus releasing it from its bond to protein and making it available for
incorporation into fer.ritin (163). A decreased oxygen supply to the
liver cell releases the iron from the ferritin to the plasma, which
results in the breakdown of nucleotides, including adenosine tri-
phosphate, and elevates the cellular levels of xanthine and hypoxan-
thine.

In spite of the advancement in the field of medicine and im-
provement in methods of analysis, iron deficiency is almost as preva-
lent today as it was 30 years ago, and is now the most frequently
encountered deficiency. In adult males, loss of blood is the main
cause of iron deficiency, whereas, in women and children, it is at
least in part due to dietary deficiencies. Many clinical symptoms
such as listlessness and fatigue, palpitation on exertion, stomatitis,
and a sore mouth are manifested in iron deficiency. Children exhibit

anorexia, depressed growth, and decreased resistance to infection in
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iron deficiency (163). Iron deficiency also results in an anemia of the
hypochromic or microcytic type, along with a normoblastic or hyper-
plastic bone marrow that contains very little or no hemosiderin (163).
Beutler (10) demonstrated prominent reduction in cytochrome c in the
liver and kidneys of iron-deficiency rats; no decrease in catalytic
activity of red cells (13); a minute, but striking, decrease in cyto-
chrome oxidase in the kidneys, but not in the heart (11); and partial
exhaustion of succinic dehydrogenase in the kidneys and heart, but
not in the liver (14). Beutler (12) examined iron-deficient rats and
found that the non-iron-containing enzyme, aconitase, was reduced
in the kidneys, but not in the heart, liver, or brain.

Iron deficiency occurs in infants between 6 and 24 months
of age and is characterized by abnormalities in erythrocyte mor-
phology and in iron metabolites (163). Blood in a newborn infant
usually contains 20 to 22g Hb/100 ml, which represents about 200
to 220 mg of iron (97). Many facets such as chronic loss of blood,
peptic ulcers, hemorrhoids, hookworm infestation, or malignant
changes in the intestinal or urogenital tracts may be responsible

for deficiency states (163).

Magnesium

Magnesium, like calcium, is an ion of remarkable physio-
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logical significance since it is indispensable to life of the mammalian
organism. Meltzer and Auer (101) recognized that two drops of mag-
nesium sulphate injected intracerebrally into dogs resulted in complete
anesthesia and relaxation for several hours. Meltzer and Auer (102)
injected laboratory animals subcutaneously with magnesium sulfate
and provoked general anesthesia. The most significant findings re-
ported by Meltzer and co-workers were: (a) that a hypodermic in-
jection of magnesium sulfate had a profound effect on the nervous
sy stem; (b) that a subcutaneous injection of magnesium sulfate had no
purgative action; (c) that magnesium was excreted to a great extent
through the kidneys; (d) that the action of calcium in the body was an-
tagonistic to that of magnesium; and (e) that the effects of magnesium
given parenterally could be reversed by intravenous injection of
calcium chloride. The margin between an anesthetic dose and one
that institutes respiratory paralysis is very slight (102). According
to Neuwirth and Wallace (110) the first evidence of depressed central
nervous system activity appears at a serum magnesium concentration
of 5to 6 mg/100 ml. With a concentration of 14 mg/100 ml, ataxia
appears; whereas, a concentration of 20 mg/100 ml results in com-
plete unconsciousness.

Complicated modifications in the magnesium and calcium

content of the body and blood picture were noted in magnesium de-
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ficient experimental animals (112). First, the deficiency was charact-
erized by vasodilation and hyperemia. The plasma level initially
dropped sharply and within 2 weeks rose to a peak at which time
hyperexcitability developed. Malnutrition, cachexia and renal damage
marked the second stage. The erythrocyte magnesium level dropped to
half of the normal value where it remained constant; meanwhile, the
calcium concentrations in the heart and muscle were amplified by 50
to 100 per cent,and the concentration in the kidney increased as much
as 15-fold (2). Watchorn and McCance (172) made a subacute mag-
nesium deficiency study in rats and found the bones, blood and teeth
permanently deficient in magnesium while the liver showed an in-
crease and the kidney was found to be calcified.

The calcification of the kidney occurring in magnesium-de-
ficiency is related directly to bone metabolism (2). Histological
studies indicate that magnesium affects bone metabolism and when
this element is deficient, bone is not formed, does not grow, or
actually atrophies (102). Leukocytosis also develops during the hyper-
emic aspect of the syndrome (81). Mononuclear leukocytes and neu-
trophils contribute to the syndrome, but eosinophils increase 1000
per cent above the average level.

Greenberg et al. (61) and MacIntyre and Davidson (95) ob-

served that extenuated magnesium expropriation brings forward
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degeneration of the kidneys as manifested by degenerative changes in
the tubules and calcification in the corticomedullary zone and later
the cortex. A marked decrease of mitochondrial enzyme activity was
accompanied by a low plasma magnesium level, and it appeared that
the cells of the kidney depend on a constant store of magnesium (2).

Widdowson et al. (176) studied the magnesium content of
humans and found the concentration to range between 22.7 and 35.0
mEq/kg of wet tissue (3). It has been estimated that the skeletal con-
tent of magnesium is about 60 per cent of the total body concentration
of magnesium (2) and the muscle content of magnesium is 16 mEg/
kg (142). According to Shohl (142), the tissue concentrations of mag-
nesium in mEq/kg of wet weight of tissue are as follows: blood cells,
4,2; serum, 2.5; brain, 11.0; kidney, 14.4; liver, 15.3; spleen, 10.2;
skeleton, 74.6; and muscle, 16.1. The mean value of the magnesium
concentration in hospital patients was 1.59 mEq/1; however, lower
values were obtained in patients with congestive heart failure, cir-
rhosis, or renal failure after dialysis (2) (40) (144). Aikawa (2) re-
ported that magnesium was located mostly within the cells and that
serum magnesium represents only a small portion of the total body
magnesium. This serum fraction is the most accessible for analysis
and of the utmost clinical importance (2). A greater value of mag-

nesium was observed in the red cells of patients with reticulocytosis,
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with this increased concentration taking place in the cells of the bone
marrow (54). Patients with hyperthyroidism, malnutrition, or chronic
liver disease have below average concentration of erythrocyte and
serum magnesium (171). In some disease such as viral hepatitis
and hypoparathyroidism, there is evidence that the magnesium values
become altered in the red cells but not in the plasma (171). In di-
seases like spinal meningitis, the spinal fluid magnesium reaches a
level much higher than the normal serum levels; whereas, the con-
centration in the spinal fluid is normally only slightly above the
plasma value (25).

Several investigators used intravenous injection of Mg28 to
study the tissue uptake of this metal in many species including man
(3) (4) (17) (49) (56) (91) (99) (143). The data from these experiments
indicate that Mg28 in the extracellular fluid very rapidly reaches
equilibrium with the established magnesium. Some tissues such
as heart, liver, kidney, adrenals, lymph nodes, and appendix. take

up the Mg28

exceedingly fast. Mature animals do not take up mag-
nesium in the bone and muscle as fast as the growing animals and

fetuses. Since equilibrium in dogs and human beings extends over
a long period of time (60 hours) the method used to quantitate po-

tassium cannot be used to quantitate magnesium in these species (2).

Insulin appears to play the same type role in the metabolism
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of magnesium as it plays in the metabolism of glucose and potassium
(2). Magnesium needs insulin in its transfer‘ across the cell membrane.
Without magnesium the cells cannot function properly and the oxidation
of glucose and the oxidative phosphorylation along with the production
of adenosine triphosphate would not take place (2). From many studies
of different factors concerned with the uptake of magnesium, it appears
that magnesium metabolism may be incited by any condition which
modifies cellular entirety or capacity, cellular purpose, stored pro-
ducts or the act of synthesis (2). The occurrence of hypermagne-
semia usually is associated with renal insufficiency (2). Magnesium
appears to play a role in hibernation according to studies made on
hedgehogs by Suomalainen (156). This investigator found that the
serum magnesium concentration in the fall averaged 3.2 mg/100 ml
and 5.43 mg/100 ml in early January.

Various studies on the role of magnesium have been made
since Peters and Van Slyke (117) introduced their report on magnesium
metabolism with a comment that no clinical significance had, up to that
time, been attached to changes in magnesium metabolism. No serum
alterations in the concentration of magnesium have been reported for
the following diseases: thyroid disease, schizophrenia, basophilic
adenoma, Addison's disease, cardiac disease, steatorrhea, progres-

sive muscular dystrophy, familar periodic paralysis, myotonia,
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atrophica, and neurocirculatory asthenia (2). A rise above normal
serum magnesium values have been reported in tuberculosis, renal
insufficiency, toxemia of pregnancy (67), and diabetic acidosis (2).

Between 1904 and 1912, Richard Willstatter (43), a German
organic chemist, demonstrated that chlorophyll consisted of the
porphin system and a central atom of magnesium with a complex link-
age. He also showed that magnesium could be split off from chloro-

phyll with dilute acids and furthermore that the reaction was reversible.

Zinc
According to Vallee (164) the role of zinc,as an essential
nutrient for plants and animals,has been recognized ever since Raulin

in 1869 showed it to be necessary for the growth of Aspergillus niger.

According to Vallee (104) the presence of zinc was first demonstrated
in human liver by Raoult and Breton in 1877. In 1934 evidence was
introduced to show that zinc was essential to normal growth and de-
velopment of animals (164). Stirn et al. (153) in 1935 noted that zinc
was essential to rats. Keilin and Mann (84) in 1940 isolated and puri-
fied the enzyme carbonic anhydrase, which contained 0.33 per cent
zinc as part of its molecule. This was the first evidence offered to
explain a mode of action of zinc. This enzyme catalyzes the dehy-

dration of carbonic acid and participates in the elimination of CO,
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in the lung and its incorporation in the tissues (165). A great variety
of proteins combines with metal cations in a specific way, depending
on the reactivity and location of the protein's combining sites. Com-~-
plexes formed most often are completely reversible (89). Zn't com-
plexes shift the points of minimum solubility of the plasma proteins
toward the neutral region. Metal-protein complexes are complicated
by the fact that groups most likely to bind with metal cations are those
with demonstrable affinity for protons (89).

Zinc, copper, and cadmium combine with the imidazole groups
of human and bovine serum albumins (64) (157). Gurd and Goodman
(64) found that Zn'* and cd™* compete directly for these binding sites.

While the interaction of Cd++ and Zn++

with albumin appears to be
similar, the alkaline phosphatase of plasma is soluble in the presence
of Cd*T but insoluble in the presence of zntt (89). The zinc-protein
complexes are in part insoluble at an ionic strength of 0.15 and a pH
7 (89).

Gurd and Goodman (64) studied the interaction of zinc with
human albumin and determined the role of the imidazole group in the
binding of 7ntt and found that each albumin molecule binds 16 Zn™™.
Plasma concentration of the metal is normally 90 to 100 pg/100 ml,

which corresponds to about 1 zn™t per every 50 protein molecules

in the plasma (89).
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It has been shown that zinc exists in the plasma proteins in at
least two types of linkage: one corresponds to a firm bond (30 to 40 per
cent), and the other to a loose bond (66 to 70 per cent) in the physio-
logical pH range (89). Zinc in the firmly-bound form may represent a
chemically and physiologically lomogenous or heterogeneous fraction
(89). Enzymes, such as carbonic anhydrase and carboxypeptidase
along with alcoholic, glutamic, and lactic dehydrogenases, contain
firmly -bound zinc (165), but the concentrations of these enzymes in
the plasma are not high enough to account for the bulk of the firmly-
bound plasma zinc (89). The ratio between the loosely- and firmly-
bound zinc in the dog and human plasma is about the same (89). The
rapid uptake of Zn®5 by the T-globulins suggest that zinc in these com-
plexes is either exchangeable in the plasma in vivo, or that zinc-pro-
tein complexes have a very high turnover in vivo (89). Plasma zinc
represents less than 1 per cent of the total body zinc (89).

Analysis of vertebrate organs, including man, showed the
presence of zinc in quantities varying from 10 to 200 pg/g (166).
Most organs, including the pancreas, contain between 20 and 30 pg
of zinc/g of wet tissue (164), while bone, liver, and voluntary muscle
contain approximately double this amount (164). Newborn rat livers
contain two to three times the quantity of zinc as that of an adult rat,

and within 2 weeks,, the concentration decreases to approximately
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100 ppm, which is the content of adult livers (9). Zinc content of an
adult fat-free body weighing 70 kg, varies from 1.36 to 2.32 g. The
iron content varies from 4.2 to 6.1 g, and the copper content, 81 to
230 mg (163).
Montgomery et al. (103) and Sheline et al. (136) (137) studied

65

the distribution of Zn°” in the mouse and dog and in both species the
liver was found to contain the largest fraction of the injected dose. The
greatest radioactivity was found in the erythrocytes, brain, skeletal

muscle, and skin, with decrease in activity being more rapid in the
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mouse than in the dog. Feaster et al. (44) observed that Zn
absorbed at a very low rate from the gastrointestinal tract of the rat;
however, once absorbed, the isotope moved freely from the dam across
the placenta to the fetus, and more than half the dose retained was
transferred to the young through the milk within ninety-six hours.
Relatively high concentrations of zinc have been detected in
the male genital organs (164). On a dry weight basis, there is 874 +
63 pg zinc/g in the dorsolateral rat prostate; the rabbit prostate con-
tains 1296 + 31 pg zinc/g, and the normal human prostate, 859 + 96 p.'g
zinc/g (98). Carbonic anhydrase activity increases simultaneously
with the zinc content, and the concentration of the enzyme accounts
for only 3.5 per cent of the total zinc of the dorsolateral rat prostate

(164). Rats fed a diet containing less than 0.5 pg zinc/g resulted in
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degeneration of the testes, hyperplasia of the coagulating glands, the
seminal vesicles and prostate, and relative or complete decrease in
the number of sperm in the epididymes; however, all these changes
except testicular atrophy were reversed when zinc was added to the
diet (164).

The function of zinc in the crystallization of insulin at pH levels
near 6 has been known for many years (65). The final product contains
0.52 per cent zinc, 0.77 per cent cadmium, and 0. 44 per cent cobalt.
Erythrocyte zinc concentration and carbonic anhydrase activity vary
directly with the hematocrit level and hemoglobin concentration in
normal people, as well as those afflicted with anemias, polycythemia
vera, secondary polycythemia, leukemia, and congestive heart failure
(164). Lowered serum zinc levels have been found in patients suffering
from acute infections, diabetes, cirrhosis, myocardial infarction, and
pernicious anemia. Patients suffering from hyperthyroidism, hyper-
tension, polycythemia vera, and eosinophilia, along with those re-
ceiving adrenaline and thyroxine, as well as those receiving x-ray
irradiation, have serum zinc levels higher than normal. Vallee et al.
(168) observed increased erythrocyte zinc concentration in sickle cell
anemia and pernicious anemia patients. However, in patients with
untreated pernicious anemia, the erythrocyte zinc concentration and

carbonic anhydrase activity were observed to be nearly normal, even
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though the hematocrit value, erythrocyte count, and hemoglobin levels
were noticeably decreased (164). Leukocyte zinc concentration in
patients with various acute and chronic lymphatic and myelogenous
leukemia was found to be greatly decreased, but could be returned to
normal levels by proper therapy. Administration b, injection was not
successful in inducing a return of the zinc concentration to normal
levels (178).

Intake of daily zinc concentration by humans has been reported
to range from 10 to 15 mg/day, with 5 to 10 mg/day excreted in the
stool, and 0.4 to 0.5 mg/day in the urine; however, patients with
zincuria excreted 2.1 mg of zinc in their urine daily.

Many articles on the necessity of zinc in the human diet for
normal growth and development and for medication have been published.
In zinc-deficient rats, the pancreatic amylase and protolytic activity
were lowered significantly, and were not restored by addition of zinc

in vitro or in vivo. Wachtel et al. (169) in 1941 found that the uric

acid content of zinc-deficient rats was double its normal value. Day
and Skidmore (29) in 1947 found that zinc deficiency in the rat caused
a decrease in liver catalase activity which could not be restored by
addition of zinc to the diet. Liver esterase activity and riboflavin

content of the liver, kidneys, heart, and lungs are not altered. Hyper-
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keratinization, thickenihg of the epidermis, intra- and intercellular
edema of the skin and mucous membranes of the esophagus and mouth
were found on histological studies of zinc-deficient rats by Day and
McCollum (28) and Follis et al. (50). Hogs need a higher zinc content
in their diet than mice or rats. When the diet contains a high calcium
content, the zinc content has to be increased in proportion or a disease
known as parakeratosis will develop (164).

Vallee et al. (167) recently described a condition in humans
known as post-alcoholic cirrhosis marked by gross abnormalities in
zinc metabolism and lowered serum zinc concentration. In these
patients, the magnesium and copper content did not change. When
rats were fed a diet containing 1 per cent zinc, a severe anemia de-
veloped in 3 to 5 weeks ; howéver, a diet as high as 10 per cent.
zinc could be tolerated for only a few weeks. When copper was added
to the diet, the hemoglobin.was maintained at a higher level than
normal; however, a mixture of iron, copper, and cobalt maintained
the hemoglobin at normal levels. Sadasivan (132) in 1951 observed
an increase in urinary uric acid and creatinine during a high zinc
diet.

It has been shown indirectly that there is a demand for zinc
in wound healing, for example, severe thermal burns (154). In E.

coli endotoxin shock, a drastic decrease has been observed in the
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plasma zinc concentration (63).

Copper

It has been well established that copper is necessary for the
formation of hemoglobin, absorption of iron from the intestinal tract,
and mobilization of iron from the tissue stores of mammals. The exact
function of copper is unknown, but the influence of copper 61t the ab-
sorption of iron appears to depend on the concentration in the tissues
rather than on the concentration in the diet. Holmberg and Laurell (73)
found that more than 90 per cent of the serum copp.er was firmly bound
to an ¥, -globulin and contained 8 atoms of copper per molecule of ceru-
loplasmin and that the oxidase activity of ceruloplasmin was controlled
by the serum copper level. The nature of the copper linkage suggests
that not all copper atoms are bound in the same manner. The properties
of ceruloplasmin simulate those of the laccases, and catalyzes, in vitro,
the oxidation of many substances in the presence of molecular oxygen.
Except in Wilson’s disease, the level of ceruloplasmin is indicated by
the serum copper values (Cu/s). The variation of ceruloplasmin in
certain other diseases can be construed from data obtained from the
fluctuation of the serum copper in physiological and pathological con-
ditions (74) (96). Lang and Renschler (88), utilizing intravenous in-

64

jections of Cu~°, observed that the liver was the only organ in which
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Cu64 increased in the ceruloplasmin-containing fraction and since this

64 appeared in the plasma,

occurred before ceruloplasmin-containing Cu
they concluded that ceruloplasmin was synthesized in the'liver. The -.
normal value of Cu/s at birth is only 50 }1g/100 ml, butat 1 year of
age, the concentration is the same as found in adults (5). Ceruloplas-
min is formed throughout the intrauterine life, and it does not deviate
with sex. The stage and advancement of malignant diseases and extent
of necrosis, as well as status and continuance of febricity, varies the
Cu/s values. In complications (infectious rheumatoid arthritis and
liver diseases) during pregnancy, the Cu/s values may increase to
600 pg/lOO ml (89). Subnormal Cu/s values have been observed in
severe hypoproteinemia (malnutrition and gastrointestinal disorders)
probably resulting from an amino acid deficiency (22). It was also
observed that the ceruloplasmin value decreased in adults with ne-
phritic syndromes which may have been caused by urinary loss. Many
investigators suggest that the low ceruloplasmin level in Wilson's di-
sease was due to impaired synthesis of ceruloplasmin (36) (79) (133).
The turnover of the albumin copper is high, indicating a rapid exchange
with extravascular copper pools (8) (36) (79) (133).

Numerous copper proteins have been isolated from plant and
animal tissues and several of these have been shown to be enzymes

with oxidative functions (163). Evidence has been derived to indicate
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that tyrosinase, laccase, ascorbic acid oxidase, cytochrome oxidase,
uricase, hutyryl CoA dehydrogenase, and §-aminolevulinic acid dehy-
drase are copper (containing) compounds (152). Copper has been shown
to be implicated in the metabolic process of pigmentation, keratinization
of wool, bone formation, reproduction, myelination of the spinal cord,
and the hematopoiesis (163). According to the literature reviewed, the
concentration and distribution of copper in the body varies, but esti-
mates of 100 to 150 mg of total c;opper or 1.5 to 2.5 ppm have been
noted. In the adult rat, muscles contain 21 per cent, bones 23 per
cent, liver 13 per cent, and skin 36 per cent of the body copper (92).
In order of concentration the tissues are: liver, heart, kidney, hair,
brain, spleen, bones, and the endocrine glands (pituitary, thyroid,
and thymus) (163). Some tissues such as endocrine glands, muscles,
heart, brain, and skin are very resistant to change in copper concen-
tration; whereas, the liver, kidney, spleen, and lungs can vary greatly
by high diet intake. The liver concentration of copper has been studied
in many species and these studies indicate that the concentration and
copper levels depend upon the species, age, nature of diet, and occur-
rence of certain disease conditions (163). It has been suggested that
the high liver concentration of copper at birth functions as storage
copper to overcome the low copper content of maternal milk. Intake

of molybdenum will 1limit the copper storage in proportion to the in-
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organic sulfate content of the diet (163).

Human diseases such as Mediterranean anemia, hemochroma-
tosis, Wilson's disease (hepto-lenticular degeneration), cirrhosis and
yellow atrophy of the liver, tuberculosis, carcinoma, and severe
chronic diseases accompanied by anemia are characterized by except-
ionally high liver copper levels (21). The concentration of copper in
blood of healthy animals varies greatly from organ to organ in the
same animal, but the patterns from species to species are very similar;
for example, in man and cattle the concentration of copper is evenly
divided between plasma and RBC (5) (21) (37) (108) (163). In man,
above average concentration of copper prevails in a great number of
chronic and severe diseases, including leukemia, Hodgkin's disease,
diverse anemias, ''collagen'' disorders, hemochromatosis, and myo-
cardial infarction (171). In dogs, copper is absorbed from the acid
section of the upper jejunum while in pigs it is absorbed from the
small intestin and colon, and in man it is believed to be absorbed
from the first section of small intestine (26) (128). The blood plasma
transports absorbed copper (loosely bound to a plasma protein prob-
ably serum albumin) to the parenchymal cells of the liver and kidney
(163). The major route of excretion appears to be the biliary system,
but when this system is obstructed, increased urinary excretion takes

place (163). A great array of clinical irregularities, such as anemia,



61
depressed growth, bone disorders, neonatal ataxia, heart failure, and
gastrointestinal disturbances have been connected with a regimen de-
ficiency of copper or responds to copper therapy (163). The first ev;i-
dence of copper deficiency is a slow exhaustion of body copper deposits,
and then a constant drop in the blood copper concentration below that
demanded for ideal hematopoiesis (163). Lahey et al. (87) contributed
evidence to support the theory that copper was important in the erythro-
cyte maturation process when they reported that pigs and dogs had
fewer reticulocytes in their blood during copper anemia than they had
during iron anemia, and that animals suffering from both iron and
copper deficiency anemia had a striking reticulocyte response upon
the addition of copper to the diet, but had very little response when
iron was added to the diet.

Schultze (134) was the first to show that there was a loss of
cytochrome oxidase from the tissues in copper deficiency animals.
Copper is specifically connected to the synthesis of the prosthetic
group of cytochrome oxidase as one of its basic functions (163). Skele-
tal changes are unrelated to the anemia in copper deficiency. Bones
in copper deficiency are distinguished by below average cortices, de-
ficient trabeculae and wide epiphyses, together with normal ash,

calcium, phosphorus and CO, contents (163).
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Copper demand cannot be based on the copper intake because
many dietary constituents may dominate copper assimilation and utili-
zation (163). Copper deficiency associated only with iron deficiency
anemia and hypoproteinemia has been demonstrated only in infants
(155). Scoular (135) estimated that children could retain about 0. 06
to 0.10 mg Cu/kg body weight; therefore, a daily intake of 1.2 to 3.0
mg would be required.

The liver has the ability to retain large amounts of ingested
copper without physiological damage, but if the excessive liver copper
escaped into the blood stream, extensive hemolysis and jaundice
would ensue and death would occur (163). Boyden et al. (16) have
maintained rats on diets containing 500 ppm copper (about 100 times
the normal intake) without apparent damage to health or growth. In
cattle and sheep, copper poisoning associated with chronic or sudden
hemolytic icterus and hemoglobinuria has been reported (163). Very
little is known about the levels of copper that will result in acute
toxicity in man, but it would require approximately ten times the daily
dietary intake, an unlikely situation except for certain occupational

conditions (163).



CHAPTER III

PURPOSE AND SCOPE

In the field of insecticide toxicity the literature indicates
that many investigations have been carried out under a variety of con-
ditions on many species of laboratory animals. A large number of
investigations have also been performed with endrin in acute and sub-
acute toxicity studies. Even though several reports have been made
on the pharmacological action of this cyclodiene on the central nervous
system, the exact mechanism of this action has not been demonstrated
in man or animals. Chronic toxicity studies show that repeated doses
of the cyclodienes produce microscopic changes in the liver and the
kidneys in some experimental animals. Lesions may also be produced
in man and animals by a single acute or subacute dose.

The administration of cyclodiene insecticides orally or
parenterally to rats in doses above the LD, level will produce termi-
nal convulsions. Analysis of the brain of the convulsing animals re-
vealed the presence of betaine CoA esters, released in the brain
tissue through damage to the brain cell mitochondria (75). Dieldrin,
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one of the cyclodiene insecticides, inhibits various dehydrogenases and
cytochrome b metabolism (75). This insecticide also inhibits anaerobic
glycolysis and the hydrolysis of acetylcholine by brain acetylcholineste-
rases. Several of the enzymes are inhibited by poisons, competitive
inhibitors, various '"'mixed-type" inhibitors, heavy metals, non-com-
petitive inhibitors, and other types of inhibitors that block one or more
steps in a particular metabolic pathway.

Due to the importance of iron, magnesium, zinc, and copper
in the function of certain enzymes and other metabolic activities, as
enumerated heretofore, it may be assumed that a concentration shift
exhibited by any one of these metals would provoke significant bio-
chemical changes in the metabolism of those substrates effected by
the enzymes involved.

This research was designed in order to amplify and elucidate
the presence and variations in the trace metal concentrations influenced
by oral doses of the insecticide endrin administered under controlled
conditions. The relationship of trace metals and endrin has not been
previously investigated nor has the concentrations of various metals
in normal rat tissues been adequately reported. The explicit purposes
of the present investigation were to dose rats with subacute and acute
oral doses of endrin in order to study variations of iron, magnesium,

zinc, and copper in (a) plasma, (b) red blood cells, (c) liver, kidney,
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spleen, brain, and heart, and (d) urine and feces. Hematocrit values
were also determined and compared. The ultimate objective of the
long term project for the Institute of Environmental Health, Depart-
ment of Preventive Medicine and Public Health, University of Okla-
homa Medical Center, is to provide a foundation for a diagnostic
technique in the course of insecticide intoxication. The evaluation of
trace metal involvement during the course of endrin intoxication is
one phase of this goal. If the disclosure and employment of the char-
acter of trace metals as such a tool appears to be of little usefulness,
it must be recalled that only a few years ago the role of trace metals
in the formation of protein complexes and the role of trace metals in
numerous diseases were unknown, except in some specific nutritional

deficiencies.



CHAPTER IV

EQUIPMENT, METHODS AND PROCEDURE

The experimental animals consisted of adult male Holtzman
albino rats (300 to 425 g each with an average weight of 403 g) pur-
chased from the Holtzman Company, Houston, Texas. They were
acclimated to the laboratory environment for 2 weeks and then ex-
amined for symptoms of illness after which time they were random-
ized into three groups and placed in individual metabolic cages. The
control and chronic groups consisted of 10 rats each, while the acute
group was composed of 12 rats. Throughout the experiment all ani-
mals received water and Rockland Mouse Breeder diet ad libitum.
Each rat was weighed at the initiation of the study, immediately prior
to dosing, and again at sacrifice.

The chronically exposed animals received, over an 8-day
period, a total oral dose of 8 mg of endrin per kg of body weight.
This pesticide, which was prepared by dissolving 5 g of endrin in 100
ml of commercial grade peanut oil, was administered via a stomach
catheter in 4 doses starting with 3 mg/kg on the first day, 2 mg/kg
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on the third and fifth days, and 1 mg/kg on the eighth day. This
group along with the control group was sacrificed on the ninth day.

The animals in the acute group were orally exposed to a
single dose of 25 mg/kg of body weight and the onset and duration of
each convulsion was recorded. Sacrifice was effected at the initiation
of the third convulsion. Since the lapsed time between administration
of the endrin and the occurrence of the third convulsion was rather
constant (2 + 0.5 hours), all acutely exposed animals were closely
grouped at the same degree of intoxication.

The animals were sacrificed by first placing each under anes
thesia with diethyl ether then opening the abdominal cavity and ex-
sanguinating the animal by inserting a needle attached to a syringe
into the abdominal aorta just above the iliac arch. The blood which
ranged in volume from 3 to 11 ml per rat was then transferred to a
test tube. The syringes, needle, and test tube, as well as the capil-
lary tubes used in the later analyses of blood, were pretrea,;ted with
heparin.

After the animals had been bled, the liver, right kidney,
spleen, brain, and heart were removed from the body, blotted dry,
placed in tared beakers, and the wet weight determined. Then the
tissues were dried in an oven at 105°C for 16 hours, placed in a

dessicator over night, and the dry weight determined. The moisture
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weight was derived from the difference between the organ total wet
weight and the subsequent d;c'y weight. Next the tissues were trans-
ferred to a furnace and burned at 500° C for 8 .hours. The ash
weight was determined after dessication over night. The weight lost
during the ashing process was termed volatile weight and was derived
by the difference between the dry and ash weight. After the weight of
the ash was determined, 1 ml of 0.0324 N HCl for each mg of ash was
added to the container. The containers were then covered and allowed
to stand over night. The acid and ash residue were transferred to a
test tube, sealed with parafilm, and stored under refrigeration until
analysis. Urine and feces from control and chronic animals were
collected on alternate days and pooled. The air-dried feces were
ashed and solubilized in the same manner as the tissue samples. The
urine was diluted with 5 parts 0.0324 N HCl and analyzed in the same
manner as the plasma.

The hematocrit ratio for each animal in each group was de-
termined in capillary tubes centrifuged at 15,000 x g for 5 : minutes.
The remaining portion of the blood sample was then separated into
plasma and red blood cells (RBC) by centrifugation under the same
conditions. One ml of plasma was withdrawn and diluted with 5 parts
0.0324 N HC1 and 1 ml of packed RBC was withdrawn and diluted with

35 parts of the dilute acid. The concentrated solutions were preserved
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by freezing and the diluted samples were stored under refrigeration
until analysis. Preparation of tissue and blood fractions in this manner
permitted direct aspiration of the samples into the burner of the atomic
absorption unit, and resulted in more reproducible results with fewer
mechanical difficulties than encountered in analysis by other methods.

A set of standard solutions containing 10, 000 ppm of iron,
magnesium, zinc and copper, respectively (Fisher Scientific Com-
pany, Fairlawn, New Jersey), were serially diluted with 0. 0324 N
HC! in order to obtain standards in the concentration ranges anticipated.
These dilutions were then used to prepare standard curves covering the
indicated ranges: iron, 1l to 25 pg/ml; magnesium, 0.1 to 15 pg/ml;
zinc, 0.25 to 2.0 pg/ml; and copper, 0.25 to 5.0 pg/ml. In order to
overcome phosphate bonding, the magnesium standards, as well as all
samples prepared for magnesium analysis, were provided with 0. 05 ml
of concentrated strontium chloride (50.0 g/1) per ml of sample. During
analysis, appropriate standards were repeated with every tenth sample.

All the samples from the experimental animals (plasma, RBC,
feces, urine, liver, kidney, spleen, brain and heart) were analyzed
for iron, zinc, copper, and magnesium in that order.

These analyses were accomplished with a Jarrell-Ash Atomic
Absorption Spectrophotometer Model 82-362 utilizing a 0.5 meter

Ebert mount monochrometer having a grating of 30,000 lines per inch
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in the ultraviolet range (Figures 6 and 7). The hollow cathode tubes,
which provided the characteristic photons for each metal, were oper~
ated at the following amperages: (a)iron, 1l1.6; (b) magnesium, 10.0;
(c) zinc, 6.0; and (d) copper, 7.0. Energy necessary for placing the
atoms in a neutral state was provided by a direct aspiration Hecto
burner using hydrogen and air at the following pressures for the indi-
vidual metals: (a) iron, hydrogen 12,5 psi and air 15 psi; (b) magnes-
ium, hydrogen 5.0 psi and air 15 psi; (c) zinc, hydrogen 15 psi and
air 21 psi; and (d) copper, hydrogen 12.5 psi and air 15 psi. An RCA
photomultiplier tube Model IR 106 was operated at the following volt-
ages and wavelengths: (a) iron, 760 and 2483 13; (b) magnesium, 450
and 2851 &; (c) zinc, 450 and 2138 _K; and (d) copper, 450 and 3247 R

The data were subjected to analysis of variance and the var-
ious parameters and treatment groups were compared utilizing Duncan's
New Multiple Range Analysis (149). The statistical treatment employed
is exemplified in Appendix I and all other data are recorded in Appendix
II. The term ''significant’” as used herein implies statistical significance

at the 0. 05 level.
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with photomultiplier and recorder attachments.



“
Z
N
<

HorLiLow
CATHODE

:[TUBE

AANNNY

r
"N
AN\

N

SPECTROMETER
ENTRANCE SLIT

Figure 7. Multi-pass optical system composed of the new Corning optics.

(44



CHAPTER V
OBSERVATIONS AND DISCUSSION

The observations on the acute, chronic, and control experi-
mental groups of rats are presented, initially, as a consideration of
the response of the selected metals in the various organs and in the
circulatory and excretory systems. Next, the observations are con-
sidered from the standpoint of each metal and its response throughout
the animal. The comparisons of the treatment and control experi-
mental parameters are shown in Tables 2 through 13 (Appendix II),
and these data are summarized in Table 1, which indicates the sta-

tistically significant increases and decreases by directional arrows.

Organs and Excretions

Liver

Acute versus Control. All organ size parameters demon-

strated significant increases varying from 25 per cent in the wet
weight to 200 per cent in the ash content. In spite of these changes,
the total organ content of iron and magnesium indicated no appreciable
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SUMMARY OF COMPARISON OF THE TREATMENT
PARAMETERS

TABLE 1

74

- g -Ed) Metal
o % £ &l<j| Total Metal Concentration
g " ol B )
2| o[ o< .
S| > Fe {Mg |Zn | Cu{{Fe Mg | Zn{ Cu
Liver
acute O N | - + Y - ¢ - ¥
chronic o B I I | VN BN 4 - - 4 - i
Kidney
acute £ N O U IO | I 4 [ + 4 + a
chronic - - -1y - - - 4 4 - 4 4
Spleen
acute R R 4 v 4 4 4 +
chronic oLy peLe (- ¥ - ¥ - - - -
Brain
acute + L IR T | ¥ T | ¥ - ¥ - ¥
chronic S IO I T e - - | . - - - _
Heart
acute + R 4 4 4 ¥ 4 4 4 ¥
chronic - -y - ¥ - - 4 - - -
RBC
acute - ¥ ¥
chronic - - ¥
Plasma
acute - 4 -
chronic + - ¢
Feces chronic® v |4 v |4 4 3 v 4
Urine~chronic® + {4 T 4 4 ' -

dArrows indicate directional changes and not statistical signifi-
cance since the samples were pooled and F-values could not be de-

termined.
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changes in their normal values of 393 pg/mg and 1336 pg/mg. On the
other hand, the total amount of zinc did increase significantly, while
the total copper content decreased.

The decreases in the unit concentrations of magnesium and
copper are predictable since their total organ contents remained con-
stant or decreased while the organ size increased. The lack of change
in the zinc concentration indicates that, even though the total amount
of zinc present increased, the rate of increase was proportional to

the increase in size of the organ.

Chronic versus Control. All organ size parameters were

essentially unchanged at the end of the chronic exposure study; how-
ever, significant increases of 30, 35, and 30 per cent were observed
in the total organ content of iron, magnesium, and zinc. Conversely,
copper, which appears to be one of the more mobile metals, demon-
strated a stationary level of 0.15 pg. In view of the facts that the
organ size remained constant and the metal contents increased or
remained constant, corresponding behavior of the unit concentrations
is to be expected; however, due to the complexity of the biological
function of the liver, only an anticipated increase in the concentration

of magnesium was observed.
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Kidney

Acute versus Control. Since only the wet and moisture weights

of the kidney increased and their increases were of the same direction
and magnitude, increases in the intracellular and extracellular fluids
would account for the increased moisture weight and its accompanying
wet weight.

Proportional increases in concentration and total kidney metal
content were detected for iron (100 per cent), magnesium (20 per cent),
and zinc (50 per cent). Therefore, the end result of treatment was an
increased concentration of iron, magnesium, and zinc above and be-
yond considerations of increased organ size. No vital changes were
observed in copper of the kidney as a result of the acute endrin

treatment.

Chronic versus Control. In the chronic treatment, the

means of wet, moisture, and volatile kidney weights revealed no sig-
nificant alterations from the control but the mean ash weight showed
a significant decrease. Significant increases of 50 and 25 per cent
in the concentrations of iron and zinc were reflected by near signifi-
cant increases in their respective total amounts in the kidney. Kid-
ney magnesium was not altered by the chronic treatment. An in-

crease of 60 per cent in the total and concentrations of copper in the
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chronic treatment kidney is the only case of an organ copper increase

revealed in this investigation.

Spleen

Acute versus Control. Table 1 indicates that there were no

significant changes in the total weight, moisture content, volatile
component, or ash content of the spleens. from the acute treatment.
However, the total amounts of iron, magnesium and zinc present in
this organ exhibited significant increases of 70, 45, and 75 per cent,
respectively, above their control values of 50, 84, and 10 pg. Since
the total amounts of these metals increased while no significant
changes in the organ size occurred, the significant increases of 75,
50, and 80 per cent in the unit concentrations of these three metals
are understandable. Copper, on the other hand, exhibited a signifi-
cant 35 per cent decrease in the total metal present (1 pg) and a

corresponding decrease in its concentration.

Chronic versus Control. Endrin administration under chronic

conditions resulted in significant decreases of 15, 20, 20, and 45 per
cent, respectively, in the total organ wet, moisture, volatile, and
ash weights. Even with significant decreases in the organ weight

parameters, the concentrations of the metals were not altered by the



78
chronic treatment. Although the unit concentrations of magnesium and
copper were not changed by the chronic treatment, a 30 per cent de-
crease in both the total magnesium and copper contents were accom-
panied by and correlated with a generalized 30 per cent decrease in

the spleen organ weight.

Brain

Acute versus Control. As in the case of the kidney under

acute treatment, only the wet and moisture weights increased, again
suggesting that both weight increases were the result of a moisture
influx. Brain iron was not altered by treatment. A 20 per cent de-
crease in magnesium total content with an increase in brain moisture
yielded an expected 25 per cent decrease in concentration. Since the
zinc concentration did not change, the total zinc present increased in
proportion to the increase in organ size. A 30 per cent increase in
total zinc was found. In a directional shift, copper exhibited a de~

crease 0f some 50 per cent in total and concentration quantitities.

Chronic versus Control. Even though there was an increase

in the moisture content of the brain, consideration of the data and
organ physiology casts doubt on the biological significance of this
single statistical observation resulting from chronic endrin treat-

ment.
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Heart

Acute versus Control. Statistically significant but compara-

tively small increases of 10 to 15 per cent were observed in all organ
size parameters. Total iron, magnesium, and zinc content increased
50, 30, and 50 per cent above their control values of 2.0, 129, and
0.96 pg. In view of the increase in organ size as well as the increases
in the total metallic content, the increases in unit concentration of

55, 15, and 55 per cent in iron, magnesium, and zinc, indicates a
marked influx of these metals into the heart. Copper, on the other
hand, indicates a significant reduction of 50 per cent in both the total

metal as well as concentration.

Chronic versus Control. Of the four size parameters, only

ash weight demonstrated a significant change and this was a decrease.
An increase in the concentration of iron was observed, but this ob-
servation was not validated by a significant increase in the total organ
content of this metal. A similar situation exists in the case of mag-
nesium where the total decreased with no significant shift observed

in the unit concentration, Zinc and copper demonstrated no alteration

as a result of chronic endrin treatment.
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Hematocrit

Chronic versus Control. The mean hematocrit ratio for the

control animals was 46,9, while that for the chronic treatment showed
a non-significant increase to 49.8; however, the increased value of

52.9 exhibited by the acute animals was statistically significant.

Red Blood Cells

Acute versus Control. Iron and copper concentration did

not deviate significantly from their control values of 1049 and 0.40:
pg/ml of packed cells; however, magnesium did decrease significantly
from 23.5 to 17.5 pg/ml. Zinc was also mobilized out of the RBC

as evidenced by a decrease from 17.4 to 11.1 pg/ml.

Chronic versus Control. The chronic animals manifested

no alterations in iron or magnesium RBC concentrations. Declines
of 40 and 30 per cent in the zinc and copper values reveal evidence
of a marked transportation of these metals out of the RBC during

chronic endrin intoxication.

Plasma

Acute versus Control. By comparison, the acute animals
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exhibited no changes in plasma iron and zinc levels in relation to the
control values of 7. 43 and 127 pg/ml; however, the magnesium control
value of 8.3 pg/ml experienced a significant decrease of 10 per cent.
The generalized organ decreases in copper content are reflected by

a doubling of the control plasma copper concentration value of 0. 30

pg/ml.

Chronic versus Control. Depletions of 20, 50, and 30 per

cent were observed in base line values of 7. 43, 1.27 and 0.20 pg/ml
for the iron, zinc, and copper content of the plasma; however, the
plasma magnesium content revealed no change from the base line

value.

Feces

Chronic versus Control, Fecal content of the control animals

averaged 1.5 dry weight (200. 2 mg ash/animal/day), while the chronic
endrin treatment animals averaged 0,55 g dry weight (5.5 mg ash/
animal/day). Chronic endrin treatment animals excreted 0.0062 g

of iron/day, while the control animals excreted 0.0073 ug of iron/day.
The chronic group excreted 496. 4 pg of magnesium/day and the con-
trol animals excreted 111.8 ng of magnesium/day. No zinc was de-

tected in the feces of the endrin treated animals; however 0, 0202
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‘lg/day was excreted by the control rats. The control animals ex-
creted 0.0057 pg of copper/day which corresponds to twice as much
copper as the chronic treatment value of 0.0024 pg/day; however, the
control treatment feces averaged four times as much ash content as
the chronic rats; consequently, the concentration of copper in the
feces from the chronically exposed animals was higher than the con-

trol values.
Urine

Chronic versus Control. The control animals had a urinary

output that averaged 15.5 ml/animal/day; whereas, this volume
dropped to 9.6 ml/animal/day for the chronic treatment rats. Chronic
endrin treatment resulted in an increased urinary excretion of iron
from 2.52 pg/ml (daily total 39 pg) to 5.1 pg/ml (daily total 49 pg).
Magnesium urinary excretion followed the same pattern of increase,
rising from a non-detectable level in the control urine to 2.1 ug/ml
which corresponded to a daily excretion of 20 ng for the chronic ani-
mals. The deviation in zinc excretion wa.s of the opposite direction:
control values of 1.50 ng/ml (total of 23 pg/day) dramatically de-
creased to 0.102 pg/ml which represented an excretion total of 0. 98
pg/day. The concentration of copper remained constant at 0.14

pg/ml, but the reduced urinary volume of the chronic animals re-
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sulted in a decrease of total daily copper excretion of 2.17 to 1. 34 ng.
Metals

Iron

Of the five organs examined during acute intoxication, three
(kidney, spleen and heart) indicated significant changes in the concen-
tration as well as the total iron present. In all cases where alterations
were observed, they were increases and except for the spleen, these
increases paralleled increases in the organ size. Only two organs
(liver and brain) maintained the control levels of iron and this occurred
in opposition to increases in the size of the organs. Since the concen-
tration of this metal in the RBC and plasma did not change significantly,
the mobilization of iron into various organs apparently did not occur
at the expense of the blood.

The results of the chronic study were similar to those of the
acute in that three organs indicated changes in the iron present while
two organs (brain and spleen) remained essentially unchanged; further -
more, where alterations did occur, they were manifested as increases.
While the behavior of iron in the chronic tissues could not be rationa-
lized on the basis of changes in the various organ size parameters,
the observed increase was supported, at least in part, by decreases

in the plasma and feces and an increase in the urine which correlated
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with the increases in the concentration in the kidney.

Magnesium

The acute treatment tissues revealed significant changes in
the concentration and/or total magnesium present in all five organs
examined. In each case where alterations were observed during this
treatment increases were noted except for the brain and liver which
demonstrated decreases. In the heart and kidney, the increases in
magne sium paralleled increases in organ size while the changes in
the spleen, liver, and brain were in opposition to the reactions of
the organ size parameters. The mobilization of magnesium into the
heart, spleen and kidney was apparently acquired at the expense of
the liver, brain, RBC, and plasma.

Of the five organs examined during chronic exposure only the
liver demonstrated an increase in the magnesium levels while the
heart and spleen indicated net losses and the kidney and brain re-
mained at control levels. The increase in the total as well as concen-
tration of magnesium in both the urine and feces indicates a net loss
of this metal from the chronically exposed animal. This loss, as
well as that amount transported to the liver, was apparently supplied
by the spleen and heart since all other organs along with the RBC

and plasma, remained essentially unchanged.
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Zinc

The results of the examination of all five acute treatment
organs revealed increases in the concentration and/or total zinc
present. In all cases except the spleen, the increases in the total
metal correlated with increases in organ size. In the case of the
kidney and heart, the increases in the total as well as the unit con-
centration of zinc, in view of the increased organ size, indicate that
acute treatment effected a marked influx of this metal into these two
organs. The observed increases occurred, at least in part, at the
expense of the blood, specifically the RBC.

During chronic intoxication, only two organs (liver and kid-
ney) indicated changes in their zinc levels, and in both cases these
were increases which occurred at a consistent organ size. All other
organs studied maintained control levels of this metal in spite of
changes in the organ size parameters. While the observations of
zinc in chronic tissues could not be explained on the basis of changes
in various organ size parameters, the increases appeared to be sus-

tained by decreases in the plasma, RBC, feces, and urine.

Copper
Of the organs examined during acute exposure, the liver,

spleen, brain, and heart demonstrated significant decreases in both
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the unit concentration and total copper present. In all cases, the
observed decreases were in opposition to changes in the size of the
organs; therefore, extensive organ losses of this metal occurred.

The kidney was the only acutely exposed organ that maintained control
levels of copper, and again this was accomplished contrary to an in-

crease in organ size. The observed decreases in organ copper were

supported by an increase in the concentration of this metal in the

plasma. This suggests that the kidney is the target organ for the
mobilized copper and that the plasma is the vehicle responsible.

Examination of all the organs of the chronic treatment re-

vealed significant changes in the concentration and/or total copper

present in three organs (liver, kidney, and spleen). In the liver,

the concentration decreased without any changes in either the total

copper content or the weight parameters, while in the spleen the

total decreased along with significant decreases in the organ weight

parameters. The kidney was the only organ which manifested in-

creases and this was observed even though there were no changes in
the organ size. Only two organs (brain and heart) maintained control

levels of copper and this occurred while the organ weights remained

at control levels. In general, the copper was mobilized out of the
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tissues, the RBC and the plasma into the kidney. This supports the
observation that the kidney is the target organ for copper mobilized
during endrin intoxication. Since copper was transported to and
accumulated by the kidney, the decrease of this metal in the urine
suggests that its molecular association (possibly ceruloplasmin) pro-

hibited its excretion.



CHAPTER VI

SUMMARY AND CONCLUSIONS

This investigation was concerned with the measurement of
endrin effects as evidenced by alterations in the concentration and total
quantities of iron, magnesium, zinc, and copper in the liver, kidney,
spleen, brain, heart, red blood cells, plasma, urine, and feces of the
adult male Holtzman albino rat. Thirty-two animals were randomly
divided into a control group of 10; a group of 12 which received a
single acute dose of 25 mg/kg of body weight; and a chronic group of
10; which received, over an 8-day period, 4 doses totaling 8 mg/kg
of body weight.

Based on a statistical analysis of over 1,500 determinations
made throughout this investigation, the following conclusions have
been drawn:

1. In general, acute exposure had more effect on organ size
than did chronic exposure. Typically this was manifested as significant
increases in the principal organ size parameters in the acutely exposed
animals while the same observations made during chronic exposure

88
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indicate no appreciable change. The exception occurred in the spleen,
which indicated changes in size during chronic rather than acute in-
toxication and the changes were decreases rather than increases.

2. Acute treatment seemed to have more effect on metal
mobilization (concentration as well as total organ content) than did
chronic exposure. The general pattern was significant increases in
iron:r.r_za.gnesium and zinc and significant decreases in copper. It
was observed that whenever both iron and magnesium increased, zinc
also increased.

3. As might be expected, each organ presented an individual
pattern of trace metal content and changes due to endrin intoxication.
Of the organs studied, the brain was the most resistant to change in
organ size and metal content. This was especially evident during
chronic exposure. The spleen and heart (in that order) had the greatest
number of significant alterations, the most significant mobilization of
metals above and beyond considerations for organ size parameters,
and in general, the greatest magnitude of metal responses. The
kidney and liver were next in order of change.

4. In general, the acute and/or chronic endrin treatments
resulted in increases in the iron content of all organs but the brain.
The organ iron increase was not at the expense of the blood nor was

it appreciably reflected by its change in the urine and feces.
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5. Acute exposure appeared to effect a magnesium migration
into the organs at a greater extent than did the chronic treatment.
Chronic treatment did not alter magnesium concentration in the blood
while the excretion of magnesium was greatly increased (principally
in the urine).

6. In those organs where the zinc content was altered, the
direction was always an increase. This organ zinc increase appeared
to be at the expense of the red blood cell and plasma (except for plasma
zinc of the acute treatment). The increased requirement for zinc in
chronic exposure was definitely reflected in the reduced urinary and
fecal excretion of zinc; in fact, fecal zinc excretion dropped to a non-
detectable value.

7. Acute treatment effected emphatic changes in both the
total and the concentration of copper in the liver, spleen, brain, and
heart. The kidneys were the only organs in which this metal remained
at control levels. The large amount of copper thus mobilized was
manifested by a 5-fold increase in its concentration in the plasma.
On the other hand, during chronic exposure, the kidney was the only
organ which indicated an increase in copper. The suggested role of
the kidney as a target organ for this metal is supported by copper de-
creases in the spleen, RBC, plasma, and feces. The decrease in the

total amount of this metal passing in the urine indicates a kidney
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retention and implies that the mobilized copper is associated with a
molecule (possibly ceruloplasmin) that is not subject to appreciable
excretion.

8. The following metal alterations should be further studied
as possible additional toxicological tools for chronic endrin exposure:
(a) the appearance of magnesium in the urine along with an increase
in this metal in the feces; (b) marked decreases in the fecal and uri-
nary zinc levels; and (c) significant decreases in the concentration of

copper and zinc in both the RBC and plasma.
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APPENDIX I
AN EXAMPLE OF THE STATISTICAL TREATMENT

APPLIED TO ALL DATA
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CONCENTRATION OF COPPER IN THE LIVER

—

Concentration in ug/mg of ash

Replications Control Chronic Acute
1 0.20 0.14 0.032

2 0.14 0.12 0.025

3 0.14 0.19 0.031

4 0.16 0.08 0.030

5 0.18 0.13 0.029

6 0.14 0.07 0.027

7 0.20 0.08 0.021

8 0.13 0.05 0.031

9 0.13 0.18 0.034

10 0.11 0.12 0.039

11 - - 0.024
X 1.53 1.16 0.323
X 0.15 0.12 0.029
Ex % 0.2427 0.1540 0.0097

(£X)%/N 0.2341 0.1346 0. 0095
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0.0086 0.0194
T 8 9
g2 0.0010 0. 0022
2 =gx% -(gx)?
n
52 ___i}xz
n-1

2 e 2
Ex)~ =X @)Ié—) = 0.2424 - 0.2341 = 0. 0086

2 . 2
SIUSFL (. 0086

0.0002

0.00002

= 0.0010
ny -1
THE ANALYSIS OF VARIANCE FOR ANY NUMBER
OF GROUPS WITH UNEQUAL APPLICATION

Location r BX: X, EX'2~ Xz'/r p 3] XZ' = (X---}_( )

1 »31) 1 4] 117 j) 2 ij 42

J J J

Control 10 1.53 0.15 0.2427 0.2341 0.0086
Chronic 10 1.16 0.12 0.1540 0.1346 0.0194
Acute 11 0.323 0.029 0.0097 0.0095 0.0002
Total 31 3.013 0.299 0.4064 0.3782 0.0282

2 >4 2
Correction factor =C = X = 51J = (33013) = 9‘3(1)78 = 0.2928
. L
T By

Total Sum Squares =k .X2

1)1ij
Total SS = 0.4064 - 0.2928

-C

0.1136
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Treatment Sum X,z XZ NG
Squares §1' -c=_"1 4+...+t. -c
i 1 Tt
Treatment SS = 0.3782 - 0.2989 = 0.0854
Error SS = total SS - treatment SS
=0.1136 - 0.0854 = 0.282
ANALYSIS OF VARIANCE SUMMARIZED
Source of Variation df SS MS F
Among treatments 2 0.1136 0. 0568 56.80"
Within treatments 27 0.282 0.00101 -
Total 29 - -
Sa = VError Ms l(_}_ + L
2 ri I'j
1 1 1,1
7(-1"_1 + =) for 10 and 11 replications = o + i 0.095
4+ L for 10 and 10 replications = %(% + % = 0.1
'1 .

J

‘rError MS —l—(i +
2 ry j
fErzor Ms (0.1)

V0. 001 (0.095) = Y0.000095 = 0.00948

0.00948 X 3.04 = 0.02888

Yo. 001 (0.1) =Vo. 0001 = 0. 01

1, _ 1 =
?7) = /Error MS (0.1 +0.1) =

0.01 X 2.90 =0.0290
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3.04 from table A.7 Steel & Torrie for 0.05 level 3 + 28° df.
2.90 from table A.7 Steel & Torrie for 0.05 level 2 + 28° df.
The means of treatment are ranked from highest to

lowest.

A-0.15 B -0.12, C - 0.029

A-C=0.15-0.029=0.121
0.121>0.02888 .. Sig. difference

A-B=0.15-0.12=0.03
0.03>0.29 .*. Sig. difference

B-C=0.12 -0.029 =.091
0.091=0.0290 .*. Sig. difference
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TABLE 2

TISSUE WEIGHTS FOR CONTROL RATS

Tissue Grams
Wet A_s_h ‘ Moisture Volatile
x  10.26456 0.19005 6.929 3,15
Liver  s%  1.26126 1.90180 0.593 0.13
n 10 10 10 10
X 1.11244 0.01600 0. 786 0. 340
Kidney  s% 0.00588 0.00213 0. 0027 0.01122
n 10 10 10 10
X 0.64758 0.01290 0.477 0.157
Spleen  s° 0.00896 0.00190 0. 0061 0.00033
n 10 10 10 10
X 1.55128 0. 02549 1.174 0. 341
Brain  s°  0.01468 0.01617 0.0093  0.00111
n 10 10 10 10
X 1.12381 0.01412 0.842 0.267
Heart 52 0.00777 0.00117 0. 0044 0.00056
n 10 10 10 10

L
et

Feces . 23421 0.16808




TISSUE WEIGHTS FOR CHRONIC RATS

TABLE 3
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Tissue Grams
Wet Ash Moisture Volatile

x 9.82125 0.21491 6. 647 2.96
Liver s 2.01366 1.96285 0.996 0.16

n 10 10 10 10

X 1.11445 0.01416 0.815 0.286
Kidney s  0.01249 0.00111 0.0079  0.00056

n 10 10 10 10

x 0.53951 0.00935 0.397 0.133
Spleen  s” 0.01607 0.00513 0.0102 0.00056

n 10 10 10 10

x 1. 63062 0.02471 1.251 0.352
Brain g2 0.00843 0.00335 0. 0058 0.00033

n 10 10 10 10

X 1.09027 0.01202 0.811 0.262
Heart  s°  0.01290 0.00194  0,0082  0.00067

n 10 10 10 10
Feces  x 1. 04760 0.10657




TISSUE WEIGHTS FOR ACUTE RATS
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TABLE 4

Tissue Grams
Wet Aéh Moisture Volatile

x  13.07622 0.34942 8.871 3. 86
Liver s 2.44518 11.30552 1.144 1.0l

n 12 12 12 12

x 1.24330 0.01698 0.917 0.309
Kidney s>  0.01156 0.00376 0.0082 0. 00045

n 12 12 12 12

x 0.69270 0.01304 0.525 0.155
Spleen s>  0.01114 0.00294 0.0061  0.00073

n 12 12 12 12

X 1. 65609 0.02697 1.280 0. 349
Brain s> 0.01046 0.00632  0.0063  0.00036

n 12 12 12 12

x 1.29144 0.01574 0.976 0.299
Heart s2  0.00879 0.00277 0. 0050 0. 00045

n 12 12 12 12
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TABLE 5

TOTAL, MEAN CONCENTRATION AND VARIATION OF
IRON IN ASH OF INDICATED TISSUE

Control Chronic Acute
Tissues Total Total Total
Bg pe/mg  pg pg/mg pg pg/mg
;z 392.65 2.12 533,31 2.63  527.75 1. 64
Liver s° 6743.18  0.23 11283.30  0.82 11512, 40 0.25
n 10 10 10 10 12 12
n 19.33  1.19 26.16  1.86 40. 40 2.38
Kidney s2 80.08  0.25 30.55  0.15 115.16 0. 45
n 10 10 10 10 12 12
x 50.16  3.97 53,14  5.66 86.6 6.75
Spleen s2  266.6 2.18 355,40 1.71 1187.42 8. 28
n 10 10 10 10 12 12
x 11.66  0.46 10.06 0.4l 10. 38 0.39
Brain  sZ 6.36 0.0022 1.68  0.0033 16,10 0.023
n 10 10 10 10 12 12
x 28.08 1.99 33.63  2.80 48,25 3,14
Heart s2 10.35  0.047 37.35  0.16 133.56 0. 61
n 10 10 10 10 12 12
x 1049, 4* 1078. 0% 1052. 0¥
RBC s2 259. 6 68.2 540. 2
n 10 10 11
X 7. 43* 5,82" 6.99*
Plasma s® 2.70 2. 44 2.40
n 9 10 12
Urine x 2.52" 5.1%
Feces x 0. 00036 0.00113

*Expressed in pg/ml.



TOTAL, MEAN CONCENTRATION AND VARIATION OF
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TABLE 6

MAGNESIUM IN ASH OF INDICATED TISSUE

Tissues

Liver

Kidney

Spleen

Brain

Heart

RBC

Plasma

Urine

Feces

e

——

Control Chronic Acute

Total Total Total
_ _ng pg/mg  _pg pg/mg  pg pg/meg
x  1335.63 7.1 1853.50 8.7 1662.07 5.0
s® 89739,83  0,4178106244. 69 0.4122193972. 01 1. 6645
n 10 10 10 10 12 12
x 121.12 7.6 115. 68 8.2 156.80 9.3
s®  209.63 0.2378  160.79 0.1400 227.61  0.9527
n 10 10 10 10 12 12
X 83.54 6.4 64.11 6.8 121.4 9.3
s 416.03  1.4489 283,44 0.2578 120.92 0.8154
n 10 10 10 10 12 12
X 151.2 6.0 165.7 6.7 119.4 4.5
s¢  824.70 0.9222  221.80 0.1889 266.14 1.0327
n 10 10 10 10 12 12
x 129.1 8.8 114.5 9.5 169.6 10.9
s 384.27  0.3244 142.81 0.1222 51.67  2.1636
n 10 10 10 10 12 12
X 23.5% 21.9% 17.5%
s 22.50 19. 62 12.59
n 10 10 12
x 8.3*¥ 7.8% 7.4"
52 0.32 0.16 0. 61
n 10 10 12
x 0.0" 2.1%
x 55, 34 90. 08

*Expressed in pg/ml.



Tissues

Liver

Kidney

Spleen

Brain

Heart

RBC

Plasma

Urine

Feces
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TABLE 7

TOTAL, MEAN CONCENTRATION AND VARIATION OF
ZINC IN ASH OF INDICATED TISSUE

Control Chronic Acute

Total Total Total

vg pg/mg g pg/mg pg pg/mg
x  182.77 0.99 225, 30 1.07  259.26 0.83
s® 494,52 0.022 2045, 47 0.051 2488.07 0.12
n 10 10 10 10 12 12
X 16. 31 1.02 17.76 1,26 28.22 1.69
s 1.4 0.0156 6.9 0.043 17.30  0.127
n 10 10 10 10 12 12
x 9.94 0.77 8. 60 0.89 17.52 1.39
s2  1.91 0.0022 11.42 0.109  4.88 0. 44
n 10 10 10 10 12 12
X 14,14 0.56 13.63 0.55 18. 84 0.62
52 6. 35 0. 008 4.15 0.005 2. 35 0.008
n 10 10 10 10 12 12
x 13,48 0.96 11.72 0.97 22,00 1.41
g2 1.57 0.0033 3,46 0.0075 4.53 0. 044
n 10 10 9 9 12 12
x 17. 4% 10. 3" 11.1%
s 61.75 8. 64 6.81
n 10 10 12
X 1,27 0.63* 1. 21%
52 0. 0478 0.0133 0.2518
n 10 10 12
x 1.50% 0.102"
x 0. 001 0.0

*Expressed in yg/ml.



Tissues

Liver

Kidney

Spleen

Brain

Heart

RBC

Plasma

Urine

Feces
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TABLE 8

TOTAL, MEAN CONCENTRATION AND VARIATION OF

COPPER IN ASH OF INDICATED TISSUE

Control Chronic Acute
Total Total Total
pg pg /ml Bg pg/ml  pg pg/ml
X 26.77 0.15 24, 66 0.12 10.58 0. 029
s 19,56 0.0010 24.24 0.0022 11.04 0. 00002
n 1o 10 9 10 11 11
x  6.23 0. 39 9,09 0,64 7.4 0.44
s 5.21 0.0194 4.76 0.0133 5,37 C. 0222
n 10 10 10 10 12 12
x  0.92 0.07 0.59 0.07 0.62 0.048
s 0.04 0.00034 0.0188 0.00062 0.0036  0.00064
n 10 10 9 10 12 12
x 3,51 0.14 3,57 0.14 1.74 0. 065
s 0.49 0.00027 0.23 0.00074 0.09 0.00014
n 10 10 10 10 12 12
x  4.27 0.30 4.03 0.33 2.33 0.150
s¢  0.92 0.0038  0.68 0.0058 0.38 0.0019
n 10 10 10 10 11 11
x 0.40" 0.27" 0.30*
g2 0. 0042 0. 0029 0. 0332
n 10 10 12
;z 0.20% 0.63% 0.49"
s 0. 00049 0.0120 0.0168
n 10 10 12
x 0.14" 0,14
x 0,00028 0.00044

*Expressed in pg/ml.
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TABLE 9

SUMMARY OF F-VALUES FOR INDICATED COMPARISON
OF THE THREE TREATMENT GROUPS

Analysis Liver Kidney Spleen Brain Heart

Fe, total pgs 6.54°  16.56" 7.13" 836  18.51"

5 * ) &
Fe, pg/mgash  6.36" 13,01 4.89" 1.36 23.00"
Mg, total pgs 5.12°  27.83%  35.87%  6.92%  49.70"
Mg, pg/mgash 43.15  18.12°  33.58"  19,19%  13.69"
Zn, total pgs 9.22°  43.12%  43.36"  22.36°  77.84"
Zn, pg/mg ash  2.50 19.55  21.37°  2.76 81.50"
Cu, total pgs  67.25 4.03% 444" 47.18%  18.32"
Cu, pg/mg ash  56.80" 9. 28* 6.25°  60.00°  34.64"
Wet weight 18.09™ 7.00" 5.83" 3.15 9.23"
Ash weight 15. 04" 9.08%  13.73°  1.73 18. 75"
Moisture 5, 27% 8.31% 5.96 4.1 14,92
Volatile 17. 60" 1.83 3.62" 2.56 9.06"

*Significant - at the 0. 05 level.
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TABLE 10

COMPARISON OF MEANS BY DUNCAN'S NEW
MULTIPLE-RANGE TEST

Analysis Liver Kidney Spleen Brain Heart
Fe, total pgs BCA CBA CBA ACB CBA
Fe, pg/mg ash BAC CBA CBA ABC CBA
Mg, total pgs E__Q_A_ CAB CAB BAC CAB
Mg, pg/mgash B AC CBA CBA BAC CBA
Zn, total pgs CBA CBA CAB CAB CAB
Zn, pg/mg ash g__f_c CBA CBA CAB CBA
Cu, total pgs ABC B___E—A ACB BAC ABC
Cu, pg/mgash ABC BCA ABC ABC BAC
Wet weight CAB CBA CAB Q__B_i\._ CAB
Ash weight CBA CAB CAB CAB CAB
Moisture CAB CBA CAB CBA CAB
Volatile CAB ACB ACB BCA CAB

A--Control; B--Chronic; C--Acute.

Non-significant differences indicated by underscoring.
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TABLE 11

ANALYSIS OF DIFFERENCES IN THE RED BLOOD CELLS
BY ANALYSIS OF VARIANCE AND DUNCAN'S NEW
MULTIPLE-RANGE TEST

on——

Red Blood Cells

Metals Control Chronic Acute F-Values DNMRTV
Total pgs Fe  1049. 4 1078.0  1052.0 0.868 BGC A
Total pgs Mg 23.5 21.9 17.5 6.17" ABC
Total pgs Zn 17. 4 10.3 11.1 6. 32" ACB
Total pgs Cu 0.40 0.27 0.30  2.03 ACB

A--Control; B--Chronic; C--Acute.

Non-significant differences indicated by underscoring.

TALBE 12

ANALYSIS OF DIFFERENCES IN THE PLASMA BY ANALYSIS
OF VARIANCE AND DUNCAN'S NEW MULTIPLE-

RANGE TEST
I ——
Plasma
Metals Control Chronic  Acute F-Values DNMRTV

Total pgs Fe 7. 43 5.82  6.99 2. 68 ACB
Total pgs Mg 8.3 7.8 7.4 5,37 LB_C_
Total pgs Zn  1.27 0.63  1.21 11.05% LE—E
Total pgs Cu 0. 20 0.63  0.43 45, 73" BC A

A--Control; B-~-Chronic; C-~-Acute.

Non-significant differences indicated by underscoring.
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TABLE 13

ANALYSIS OF DIFFERENCES IN THE HEMATOCRIT RATIOS
BY THE ANALYSIS OF VARIANCE AND DUNCAN'S NEW
MULTIPLE -RANGE TEST

P— .

Treatments Control Chronic Acute F-Value DNMRTV

X 46. 90 49.75  52.88 5.69 CBA
2

s 2,27 7.74 37,18

n 10 10 12

A--Control; B--Chronic; C--Acute.

Non-significant differences indicated by underscoring.



