STUDIES ON THE EFFECT OF PARAQUAT
ON THE RAT LUNG

Thesis for the Degree of M. S.

MICHIGAN STATE UNIVERSITY

GILBERT LANTEY BOYE, M. D.
1977



CPHESH

LIBRARY
Michigan State
University




PLACE IN RETURN BOX to remove this checkout from your record.
TO AVOID FINES return on or before date due.
MAY BE RECALLED with earlier due date if requested.

DATE DUE DATE DUE DATE DUE

6/01 c:/CIRC/DateDue.p65-p.15




ABSTRACT

STUDIES ON THE EFFECT OF PARAQUAT ON THE RAT LUNG
By
Gilbert Lantey Boye, M.D.

Paraquat (Methyl Viologen) is the generic name of the compound,
1,1'-dimethyl 4,4', dipyridylium. It is a broad spectrum herbicide
effective against broad leaf weeds, grasses and aquatic weeds, and it
is rapidly deactivated on contact with the clay in soil.

On account of its advantages over other herbicides, it has
been increasingly used all over the world. Medical interest in paraquat
has arisen as a result of the peculiar and often fatal pulmonary
damage in the mammalian species which may occur after ingestion of
small quantities. It has caused over 200 deaths world-wide since its
introduction in 1962. Death following paraquat poisoning is usually
the result of progressive fibrosis and epithelial proliferation in the
lungs. Thus, paraquat poisoning usually causes a progressive
respiratory disease, unresponsive to any therapy, resulting in death.

Rational therapeutic measures have not been developed because
of lack of information on the precise mechanism of action and optimal
methods for removal of the poison. Thus, the overall purpose of this
study was to determine the effect of other chemical agents on the
toxic effects of paraquat and how these could be adopted for use in

the management of paraquat poisoning.
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The objectives of this project were three fold. The first was
to study the effect of paraquat on the isolated rat lung preparation
and how its effects may be modified by other chemical agents. The
agents used were those that had been reported to offer some potential
for protecting against or increasing paraquat toxicity and might
provide insight into the mechanism of paraquat poisoning. The second
objective was to study the modification of the effect of paraquat
toxicity in vivo in the presence of other chemical agents in both
acute and chronic experiments and how these may elucidate the mechanism
of paraquat toxicity. The third objective was to investigate how the
paraquat affected lung handled endogenous substances which are
nommally activated or metabolized by the lung and how their control
may affect the outcome of paraquat poisoning.

The experimental data presented in this dissertation show that
perfusing the isolated rat lung with paraquat resulted in the rapid
production of marked edema, measured by the percent change in the
weight of the lung (mean 37.7 + 17.7 SEM).

It was also observed that perfusing the rat lung with paraquat
in the presence of mannitol or propranolol significantly reduced the
amount of edema formed.

This observation suggested that propranolol and mannitol may
afford some protection against paraquat poisoning, but this observa-
tion was not confirmed in the in vivo experiments with propranolol.

The concentration of the cyclic nucleotide, cyclic AMP, in the
lung was increased significantly after perfusing with paraquat and this

increase was reduced in the presence of propranolol.
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In both the acute and chronic in vivo experiments, significant
increases were observed in lung cyclic AMP concentrations in rats
treated with paraquat. In the chronic experiments in which groups of
rats received paraquat, paraquat and propranolol, or paraquat and
theophylline, the highest concentrations of cyclic AMP and cyclic GMP
were found in the group of rats which received paraquat and theophyl-
line, and the percentage mortality was highest in this group but not
significantly different from the other groups which received paraquat.
The mean concentrations of paraquat in the lungs of the different
groups were not significantly different. Cyclic AMP and cyclic GMP
concentrations in other organs including the liver, spleen, kidney and
thymus, which are known to be affected by paraquat, unlike the lung,
were not significantly different from controls. It was also observed
that paraquat induced cyclic nucleotide changes in the rat lung were
not endogenous catecholamine dependent since levels in resperine
treated rats were not significantly different from non-reserpinised
paraquat treated rats.

The isolated lung from the paraquat-treated rats perfused
with ®H-PGE, showed significant inhibition of PGE, metabolism. This
was probably due to an impairment of the uptake mechanism for PGE2
since significantly more unchanged PGE2 was present in the venous
effluent from the lungs of treated rats and the levels of the

metabolites (15-keto-PGE, and 13,14-dihydro-15-keto—PGE2) in the lung

2
homogenates of the treated and control groups were not significantly
different. Interference with the pulmonary mechanism for inactivating

endogenous vasoactive hormones such as PGs by drugs, toxic chemicals,

atmospheric pollutants or disease is probably more important than
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hitherto appreciated. In paraquat poisoning, interference with
excretor as a result of circulating abnormal levels of renal vaso-
constrictor hormones such as pGFZa’ would accentuate toxic effects

particularly on the target organ, the lung.

M.D.
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INTRODUCT ION

Paraquat (methyl viologen) is the generic name for 1,1'-dimethyl-
4,4'-dipyridylium. It is available either as the dichloride or
dimethyl sulphate salt, both of which are water soluble. Paraquat is
a broad spectrum herbicide effective against broad leaf weeks, grasses
and aquatic weeds. Paraquat has been reported to be firmly bound when
it contacts most types of soils and upon adsorption can be degraded by
several micro-organisms present in the soil. Application to crops
results in a low level of contamination.

The following formulations are available in the United States:

1. ORTHO Paraquat Cl 29.1% solution (21.7 weight-%
cation)
2. ORTHO Dual Paraquat 42% Solution (21.7 weight-% cation)

3. Chevron Industrial Weed 21.07 weight-% cation
and Grass Killer

4. ORTHO Spot Weed and Grass 0.44% solution (0.2 weight-%
Killer cation)

ORTHO Spot Weed and Grass Killer is unlikely to be a problem
in accidental poisoning because of its low paraquat content and the
fact that it is only marketed in pressurized cans which dispense a
foam. Outside the U.S. paraquat is marketed as 20% concentrate,

Gramoxone, and in a 5% granular form, Weedol.



Medical interest in paraquat has arisen as a result of the
peculiar and often fatal pulmonary toxicity in mammals which may
occur after ingestion of small quantities. It is estimated to have
caused over two hundred human deaths world wide since its introduction
in 1962. Most of these deaths have followed accidental oral ingestion.
The fatal dose of paraquat in adult man is thought to be about 15ml of
a 20% solution, or a "mouthful" as described in most case histories
(Kimbrough, 1974). Death following paraquat poisoning is usually the
result of progressive fibrosis and epithelial proliferation. This
effect has been described in both humans and animals, although there
is a marked difference in the oral acute lethal doses observed between
species (Clark et al., 1966; Murray and Gibson, 1972).

Rational therapeutic measures have not been developed for
paraquat poisoning because of the lack of information on the precise
mechanisms of action, and optimal methods for the removal of the

poison.

Human Toxicity of Paraquat

Serious paraquat poisoning in humans has occurred only after
ingestion or parenteral administration (Almog and Tal, 1967). Exposure
of the skin to a solution of paraquat produces erythema and reactive
hyperkeratosis which may be associated with pustule formation. There
is ulceration and necrosis two to three days after short periods of
contact with the mucous membrane and conjunctiva of the eye (Conning

et al., 1969).



Signs and Symptoms

In cases of paraquat ingestion, there is usually an immediate
burning discomfort of the mouth and pharynx, followed by ulceration due
to the severe irritating effect of paraquat. This is generally
followed by repeated vomiting. If the dose ingested was large (i.e.,
6-8 o0z.), the lungs, kidneys, liver, and adrenals may be severely
affected initially followed by possible fatal pulmonary edema within
24 to 72 hours. When smaller amounts are taken there may be oliguria,
increase in blood urea nitrogen and albuminuria as a result of acute
renal failure. Jaundice is also sometimes noted. The initial phase
is followed by a latent period sometimes lasting as long as two weeks
during which time the patient feels well and kidney function generally
improves.

These symptoms are superceded by predominantly pulmonary signs
and symptoms including increasing dyspnoea, cyanosis, and pulmonary
congestion. Pathologic changes include necrosis of alveolar epithelial
cells and accumulation of alveolar macrophages (Witchi and Kacew, 1974).
Pulmonary infiltrates are detected on chest roentgenograms, and
physiologic studies reveal hypoxemia, decreased lung volumes, low lung
compliance, and impaired diffusing capacity for carbon monoxide (DLCO)
(Gardner, 1972; Matthew et al., 1968). Later stages are characterized
by the development of pulmonary fibrosis and eventual death from
respiratory failure.

Lung pathology in paraquat poisoning has been studied exten-
sively. Thurlbeck and Thurlbeck (1976), noted a considerable topo-
graphic variation in the severity and nature of lung lesions. They

described two distinct forms of fibrosis. In one form, there was



marked intra-alveolar edema in much of the lung and active fibroblastic
proliferation of the lung interstitium. Hyaline membranes lined some
of the air spaces and honey-combing with disorganization of the
alveolar pattern of the lung was evident. Also, distinctive areas of
the lung structure were completely disorganized and replaced by many
small (0.05mm-2.0mm) cysts lined by fibrous tissue. This type of
lesion is similar to fibrosing alveolitis in man.

A second type of fibrosis is characterized by preservation of
the framework of the lining architecture with the formation of abundant
loose fibrous tissue within the alveolar spaces. Thurlbeck and Thurlbeck
(1976) suggested this may represent the organization of protein-rich
edema fluid which pours into alveoli at an early stage of paraquat
poisoning. On the contrary, Smith and Heath (1974), claimed that the
formation of a fluid exudate during the early stages of paraquat
poisoning is not necessary for the development of pulmonary fibrosis
and that paraquat or its metabolites, directly stimulates an infiltra-
tion of profibroblasts into the lung.

Oxygen poisoning shares with paraquat the special sensitivity
of type I epithelial-cells to damage but the early phase of paraquat
poisoning is different from early oxygen poisoning (and ozone and
radiation), where damage to endothelial cells plays a prominent role.
The fibrotic and proliferative lesions described, as well as marked
edema are very similar to the lesions described in oxygen poisoning.
Although some of the patients studied were treated with oxygen
terminally, Thurlbeck and Thurlbeck (1976), clearly identified the
lung lesions as not caused by oxygen therapeutically administered

since clinical pulmonary involvement occurred before oxygen was



administered and also occurs in animals to which oxygen has not been
given. However, some features of oxygen poisoning, notably severe
edema may have been an added feature to the underlying paraquat lesion.
The similarity to oxygen poisoning and the observation that hyperoxic
environment increased the lethality of paraquat in rats (Fisher et al.,
1973) has led to the suggestion that paraquat may particularly affect
the lung because of its high ambient oxygen.

Although death due to paraquat poisoning is usually due to
progressive respiratory failure (Malone et al., 1971; Matthew et al.,
1968; Gardner, 1972), fatalities have occurred less frequently from
uremia or from cardiac involvement (Oreopulous et al., 1968; Gardner,
1972).

In most cases of paraquat poisoning in man, death occurred

approximately one to four weeks after ingestion.

Therapeutic Approach to Paraquat Poisoning

The therapeutic measures used thus far to manage paraquat
poisoning have been unsuccessful. The therapeutic approach has been
based on three general principles:

a. Prevention of paraquat absorption

b. Rapid excretion of absorbed paraquat

c. Modification of the tissue effects of absorbed, non-excreted
paraquat.

Prevention of paraquat absorption--Gastric lavage and adminis-
tration of cathartics are well established general measures for the
treatment of some cases of poisoning including paraquat poisoning.

Many adsorbents have been shown to be effective against absorption of



’

paraquat in vivo, but only bentonite and Fuller's earth have been
effective in vivo (Clark, 1975; Staiff, et al., 1973).

The effectiveness of these agents is probably due to their
prevention of gastro-intestinal absorption of paraquat. Smith et al.
(1974), have demonstrated an active process for the uptake of paraquat
into the lungs in both human and rat lung slices and it is, thus,
important that specific measures to inhibit paraquat absorption should

be considered an important part of the management of paraquat poisoning.

Rapid Excretion of Absorbed Paraquat

Increased urinary excretion of paraquat following forced
diuresis with saline solution and mannitol has been documented (Fisher
et al., Kerr et al., 1968). Forced diuresis is apparently a more
effective means of removing absorbed paraquat than peritoneal dialysis
(Fisher et al., 1971). Since paraquat has been detected in the urine
for as long as 31 days after ingestion (Beebeejaum et al., 1971), con-
tinued, as well as early efforts to eliminate absorbed paraquat may be
lifesaving. Hemodialysis used early is effective in reducing the

plasma levels of absorbed paraquat (Grundies et al., 1971).

Modification of Tissue Effects of Absorbed Paraquat

Paraquat toxicity in rats is greatly enhanced by oxygen.
Hyperoxic environment (100% inspired oxygen) markedly accelerates the
mortality of rats given lethal doses of paraquat (Fisher et al.,
1973), on the other hand, Smith and Rose (1977), have shown that
paraquat poisoned rats placed immediately after dosing in atmosphere
containing 10% oxygen, paradoxically died sooner than those left in

air and there was no reduction in overall mortality. This is claimed



to be due to an increased rate of accumulation of paraquat by the lung
perhaps resulting from an increased perfusion of the lung by blood

(Smith and Rose, 1977).

Other Regimens

Some reports have described treatment of patients who have
ingested paraquat with corticosteroids (Malone et al., 1971; Duffy
et al., 1968; Lathwaite, 1975), immunosuppressive agents (Malone
et al., 1971), or the antifibrotic agent, potassium aminobenzoate
(Laithwaite, 1975). However, in the majority of cases, suppressive
agents have not been effective. Other therapeutic measures available
include the use of d-propranolol and superoxide dismutase (SOD). A
regimen currently in use at the Royal Postgraduate School, Hammersmith,
London, involves a stomach washout as soon as possible after ingestion
followed by the administration of a 30% suspension of Fuller's earth
(200-300 ml), along with a cathartic. This is continued for several
days in order to prevent the absorption of paraquat. In cases of
serious paraquat poisoning where there is impairment of renal function,
hemodialysis is used. Oxygen administration is avoided as much as
possible. Along with the above measures, SOD is administered both
intravenously and by inhalation for a period of at least one week
following the incident. In addition, d-propranolol is given intra-
venously in an attempt to reduce the uptake of paraquat into the lung.
Beclomethasone, a synthetic corticosteroid preparation, is administered
from pressurized aerosol cannisters to limit the inflammatory process
in the lung. The use of oxygen in paraquat poisoning has become a

controversial issue. There are theoretical reasons and evidence from



animal studies which contraindicate the use of oxygen. There is in
addition, recent evidence which contraindicates the use of low oxygen
therapy in cases of human poisoning unless it can be shown that the
paraquat concentration in circulating blood is extremely low (below
0.05 nmoles/ml) such that enhanced lung accumulation will not occur
(Smith and Rose, 1977).

Superoxide dismutase is an enzyme found in aerobic cells which
converts superoxide into hydrogen peroxide and molecular oxygen. SOD
is found in two forms, one in the extramitochondrial cytosol and
another in the mitochondria. The mitochondrial superoxide dismutase
of eukaryotes is similar to the SOD of many bacteria with respect to

2+

its characteristic content of Mn and many homologies in amino acid

sequence. The cytosol form of SOD has quite a different structure and
contains Cu2+ and Zn2+. These enzymes are present in high concentra-

tion and are extraordinarily active.

Animal Toxicity of Paraquat

The toxicity of paraquat has been studied in many animal
species including rats (Kimbrough and Gaines, 1970; Robertson et al.,
1971; Short et al., 1972), rabbits (Butler and Kleinerman, 1971),
guinea pigs and monkeys (Murray and Gibson, 1972). Rats and monkeys
exhibit lung damage similar to that observed in humans, while rabbits
appeared to be resistant to paraquat and failed to develop the lung
lesion described. The absorption of 14C-paraquat in rat after oral
administration was poor, with elimination occurring in the urine and
faeces (Daniel and Gage, 1966). No radioactivity appeared in the

bile. Lichtfield et al., (1973) observed that an intravenous



injection of paraquat was rapidly distributed in most tissues except
the brain and spinal cord. After 24 hours, however, paraquat was
selectively concentrated in the lung and skeletal muscle from where it
was slowly excreted.

The pathology of the lung lesion in rat has been extensively
studied. The primary change found in the rat lung consists of
vacuolization and degeneration of the membranous pneumocytes (type I),
followed by increase of collagen and reticulin in the basement membrane
and proliferation of granular pneumocytes (type II). Swelling of the
endothelial cells, proliferation of fibroblasts, and increased numbers
of endothelial cells follow. A well developed lung lesion shows areas
where alveoli are completely obliterated or filled with an amorphous
material which either formed a lattice or a large whorl of a very
electrodense material similar to the material observed in the lamellar
bodies (Kimbrough and Linder, 1973).

Paraquat has also been found to cause centrilobular necrosis in
the rat liver and proximal tubular necrosis in the kidney (Murray and
Gibson, 1972). Atrophy of the thymus has been noted in rats and

rabbits (Butler and Kleinerman, 1971), and rats.

Mechanism of Paraquat Action

The mechanism of paraquat's toxic effects on the main target
organ, lung is not known. In 1967, Manktelow put forward the
hypothesis that paraquat specifically interfered with the production
of pulmonary surfactant. This conclusion was essentially based on
histopathologic findings in paraquat poisoned animals. The tissue

alterations resembled pathologic features observed in some cases of
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human respiratory distress syndrome. The absence of stable bubble
formation over thick tissue sections corroborated that surface active
material was decreased. This view has been shared by Robertson et al.,
(1970) and Fisher et al., (1969 and 1972). On the other hand,
Fletcher and Wyatt (1970 and 1972), found that the phospholipid compo-
sition of rat lungs was unchanged after treatment with paraquat and
that paraquat neither affected the amount of dipalmitoyl lecithin,

the major lecithin constituent present, nor its rate of destruction.
Thus, the effect of paraquat on surfactant material in the lung is
unclear.

Lipid Peroxidation has been defined as the oxidative deteriora-
tion of polyunsaturated lipids. Paraquat and other related bipyridy-
lium compounds have been investigated in the past and shown to be
capable of being reduced in solution to give intensely colored,
relatively stable free radicals (Michaelis and Hill, 1933). This
property was shown to be a preprequisite for herbicidal activity
(Calderbank, 1964). In the presence of oxygen, these radicals are
rapidly reoxidized to the parent cations with production of super-
oxide radical ions (02'), and hydrogen peroxide (Calderbank, 1964;
Farrington et al., 1973). Paraquat is reduced by photosystems present
in green leaves of plants, and cyclic redox reactions then lead to
production of reactive oxygen species which are thought to be the
molecules responsible for herbicidal activities.

Bus et al. (1974), present in vitro and in vivo evidence that
mammalian toxicity of paraquat may be the consequence of cellular
lipid peroxidation. The peroxidation being mediated through the

single electron reduction of paraquat catalysed by NADPH-Cytochrome c
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reductase with the subsequent transfer of the electron from reduced
paraquat to molecular oxygen to form superoxide anion. The super-
oxide may non-enzymatically dismutate to form singlet oxygen which
reacts with unsaturated fatty acids to form fatty acid hydroperoxides.
Lipid free radicals which form spontaneously from lipid hydroperoxides,
react with membrane polyunsaturated lipids with the formation of more
lipid free radicals, thus continuing the chain reaction process of
lipid peroxidation. The consequence of such free radical catalysed
peroxidation is extensive damage to cell membranes with resultant loss
of functional integrity. Paraquat and other bipyridylium compounds,
like Diquat, can be reduced to free radicals by homogenates of liver,
kidney, or lung (Gage, 1968; Baldwin et al., 1975). Incubation of
paraquat with liver microsomes or a system containing NADPH-cytochrome c
reductase, NADPH, and microsomal lipid greatly increase the formation
of malonaldehyde which is dependent upon the concentrations of paraquat
in the incubation mixture. However, Illet et al. (1974), found that
paraquat inhibited in vitro lipid peroxidation.

It has been demonstrated that paraquat toxicity is significantly
enhanced in selenium or vitamin E deficient mice or mice pretreated
with dimethylmaleate and there is partial protection against paraquat
toxicity by pretreatment with the enzyme, superoxide dismutase (Bus
et al., 1974).

During the last few years, considerable attention has been
focused on the pathological and biochemical changes brought about in
lung tissue by oxygen and the oxidant gases, nitrogen dioxide and
ozone. There are several recent reviews on the mechanism of the

anatomic-pathologic and biochemical consequences of oxygen toxicity in
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in the lung (Pfister and Nogues, 1974; Clark and Lambertsen, 1971;
Haugaard, 1968). It is generally thought that lipid peroxidation may
be an important consequence of exposure to normobaric or hyperbaric
oxygen. It is interesting to note that the pathological findings in
the paraquat lung have been likened to changes in the lung following
oxygen toxicity. It would seem that, at normal oxygen tension, only
small amounts of superoxide are formed and the endogenous enzyme,
superoxide dismutase (SOD) is sufficient to degrade it to peroxide.
But, when breathing pure oxygen, the amount of superoxide formed exceeds
the capacity of endogenous superoxide dismutase to inactivate it, and
then the superoxide is free to damage cellular components leading to
cell death. The corrollary to paraquat poisoning is that the lung is
exposed to higher concentrations of paraquat than any other tissue, and
also achieves higher levels of paraquat. Thus, it is possible that
even at normal oxygen tensions this may lead to the formation of more
superoxide in the lung than the available superoxide dismutase can

metabolise.

Non-Respiratory Functions of the Lung

The long held traditional view that the lung is solely and
passively involved in gaseous exchange has been profoundly altered by
contemporary research which has established its capacity to perform
various metabolic functions.

The location of the lung in the body is strategic for modifi-
cation of drug action. The lungs are the first visceral organs to
receive parenterally administered drugs, thus, the uptake or metabolism

of a drug by the lung may greatly affect the action of the drug.
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The ability of the lung to modify the biological activity of
substances passing through the pulmonary circulation has been referred
to as the pharmacokinetic function of the lung. Thus, the lung is
capable of altering the biological activity of many substances,
endogenous or exogenous, brought to it via the blood. The lung has
been shown to affect many vasoactive substances by degrading them or
converting an inactive product to its active form. Thus, angiotensin I
is converted into its active form, angiotensin II. The degree of
inactivation seems to be specific for a given substance, ranging from
almost complete inactivation of bradykinin (Farreira and Vane, 1967),
5-hydroxytryptamine (Thomas and Vane, 1967), prostaglandins El’ EZ’
and an (Ferreira and Vane, 1967), and minor inactivation of nore-
pinephrine (Ginn and Vane, 1968), to relatively free passage of com-
pounds like epinephrine and angiotensin II (Hodge et al., 1967). These
phenomena are often quantitatively sufficient to markedly modify the
concentration of some circulatory substances and to create large
arterio-venous differences.

These pharmacokinetic functions of the lung seem to chiefly
reflect the metabolic activities of the endothelial cells of the
pulmonary vasculature, and have been known to be affected by age,
pregnancy, gaseous anesthetics and heart-lung by-pass (Junod, 1975).

The lung is also capable of acting as an endocrine organ,
releasing into the circulation a variety of active substances in-
cluding histamine, SRS-A and prostaglandins in response to stimuli
such as anaphylaxis, peptides, and physical deformation. The signifi-

cance of such release has not been fully investigated, but it is clear
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that the lung provides an essential control of the blood levels of

many biologically active substances.

The Handling of Paraquat and Other Amines by the Lung

Several classes of drugs seem to be concentrated preferentially
in lung tissue. Localized high concentrations may result in selective
or even generalized toxicity. It has been suggested that in some
cases, the lung acts as a depot which buffers the remainder of the
body from high concentrations of a compound. An example are the
phenothiazines, which almost always appear in pulmonary tissue in high
concentrations. The depot in the lung could maintain blood levels for
several days.

In 1968, Vane reviewed the role of the lung in clearing cir-
culating endogenous and exogenous substances. He listed basic,
lipophilic amines as the compounds most likely to be concentrated in
the lung. 5-hydroxytryptamine and imipramine are examples of amines
whose handling by the lung have been extensively studied. The uptake
of these compounds occurs by different saturable mechanisms and the
Km and Vmax values are thirty and one hundred times greater for
imipramine suggesting basic differences in terms of the affinity and
the number of the sites for uptake (Junod, 1975). The administration
of another basic amine with similar physicochemical properties can
result in release of previously bound imipramine and this may result
in unwanted side effects. The lungs appear to have various means
of processing and of eliminating drugs. As already discussed, amines
are taken up by the lung via what appears to be an active transport

mechanism of endothelial cells. Similarly, prostaglandins E and F
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series are taken up and degraded but the site of the metabolic
reactions are not yet known. The lungs also process steroid hormones
(Hartiala, 1974), apparently for their own use, but it may be signi-
ficant that the lungs can convert cortisone to its more potent analog,
cortisol. Some of the cortisol thus formed leaves the lung and enters

the arterial circulation.

The Handling of Propranolol and Other B-Adrenergic Agents by the Lung

Two main types of B-adrenergic receptors have been identified.
These are B-1 receptors in the heart and B-2 receptors in the trachea,
bronchi, and blood vessels. Isoproterenol seems to stimulate both
B-1 and B-2 receptors. Salbutamol, carbuterol, and fenoterol stimulate
B-2 receptors (Cullum et al., 1969; Giles et al., 1973; Wardell et al.,
1974). The B-blocking agents include propranolol, bunolol, sotalol,
and K0592.

Propranolol is the most commonly used B-adrenergic blocking
agent. The aliphatic hydroxyl group on the propranolol molecule
appears to be essential for activity and it gives the molecule its
optical activity. The 1-form is more potent than the d-form, and this
difference is used to distinguish B-blockade from those other pharma-
cological actions of the molecule, such as, local anesthetic effect.
Propranolol is well absorbed after oral administration. It is con-
centrated in the lung, and to a lesser extent, in the brain, liver,
kidney and heart and excreted in urine after being almost completely
metabolized. Two main metabolities, naphthoxy lactic acid and 4-
hydroxypropranolol are found. 4-hydroxypropranolol is found only

after oral or intraperitoneal administration and has blocking
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activity similar to that of propranolol but with a shorter duration
of action.

Junod (1975) reported on studies of dl-propranolol accumula-
tion in the rat lung. It is a saturable process and compounds with
similar physicochemical properties can inhibit the binding or accelerate
the release of bound propranolol. There is, however, partial Na®
dependence and marked temperature dependence at low substrate con-

centrations.

The B-Adrenergic System and Cyclic Nucleotides

The key compound that is involved in the mediation of most of
the metabolic effects of the B-adrenergic system (as well as a great
number of hormones) is cyclic 3',5', adenosine monophosphate (c-AMP).
This compound was first described in 1957 by Sutherland as a co-factor
for the conversion of liver phosphorylase from its inactive to its
active form, allowing liver glycolysis to proceed (Cleveland et al.,
1972). c-AMP is formed from adenosine triphosphate (ATP) by the action
of adenyl cyclase, an enzyme located within the cell membrane of the
target cell, and it is inactivated (hydrolysed to 5' AMP) by phospho-

diesterase (PDE), a soluble cytoplasmic enzyme.

atP —2C 5 coamp —PPE 5 50 amp

The equilibrium concentration of c-AMP, therefore, depends on the
relative activities of these two enzymes. The activity of adenyl
cyclase is increased by a number of factors including adrenergic

stimulation while PDE is inhibited by xanthine derivatives,
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particularly theophylline, so that either may result in an increase
in c-AMP levels.

Cyclic AMP acts not only as a second messenger for the effects
of nearly all hormones, but also, together with the other known
natural cyclic nucleotide, cyclic guanosine 3',5'monophosphate (c-GMP),
appears to be intimately involved in the control of almost all facets
of cellular activity (Robison, et al., 1971; Greengard et al., 1972;

Hardman et al., 1971).



PURPOSE

The overall purpose of this study was to determine the effect
of other chemical agents on the toxicity of paraquat and how these
could be adapted for use in the management of paraquat poisoning.

The objectives were three fold. The first was to study the
effect of paraquat on the isolated perfused rat lung preparation, and
how its effects may be modified by other chemical agents; and second,
to conduct acute and chronic in vivo experiments to determine the
effect of other agents on paraquat toxicity. The third objective was
to study how the paraquat affected lung handles endogenous substances
such as the prostaglandins, peptides and biogenic amines which are

effectively regulated by the normal lung.
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METHODS

Animals

Adult male Sprague-Dawley rats (from Spartan Research Animals,
Inc., Haslett, Michigan), weighing 150 - 250g were used in all experi-
ments. The animals were housed in plastic cages in groups of three
and were allowed food and water ad 1ib. The room temperature was
maintained at 21 - 24°C and the light - dark cycle was twenty-four

hours.

Perfusion

The perfusion apparatus is shown in Figures 1 and 2. In this
set up for the isolated perfused lung experiment, the conditions under
which the lung is normally maintained in the chest of the animal were
simulated. This involved placing the lungs in an "artificial thorax"
and connecting the trachea in such a way that gases can pass in and
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