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ABSTRACT

Using the isolated perfused rat lung, pharmacological means of
separating the norepinephrine and serotonin transport sites were found
with N-ethylmaleimideo Also using the isolated perfused lung, a
decrease in pulmonary endothelial transport of serotonin was found after
5 days of monocrotaline treatment (20 mg/1 in the drinking water)„ This
decrease, which was also evident after 12 and 16 days of treatment, may
be involved in the pulmonary hypertension produced by monocrotalinee
Transport of norepinephrine remained unaffected at these time points.
After 20 days of monocrotaline treatment there was a decreased binding 

3of H-N-ethylmaleimide after its perfusion through the. pulmonary endo

thelium. This is consistent with the theory that pyrrolic metabolites 

of monocrotaline are bound to the endothelium.
A method for isolating a microsomal fraction rich in pulmonary 

endothelial cell activity is described.



CHAPTER 1

INTRODUCTION

The function of the lung is not merely the exchange of gases.
In 1925 Starling and Verney (1) found that the lung was necessary to 
remove a vasoconstrictor substance from perfusion fluid to maintain 
adequate circulation in kidney perfusions. Subsequent studies indicated 
that the lung is involved in a variety of non-respiratory functions, 
some of which are outlined in Table 1, As the lung is the only organ 

that receives the total venous return, it is ideally located to regulate 
arterial concentrations of vasoactive compounds. These compounds 
exhibit their strongest effect on the arterial side.

Another feature of the pulmonary endothelium which enables it to 
have an extensive metabolic capacity is its large surface area. This 
surface area is formed by pseudopodial foldings into the vascular lumen 
and is further increased by the existence of numerous caveolae on the 

foldings. These caveolae are the sites of uptake for many of the 

compounds listed in Table 1 (2).
The effects of pharmacological or toxicological interference 

with one or several of these endothelial functions is a relatively new 
area of study. However, since most of these functions are of a vaso- 
regulatory nature, it can be hypothesized that their inhibition has 

profound cardiovascular effects.
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Table 1. Non-respiratory functions of the pulmonary endothelium. —  
(14,19).

Class of substrate Compound ...... . Endothelial Action... .

Biogenic Amines Serotonin Intracellular transport
Norepinephrine Intracellular transport
Acetylcholine Circulating enzymes
Tryptamine Intracellular transport

Peptides Bradykinin 
Angiotensin I

Enzymatic degradation 
Enzymatic degradation

Prostaglandins Arachidonic acid

Prostaglandin E 
Prostaglandin F

Activated for prosta
glandin synthesis
Intracellular transport ?
Intracellular transport ?

Nucleotides AMP
ATP

Enzymatic degradation 
Enzymatic degradation

Drugs Imipramine
Chlorcyclizine
Amphetamine
Methadone
Pentobarbital
Isoprenaline
Isoetharine

Absorption
Absorption
Metabolism
Metabolism
Metabolism
Metabolism
Metabolism

Pesticides Parathion
Aldrin

Metabolism
Metabolism



One substance that inhibits at least one of these endothelial 
functions and produces a series of cardiopulmonary changes is mono- 
crotaline (3)» Monocrotaline is a pyrrolizidine alkaloid which is found 
in the Crotalaria genus of plants. The main botanical group in which 
these plants are found are herbaceous species and shrubs (4). The geo
graphical location of Crotalaria is mainly tropical and subtropical 
areas (4), However9 pyrrolizidine alkaloid containing plants have been 
identified worldwide (5),

The pyrrolizidine alkaloids are toxic to animals and man. The 
route of exposure to man is usually from contamination of cereals (6) 

or from herbal preparations (7,8). It is also possible that these 
alkaloids and/or their metabolites enter the foodchain, e.g. from cattle 
grazing on pyrrolizidine plants.

The scope of the pyrrolizidine alkaloid problem is difficult to 
assess. Human exposure is hard to quantitate as there are no means for 
measuring metabolites in body fluids. Even if there were detection 
methods they would only be applicable within 1-2 days of exposure because 
the small percentage that is not rapidly excreted is probably covalently 

bound (3). However, there is usually a latency period greater than two 
days before symptoms appear. This makes diagnosis of pyrrolizidine 

alkaloid poisoning difficult and it must 9 in fact9 be based on circum
stantial evidence, i.e. whether or not the patient has taken herbs or 
food containing pyrrolizidine alkaloids, symptoms indicative of 
pyrrolizidine poisoning and pathognomonic changes in the liver. Even so 
this diagnosis would only be for acute intoxication. Chronic damage is



more of a problem to assess. Unfortunately^ it is the chronic type of 
damage which may be a significant contributor to idiopathic pulmonary 
hypertension (9,10,11).

In order to speculate about the interaction between toxic agents, 
pulmonary endothelial damage and cardiopulmonary disease, e.g. 
monocrotaline-induced cor pulmonale, it is necessary to examine, more 
closely the pulmonary endothelium and the metabolism and toxicology of 
monocrota1ine.

Pulmonary Endothelium
There are generally two means by which the pulmonary endothelium 

acts on selected substrates. One mechanism is enzymatic degradation by 
enzymes that are on or close to the luminal surface of the pulmonary 
endothelial cells. In this case the parent compounds completely dis
appear after a single pass through the lungs and their metabolites are 
quantitatively recovered in the venous effluent. Neither parent nor 
metabolite is retained to any extent by the lung. Ryan, Niemeyer and 
Goodwin (12) have proven this to be the case for bradykinin, angio
tensin I and the adenine nucleotides. In contrast to work by Piper,
Vane and Wyllie who indicated that this was also true for the E and F 

types of prostaglandins, Ryan et al. (12) have shown that it is not 
kinetically possible that they are metabolized similarly to the others 

mentioned.
The second mechanism involves substrate binding to a site or 

carrier for intracellular transport and subsequent degradation. This 
type of removal is known to exist for serotonin (5HT) and nor
epinephrine (NE) (14). The transport sites for these compounds appear



to be specific as similar compounds such as epinephrine, a-methyl-SHT9 
dopamine and histamine, pass through the pulmonary circulation 
unaltered (15)» The site specificity also appears to hold true between 
substrates that are taken up, e.go NE and 5HT each have unique transport 
sites. The transport of NE and 5HT will be discussed in detail, but 
first a brief review will be given of the vasoactive properties of some 
of the physiological substrates that are listed in Table 1.

Angiotensin converting enzyme, located on the pulmonary endo
thelium, converts angiotensin I to angiotensin II and inactivates 
bradykiniQo This has an overall hypertensive effect as angiotensin II 
is hypertensive and bradykinin before inactivation is hypotensive*
5’-Nucleotidase, also on the pulmonary endothelium, metabolizes 
adenosine monophosphate to adenosine and inorganic phosphate. Adenosine 
is a potent vasodilator (16)* Acetylcholine and prostaglandin E^ pro
duce relaxation of intrapulmonary arteries whereas NE and 5HT cause 
contraction (17)* These vasoactive properties are summarized in Table 
2, One can speculate that the precise concentration of these cir

culating compounds must be kept in balance in order to maintain 

homeostasis.
5HT uptake is specifically inhibited by monocrotaline whereas 

other endothelial functions, i.e. NE uptake, NE and 5HT metabolism, 
angiotensin converting enzyme activity and 5’-nucleotidase activity are 
unaffected (3). It is particularly interesting that 5HT uptake is 

inhibited whereas NE uptake is not. Iwasawa and Gill is (18) showed that 
the uptake sites could be pharmacologically separated in rabbits with 
theophylline ethylenediamine (aminophylline). They also showed there
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Table 2. Vasoactive properties of substances which are altered by 

passage through the lung. —  (16,17,48).

Substance Vasopressive Effect. . Alteration
Angiotensin II hypertensive activated
Bradykinin hypotensive inactivated
Acetylcholine hypotensive inactivated
N orep inephr ine hypertensive inactivated
Serotonin hypertensive inactivated
Adenosine hypotensive activated
Prostaglandin E hypotensive inactivated



was no competitive inhibition between 5HT and NE and if an irreversible 
inhibitor of both was perfused simultaneously with high concentrations 
of 5HT<> the subsequent uptake of 5HT was not altered whereas NE was.
This shows that the sites can be differentiated. However9 they are 
probably very similar. Numerous compounds have been tested by other 
investigators to find one that preferentially inhibits NE or 5HT (see 
references listed by Junod in 19). In rats none have been found except 
perhaps ouabain which inhibits NE to a greater extent than 5HI (20,21). 
However, the experiments testing ouabain were not done in the same way. 
The inhibitory effects of N-ethylmaleimide are examined in this thesis 
for its potential as a preferential inhibitor.

It is likely that recognition at the uptake site is due to 
structural differences. The structures of NE, 5HT and dehydro- 
retronecine (a monocrotaline metabolite) are shown in Figure 1. It is 
possible that the pyrrole specifically binds the 5HT transport site. A 
section of this thesis is designed to test this possibility*

Pyrrolizidine Alkaloids

Metabolism
The pyrro1iz id ine nucleus consists of two.five membered rings 

sharing a nitrogen (Figure 2a). All esters of the pyrrolizidine 
derivative shown in Figure 2b are toxic. These di-esters may be open 

or closed to form a ring as is the case with monocrotaline (Figure 2c). 

Alkaloids with a double bond at position 1:2, esterified hydroxyl groups 
on the ring nucleus and at least one branched carbon chain on the ester 

side chain are toxic (5).
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Serotonin

Norepinephrine

CWg.QH

Dehydroretronecine

Figure 1. Serotonin, norepinephrine and dehydroretronecinee



2a. 2b.

Figure 2

2c.

Pyrrolizidine nucleus, pyrrolizidine derivative and 
monocrotallne.
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The toxicity of monocrotaline is due to the formation of

pyrrolic metabolites (22,23,24), These metabolites are formed in the
liver by the dehydrogenation of the pyrrolizidine nucleus (25), The
ester chain may also be cleaved off in the metabolism of monocrotaline
(24), Monocrotaline is shown in Figure 3 with its major pyrrolic
metabolites, dehydromonocrotaline with the ester intact, and dehydro-
retronecine with the ester cleaved. Both of these metabolites readily
react with nucleophiles such as sulfhydryls and hydroxyls,

Absorption and distribution studies with radiolabeled alkaloids
show that up to 80% of the pyrrolizidine ring is rapidly excreted
unchanged in the urine and an additional 18% is found in the feces (26),
After four hours, liver, kidney, and stomach show the highest labeling
(27,28). After 72 hours only liver shows a significant level though
some label was found in the lungs (27,28),

For the interests of this study, a more pertinent distribution

study is one that shows bound activity rather than total activity. When 
3H-dehydroretronecine is injected into the tail vein, some label is 
found in several organs after one day, but mainly in kidney and liver 
(3). This level drops considerably in all organs after two days. After 
seven days there is little activity in kidney or liver and the highest 
amounts are now in the lung and right ventricle. Unlike all other 
organs, the lung reaches a higher level after seven days than it had 
after one day.



Monocrotaline

C HU* ©H

D ehydror etronecine

c cc=a.

©H ©H

D ehydr omono crotal ine

Figure 3. Monocrotaline and its metabolites.



Toxicology
The type of toxicity observed from pyrrolizidine alkaloids 

varies with different alkaloids and with different doses of the same 

alkaloido For these compounds the L D ^  may range from 35 mg/kg for 
retrorsine to 300 mg/kg for heliotrine (determined after i.p. injection 
in rats, death observed within 48 hours) (28)* The LD^q for mono- 
crotaline has been reported as 175 mg/kg (28) and 210 mg/kg (3). The 
more toxic alkaloids and high doses of the less toxic alkaloids mainly 
damage the liver» These doses generally result in veno-occlusive 
disease of the liver with a resulting block to the outflow of blood 
from the liver. This is believed to be caused by necrosis of the walls 
of the central veins (5), Other liver changes include acute zonal 
necrosis, decreased protein synthesis, hypertrophy of parenchymal cells, 
decreased mitosis and with continuous administration tumor formation 

(28).
The lung lesions are of special interest because they occur from 

continuous, low doses, which may form a more serious health problem for 
man than acute intoxication. Lung damage also occurs with higher doses. 
It is characterized by pulmonary edema, pulmonary hypertension, multiple 
thrombi, pulmonary arteritis and myocarditis (5). However, with lower 

doses one can selectively cause pulmonary hypertension and right 
ventricular hypertrophy (3).

Huxtable et al, (3) examined four endothelial processes in rats 

treated with low levels of monocrota1ine. Of the four processes tested, 
activities of angiotensin converting enzyme and 5 *-nucleotidase, and
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transport and metabolism of 5HT and NE, only 5HT transport was 
inhibited.

Smith and Heath (29) used electron microscopy to examine ultra- 
structural changes of the pulmonary vasculature in low level 
monocrotaline treated rats. They found evaginations of smooth muscle 

cells of the media as early as seven days after treatment initiation. 
This is believed to be a result of vasoconstriction (30), Recent 

studies have shown that the medial wall also thickens as early as seven 
days of monocrotaline treatment (31), This thickening becomes apparent 
in the smaller arteries after ten days of treatment.

Based on the scanty biochemical information on monocrotaline- 
induced pulmonary hypertension9 one is tempted to draw conclusions about 
the only documented biochemical change being related to the etiology of 
the histological changes. The possibility of a relationship between 

impaired 5HT transport and the cardiopulmonary pathology produced by 
monocrotaline is considered in this study.



CHAPTER 2

METHODS 

Isolated Perfused Liing

General Procedures
3Radiochemicals, 5-(l92- H[N])-Hydroxytryptamine creatinine 

sulfate, DL~(7-^C)^norepinephrine hydrochloride and N-(ethyl-2-^H)- 

maleimide were purchased from New England Nuclear.

Experimental Animals, For the experiment testing N-ethyl- 
maleimide as an inhibitor, male and female Sprague-Dawley rats weighing 
between 200 and 300 grams were used. For all other experiments, male 
and female Sprague-Dawley rats weighing 50-60 grams at the beginning of 
the experiment were used. Animals were housed 4-6 to a cage and were 
kept in a laminar flow hood to minimize pneumonitis.

Buffer. The lungs were perfused with a modified Krebs-Henseleit 
buffer (32) described in Table 3. Polyvinylpyrrolidone was added as an 
osmoregulating agent. The buffer was oxygenated with 95% CÔ  for

ten minutes prior to perfusion.

Isolation of Lungs for Perfusion. Rats were anesthetized with 

50 mg/kg nembutal given i.p. To cannulate the trachea, a small incision 
was made in the mid-neckline area. The skin, muscle and salivary glands 

were weparated from the trachea with the aid of forceps. Once the
14
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Table 3. Composition of modified Krebs-Henseleit bicarbonate buffer.

(a) Krebs-Henseleit bicarbonate buffer
Compound Concentration (mM)
NaCl 118
Glucose 5.5
KC1 4.7
CaCl2 2.5
MgS04-7 H20 1.2
KH2P04 1.2
NaHC03 25
(made daily)

(b) Additives (made daily)

Polyvinylpyrrolidone 1.75%
(average molecular 
weight 40,000) -75-Hydroxytryptamine* 1 x 10 M

Norepinephrine* 1 x 10 M

* These solutions were stored in dark containers on ice until 30
seconds prior to their perfusion.
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trachea was exposed9 forceps were inserted underneath it and a piece of 
3-0 silk suture was pulled through. A small opening was made in the 

ventral tracheal wall with an 18 gauge needle and the cannula was guided 
gently in this opening and tied in place.

To cannulate the pulmonary artery,, a midline incision was made 
in the lower abdomen and two incisions parallel to the costal margins 
to the flank. The midline incision was continued carefully through the 
diaphragm and the xiphoid process between the internal mammary arteries 
to the neck. The chest wall was retracted and the thymus blunt- 
dissected free. Using small curved forceps the pulmonary artery and 
the aorta were separated and 3-0 silk suture was placed around the 
pulmonary artery. This must be done carefully as it is extremely easy 
to tear the artery. Very quickly an incision was made in the right 
ventricle and PE 190 tubing connected to a peristaltic pump was inserted 
2-4 mm into the pulmonary artery and ligated into place. The left 
auricle was cut immediately to allow the perfusate returning from the 

lungs to escape. The lungs whould blanch within 20 seconds. The heart 

was then cut away and the lungs were removed by gently pulling the 
trachea upward and cutting underneath along the esophagus. The lungs 
should not be touched throughout this procedure as this will cause 
hemorrhage and edema. After severing all vessels close to the lungs, 

the lungs were gently removed and placed in the perfusion flask.

r- a p 'p a ic .:.; vac use..::
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Perfusion Apparatus. Figure 4 is a schematic diagram of the 

perfusion apparatus that was used,
A Harvard Rodent Respirator was used to ventilate the lungs with 

room air (2 ml), The air going into the lungs was humidified by 
passing through a fritted bubbler submersed in water. Lungs were per
fused at a rate of 7 ml/minute using a single pass system. A glass 

t-bar was placed getween the pump and perfusion flask at a height 
parallel to the lungs to measure pressure in cm of buffer. Perfusions 
were done at room temperature which was generally 20°C and lungs were 
maintained in a humidified chamber, In experiments using NE and 5HT, 
the perfusate was collected on ice to minimize background oxidation.

Effect of Albumin on Norepinephrine 
Stability in Krebs-Henseleit Buffer

Krebs-Henseleit buffer was prepared as previously reported (32)
14with the addition of 0.1 yM C-NE (0.5 Ci/mmole). The reaction was 

initiated by the addition of albumin to yield a 3.5% final concentration. 
One ml aliquots of the reaction mixture were immediately placed on 

AG50 H*" form cation exchange columns (0.5 cm x 6 cm), and eluted with 
4 ml water. This was considered time zero although it took several 
minutes for the reaction mixture to elute. One ml aliquots of the 

reaction mixture were placed on the columns 19, 45, and 72 minutes after 
the addition of the albumin. The reaction mixture was kept at room 
temperature in the interim. Under these conditions unmetabolized NE 
and normetanephrine were quantitatively retained on the column whereas 
anionic metabolites of NE were quantitatively eluted. Aliquots of the
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Figure 4. Schematic diagram of perfusion apparatus.
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eluent (0.5 ml) were counted in a Beckman LSC 250 Scintillation Counter. 
Blanks consisted of 0.1 yM ^C-NE in Krebs-Henseleit buffer without 
albumin.

Norepinephrine and Serotonin Transport and 
Metabolism in Lungs of Monocrotaline 
Treated Animals

Lungs were removed from animals treated with monocrotaline (20
mg/Iiter) in their drinking water) for 5, 12, and 16 days. To measure

its effects, on ME and 5HT transport and metabolism they were perfused
with substrate-free buffer for 5 minutes then with buffer containing 
3 14H-5HT and C-NE for 5 minutes. Perfusion was continued an additional 
5 minutes with substrate-free buffer to wash out the lungs.

After perfusion lungs were immediately weighed and homogenized 

4:1 in 5% cold trichloroacetic acid. The homogenization was done on 
ice with a Brinkman polytron. The homogenate was then centrifuged for 
20 minutes at 10,000 rpm (12,000 g) at 4°C. Under these conditions all 

NE and 5HT were in the soluble fraction.
Aliquots' of the buffer, perfusate and supernatant were counted 

in a Beckman LSC 250 Scintillation Counter. Substrates and metabolites 
of these fractions were separated on AB50 H form cation exchange 

columns (0.5 cm x 12 cm). The columns retain the cationic parents and 

elute the anionic metabolites.
Scintillation counting data were fed into a TX 59 programmable 

calculator. This was programmed to separate the dual-label and cal
culate transport and metabolism in nmqles/minute/gram wet weight when 

corresponding data are entered. Transport was determined by adding
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total counts in supernatant to metabolite counts in perfusate.

Metabolism was determined by adding metabolite counts in supernatant to 
metabolite counts in perfusate„ Aliquots of the buffer were analyzed 

with each perfusion to check for background oxidation of substrates.

3H-N-Ethylmaleide Binding in 
Monocrotaline Treated Animals

Animals treated with monocrotaline (20 mg/Iiter in their
3drinking water) were sacrificed to determine H-N-ethylmaleimide binding

in the lung endothelium. Lungs were perfused with substrate-free buffer
3for 5 minutes followed by 0.14 yM H-N-ethyIma 1 eimide at a level of

0.15 yCi/ml for 5 minutes. Perfusion was continued an additional 5 
mintues to wash out the lungs.

After perfusion, lungs were weighed, homogenized and centrifuged 
as previously described. The supernatant was collected, the volume 
measured and an aliquot counted in a liquid scintillation counter„ The 

pellet was resuspended in 4 ml 5% trichloroacetic acid and recentri
fuged for 20 minutes at 10,000 rpm (12,000 g). The supernatant was 

collected and an aliquot was counted. The pellets were then transferred 
to glass scintillation vials and resuspended in 5 ml protosol. The 
vials were capped and incubated at 40-50°C in a water bath for four 
hours. An aliquot of the incubation was counted after the samples were 

left in the dark overnight.
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Inhibition of Norepinephrine and Serotonin 
Transport by Pre-perfusion with N-Ethylmaleimide

Animals weighing 200-300 g were sacrificed to measure NE and 5HT
transport and metabolism after pre-perfusion with N-ethylmaleimide at
concentrations * of 0.014, 0.14, 1.4, 14,;;and 140 pm. Lungs were perfused
in the following sequences

1. substrate-free buffer, 5 minutes
2. buffer containing N-ethylmaleimide, 5 minutes;

control received an additional 5 minutes of substrate-free 
buffer

3 143. buffer containing H-5HT and G-NE, 5 minutes
4. substrate-free buffer, 5 minutes

The first 10 minutes of perfusion were not collected as this 

would only dilute the counts in the perfusate. The lungs were 

homogenized and fractions were analyzed as previously described.

Lung Microsomes

General Procedures

3Radiochemicals. 5-(1,2- H[N])-Hydroxytryptamine creatinine
2sulfate and (2- H)-adenosine 5?-monophosphate diammonium salt were 

purchased from New England Nuclear.

Experimental Animals. Male and female Sprague-Dawley rats 
weighing 250-500 grams were housed two to a cage. For the experiment 

measuring 5’-nucleotidase activity after monocrotaline treatment, male
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Sprague-Dawley rats weighing 45-55 grams at the beginning of the experi
ment were used. These rats were housed 6 to a cage in a laminar flow 

hood.

RMicrosome Preparation0 Rats were anesthetized with Nembutal 
(50 mg/kg i.p.). Their lungs were exsanguinated by the injection of 
0.9% saline into the right ventricles. A puncture was made into their 

left heart for blood and saline to escape. The lungs then were removed 
and weighed and processed as follows at 5°C. The lungs were sliced and 
homogenized in four volumes of 0,25 M sucrose containing 1 mM MgSO^ with 
a Teflon pestle (5 strokes, 50 seconds). The homogenate was filtered 

through cheesecloth and diluted with an equal volume of the homogenizing 
medium. The homogenate was centrifuged for 10 minutes at 3,000 rpm 
(1,000 g) and the supernatant was collected. The pellet was resuspended 
in the same volume of buffer and centrifuged as before. The super
natants were combined and centrifuged at 9,000 rpm (10,000 g) for 20 
minutes. This supernatant was collected and centrifuged in a Spinco 
Model L centrifuge (SW 30 rotor) for 90 minutes at 25,000 rpm (84,000 g). 

The final pellet was resuspended in 2 ml of the sucrose buffer.
Protein was determined by the folin assay (Appendix A),

Assay for Angiotensin 
Converting Enzyme

A procedure similar to the one described by Cushman and Cheung 

(33) was used for measuring angiotensin converting enzyme activity. 
Incubations contained 0.1 M tris solution (pH 7.4) and 1,0 mM 
hippuryl-L-histidyl-L-leucine (HHL). The mixture was warmed in a 37°C
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water bath for 5 minutes• The reaction was started by the addition of 
0*5 mg protein/ml incubation of the microsomal preparation* To 
terminate the reaction, 0*1 ml aliquots were added to 0,1 ml of 1 N HC1 
and 1*0 ml distilled water in a clinical centrifuge tube. The hippuric 
acid was extracted into 1*5 ml ethyl acetate* After separation, 0*9 ml 
of the ethyl acetate was removed and placed in a test tube. The ethyl 
acetate was then evaporated with nitrogen gas and the hippuric acid was 
dissolved in 1.5 ml distilled water. The hippuric acid was quantified 
spectrophotometrically at 228 nm*

Assay for 5’-Nucleotidase
5T-Nucleotidase activity was measured in microsomes prepared

from rats given monocrotaline (20 mg/liter in their drinking water) for
20 days* Incubations contained 0*1 M tris solution (pH 7*4) and 1 mM 
3H-adenosine monophosphate (0,5 yCi/ml) * The mixture was warmed in a
water bath at 37°C for 5 minutes before the addition of the microsomal
preparation to start the reaction* Final concentration of microsomal
protein was 0.5 mg/ml of incubation medium. The reaction was terminated
by placing 0*2 ml aliquots on AG1 Cl for anion exchange columns (0.5
cm x 6 cm). The column was eluted with 4 ml distilled water* Under

these conditions the adenosine monophosphate and inorganic phosphate .
3were retained on the column whereas the H-adenosine eluted through.

The eluent (0*5 ml) was counted in a liquid scintillation counter.



Assay for ATPase
ATPase was measured in incubations containing 4 mM ATP, 3 mM 

MgClg, and 0.1 M tris solution (pH 7.4). The reaction mixture was 
warmed in a water bath at 37°C for 5 minutes before the addition of the 
microsomal suspension (0.5 mg protein/ml of incubation medium).
Aliquots (0.1 ml) were removed and added to 1.0 ml distilled water 
containing 0.1 ml 10% trichloroacetic acid to terminate the reaction. 
Inorganic phosphate was determined colorimetrically using a modification 
of the Fiske and SubbaRow method (34) described by Huxtable and Bressler 

(35) (Appendix B).

Measurement of Serotonin Binding
Incubations containing microsomal suspension (5 mg protein per 

ml incubation), 0.1 M tris solution (pH 7.4), 4 mM ATP and 3 mM MgCl^ 
were run at 27°C for 5 minutes. The reaction was started with the 
addition of ^H-5HT (1 x 10  ̂mM, 0.03 yCi/ml). One ml aliquots were 
filtered through 0.45 micron Millipore filters. Filters were washed 

three times with one ml of cold tris solution. The filters and 

filtrate were both tested for radioactivity.



CHAPTER 3

RESULTS

Effect 'of■'Albumin 'pri Norepinephrine Stability 
iri Krebs-Heriseleit Buffer

Most fraction V albumins (defined by Cohn et al* [36]) 
contained some amine oxidase-like activitye Oxidative activity was 
measured in four commercial albumins using ion exchange chromatography» 
The albumins tested were Sigma 4503, Sigma 9647, Sigma 8022, and Miles 
81-003, Conversion of ^C-NE to non-basis products in Krebs-Henseleit 
buffer was used as an index of enzyme activity. All of the albumins 
that were tested increased the rate of oxidation over that in the 

albumin-free medium (Figure 5), Rates were reasonably constant over the 
test period of 72 minutes, NE in itself is relatively unstable. After 

one hour 4% of the NE converts to substances not retained on the 
column. However in the Sigma 4503, this conversion rate is signifi
cantly increased. After one hour in solution the conversion rate is 
four times that of the blank (Table 4). When this albumin was allowed 
to stand for 140 minutes almost 85% of the counts eluted in the same 
position as metabolites, as compared to 13% in the blank. The only 
other albumin tested for this amount of time was Sigma albumin 9647, 
which showed 32% conversion. Of the albumins tested. Sigma 8022 
showed the lowest conversion rate. Different batches of albumin of the 
same nominal type may also vary in activity.

25
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Figure 5. Effects of various albumins on the rate of oxidation of
(-^C) nor epinephrine in Krebs-Henseleit buffer. —  (■-■) 
Sigma albumin 4503, (o-o) Miles albumin 81-003-3, (A-A) 
Sigma albumin 9647, (D-d) Sigma albumin 8022, (•-•) Buffer 
without albumin. 4-6 experiments per point, except Sigma 
albumin 8022, 2 experiments per point; shown as means ± SE 
bars.
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Table 4. Rates of conversion of (^C)norepinephrine while in solution 

with various albumins«.

■ Albumin R Slope Conversion Rate 
. . nmole/hr/g .albumin .

Sigma 4503 0.994 0.273 0.468

Miles 81-003 0.873 0.130 0.229

Sigma 9647 0.922 0.101 0.173

Sigma 8022 0.811 0.078 0.134
Blank 0.996 0.065 0.111a

Solution was Krebs-Henseleit buffer containing 3.5% albumin and 
0.1 yM norepinephrine.

a Units:nmole/hour/ 1/35 ml for comparison
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After establishing this increased conversion rate, it was 

decided to use polyvinylpyrrolidone which does not affect the oxidation 
of NE or 5HT and for short perfusions, i.e. less than 30 minutes, it 
successfully prevents edema (based on pulmonary pressure and 
observation).

Effects of Hbhocrbtalihe on Transport arid Metabolism 
of Serotonin and Norepinephrine

Rats maintained on monocrotaline (20 mg/liter) in their 
drinking water develop increased lung weights after 9 days and 
increased right ventricle weights after 14 days (3) (Figure 6). It is 
also known that after 21 days of monocrotaline treatment there is a 
selective inhibition of 5HT transport in the pulmonary endothelium (3). 
5HT and NE transport and metabolism were measured after 5 days of mono
crotaline treatment (before any histological changes), after 12 days of 
treatment (after lung but before right ventricle changes) and after 16 
days of treatment (after both lung and heart changes). The data in 
Figure 7 show that there was an increased lung/body weight ratio in 
these rats at day 12. After 5 days of monocrotaline treatment there 
was a decreased transport of 5HI. This decrease was obvious if the data 
were expressed per gram wet weight or per whole lung (Figures 8 and 9). 

This decrease is also evident at day 12 and day 16. However, it is only 
statistically significant at day 16 when expressed per gram wet weight. 
There are no statistically significant changes in the NE transport, 

although when expressed per lung there is an absolute increase (Figures 
10 and 11). The metabolism of both NE and 5HT remained relatively 
constant throughout this period as can be seen in Figures 12-15.
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Figure 6. Effect of monocrotaline on lung and right ventricle weights. 
—  (Graphs taken from Huxtable et al. (3).
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Figure 7. Wet lung to body weight ratios versus days on monocrotaline. 
—  # = controls, monocrotaline treated.
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Figure 8. Serotonin transport with time on monocrotaline, expressed
per gram wet weight. —  (---) controls; (-----) monocrotaline
treated. Standard deviations are shown. * Statistically 
significant p <0.05.
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Figure 9. Serotonin transport versus days on monocrotaline, expressed 
per whole lung. —  • = control, = monocrotaline treated. 
Standard deviations are depicted.
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Figure 10. Norepinephrine transport with days on monocrotaline,
expressed per gram wet weight. —  (----) controls,
(-----) monocrotaline treated. Standard deviations are
depicted.
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Figure 11. Norepinephrine transport versus days on monocrotaline, 
expressed per whole lung. —  # = control, /X = mono
crotaline treated. Standard deviations are shown.
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Figure 12. Serotonin metabolism with time on monocrotaline, expressed 
per gram wet weight. —  (----) controls, ( -----) Mono
crotaline treated. Standard deviation bars depicted.
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Figure 13. Serotonin metabolism versus days on monocrotaline, expressed 
per whole lung. —  # = control, A  = monocrotaline treated. 
Standard deviation bars are shown.
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Figure 14. Norepinephrine metabolism with days on monocrotaline,
expressed per gram wet weight. —  (----) controls,
(-----) monocrotaline treated. Standard deviation bars are
depicted.
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Figure 15. Norepinephrine metabolism versus days on monocrotaline,
expressed per whole lung. —  # = control, A= monocrotaline 
treated. Standard deviations are depicted.
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3Effect of Moribcrbtalirie bri H-N-Ethylmaleimide Binding

3H-N-Ethylmaleimide was perfused in 5 rats that received mono-
crotaline for 20 days and 5 control rats* Two of the monocrotaline

treated rats developed edema during the perfusion. This however did not
alter the radioactivity retained by the lungs (Table 5). The first
column of monocrotaline treated rats in Table 5 includes all 5 rats,
whereas the second column monocrotaline treated rats* only includes the
non-edematous rats. When the data are expressed per gram wet weight,

3there is a statistically significant decrease in the binding of H-NEM 
in both groups. However when the data are expressed per whole lungs the 

decrease is not statistically significant in either group*

Inhibition of Norepinephrine arid Serotonin Transport 
by Pre-peffusion with N-Ethylmaleimide

Adult rats were pre-perfused with various concentrations of 

N-ethylmaleimide to determine if this had an inhibitory effect on the 
transport of NE and/or 5HT. A preferential inhibition of NE transport 
was found at N-ethylmaleimide concentrations ranging from 0.014 to 14 
yM. This can be seen on the dose-response curve in Figure 16 where the 
ED50 for inhibition of NE transport corresponds to only 27% inhibition 
of 5HT. At concentrations greater than 14 M, i.e. 140 M, the 
N-ethylmaleimide causes very severe edema and pressures greater than 
45 cm of buffer. These pressures exceeded the height of the barometric 
apparatus causing an overflow of buffer. However, with the pressure 
gauge clamped off one of these perfusions was taken to completion. The 
results are included in Table 6 which gives the absolute transport
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3Table 5, Perfused H-NEM distribution of activity.

Control ..
Monocrotaline 

. . . Treated....
Monocrotaline 

Treated*..

Wet lung/body weight 
(x 10”3)

6.19 ± 0.60 15.39 ±7.75 9.87 ± 2,23

DEM in Perfusate 
(x 106)

3,84 3.71 4.26 .

DEM in Supernatant 1 
(x 106)

6.26 7.02 6.65

DEM in Supernatant 2 
(x 106)

0,93 0.65 0.81

DPM in Whole Lungs 
(x 106)

1.16 ± 0.24 0.91 ± 0.11 0.90 ± 0.19

Percent of Controls 78% 78%

DEM Percent Recovery 96% 97% 99%
DEM per Gram Wet Lung 

(x IO6)
1.16 + 0.19 0.52 ± 0.22 0.67 ± 0.12

Percent of Controls 45% 58%
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Table 6. Transport and metabolism of NE and 5HT after pre-perfusion 
with N-ethylmaleimide. —  Percent inhibition given in 
parenthesis.

N-ethylmaleimide Transport Metabolism
Concentration pmbles/min/g wet wt pmbles/mih/g wet wt

0.014 VM NE 19 ± 1 (33%) 7 .± 2(42%)
5HT 78 ± 13(10%) 16 ± 9(22%)

0.14 PM NE 16 ± 4 (45%) 7 ± 2(42%)
5HT 75 ± 16(14%) 18 ± 1(15%)

1.4 pM NE 14 ± 2 (50%) 8 ± 2(35%)
5HT 64 ± 4 (27%) 14 ± 2(33%)

14 pM NE 13 ± 2 (56%) 7 ± 1(42%)
5HT 54 ± 4 (39%) 15 ± 1(28%)

14 0 pM NE 9 (69%) 5 (65%) .
5HT 11 (87%) 0 (100%)

Controls NE 29 + 8 13 ± .5
5HT 86 ± 9 21 ± 4
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values with their standard deviations. The metabolism of NE and SET was 
also inhibited though it was not a dose-dependent inhibition (Table 6).

Angiotensin Converting Enzyme,, 5 ŷ Nucleotidase and 
ATPase Activity in Liihg Microsomes

Lung microsomes were first tested for angiotensin converting 
enzyme activity as this is a specific pulmonary endothelial marker. No 
angiotensin converting enzyme activity was detected in the 3000 rpm 
(1000 g) pellet or in the supernatant. The activity in the microsomal 
pellet was 3-4 times the activity in the 9000 rpm (10,000 g) pellet. 
Since the activity of the converting enzyme in the micro somes was 
linear up to 30 minutes (Figure 17), the assay was routinely done for 
10 minutes (correlation coefficients of 0.996-1.000). Though some 
activity remained in the 9000 rpm (10,000 g) spin pellet, its linearity 

with time was never comparable to that found in the final fraction. It 
was concluded from this that the microsomal fraction isolated in this 
procedure was rich in endothelial cell activity. The angiotensin 
converting enzyme assay results are given in Table 7.

Also located on the luminal surface of pulmonary endothelial 
cells is 5 ’-nucleotidase. Reaction incubations for this enzyme were 

linear for 15 minutes with a mean correlation coefficient of 0.9921:
0.009. The results of the 5.’-nucleotidase assays and the effects of 
storage at 4°C for both of these enzymes can be seen in Table 7.

Though not specific for the pulmonary endothelium, the activity 
of ATPase was also measured in the microsomes. The result of assays 
from three microsomal preparations was 0.641:0.18 ymoles inorganic 
phosphate/minute/mg protein.



Ab
so
rb

an
ce

0.1 -

Time (minutes)

Figure 17. Angiotensin converting enzyme activity in the final pellet versus time.

-C"



45
Table 7. Angiotensin converting enzyme and 5 ’-nucleotidase activity in 

lung microsomes and the effects of storage of the suspended 
pellet at 4°C.

Days after Microsome 
Preparation

Converting Enzyme 
moles/mg protein/min

5 ’-Nucleotidase 
moles/mg protein/mg

0 53 ± 16 0.024 ± 0.006
1 32 0.033 ± 0.009
2 48 0.032 ± 0.008

3

4

-- 0.048

5
6 0.021 ± 0.004
7 42 0.038

n=4 n=3
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Effect of Monocrdtalirie on 5 ?-Nucle6tidase Activity 

Microsomes were prepared from rats that received monocrotaline 
in their drinking water for 20 days. There was no difference in 
5’-nucleotidase activity between control and monocrotaline treated rats. 
The mean activity of 5 control rats was 24,3-fcO, 4 nmoles adenosine/ 
minute/mg protein^ and the mean of four monocrotaline treated rats was 
25,1±7,3 nmoles adenosine/minute/mg protein. These results agree with 
a similar experiment measuring 5’-nucleotidase activity in mono
crotaline treated rats using the isolated perfused lung (3),

' 3H-Serptotiin Binding in Lung Micro somes 
Several attempts were made at developing a method for 

measuring 5HT binding in lung microsomes using Millipore filtration. 

Theoretically, microspmal bound serotonin would be too large to pass 
through the filter whereas unbound would readily pass through. However 
experimentally negligible activity in the filters was found, i.e. the 
filter activity was equal to or less than incubation blanks which were 
done without microsomes. The procedure was modified so that the

3addition of microsomes started the reaction and the H-5HT was not 
diluted with non-radioactive 5HT. Even so, filters did not retain 

appreciable activity.



CHAPTER 4

DISCUSSION

Oxidative Activity in Albumin 

Albumin is conventionally added to buffers used in perfusing 
lungs to prevent formation of edema (37938939). However it was 
noticed that unusually high amounts of oxidation products of 5HT and NE 
were formed in Krebs-Henseleit bicarbonate buffer containing 3„5% 
albumino This led to the testing for the presence of amine oxidase-like 
activity in four commercial albumins» Peptidase activity in fraction V 
albumin has previously been reported by Caygill (40)»

The amount of amine oxidation found was rather small„ The
highest rate of conversion was 0<,36 nmoles metabolite formed/hour/gram 
albumin after the subtraction of the blank* This rate, however, is 
significant when the concentration of biogenic amines in solution with 
the albumin is 0,1 yM or less, and the concentration of albumin is 
3.5%. The other albumins had conversion rates that were one half to 

one fourth that of the highest, but these are also significant when 
using submicromolar concentrations of amine.

Sigma and Miles manufacture purer forms of albumin than those 
tested. The use of these in lung perfusions, however, is prohibitively 
expensive. The cost of one 30 minute perfusion would be at least 20

dollars. This is well over ten times the cost of using the albumins

47
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that were tested. Even so, whether or not oxidative activity is 
present in the purer forms is not known.

Depending on the period of perfusion and the concentration of 
substrate, some caution should be used in selecting an albumin. Even 
for short perfusions the oxidative activity in Sigma albumin 4503 is 
unacceptable. For perfusions when the amine is going to be in . 
solution with the albumin for over an hour at low concentrations (e.g. 
less than 1.0 yM), perhaps an alternative osmoregulating agent should 
be used. Low molecular weight polyvinylpyrrolidones can be used to 
prevent edema in short lung perfusions. If albumin must be used it 
should be added to the buffer as late as possible and the perfusate 
should be analyzed as quickly as possible.

Inhibition of Serotonin and Norepinephrine Transport 
by Pre-perfusion with N-Ethylmaleimide

It is generally believed that NE and 5HT use similar transport 
systems in the pulmonary endothelium (14). Transport of both is 
saturable, independent of glucose and is inhibited by increasing 

potassium or decreasing sodium concentrations, anoxia and hypothermia 
(14). However they are taken up at different sites as there is no 
competitive inhibition (18). Furthermore, simultaneous perfusion with 
an irreversible inhibitor of both, e.g. phenoxybenzamine, with high 
concentrations of 5HT, reduced the subsequent uptake of NE whereas the 

uptake of 5HT was not affected (18).
Although NE and 5HT probably each have a unique transport site, 

they are pharmacologically similar. The inhibition of NE and 5HT uptake
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in the pulmonary endothelium by pre-perfusion with numerous substrates 
has been examined by several investigators (see references listed by 
Junod [19])» Most of the compounds tested show the same type of inter
action, ice* inhibition or non-inhibition, with both NE and 5HT, with
the possible exceptions of ouabain and aminophyllineo Junod (20) 
reports 35% inhibition of 5HT uptake after pre-perfusion with 10 ̂  M
ouabain whereas Nicholas et al„ (21) report 68% inhibition of NE uptake

-3after pre-perfusion with 10 M ouabain* However, in these experiments 
the concentrations on NE and 5HT were different as were the perfusion 
periods* More conclusively, Iwasawa and Gillis (18) report that 
theophylline ethylenediamine (aminophylline) preferentially inhibits NE 
transport in rabbit lungs* However, it is important to note that there 
are often discrepancies in results of inhibitors tested in rats and 

inhibitors tested in rabbits (34)*
N-ethylmaleimide was found to be a differential inhibitor in 

rats. At N-ethylmaleimide concentrations of 0*014, 0*14, 1,4 and 14 pM, 
N-ethylmaleimide preferentially inhibits NE transport* The difference 
in percent inhibition of NE and 5HT at these concentrations averaged 
24%, This finding is significant as it gives further evidence that the 
transport sites are pharmacologically separable* Also by finding 

compounds that cause preferential inhibition, it may eventually be 

possible to elaborate the biochemical and structural differences 
between these very similar transport sites*
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Effect of Monocrbtaline on the Pulmonary Endothelium 

and the Cardiopulmonary System
As described above9 the transport sites for NE and 5HT are 

pharmacologically separable. In the monocrotaline treated rat the 
difference between the reactivity of the sites is also evident. After 
21 days of monocrotaline treatment (20 mg/liter in the drinking water), 
rats have an impaired ability to transport SHF whereas NE transport is 
relatively unaffected (3). This is presumably due to pyrrole metabo
lites preferentially binding the SHF sulfhydryl transport site on the 
pulmonary endothelium.

To test this theory of pyrroles bound to the transport site,
3the lungs of monocrotaline treated rats were perfused with H-N- 

ethylmaleimide which covalently binds sulfhydryls. A 22% binding 
decrease in the monocrotaline treated rats was found. This suggests 
that 22% fewer sites were available for N-ethylmaleimide binding 
because pyrroles were bound to the site. A possible objection to this 

is that the lungs of monocrotaline treated rats were not perfused as 

well as controls. However, since NE uptake and other endothelial 
functions are not altered in monocrotaline treated rats using identical 
perfusion procedures (3), there is probably uniform perfusion of lungs 
in both treated and untreated animals.

Monocrotaline produces a sequelae of cardiopulmonary changes 

including increased lung weight, pulmonary hypertension and right 

ventricular hypertrophy (3). The lung changes occur after 9 days 
whereas the right ventricular hypertrophy and pulmonary hypertension do 
not occur until after 14 days of treatment (3). Medial thickening in
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small pulmonary arteries is Seen after 10 days of monocrotaline admin
istration (31), Evagination of smooth muscle cells of the pulmonary 
vasculature is seen after 7 days (29).

5HT transport was measured after 5, 12 and 16 days of mono
crotaline treatment to see if there was a correlation between decreased 
5HT transport and the histological changes. When the data are 
expressed per whole lung, a 15-20% decrease in transport of 5HT was 
found at all three time points. If the data are expressed per gram wet 
weight, there was a 20% transport decrease at days 5 and 12, which 
climbs to 40% at day 16 and becomes statistically significant. The 
transport of NE throughout this time is unaffected.

It has been suggested that 5HT may be involved in the patho
genesis of pulmonary hypertension (41). Fishman (9) has postulated that 
failure to inactivate circulating 5HT in small capillary vessels could, 
cause platelet aggregation releasing additional 5HI, and ultimately 
resulting in the obstruction of small vessels. Another theory was 

tested by Seiler et al. (41) who found that elevated 5HT levels in the 
lung caused a persistent constriction of the pulmonary vessels. The 

elevated 5HT levels in this study were caused by the anorectic drugs, 
aminorex, chlorphentermine or phenmetrazine. Mielke et al. (42) had 
previously demonstrated a correlation between pulmonary hypertension and 
increased 5HT levels caused by these drugs. Mielke et al. (42) have 
also demonstrated that aminorex-induced pulmonary hypertension could be 

prevented by the simultaneous administration of methysergide, a specific 

5HT antagonist. Methysergide was shown by Seiler et al. (41) to 
completely prevent the vasoconstrictive effects of 5HT.
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Perhaps more to the point was an experiment done by Carillo and 

Aviado (43) with monocrotaline and p-chlorophenylalanine (PCPA) • PC PA 
specifically inhibits 5HT synthesis. Concurrent administration of PCPA 
with monocrotaline significantly (but not completely) reduced the 
pulmonary hypertension caused by monocrotaline.

These findings provide strong evidence for involvement of SET in 
monocrotaline-induced pulmonary hypertension.

A hypothesized series of events leading to the ultimate forma
tion of cor pulmonale after monocrotaline treatment based on the 
literature and the findings of this study is as follows: Monocrotaline
is metabolized by the liver to pyrrole metabolites. A significant 

amount of these metabolites enter the bloodstream, travel to the lungs 
and react preferentially with the 5HT sulfhydryl transport site. This 
preferential interaction could be due to biochemical differences between 
this site and the NE site, but may in part also be due to the location 
of the 5HT site. Autoradiographic findings have shown 5HT is taken up 
primarily by capillary endothelial beds whereas labeled NE is con
sistently found in vessels leading in and out of the capillary beds (21). 
The capillaries being smaller may give the 5HT sites more opportunity to 
react. The binding of the pyrrole to the 5HT transport site not only 
decreases the transport of 5HT but may also cause platelet aggregation 

and the release of more 5HT. The increased 5HT then causes vasocon
striction. This vasoconstriction could eventually cause medial 

thickening of the pulmonary endothelium (30), which will cause narrowing 
of the lumen. Any and or all of these events could lead to pulmonary 
hypertension which will lead to right ventricular hypertrophy. The
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source of the increased lung weight cannot be answered from this data 
except to say that it may in part be due to the medial hypertrophy.

It is very important to acknowledge that all of the data that 
were taken from the literature in this section were from experiments 
done on rats. Pulmonary extraction of circulating 5HT varies from one 
species to another (19). This concept was also noted in the previous 
section where there was a marked difference in the effects of various 
NE and 5HT pulmonary uptake inhibitors between species. This 
probably accounts for discrepancies found in the literature regarding 
the correlation of pulmonary hypertension and the anorectic drugs. 
Pulmonary hypertension was not found in pigs, rabbits or dogs treated 
with anorectic drugs (44,45). The use of narcotic anesthetics in these 
experiments may also have concealed moderate hypertensive changes.

All literature cited regarding the effects of monocrotaline in 

this section, were taken from experiments in which the dosing regimen 
was approximately the same. Different doses of monocrotaline can 
produce very different pathological changes (5).

Lung Micro somes
Though several procedures for making lung microsomes have been 

reported (47,48) this study sough to develop one for rats that gave 

microsomes rich in endothelial activity. Angiotensin converting 
enzyme in the lung is located only on the pulmonary endothelium and 

electron microscope studies have shown fractions containing high 
angiotensin converting enzyme activity also contain structures which 

have been identified as the plasma membrane of the capillary endothelial
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cell (47?49)o Based on this, angiotensin converting enzyme was used as 
a marker for pulmonary endothelial cells,

Subcellular distribution studies and marker enzyme analysis in 
rabbit lungs have shown that after lung homogenization angiotensin 
converting enzyme activity sediments between 1000 and 25000 g (47).
Rat lung homogenates were fractionated using a procedure similar to the 
one described by Sander and Huggins (47) for rabbit lungs, to determine 
where the activity was most concentrated, The first centrifugation was 
done at 3000 rpm (1000 g) which sediments unbroken cells, nuclei and 
large debris. No angiotensin converting enzyme activity was found in 
this pellet. The second pellet was done at 11,000 rpm (15,000 g) to 
sediment mitochondria and a third pellet at 25,000 rpm (84,000 g) to 
sediment microsomes. Similar activity was found in both of these 

pellets. The second centrifugation was then lowered to 9000 rpm 
(10,000 g). This decreased the activity in the second pellet sub
stantially and increased the activity in the third pellet. No 
angiotensin converting enzyme activity was found in the supernatant.
The third pellet from this centrifugal procedure was then used to look 
at other endothelial functions as well as angiotensin converting enzyme.

It is important to note that there is some discrepancy between 
laboratories as to which centrifugation yields the highest activity 

pellet (49,50). This could partially be due to species differences as 
dogs were used in one study, rabbits in another, and rats in this one. 
Probably more important, though, is the method of homogenization.
Severe homogenization procedures (blade homogenizers) instead of mild



homogenization procedures (Teflon pestles) can greatly altermembrane 
fractions. This makes it necessary to follow a particular homogeniza
tion procedure meticulously throughout an experiment. If changes in the 
homogenization method are made9 the activity in the various centrifugal 
pellets should be re-evaluated.

Another important endothelial function is 5?-nucleotidase. This 

is located similarly to angiotensin converting enzyme on caveolae in the 
pulmonary endothelium, A substantial amount of 5’-nucleotidase 
activity was found in the third centrifugal pellet from the procedure 
described above. No activity was found in the other pellets. This 
gives further evidence that the third fraction isolated is rich in 
endothelial activity.

This assay was then used to measure 5’-nucleotidase activity in 

monocrotaline treated animals, A similar experiment has been reported 

using the isolated perfused lung preparation (3), The results from both 
methods agree in that there is no difference in 5’-nucleotidase 
activity between control and monocrotaline treated animals.

Other functions of the pulmonary endothelium include the trans-
3port and metabolism of NE and 5HT, Attempts to measure H-5HT binding 

in the third pellet using a Milliport filtration technique were 

unsuccessful. No specific 5HT binding could be measured. The problem 

was probably in the filtration apparatus because the filters from the 
blanks, i,e, filtrations without microsomes, retained as many counts as 

the filters containing micro somes. This may have resulted from poor 
seals in the filtration apparatus allowing some counts to seep to the 
edges and not get washed through. It also could be due to 5HT binding
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to the filter. In any case, this merits further investigation either 
with a better filtration apparatus or with a different separation 
system (such as molecular sieving).

ATPase activity was also found in the final pellet. ATPase is 
an important endothelial function (19), but there are numerous other 
sources that would contribute to its activity in the final pellet.

In conclusion, the microsomal procedure described may prove to 

be very useful as means for examining the pulmonary endothelial 
functions. Also, " NE and SET binding can be measured in these microsomes 
though it may take some time to work out the procedures.



APPENDIX A

FOLIN ASSAY FOR PROTEIN (51)

Reagents
A. 2% Na2C03/0.1 N NaOH/0.02% tartrate (NaK)
B. 0.5% CuS04<5H2)
C. 50 ml reagent A + 1 ml Reagent B (made daily)
D. Folia Reagent

Reaction

1. Sample (up to 4 ml).
2. 2 ml Reagent C.
3. Mix, let stand for 10 minutes.
4. 0.2 ml Reagent D. Add rapidly and mix within 1-2 seconds.

5. Make up to 2.6 ml with distilled water.
6. Let stand for 30 minutes.
7. Read absorbance at 500 nm.

Run bovine serum albumin standards (1 mg/ml solution) with each assay. 

Usually 25, 50 and 100 microliters give a good range.
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APPENDIX B

DETERMINATION OF PHOSPHATE (35)

Solutions
A. Standard phosphate: Dissolve 0.3509 g of monopotassium 

phosphate in water. Transfer quantitatively to a one liter 
volumetric flask; add 10 ml of .10 N H2SO4. Make up to the mark. 
The solution contains 2.57844 pmoles/ml. It keeps indefinitely.

B. 5% trichloroacetic acid in water.
C. 2.5% Ammonium molyhdate in water — - discard when sediment

appears.
D. 0.2% Aminonapthol sulfonic acid (ANSA) prepared as follows:

0.5 g ANSA (recrystallized)*
30.0 g NaHSOg
6.0 g NagSOg
Shake with enough water to make 250 ml filter. If the
solution does not filter clear, leave overnight and filter
again. Keep the solution under refrigeration in a brown 
bottle.

* Recrystallization of ANSA -
Heat 1000 ml water to 90°C and dissolve in it 150 g NaHSOg 
and 10 g crystalline NagSOg. To this mixture add 15 g crude 
sulfonic acid and shake until all but the amorphous impurity 
has dissolved. Filter the hot solution through a large paper, 
cool the filtrate thoroughly, then add to it 10 ml of conc. 
HC1. Filter with suction, wash with 300 ml water and finally 
with alcbhol until the washings are colorless. Dry the 
purified ANSA in a dessicator, protecting it from light with 
aluminum foil. Powder it and transfer it to a brown bottle.

E. 2% Sodium citrate dihydrate and 2% anhydrous sodium arsenite in 
2% acetic acid.

58



59

Procedure
Quench reaction with one ml solution B. Add water to bring volume 
to 3 ml. Add 0.5 ml solution C , followed by 0.2 ml of solution D. 
After 2 minutes, add 1 ml of solution E. (Total volume 4.7 ml). 
Mix thoroughly, and leave color to develop 15 minutes. Read at 
750 nm.

1 ymole phosphate = 0.736 OD
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