
OFFICE OF NAVAL RESEARCH

l Contract NO00 4-69-A-0385-0003

ITECHNICAL REPORT NO. 6

I Effect of Prostaglandin El on the Pulmonary Vas;cular Response
to Endotoxin

Prepared by

I E. G. Lrd~3s

IFor Publication in

Proc. Soc. Exper. Biol. Med.

Department of Pharmcology
University of Oklahoma Health Sciences Center
College of Medici~ne, Oklahoma City, Oklahomna DJ D

I May 31, 1972

D Mh~ETON SArV?,t~f'

jjWApproved for bu Wft

Reproduction in whole or in part is permitted for
any purpose of the United States Government

Distribution of this report is unlimited.

Reproduced iby

NATIONAL TECHNICAL
INFORMATIOIN SERVICE

U Dpvj@r # of Commr"4ce
Springfield VA 22151



Security Clasifalton

DOCUMENT CONTROL DATA - R & D
rSeo'utiiy classJfieafion o tl., body of abstract and indexing antotalion rnam be enlerad when the overall report IN ciaaaifed

I ORICINA TIN C ACTIVIY (Corpote duhot) ,. REPORT SECURITY CLASSIFICATION
Medical Center Research & Development Office of theI Univ. of Okla. Foundation, Inc.,800 Northeast 15th ab. GROUP

Street, Suite 500, Oklahoma City, Oklahoma 73104
3. REPORT TITLE

Effect of Prostaglandlin EI on the Pulmonary Vascular Response to Endotoxin

4. o ,scIPTIv NoTS (Tpo otl aoI .nd.inclusive de ,*)
Technical Reoort

S. AU ,'HORIS) (Ftst me,-mddle Jotiall, test nlme)

K. Sorrells, E. G. Erd8s and W. H. MasslonT
4. REPORT DATE 7,. TOTAL NO. OP PAGES 17b. No. or REFS

May 31, 1972 8 pages 26
, CONTRACT ON GRANT NO. S. ORIGINA'TON'S REPORT NUMIICRII)

NO0014-69-A-0385-0003
b. PROJECT NO. Technical Report No. 6

C. #b. OTHER REPORT NOI) (Any other numbers that may be assigned
Wi report)

d.

10. OISTRIVIUTION ITATlM rNT . ...

Distribution of this document Is unlimited.

1I. SIUPPL9MENTANY NOTES 12- SPONSORING MILITARY ACTIVITY

Office of Naval Research
Arlington, Virginia

I), AISSTR AC T

Endotoxin causes an Increase In vascular resistance and the release of some lysosomal
enzymes in the circulation of the Isolated lobe of the dog lung perfused In situ.
These effects of endotoxin were prevented by the administration of PGE1 . WhenGE I
was Infused after endotoxin was given, the increase In the pulmonary perfusion,
pressure was greatly reduced. Thus similar to the previously tested anti-Inflammatory
drugs, PGE I can block some of the effects of endotoxin in the circulation.

DD 1OM 473 WPAGE 1)

S/N 0101 -807-6811 Security Cliss|'Ication A-I4
".-- l • ...31408-



'I

Effect of Prostaglandin El on the Pulmonary Vascular

Response to Endotoxin

K. Sorrells, E. G. Erd8s and W. H. Massion

Departments of Pharmacology and Anesthesiology, University

of Oklahoma, School of Medicine, Oklahoma City, Oklahoma

* -

Supported in part by grants HE 08764 and 5TOI HE 05859 from N.I.H.,
U.S.P.H.S. and by the O.N.R. N00014-68-A-0496 and NO0014-69-A-0385.i



| -1-

Injection of endotoxin to dogs Is usually followed by a precepltous drop

In systemic arterial blood pressure, rise In portal venous pressure and

by Increase In -esistance In some vascular beds, for example In the lung

(1,2,3,4). It has been also Indicated, that endotoxin may cause damage to

tissues and the release of subcellular constituents such as lysosomol

enzymes (5,6). The aggregation of platelets Is also a frequently encounter-

ed symptom In septic and other forms of shock (7,8,9). Among the organs

that are Invoived in s ock, the lung has been frequently mentioned (I).

Because some prosiaglandins can stabilize some cell membranes (11) through

the accumulation of cyclic AMP (3'-5' adenosine monophosphate), Inhibit
J platelet clumping (12) and are potent vasodilators (13), we tested the

effects of prostaglandin EI (POEI) on the Isolated lobe of the shocked

lung perfused in situ.

MATERIALS AND METHODS

Six mongrel dogs weighing 15-30 kg were anesthetized with sodium pentobarbi-

tal, 30 mg/kg I.v. The thorax was opened through an intercostal space, the

pulmonary artery and vein leading to and from the right lower and subse-

quently from the upper lobe were ligated and the circulation of the lobe was

completely isolated from the rest of the lung, as previously described (14).

Blood was collected In a venous reservoir and was pumped into an elevated
arterial reservoir by a Sigma motor pump. From here the blood flowed by

gravity Into tne isolated lung lobe. Ths height ot the blood column In The

venous reservoir, the pressure in the pulmonary artery and the systemic

arterial blood pressure were recorded by Statham transducers connected to

a Grass polygraph. In this perfuslon system the flow through the lung was

identical to the flow delivered from the Sigma motor pump as long as the

.i

"7 1 " ' r = .. l .... ... .. . .. : ' ...



IE volume of the arterial reservoir did not change. Thus changes In pulmonary

arterial pressure reflected proportional changes In the pulmonary vascular

1 resistance.

I PGE I (I mg/ml) was dissolved In 95% ethanol. The compound was infused In

saline In a concentration of I ug/ml at a rate of 0.95 ml per mmn in the

pulmonary artery I0 min before endotoxin was administered. In control

studies saline with the same amount of alcohol was given. Six mg of endo-

toxin (Escherichla coil, Difco) was dissolved in 2 ml of saline and added

to the venous reservoir of the blood.

in each animal the lower and upper lobes of the left lung were isolated

and perfused sequentially. One lobe received endotoxin and saline and was

used as control, the other one was perfused with PGE I and endotoxin. Thus

each anir, l served as Its own control, since the sequence of the experi-

mental and control studies was reversed repeatedly. The effect of endo-

toxin was expressed as % increase in pulmonary perfuslon pressure (PPP).

Blood samples were taken at 0 time and 5-10 minutes after the administra-

tion of endotoxin. Proteins in plasma, were measured by the bluret method

(15).

The activity of( -glucuronidase was assayed with phenoiphthalein glucuron-

ate substrate (16), and expressed as ug phenolphthalein released/hr per

mg of serum protein. Acidic catheptic activity was determined with hemo-

globin substrate (17), expressed as ug tyrosine released/hr per mg, and

14
prolylkarboxypeptidase (PCP) with C-I-dimethylamino-naphthyl-5-sulfonyl-

(DNS)-Pro-Phe (18,19,20). This substrate was prepared by reacting 14C-DNS.CI

I,



141
with Pro-Phe. The resulting radioactive and fluorescent substrate 14C-DNS-

Pro-Phe (3.9 nmole) was Incubated wlth plasma (0.1 ml) at 370 In 0.1 ml

* 0.1 M acetate buffer of pH 4.5. Samples were taken afrer 5 hr of Incuba-

tion and applied to silica coated glass microfiber sheets. Thin-layer

chromatography was done In n-butanol:n-amyl a!cohol:NH4 OH (50:40:1)

solvent (18). The fluorescent substrate and the product of Its enzymic

hydrolysis (14C-DNS-Pro) were separated by thin-layer chromatography and

localized under UV light. The spots were cut out from the sheets, placed

in a vial containing a liquid scintillator and radioactivity was measured

in a scintillation counter.

RESULTS

Infusion of endotoxin in the perfused lung lobe led to vasoconstriction as

shown by the Increase In the volume of blood in the arterial reservoir.

Endotoxin Increased the PPP by 62% (± 6 S.E; Fig. I). Prior Infusion of

a total of 9.5 ug PGE I blocked most of the Increase in pressure (14% t 5).

IiI
In 2 animals PGE, was infused 10 min after the administration of endotoxin

(Fig. 2). During the infusion of PGE the increase In PPP was greatly

reduced and the perfuslon pressure returned almost to the pre-endotoxin

level. When the infusion of PGE I was stopped, the pressure started to

rise again.

I The release of lysosomal enzymes ii shock was also measured in the plasma

collected from the perfused lobe. Administration of endotoxin raised the 4

level of -glucuronldase (P<0.05 by sequential analysis) and catheptic

activity (P(O.O01) significantly. This Increase In lysosomal enzyme

activity was essentially abolished by pretreatment with PGE I (Fig. 3).



In the blood perfusing the lobe PCP activity did not Increase after shock.

Administration of PGEI either had no influence on the level of this enzyme

protein.

DISCUSSION

These studies showed that the administration of endotoxin Increased the

perfusion pressure of the lung lobe perfused in situ. There was a simul-

taneous Increase In the activity of two lysosomal enzymes in the blood

plasma of the isolated lobe. Both of these effects were abolished or greatly

decreased by pretreatment with PGEI. PGE I also lowered the elevated PPP when

it was given after endotoxin administration. It Is unlikely that the bene-

ficial action of PGE I was due to the abolishment of platelet aggregation

(12,21) known to be induced by endotoxin (8). Recent studies indicated

that endotoxin Increased pulmonary vascular resistance In the Isolated lobe

of the lung, even when It was perfused with blood depleted of platelets.

The effect of endotoxin on the pulmonary vascular resistance does not depend

on the presence of platelets In the perfusate (22). Thus In this prepara-

tion PGE I acted as a vasodilator and as a lysosomal membrane stabilizer.

Recently, Welssman et al (11) indicated that PGE I can prevent ihe release

of lysosomal enzymes from ieucocytes In vitro by Increasing the concentra-

tion of intracellular cyclic AMP. A recently published abstract attributed

the in vivo beneficial effects uf PGE I in endotoxin shock to suppression of

the release of lysosomal enzymes in The dog (23).

-. In contrast to the two other lysosomal enzymes we studiod, there was no

Increase in PCP activity either In the perfusate collected from the lung

of shocked dogs or In the dogs which received PGE I In addition to endotoxin.

PCP is present In the lysosomal fraction of the homogenized kidney (18)

and granulocytes (19). It is an enzyme that cleaves peptide bonds of
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penultimate prollne with C-terminal amino acids (18). One naturally

occurring substrate of this enzyme is angiotensln II, which Is rapidly

T inactivaled by PCP by the hydrolysis of the terminal Pro7-Phe 8 bond.

In the present experiments the circulation of the isolated lobe was com-
pletely separated from the rest of the circulation. Earlier studies showed

that during perfusion the number of leucocytes and platelets decreased

greatly In the blood perfusing the lobe (22), possibly because cells migrate

from the blood into the pulmonary tissue (24). If the source of PCP had

J been depleted, an increase In i'he enzyme level after endotoxin administra-

tion could not be expected. Normally, PCP activity (18) is very low In

plasma, but it Increases in the systemic circulation during septic shock

(20).

The two other lysosomal enzymes assayed, I'-glucuronidase and the cathepsin

may cone from tissues other than leucocytes.

Because of the clinical importance of septic shock, many drugs have been

tested in laboratory animals to combat this condition. For example, non-

steroidal anti-inflammatory agents blocked some of the effects of the

Injection of endotoxin (2,3,4) or live E. coli micro-organisms (6) In dogs.

Anil-inflammatory drugs may also antagonize some prostaglandins by blocking

their release, blosynthesis and action on some smooth muscles (25). PGE

and anti-inflanmtory drugs, however, can have a similar mode of action

because both can prevent the aggregation of platelets (21,26). Additional

similarity between the effects of PGE I and anti-inflammatory drugs wasI here
provided/by showing that both types of compounds could block some of the

effects of endotoxin on the circulation.
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SUMMARY

Endotoxin causes an Increase In vascular resistance and the release of some

lysosomal enzymes in the circulation of the Isolated lobe of the dog lung
perfused in situ. These effects of endotoxin were prevented by the admini-

- IA

stration of PGE . When PGE1 was Infused after endotoxin was given, the

- Increase in the pulmonary perfuslon pressure' was greatly reduced. Thus'

similar to the previously tested anti-inflammatory drugs, PGE I can block, !j

some of the effects of endotoxin in tlhe circulation.
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LEGENDS TO THE FIGURES

Fig. 1 . Administration of endotoxin in the Isolated lobe of the dog lung

Increases perfusion pr~essure (PPP). (A.). This was greatly reduced by

simultaneous administration of PGE,; ~(B.) Vertical bars.- t I S.E.

(n=6).

Fig. 2. lnfuson of PGE after endotoxin administration abolishes the

effect of endotoxin.

Fig. 3. Catheptic and(6-glucuronidase activities increasedin the blood

perfusing th6 Isolated lobe after endotoxin administration. PGE1 blocked

the rise In the lysos'omal Ienzyme level (n=5 cathepsin; n=6 gl9ucuronidase).

Fig.' 4. E -dotoxin does not Increase the prolyicarboxypeptidase activity

in the blood perfusing the iobe. PGE I had no effect on this enzymic

acivt (n6)
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