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respiratory minute volume and arterial oxygen tension which was prevented 

'by prior administration of er iodic: tyol. In rats, the decrease in pulmonary 
compliance and respiratory minute volume produced by either paraquat or 
endotoxin was prevented by the prior administration of or iodic tyol. The 
postmorten examination of the three animal species indicated an elevated 
moisture and hemoglobin content and a decrease in phospholipid concentra¬ 
tion in the lung. The intensity of these changes was reduced in the animals 
that were pretreated with eriodictyol. 

Benzoylcarbinolmorpholineacetate hydrochloride (Mobecarbe) is 
effective in preventing pulmonary lesions induced by inhalation of carbon 
dioxide in mice. This compound prevented as well as reversed the pulmonary 
lesions provoked by endotoxin in rats, and by hemorrhagic shock and dexlran 
infusion in monkeys. The functional and chemical changes in the lung are 
similar to those occurring in patients with acute pulmonary insufficiency. 
Benzoylcarbinolmorpholineacetate hydrochloride is the first compound that 
is capable of reversing or correcting signs of acute respiratory insuffi¬ 
ciency in 3 animal species. 
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DRUG THERAPY OF ACUTE PULMONARY INSUFFICIENCY 

a. Summary- ol work act-ually* performed 

This three-year contract was awarded with the prima ry purpose of 
developing drugs for the treatment of acute pulmonary insufficiency. 
The experiments consisted of testing chemical compounds on various 
animal models. Two compounds, eriodictyol and mobecarbe, have 
been demonstrated to prevent or reverse experimentally induced acute 
pulmonary insufficiency in animals. 

b. Summary of data with examples and methods used to obtain data 

lhe data essentially consist of measurements of pulmonary compliance, 
pulmonary hemorrhage and pulmonary edema in mice, rats, dogs and 
monkeys. These parameters are summarized in Tables in the appended ' 
manuscripts. 

c. Results and conclusions relating to mobecarbe 

Benzoylcarbinolmorpholineacetate hydrochloride (mobecarbe) is 
effective in preventing pulmonary lesions induced by inhalation of carbon 
dioxide in mice. This compound prevented as well as reversed the pulmonary 
lesions provoked by endotoxin in rats, and by hemorrhagic shock and 
dextran infusion in monkeys. The functional and chemical changes in the 
lung are similar to those occurring in patients with acute pulmonary 
insufficiency. Benzoylcarbinolmorpholineacetate hydrochloride is the 
first compound that is capable of reversing or correcting signs of acute 
respiratory insufficiency in three animal species. 

d. Results and conclusions relating to eriodictyol 

The oral or parenteral administration of eriodictyol prevented the 
appearance of signs of acute pulmonary insufficiency provoked by the 
following procedures: inhalation of 25% carbon dioxide in oxygen by mice, 
intraperitoneal injection of paraquat in rats, intravenous injection of endo¬ 
toxin in rats and i ntravenous infusion of iodoacetamide in monkeys. In 
the last-mentioned procedure, there was a reduction in pulmonary com¬ 
pliance, respiratory minute volume and arterial oxygen tension which was 
prevented by prior administration of eriodictyol. In rats, the decrease in 
pulmonary compliance and respiratory minute volume produced by either 
paraquat or endotoxin was prevented by the prior administration of eriodictyol. 
The postmortem examination of the three animal species indicated an elevated 
moisture and hemoglobin content and a decrease in phospholipid concentration 
in the lung. The intensity of these changes was reduced In animals that were 
pretreated with eriodictyol. 

e. Final conclusion 
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Two drugs have been developed to treat experimental acute pulmonary 
insufüccncy in animals. A request to fund clinical studies in human sub¬ 
jects has been made. Investigational New Drug (1ND) applications have 
been filed with and approved by the Food and Drug Administration. 

f. Manuscript relating to mobecarhe 

(See following) 
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TJRKATMEiNT OF EXPERIMENTAL ACUTE RESPIRATORY INSUFFICIENCY 

DY BENZOYLCAUB.INOLMORPI [O.LLN FACETA TE H YD R OCí (LOR IDE 

(MO DECAE BE)1 

Domingo M. Aviado and Leonardo V. Bacalao» Jr. 

Department of Pharmacology, University of Pennsylvania 

School of Medicine, Philadelphia, Pennsylvania 19174 

1 This investigation was supported in part by the Shock and Trauma Unit, 

Medical Research and Development Command of the Department of the 

Army, under Contract No. DADA-17-71-C- 1060. 
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Bcnzoylcarbinolmorpholiueacetate hydrochloride (Mobecarbe) is effective 

in preventing pulmonary lesions induced by inhalation of carbon dioxide in mice. 

This compound prevented as well as reversed the pulmonary lesions provoked by 

endotoxin in rats, and by hemorrhagic shock and dextran infusion in monkeys. 

The functional and chemical changes in the lung are similar to those occurring 

in patients with acute pulmonary insufficiency. Benzoylcarbinolmorpholineacetate 

hydrochloride is the first compound that is capable of reversing or correcting 

signs of acute respiratory insufficiency in 3 animal species. 

; . „ i,'. 
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INTRODUCTION 

In the course of testing compounds for treatmen’ of chloroquine- resisiaîu 

Plasmodium berghei infection in mice, it became apparent that some of them were 

effective in preventing injury to.the lung induced by carbon dioxide tAv .ado, 1 9o9). 

The naphthoquinones were the first group identified as possessing both antimala rial 

and anti-edema effects in rodents (Aviado and Cambar, 1 96h). The search was 

then extended to include other forms of pulmonary lesions such as those induced oy 

paraquat in the rat and alloxan or alphanaphthylurea in the dog. The most act'.ve 

compound was eriodictyol, which prevented the appearance of pulmonary lesions 

(Aviado and Bacalao, in press). Eriodictyol, however, was only a prophylactic 

agent and was ineffective when administered subsequent to the appearar.ee of 

abnormalities in lung function. 

This report describes the discovery that benzoylcarbinolmorpholirit-acetate 

hydrochloride (BCMA), a drug sold by Carlo Erba in Italy for treatment of systemic 

capillary disease, is also effective in the treatment of pulmonary lesions induced in 

animals. Unlike eriodictyol, BCMA is of value not only prophylacticly but as a 

therapeutic agent as well. Its chemical structure is as follows: 

Benxoylcarbinolmorpholineacetate hydrochloride 

The experimental lesions in the lung of animals influenced by BCMA are 

similar to those in the human lung in acute pulmonary insufficiency. This syndrome 

is difficult to treat. The problems in managing separately shock, pulmonary em¬ 

bolism, pulmonary edema, pulmonary congestion, atelectasis and hypoxia are com ¬ 

bined in this syndrome. Therapy of acute respiratory insufficiency consists o*' 
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administering one or more of the following: vasopressors, bronchodilatora, 

corticosteroids, diuretics and oxygen (Bacalzo and Aviado, in press). Each type 

of drug intended to correct one type of pulmonary lesion would exaggerate the 

others so that the outcome of the use of drugs has been unsatisfactory. That a 

single drug, such as BCMA, would reverse all pulmonary lesions would be an 

outstanding contribution in therapy of this syndrome. 
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METHODS 

Ac lite pulmonary inauffieiencv in mice. A total oí 91 inale mice (Swiss 

strain) were used in this investigation. The method of Aviado and CamSAr (1949¾ 

-- exposing mice in a glass chamber filled with 25% carbon, dioxide in ojtygen w* 

used. After 5 minutes' expos : re, the mice were removed ar.J killed imnnediafely 

by an intraperitoneal injection of 0. 1 ml of 25% sodium cyanide sol; iloi . The 

body was weighed, and the lungs were removed and weighed, dried in *n oven 

(180° C) tor 24 hr, and then reweighed. The moisture cor.ien.t of the i ..:: g was 

calculated as follows; wet weight minus dry weight; wet. weight x 100. The 

following groups of 3 or 5 mice each were examined: cor t rol {not exposed to » a rl»c 

dioxide); exposed to 25% carbon dioxide; and pretreated 30 min prior to car bo- 

dioxide exposure by intraperitoneal injection of one of the following. BCMA, 

prednisolone, hydrocortisone, sodium salicylate or indomethacin. 

Acute pulmonary insufficiency in rats. A total of 21 male rats {Wistar 

strain) were used in this investigation. Two procedures were utilized to induce 

pulmonary insufficiency. In the first, 5 rats, used as controls, were anesthetized 

with an intraperitoneal injection of a mixture of urethane and allobarbital, 200 and 

50 mg/kg respectively, and then sacrificed for lung examination. In the 3 remain¬ 

ing groups of 5 rats each, the animals were similarly anesthetized and measure¬ 

ments of pulmonary function were recorded. An intravenous injection of endotoxin 

(Lipopolysaccharide 13 of Es che r i ch ia col i ) in a dose of 1 mg/kg was administered. 

After measurement of pulmonary function and aortic, blood pressure, the rats 

v/ere sacrificed and the lungs analyzed for moisture and phospholipid content. One 

group of rats received an intravenous injection of 25 n.g/kg of BCMA 30 mix prior 
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to the injection of endotoxin whereas* the other group oi rai* received BCl^A after 

endotoxin injection. 

Acute pulmonary insufficiency in monkeys. A total of 33 male monkey a 

(.Maraca mn'latta) were used. They were anesthetized by iïtfr3"ertous injection o.* 

30 mg/kg of sodium pentobarbital. Jn addition, to moa sur ornent of pulmonary 

function, the aortic blood pressure was measured vía a femoral cattoeiter, and 

blood was collected from a second femoral arteria! catheter loi analysis of pH, 

oxygen tension and carbon dioxide tension with a Radiometer apparatus. 

One form of pulmonary insufficiency was elicUed by an infusion ¢:1 

iodoacetamide at a rate of 10 rng/kg/min until the monkey d.ed, Tfie lung* cere 

removed, and a 5 g sample was used for determination of moisture cement, a 

1 g sample for analysis of phospholipid content, and the rest for rcós..rem.ent of 

static compliance. This consisted of suspending the lung in a glass chamber 

and exerting negative pressure for inflating the lung. The changes in pressure 

and volume of the lung were used to estimate compliance. Sone o: the monkeys 

were pretreated with 10 mg/kg BCJVIA administered intraperitoneally, daily for 

3 days prior to infusion of iodoacetamide. 

A second form of pulmonary insufficiency was provoked by bleeding the 

animal, maintaining the mean aortic blood pressure at 30 mm Hg for 30 min, and 

injecting low molecular weight dextran (40, 000). The infusion rate was 

40 ml/kg/min for 30 or 60 min. BCMA was injected after 30 min of infusion, and 

the monkey was sacrificed 30 min later. 
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.Meas'; rerneriT- of pulinonary íunciLún ra;s an(i mgriHgys. The t-rachea of the 

anesthetized rat was exposed and camada ted with a polyethylene catheter. Ihe 

nitrogen-dilution technique, consisting of allowing the raf he r«-breathe from a 

chamber filled with, pure oxyger. and 10% potassium hvdrox de to abso'-p carbor. 

dioxide, was 1 sed to measure functional residual capacity. After ? r.ulr- c.f re- 

breathing, the equilibrated gas mixture was analyzed in £ Scholander gas amlvaer 

and the furxiional residual capacity calculated from a calibration curve derived by 

equilibrating known volumes of air with the apparatus. The same apparatus was 

also used to measure the total oxygen consumed by the rat. Ayi ini r* pi «uta I 

catheter was next inserted into the 6th intercostal space in s - :h a v/av that its 

out side end was attached to a differential pressure transd. ccr, the ether s .de 

of which connected to the trachea. Air flow was measured by a p- o rnotachrvneter 

attached toa plastic plethysmograph which contained the rai. The signals of the 

trans pulmonar y pressure and air flow, displayed on a;-, oscilloscope scree:., recorded 

pulmonary resistance, while those of trans pulmonary pressure and tidal voi rre 

were used, following the method of Aviado and Palacete (19o7), to estimate pul¬ 

monary compliance. 

The same general technique was used in the anesthetized monkey. Tra-.s- 

pulmonary pressure was measured by an intrapleural catheter inserted via the 

5th intercostal space and another catheter attached to the trachea. A pneumo- 

tachometer was attached to the tracheal cannula, and the velocity of air flow was 

integrated to derive the tidal volume. 



C! hem:cal analysis of the h .mg. An aiic1.,oi poetic; : 11-.. 

approximately 1 g was minced and homogenized with chloroform.- a: ol ,? 1* 

mixture, with the total volume adjusted to 20 ml. The Up .ds were, extrai.ied 

filtering the homogenate, adding 4 ml of 0. 05% calcium chloride soi .tio:' , separat .', 

the lower phase, and then diluting that lower phase to a voï .-.me of 20 ;wi bv the 

addition of chloroform-methanol mixture. An arn.o'. :\i of 25 p.! of the extract was 

digested by heating at 180® C for 30 min, iollowing' the addition of 0. b ml of 70% 

perchloric acid. Color was developed by adding 3 rrl of dist led -racer, 0. 5 r-.i 

of 2. 5% ammonium molybdate, and 1 ml of 1 0% ascorbic soi ilo:-, a: d the re?;, .¡ant 

mixture was heated for 5 min in boiling water. Optical dens ly was read at 79'“ rnp 

by spectrophotometer, and total phospholipids were calc.-lav cd by m ;.ltipl' ir.g che 

phosphorus value by 25. 
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RESULTS 

As no drug has been previously reported to be effective treat; ,:-.g Acute 

pulmonary insufficiency, there was no standard drug to wrv'.ch the action of BCMA 

could be compared. Our approach has been to experimentally provoke p-.imonary 

insufiiciency in four ways and determine the influence of BCMA in each modality. 

A. Acute Respiratory Insufficiency inMice. 

The inhalation of 25% carbon dioxide elicited signs of p..lmo: ary ins .iL.eiertcy. 

Both moisture content and lung weight expressed as a percent of body weight were 

elevated. This increase in both parameters was confirmed by the gross appear¬ 

ance of congestion and edema of the lung similar to that, reported previ.ouslv In 

mice that had either been infected with Plasmodium berghei or received an injection 

of lethal amounts of epinephrine (Aviado and Cambar, 1969). 

The influence of pretreatment with BCMA Is summarized hi Table i. While 

the intraperitoneal injection of 0. 1 mg/kg did not prevent carbon dioxide-induced 

pulmonary insufficiency, injection of 0. 5, 1.0, 5, 10, 25 or 50 mg/kg did signifi¬ 

cantly lower the moisture content of the lung compared with that of nontreated mice 

which inhaled carbon dioxide. Yet, though BCMA prevented carbon dioxide-induced 

pulmonary congestion and edema, the continued elevation in lung weight of mice 

treated with BCMA indicates that this compound did not prevent all signs of. pul¬ 

monary insufficiency resulting from inhalation of lethal concentrations of carbon 

dioxide. 

Pretreatment with anti-inflammatory agents. Table 2 summarises the 

influence of selected anti-inflammatory agents on carbon dioxide-induced pulmonary 
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insufficiency. Prednisolone and hydrocortisone prevent ..ncrae . r r. si .re 

content of the lung; sodium salicylate and indomethacin did net. The significance 

of these observations is discussed below. 

B. Acute Pulmonary Insufficiency in Rats. 

The raf was used because of the availability of techniques for measuring the 

mechanical properties of the lung and of a procedure - ■ intravenous injection, of 

endotoxin known to cause acute pulmonary insufficiency experimentally. Four 

groups of rats were tested: (1) control; (2) intravenous inject lot o* 1 mg/kg 

endotoxin; (3) intravenous injection of 25 mg/kg BCMA 30 min prior to injection of 

endotoxin; and (4) endotoxin followed 30 min later with an injectior of BCMA. 

Endotoxin only. The results summarized in Tables 3 and 4 indicate that 

the intravenous injection of endotoxin caused an increase in pulmor.arv resistance 

and decreases in pulmonary compliance, respiratory minute volume, biood pressure, 

and heart rate. These measurements, taken 15 min after injection, were statis¬ 

tically significant when compared with the preinjection data. Thirty minutes later, 

the rats were sacrificed, and the lungs were found to contain more moisture but 

less phospholipids than were characteristic of the nontreaied controls. The 

postmortem and antemortem examinations indicated that endotoxin caused the typical 

signs of acute pulmonary insufficiency. 

Pretreatment with BCMA. The group of rats that received BCMA prior to 

injection with endotoxin did not develop all the signs of acute pulmonary insufficiency. 

There was no increase in pulmonary resistance, and no decreases in pulmonary 

compliance, respiratory minute volume, blood pressure and/or heart rate. The 
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last-mentioned parameter instead showed tachycardia. Costinorter:- €/= :- . :-.at .on 

of the lung showed no elevation in moisture content twei lur.g '•-•e ghi to drv j ng 

weight ratio, and wet lung to body weight ratio). Fhosphc, .p d comer t was reduced, 

and its level (18. 5 mg) was intermediate between the levels tor endotoxin only 

treatment (16. 9 mg) and controls (¿0. 3 mg). 

Endotoxin followed by BCMA. In the last group of rats, acute respiratory 

insufficiency was induced by endotoxin and confirmed by the post - endotoxin measure¬ 

ments. The subsequent injection of BCMA caused a re -ersai oí 3 signs; pulmon¬ 

ary resistance, pulmonary compliance and respiratory minute volume. While 

hypotension and bradycardia persisted after the injecticr of 3CMA, both were less 

intense than they were prior to BCMA administration (Tables 3 and 4). After 

sacrificing the animals, the lungs were examined. No signs of fluid ac cumulation 

were noted, but the level of phospholipid content was still low (15, 1 mg). 

C. Acute Pulmonary Insufficiency in Monkeys using Jodoacetamlde. 

The substances known to produce pulmonary insufficiency in the dog were 

tested in the monkey. Alloxan and alphanaphthylthiourea failed to prod-ce lesions, 

lodoacetamide provoked signs of acute pulmonary insufficiency. The monkeys 

were divided into 5 groups: (1) control; (2) intravenous injection of 25 mg/kg 

BCMA; (3) infusion of 10 mg/kg/min of iodoacetarnide; (4) pretreatment with 

10 mg/kg BCMA intraperitoneally for 3 days followed by lodoacetamide infusion; 

and (5) reversal of the sequence, i. e., Lodoacetamide followed 15 min later with 

an intravenous injection of 25 mg/kg BCMA. The results for each group are 

summarised in Tables 5 and 6. 
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I°doa>-'etamide infusion. The first group oí 3 ir:or:t eys were used as controls; 

ante- and postmortem data were collected. The second group of i monkeys re¬ 

ceived a continuous infusion of 10 mg/kg/min of iodoaceiannde. The lethal doses 

were as follows: 410, 420, and 440 mg/kg. Prior to deaih, odoaceta nide 

caused a significant reduction in pulmonary compliance, a fall in mean aortic blood 

pi essure, bradycardia, reduction in blood pll, and a decrease ir* oxygen tension of 

the arterial blood. An increase in pulmonary resistance and a decrease in 

respiratory minute volume also occurred, but neither was stausi cady significant. 

Postmortem examination of the lung revealed a higher moist.-re eorte:i and lower 

phospholipid content as compared with the lungs from control monkeys. The static 

compliance of the lung was also different in the monkeys that succumbed after the 

infusion of iodoacetamide. The critical inflating pressure of the lungs for 

iodoacetamide-infused monkeys was higher than in the normal lung. 

-^>reir^airneni with BCMA. The group of monkeys that was pretreated with 

BCMA for 3 days responded to iodoacetamide differently from the animals that had 

not been pretreated. The lethal dose of iodoacetamide was 567. 0*61.7 mg/kg, 

which was significantly greater than the lethal dose of 410. 0-fcl7. 3 mg/kg for 

animals without pretreatment. The following signs of pulmonary insufficiency did 

not appear in the monkeys given BCMA prior to indoacetamide infusion: decrease 

in pulmonary compliance, slowing of the heart rate, fall in arterial blood pH, 

increase in moisture content of the lung, and elevation of critical inflating pressure. 

Thus, the administration of BCMA prevented the development of acute respiratory 

insufficiency. The cause of death remained terminal hypotension, however. 
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lodoacetamlde followed by BCMA. Before cor.:..dr :-.g i".e : -...e .. <. oi BCMA 
* 

on iodoacetamide-treated monkeys, it is pertinent to noie i'iai ihe i.;- rravenous Injection 

of BCMA did not Influence any of the antemortem or postmoi iern rr «asûremenls. In 

the last group of monkeys, BCMA (25 mg/kg i. v. ) was administered 15 min after 

lodoav etamlde infusion was begun. The mean, lethal dose of ipdoacetamide was 

430. 0±65. 1 mg/kg, which was not significantly different from, the lethal dosq for 

nontreated monkeys. 

Nonetheless, the rise in critical inflating pressure and .»torease in moisture 

content of the lung, together with no decrease in pulmonarv compitan-e and respiratory 

minute volurpe, suggest that although the animals still died of hypotension and brady ¬ 

cardia, prior injection of BCMA confers greater protection against the deleterious 

effects of lodoacetamlde infusion than does administration of BCMA after infusion 

has begun. 

D. Hemorrhagic Shock in Monkeys. 

The fourth and last model consisted of bleeding the monkeys and causing them 

to sustain a hypotension of 30 mm Hg for either 30 or 60 min. The monkeys in 

shock for 30 min received an infusion of low molecular weight dext ran for 60 min. 

In addition, some monkeys, after hemmorhagic shock and infusion, received an 

injection of 25 mg/kg BCMA, singly or in combination with has per id In and vitamin C, 

which is the commercial preparation for BCMA. The results of these experiments 

are summarized in Tables 7 to 9. 

:¾ 
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Hemorrhagic shock. The first group of monkov a an .,sed as ro irois. 

Repeated measurements of lung function taken 30 or oO nr:n apart rerna,r.ed un¬ 

changed. The second group of monkeys was bled and s .st« r.ed shock for 60 min. 

At the end of this period, the animals were sacrificed a-.d their lungs analyzed. 

No changes In moisture content or in pulmonary function were noted. There was 

a reduction in blood pH, pC02 and p02, but the acidosis was the only change that 

was statistically significant. 

Hemorrhagic shock and d ext ran. The third grop of monk tvs sustained hypo¬ 

tension for 30 min and was then infused with d ext ran for oO ruin. The end result 

was pulmonary insufficiency characterized by tr creased pulmonary resistance, 

decreased pulmonary compliance, increased moisture content of the lung, decreased 

phospholipid content, and elevated critical inflating pressure. The blood gas 

content and pH were unchanged. 

Hemorrhagic shock, dextran and BCMA. The fourth group of monkeys were 

bled and infused with dextran as the third group had been, but differed from that 

group in that they received additionally a subsequent injection of BCMA. Post- 

infusion measurements showed a reversal of most of the signs of pulmonary Insuf¬ 

ficiency. There was no decrease in pulmonary compliance, no increase in moisture 

content, no decrease in phospholipid content and no increase in critical inflating 

pressure. These observations indicate that BCMA car. correct signs of pulmonary 

I 

insufficiency. 
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'*ie iilíii 1ast group of monkeys was used u.> - ’'..„y:c the eft^ ce 

as it is marketed commercially. The results indicate that the mixture also 

ively reverses the signs of acute pulmonary insufficienc y, i. e. ft presenr, 

hesperidin-and, ascorbic acid did not interfere with the efficacy of BC.MA, 

B C MA 

effect - 

a of 



DISCUSSION 

The claim that BCMA is effective in preventing or reversing i xperlmental 

pulmonary insufficiency is based on the following findings: il) prevent lor of 

carbon dioxide-induced increase in moisture content in mice: (2) prevention and/ 

or reversal of endotoxin «induced increase in moisture content and decrease In 

pulmonary compliance in rats; (3) increase in lethal dose of iodoacetam.de ¡.n 

monkeys; and (4) prevention and/or reversal of decrease in compliance, increase 

in moisture content, and decrease in phospholipid content in monkeys that have been 

subjected to hemorrhagic shock and infusion of dextrau solution. In the last group 

of observations, noting no increase in critical inflating pressure suggests no 

reduction in compliance occurred. 

The pulmonary action of BCMA has not been previously reported. While 

this unique action is also exerted by corticosteroids, BCMA has no systemic action 

similar to hydrocortisone. In comparisons of BCMA with other anti-inflammatory 

agents, both protect systemic capillaries (Tommasini et al. , 1963), but, in the 

lung, salicylates and indomethacin exert no protective action against carbon dioxide. 

It appears that the action of BCMA Is independent of Us reported effects on 

systemic circulation. 

There is sufficient information to justify clinical testing of BCMA in patients 

suffering from acute pulmonary insufficiency. The literature on BCMA and on 

acute pulmonary insufficiency is enclosed as Appendix 1 and II, respectively. 
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Publication rela tine to Eriodictyol 

(See reprint entitled ''Prevention of Acute Pulmonary Insufficiency by 
Eriodictyol" ) 
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ABSTRACT 

Aviado, Domingo M., Leonardo V. Bacauo, Jr. and Miroslav A. Bklej: Pre¬ 
vention of acute pulmonary insufficiency by eriodictyol. J. Pharmacol. Exp. Ther. 
189: 157-106,1974. 

The oral or parenteral administration of eriodictyol prevented the appearance of signs 
of acute pulmonary insufficiency provoked by the following procedures: inhalation of 
25% carbon dioxide in oxygen by mice, intraperitoneal injection of paraquat in rats, 
intravenous injection of endotoxin in rats and intravenous infusion of iodoaeetamide in 
monkeys. In the last-mentioned procedure, there was a reduction in pulmonary com¬ 
pliance, respiratory minute volume and arterial oxygen tension which was prevented by 
prior administration of eriodictyol. In rats, the decrease in pulmonary compliance and 
respiratory minute volume produced by either paraquat or endotoxin was prevented by 
the prior administration of eriodictyol. The postmortem examination of the three animal 
species indicated an elevated moisture and hemoglobin content and a decrease in 
phospholipid concentration in the lung. The intensity of these changes was reduced in 
the animals that were pretreated with eriodictyol. 

Acute pulmonary insufficiency is a syndrome 
characterised by edema, congestion, thrombosis 
and atelectasis of the lung. It results from res¬ 
piratory bums, thoracic and nonthoracic trauma 
and shock. At the present time, there is no 
specific form of therapy for this condition. Man¬ 
agement of the patient with acute pulmonary 
insufficiency has been entirely symptomatic and 
unsatisfactory (see references cited by Moore 
et al., 1969, and Aviado, 1972). 
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In the course of investigation of compounds 
for the treatment of cliloroquine-resistant ma¬ 
laria, some antimalarial compounds were noted 
to protect mice from pulmonary edema induced 
by inoculation with Plasmodium berghei. The 
mechanism of antiedema action is not known. 
Tile protection includes other forms of pulmo¬ 
nary edema such as inhalation of 25% carbon 
dioxide in oxygen and injection of a lethal dose 
of epinephrine (see references cited by Al iado, 
1969). The double-ring compounds with anti- 
malarial activity have the following basic struc¬ 
tures: 

M 

0 

QUINOLINE NAPHTHOQUINONE 

00 
CHROMONE 

157 
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After examination of 25 comixmndrt with the 
above basic structures, it became apparent that 
the quinolines had conspicuous ant ¡malarial ac¬ 
tivity but did not prevent pulmonary edema, 
that, the chromones had weak or no antimalarial 
activity but important anticdernatoRenic action 
and that the naphthoquinones exert both actions. 
The pharmacology of selected quinolines and 
naphthoquinones has been discussed elsewhere, 
specifically that: of chloroquine (Aviado ci al., 
197()1, of lapinone (Aviado and Will, 19)19) and 
of monoclone (Aviado and C ambar, 1969). h.i in¬ 

dict yol is a chromone which has a weak anti- 
malarial activity but proved to exert a preven¬ 
tive action against pulmonary edema in mice. 
It has been isolated from leaves of yerba santa 

(Erifulirtym califomicum) by Geissman (1940) 
and from lemon peel by Mager (1942). Its 
chemical name is 3',4\5,7-tctrnhydroxyllavn- 

notte (see structure above). 
Like other flavones or flavonnids, eriodictyol 

exerts an anti-inflammatory effect on the joints, 
skin and mucous membranes (see references 
Cited by Gabor, 1972). There has been no pre¬ 
viously reported attempt to examine the effect 
on acute pulmonary insufficiency of eriodictyol 
or of other anti-inflammatory agents. The ex¬ 
periments reported below indicate lor the first 
time that it is possible to prevent acute pulmo¬ 
nary insufficiency in mice, rats and monkeys by 

prior administration of eriodictyol. 

Methoda 

Acute pulmonar»- insufficiency in mice. A 

total of 50 male Swiss mice was used in this in¬ 
vestigation. The method of Aviado and Cambar 
(1989) was used, which consists of exposing mice 
jtt a glass chamber filled with 25% carbon dioxide 
in oxygen. After 5 minutes’ exposure, the mice 
were removed and killed immediately by tin; 
intraperitoneal iiijeelion of 0.1 ml of 25'; sodium 
cyanide solution, This manner of sacrificing the 
animal was also used for the controls that wore 
not exposed to carbon dioxide. The body was 
weighed and the lungs were removed and weighed, 
dried in an oven (180°C) for 24 hours and then 

reweighed. The moisture content, oí the lung was 
calculated as follows: [(wet weight minus dry 
weight 4- wet: weight) X 100]. The following groups 
of 5 mice each were examined: control group not 
exposed to carbon dioxide, group exposed to 25'; 
carbon dioxide in oxygen and group exposed to 
25'; carbon dioxide in oxygen IK) minutes after 
prcireatincnt with an intraperitoneal injection of 
eriodictyol in doses of 1.5 or 10 mg kg. 

Acute pulmonary insufficiency in rut*. A total 
of 57 male rats (Wistar strain) was used in this 
investigation. Two procedures were utilized to 
induce pulmonary msutliciency. lia- /ir..-/ was the 
method of Cambar and Aviado (19701. consisting 
of intrapentoneal injection of 10 mg kg ot 
paraquat diehloridc. Atter -IS hour*, tin; animal 
was anesthetized with an ¡nlraperiumenl injection 
of a mixture of urelimn and aliobarbhal. 200 and 
50 mg kg. respectively. After measurement of pul¬ 
monary function (see below), the rat was killed bv 
intraperitoneal injection ot 0.1 ml of 25'. sodium 
evanide solution. The lungs weir- removed and thc 
oxteiit of pulmonary congestion was estimated b> 
analysis for hemoglobin content by the cyauo- 
hemoglohin method. Some ot the rats were pre- 
tmated with too mg kg of eriodictyol admin¬ 
istered orally, daily for 3 days, and others were 
treated with eriodictyol 21 hour* after the admin¬ 
istration of purai|iiat. 

The Hifi'Mial method was to infuse endotoxin 
intravenous!y in a dose ot 1 mg kg in anesthetized 
rats. After measurement of pulmonary function 
and aortic blood pressure, the rats were sacrificed 
and the lungs analyzed for moisture and phospho¬ 
lipid content. Some rats received an intraperitoneal 
inject kin of 100 mg kg of eriodielyol 30 minutes 
prior to the injection of endotoxin. 

Acule pulmonary it efficiency in monkey*. A 

total of 12 male monkej.- Mocara mulatto) were 
used. They were anesthetized by intravenous in¬ 
jection of 30 mg/kg of sodium pentobarbital. In 
addition to measurement of pulmonary iunelion, 
the aortic blood presMire was measured ''in a 
femoral catheter, and blood was collected from a 
second femoral arterial catheter for analysis of pH, 
oxygen tension and carbon dioxide tension with 
a Radiometer apparatus. One of the following 
chemicals dissolved in saline was infused: alloxan, 
«-naphthylthiourea (ANTD and iodoaeetamide. 
Tiie intravenous injection was started and con¬ 
tinued until the monkey died. The lungs were 
removed and a 5-g sample was used for determina¬ 
tion of moisture content and a 1-g sample for 
analysis of phospholipid content, The lung was 
sutured after the sample was obtained and the 
rest was used for measurement of static com¬ 
pliance. This consisted of suspending the lung in 
a glass chamber and exerting negative pressure 
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for iilsfiiBi tt» huiK. A syringe was used to 
remove air from I lift chatnber and the pressure 
dtiMige was meaimred by a triinedíieer. At. life same 
time I lx- temase tit pulmonary t'oluttie was ob¬ 
servo«! by the movement of a bubble in a burette 
aUanhed to the traebenl cannula. The eltanges in 
pressure and volume of tin- lung were used to 
estimate eoujplrance, Sinne of the monkeys were 
protrented with 300 ntg/kg of erlodtetyol adroin- 
istered orally, daily for 3. day* prior to the infu¬ 
sion of the agent for provoking acute respiratory 
illsttflieietiey. 

Me«¡oíremen! «if pulmonary function in rats 
Mitt monkeys* Tire trachea of the anesthetized 
ritt w'i« exposed and etumiihtttsd with, a poly¬ 
ethylene catheter. For muMMttvmont of funetional 
residual eaparity, tin; nitrogen dilution tjorkniciue 
was used, which consists of .dlowing tito rat, to 
rebroathe from a chamber flUttd with pure oxygen 
and 10:% potassium "Irydroitide to absorb carbon 
dioxide. After 7 minutes of rebroaihing, the 
equilibrated gas nuxture was analysed in a 
tiditolander gas analyser and the functional residual 
capacity was■.calculated 'from, a calibration ettrve 
derived by equilibrating known volumes of air 
with the apparatus, The same apparatus was also 
used for measuring .the total oxygen consumed by 
the rat The next step, wa* to insert an intrapleural 
catheter Into the hth int¡erco»tal apace j ita outside 
end was attached to » diifwtsBtiiid pressure traits* 
duwr, while the other ».Ida of the 'transducer con¬ 
nected to the trachea. Ah* how Was not measured 
by a flow meter in the trachea which would 
readily be occluded by accumulation of moisture. 
Instead a pneuraotachonieter wa* attached to a 
plastic plethystnograph which contained the rat 
and (lie res) áratory movements were measured by 
noting the volume of air moving in and out of the 
chamber. The signals of tins tranapulmonary pres¬ 
sure and air flow were displayed on an oscilloscope 
screen to measure pulmonary resistance, and those 
of I nmspul monary pressure and tidal volume to 
eatimate pulmomtry oompliam.ee by a method 
described in an earlier paper (ito and Aviado, 
MSS). 

The same general technique was used in the 
anesthetized monkey. Trunspulraonary pressure 
was nu'iunm'd by an intrapleural catheter inserted 
vin the 5th intercostal space and another catheter 
attached to the trachea. A pneumotaehometer was 
inserted directly into the tracheal cannula, and 
the velocity of air flow was integrated to derive 
the tidal volume. 

Chemical analysis of the long. An aliquot por¬ 
tion of the lung weighing approximately 1 g 
was minced and homogenized with ehloroforni- 
mcllutno! (2:1) mixture, with the total volume 
adjusted to 20 ml. The lipids wore extracted by a 

method described by Folcli el of. ( 1057), which con¬ 
sist* of filtering the homogenate, adding 4 ml of 
0«% calcium chloride solution and separating 
the lower [»hase which was diluted to 20 ml by the 
addition of chloroform-methanol mixture. The 
lipid phosphorus was measured according to the 
method of Houser ei nt. (1970). Total phospho¬ 
lipids were calculated by multiplying the phos¬ 
phorus value by 25 (Weittidein et ni, 1969). 

Source» of ehemteal compounds. Eriodietyal 
Was obtain«! from Dr. Harry 'Salem (Director of 
Pharmacology and. Toxicology, Cooper Research 
Laboratories*, Cedar Knolls, NJ.), It wtw sus¬ 
pended in 0.5% Mctlioce!. in a roneent ration of 
10%, which was used fot: oral administration and 
intraperitoneal injection. 

The sonreís of the chemicals used for provok¬ 
ing acute'respiratory insttflieieney were as follows: 
endotoxin as Lipopolysaccharide B, Batherieltm 
toi .0127: D8 from Difeo' Laboratories (Detroit, 
Mich.); alloxan:, «-naphthylthiourm and 2-iodo- 
acetiamlde from Kastinaú 'Kodak Company 
(Ilotthesler, .N-Y.). These compounds were dis¬ 
solved in distilled water .at a concentration of Oi¬ 
ta 1% for intravenous injection. Paraquat dichlo- 
ride. a weed-killer, was obtained -in its pure, form 
from Dr. A. A. B. Swan (Imperial Chemical In¬ 
dustries Ltd- Alderley Park, Maeefasfirid* ' Eng-' 
land). 

Rlailalleal ■walysl». The ' remits -of the experi¬ 
ment« were analyzed by Student’s t test (Gold¬ 
stein, 1964). A P value < ,05 was reported as sig¬ 
nificant. 

Acute i'tdmmmi Insufficiency in Mice 

The inhalation of 28¾1 carbon dioxide elicited 
signs of pulmonary insufficiency. There was an 
elevation of moisture content and of lung weight 

expressed as a percentage of body weight. This 
increase iu both parameters was confirmed by 

the gross appearance of congestion and edema 
of the lung, similar to that reporte*! previously 
in mi« that had been infected with P. bergkd 
or had received an injection of lethal amounts 
of epinephrine (Aviado and Cambar, 19(5®). 

The influence of prior treatment with erio¬ 
dietyal is summarized in table I. The intra¬ 
peritoneal injection of 1 mg/kg did not prevent 
pulmon.n y insufficiency induced by the inhala¬ 
tion of carbon dioxide. However, tins injection of 

5,10, 25. 50 or 100 mg/kg resulted in a signifi¬ 
cant fall in moisture content of the lung com¬ 
pared with that of nontreated mice which in- 
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TABLE 1 
Influence of eriodictyol on carbon dioxide-induced pulmonary insufficiency in mice 

Vulues are mean ± S.E. 

Procedure and Üuse 'I ]I Mouse 
Ko. 

Ilwly 
Weight 

f 
22.11 

±1.86 
21.7 

± 2. o:i 
17.3 

±1.86 
18.0 

±1.16 
17.3 

±1.20 

20.8 
±1 16 
20.8 

±1.28 
20.2 

±1.28 
21.2 

±2.06 
22.2 

±0.51 

I.ung 
Weight 

Lung 
Weight 

« 

0.17 

0.22* 

±0.01 
0.18“ 

±0.01 
0.10" 

±0.01 
0.18 

±0.01 

0.13 
±0.01 

0.1!)“ 
±0.01 

0.18* 
±0.01 

0.10“ 

±0.01 
0.20' 

±0.00 

*'; body let. 

0.73 
±0.03 

1.0* 

±0.06 
0.07“ 

±0.03 
0.07“ 

±0,03 
1.1“ 

±0.06 

0.62 
±0.02 

0.02* 

±0.05 
0.92“ 

±0.07 
0.02* 

±0.07 
0.84“ 

±0.02 

Lung 
Mmslure 
Content 

73.3 
±2,91 
81.7“ 

±1.67 
81.7 

±0.88 
75.7“ 

±0.88 

76.3“ 
±0.88 

70.4 
±0.68 
83.2* 

±0.40 
70.4“ 

±0.40 
70.4“ 

±0.81 
78.6“ 

±0.93 

Control 

Inhalation 25% CO- in Oj 

Eriodictyol, 1 init/kK, pins inhalation 25', 
COj in O, 

Eriodictyol, 5 nt|!/k|{, pitta inhalation 25*, 
CO, in Os 

Eriodictyol, 10 tng;/kK, plus inhahition 25', 
CO, in Oj 

Control 

Inhalation 25', COt in < L 

Eriodictyol, 25 lnK/k|¡, plus inhalation 25*, 
COj in Oj 

Eriodictyol, 50 niK/ki;, pitta inhalation 25' , 
CO, in 02 

Eriodictyol. 100 intc/kw, plus inhalation 25', 
COj in Oj 

“ P < .05 compared to control ({roup of mice. 

haled carbon dioxide. This observation signifies 
that eriodictyol prevented an increase in mois¬ 
ture content which results from pulmonary con¬ 
gestion and edema. The weight of the lung rela¬ 
tive to body weight remained elevated in the 
mice pretreated with eriodictyol, indicating that 
this compound did not prevent all signs of pul¬ 
monary insufficiency induced by the inhalation 
of lethal concentrations of carbon dioxide. The 
increase in moisture content is preventable 
whereas the increase in lung weight relative to 
body weight is not in this exiterimental model. 

.irnti Pulmonary Insufficiency in Rats 

The rat was used because of the availability 
of techniques for measuring the mechanical 
properties of the lung and of procedures that 
cause acute pulmonary insufficiency. 

Paraquat. In a previous report, the intra¬ 
peritoneal injection of paraquat in the rat was 
reported to produce pulmonary congestion 
(Cambar and Aviado, 1970). This procedure has 
been repeated to determine the influence of 

(trior oral administration of eriodictyol. The re¬ 
sults summarized in table 2 indicate that, as 
compared with those obtaii. d from the con¬ 
trols, the intraperitoneal injection of 10 mg/kg 
of paraquat elicited the following signs of acute 
pulmonary insufficiency: reduction in pulmo¬ 
nary compliance, increase in pulmonary resist¬ 
ance, decrease in tidal and minute volume and 
increase in the hemoglobin content of the lung. 
There was also a reduction in body weight and 
in total oxygen consumption but no change in 
functional residual capacity. 

The influence of oral administration of erio¬ 
dictyol was investigated in three additional 
groups of nils. The animals that received 100 
mg/kg of eriodictyol after the injection of 
paraquat still showed all the signs of pulmonary 
insufficiency except the increase in the hemo¬ 
globin content of the lung. It was not possible 
to prevent pulmonary insufficiency by adminis¬ 
tering eriodictyol 24 hours after the injection of 
paraquat. 

The sequence of administration was reversed 
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TABLE 2 

Influence nf eriodiclyo! on paraquat-induced pulmonary insufficiency in rats 

Values mean ± S.E. 

Procedure and Dost* 

Control 

Pamqnat, 10 niR/kK i p- 

Pa rat pial, 10 mg/kR ip- fol- 
lowotl by eriodict yol 100 
riiR/kg p o. 

KrifxHctyid 100 hir, kg p.o. 
follmved by paraquat 10 
uig/kg i p. 

Kriodietyol, KMI ing/kg p.o. 

Func¬ 
tional Pul 

Rat Body ¡ Residual monary 
N'o. Weight iron sump- Compli- 

i tion/ ancc 
Weight 

2 Hi 
±2M 
220" 

±1.0 

208a 
±8.0 

240 
±4.7 

240 
±2.0 

ml kn 

u.a 

±0.35 
0.0 

±0.58 
8,4 

±0.05 

0.3 
±0.73 

0.0 
±0.75 

ml/cm 
IhO 

0.16 
±0.000 

0.07“ 
±0.003 

0.07" 
±0.000 

0.14 
±0.014 

0.14 
±0.012 

Pul¬ 
monary 
Resist¬ 

em If/)/ 
ml/sec 

0.71 
±0.024 

1.28“ 
±0.043 

1.25“ 
±0.081 

0.88“ 

±0.041 

0.85“ 
±0.042 

Tidal 
Volume 

ml 

3.0 
±0.09 

2.3“ 
±0.11 

2.3“ 
±0.11 

3.0 
±0.38 

2.7 
±0.22 

! pu| 

Minute lÄ™. monary atory 
Rate 

/ nit n 

91 
±2.2 
78“ 

±1.7 
72“ 

±5.4 

94 
±2.3 

106 
±6.7 

Volume 

ml/min 

280 
±14.0 

189“ 
±9.1 
163“ 
±6-4 

281 
±16.0 

256 
±16.0 

ml min 

4.2 
±0.11 

3.3“ 
±0.11 

3.8“ 
±0.20 

4.2 
±0.13 

3.9 
±0.14 

1 lemo - 
globin 

mg/Mg 
lung 

2600 
±168.0 
2805“ 

±242.1 
2675 
±90.0 

2624 
±50.0 

2583 
±219.7 

“ P < .05 compared to fontr.il group of rats. 

TABLE 3 

Inñueme of eriodiclyol on endotoxin-induced pulmonary inxuflivienctj in rats 

Values are mean ± S.E. 

Procedure and Dose Hal No Body 
Weigh l 

Luhr 
Weight 

. 
Minis 

Weight 

Lung 
Moisture 
Content 

Lung 
Phospholipid 

Content 

Control 

Endotoxin, I mg/kg i.v. 

Eriodictyol, KIO mg/kg i.|>. fol¬ 

lowed by endotoxin, I mg/kg i.v. 

3 

5 

5 

« 

178.8 
±2.30 
181.8 
±6.25 
108.6 
±6.27 

5 

1.18 
0.04 
1.40» 
0 10 
1 51* 

±0.08 

% body wl. 

0.66 
±0.02 

0.81“ 
±0.04 

0.76“ 
±0.03 

% 

70.4 
±0.24 
81.2" 

±0.37 
80.0 

±0.32 

mg/t 

20.3 
±0.58 
16.0“ 

±0.41 
17.2“ 

±0.40 

“ P < .01 compared to control group of rats. 

in the second group of rats. Eriodictyol (100 
nig/kg) was administered orally, daily for 3 
days, and then paraquat was injected intra- 
peritoneally on the third day. There were no 
signs of pulmonary insuffieieney detected in these 
rats. The only exception was an increase in pul¬ 
monary resistance; this also appeared in the last 
group of rats, which were treated with erio- 
dietyol only and not with paraquat. 

The increase in pulmonary resistance is an 
effect produced both by eriodictyol and by 
paraquat. The decrease in pulmonary compli¬ 
ance and in tidal and minute volume, and the 
increase in pulmonary hemoglobin content elic¬ 
ited by paraquat were prevented by prior oral 
administration of 100 mg/kg of eriodictyol. 

Endotoxin. Three groups of rats were used to 
investigate the interaction between eriodictyol 
and endotoxin. Table 3 summarizes the results 
of postmortem examination. As compared with 
the nontreated controls, the rats that received 
1 mg/kg of endotoxin intravenously showed a 
higher lung weight relative to body weight, an 
elevated moisture content and a lower phospho¬ 
lipid content. The group of rats that received 
an intraperitoneal injection of 100 mg'kg of 
eriodictyol prior to the intravenous injection of 
endotoxin showed a lung moisture content that 
was lower than that of the group that received 
endotoxin only. The lung weight and phospho¬ 
lipid content of rats treated with both erio¬ 
dictyol and endotoxin were closer to those of the 
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««»(rot Mtiii*»!# 'tel ti«* wore itü 
írtalfetikfíiíly »lgíílfl«wi, ijuiieiiliíig tl»í Uiw» 
7U6a«U3la17M;to WOT)* :)l.“ü alMIOMitl, 

TI«- mtMOfMin ÄnifetaÄP rirtlui:"*© tlüt' 
áttnvünoiM Injection of 1 JBf/ltJt of ewtoltisln 
am mrnittMráed n tabte 4. Within IÃ iniiiwt« 

.'trair ftdtooNwp tmtßekmy in Mmimytt 

The- «tperimral« on the montey wwe éwipwtl 
to «btahi roramiiícincnte of Mood rom*, in addi¬ 
tion to the antemortem and p»t mort eta obser¬ 
vation« of the lung »Biiinr to thme deuvibed 
above for the rut. Sine« them was no animai 
mn<l<-l previowsly tHported for the- monkey, the 
initial esperiwiewt* were ditwted to testing al¬ 
loxan, ASTII and iodtaretataide, which have 
bram mjmfted ttrtwifitwiy to pmdliee pnliBMMtnry 
edema and hypetteameai in the dog fOwhwt 
H «f., IÄ1: Aviado-and MtmMt, HW). 

Alloxan. Alloxan Was injected by eontinnmis 
infiision at the rule of Ml mg/kg/inin in 3 mon¬ 
key». The effect* on pulmonary resistance, pid- 
monary ctmttiia-uce and rwptratory mhmt> vol¬ 
ume cwltsiüt.tHÏ of either an ineftBwe -or a 
decrete®, Tl» miittkey» died, after the injivtkm 
of the following total dom»: i®3., ®0® and' 1100 
mg/kg, -iwpwtividy. Terminal hypatomipit, res¬ 
piratory -depMmnn and eaidbte arrest oectttred, 
Most mortem anal|*i* for miaitrtwio oontnnt did 
not rewstd .any ]ïi:ilmonary edetnit -or «mfSgtion. 

«».Napfciltyllhlnaima. The- nom. group of 
tltreemon-keys-wceive# a ««tinuous int»venous 
infusion of 4 mg/kg/frain of AÎÎTtJ. There was 
eowMently a.'fall in pulmonary compliance, an 
increase in fadmohiMT wwitgiM« and hypoten¬ 
sion, hut the ítccompsmying changes in rw|«m- 
tory tninute vfdnn» and heart rat e were varia- 

after the injection, the following effects were ol>- 
«■rved: an increase in pulmonary resistam», a 
decrease in pulmonary compliance, a decrease 
in respiratory minute volume and a decrease in 
mean aortic blood pressure and slowing of the 
heart rate. The group of five rats that were pre- 
treat ed with 100 mg/kg of eriodictyol .)0 min¬ 
utes prior to tl« intrnveimu« injection of endo¬ 
toxin behaved differently from the group of five 
rats that received only endotoxin. Pulmonary 
resistance, pulmonary compliance, respiratory 
minute volume and mean aortic blood pressure 
were within normal levels IS minutes after the 
injection of endotoxin, indicating that eriodictyol 
prevented the appearance of functional sign* of 
tiente pttlmonary insufficiency induced by endo¬ 
toxin but did not prevent postmortem changes. 
The slowing of the heart rate observed after 
endotoxin injection was converted to an accel¬ 
eration response in the rats that were prêt rea ted 
with eriodictyol. 

We, The lethal doses were as follow«: MO. 264 
and 320 mg/kg, mapeetively, Pulmonary edema 
ami congestion and pleural effusion were absent 
from tlu> lungs when examined at autopsy. 

lodoaretamide. The third group of three 
monkeys received a continuous infusion of 10 
mg/kg/min of iodoacetamide. Tin1 lethal doses 
were a» Mown: 410, 430 and 440 mg/kg. The 
range of dost» was narrower than those for al¬ 
loxan and ANTE described in the preceding 
paragraphs. Prior to death, iodoacetamide caused 
simultaneously the following effects that were 
statiiliealy siptifieant: reduction in pulmonary 
eompliatice. a fall in mean aortic blood prettaure, 
bradycardia, reduction in blood pH and a de¬ 
crease in oxs'gen tension of the arterial blood. 
An Menaae In pdmonary rosistance and a de¬ 
crease in respiratory minute volume also oc¬ 
curred which were not statistknUy significant. 
Postmortem examination of t he lung revealed a 
higher moistwre content and lower phospholipid 
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‘ coni ( tit it- com pared with the lungs from control 
jaonlcmm. Hie static oampliam® of theltmis ww 
also différait in the monkeys that died from in¬ 
fusion of ¡odoacetamicte. The critical inflating 
pressure of the limp from iodoiicclaniide-trcated 
monkeys was higher than in the normal lung 
(fig, 1). 

Eriodk'tyol peetMiitliiMkt and lodoaceta- 
mlde. The fourth and last group of three mon¬ 
keys received 500 œg/kg of eriodictyol orally 
for 3 days prior to the infusion of iodoacetamiilc 
(tahles 5 and 0). Tile protective influence of 
eriodictyd was noted from the following faetor#: 
1) increase in the lethal don of ndmeetanikh) 
from 423,3 rfc 8.8 to 536.7 ás 34.8 mg/kg; '2)' 
absence of decrease in pulmonary complianee, 
increase in pulmonary resistance, depreesion of 
respiratory minute votumo and bradyeantlia in 
rwiKinse to iodoacetnmide in eriodictyol-pre- 
treated monkeys; S.) reducwl intonsity of hy* 
jwxetnia, aeidoás and hypotension in response 
to iodoacetamid® ; and 4) lower moisttire con¬ 
tent, leswr hmg weight and higher content of 
phospholipid in monkeys p#et|e«ted with erio- 
dictyol and injected with iodoacetaniiide^ a* com¬ 
pared with tnnnkeyi that received iodbacetamide 
only. 

Discnasion 

l'mil i he liWO's, the search for pulmonary 
drop WTis limited to those that would be useful 
in the treatment of acute pulmonary' edema. 
Three types of therapeutic agents wen identi¬ 
fied: the cardioactive drop, for use when the 
edema followed left vein rktilar failure, central 
nervous system depressants for edema resulting 
from either the inhalation of carbon dioxide or 
experimental lesions of the midbrain and tin? 
sulfhydryl inhibitors for edema caused by the 
injection of ANTtI (we references cited by 
Luisadn. 1970). Although among the findings of 
investigators studying this last-mentioned cate¬ 
gory was the report of Meyer and Saunders 
(1919) that thiourea derivatives protected rats 
from ANTI’ poisoning by anting a» competitive 
antagonists, none of these eompomids was sub¬ 
sequently tested for possible use in other forms 
of experimentally induced pulmonary edema. 

The increasing incidenee during the past dec¬ 
ade of acute pulmonary insufficiency involving 
edema, congestion, thrombosis and embolism 
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F«¡. 1. Mean changes in volume and pressure 
of lungs removed from three groups of monkey* 
described in table '6. The critical inflating pres¬ 
sure of lungs from iodoaeetamide-treated monkey# 
is higher than those from normal control# and 
eriodIctyol-|»Kitivated ■monkey«. 

necessitated modifications in the tetri* used in 
the search for therapeutic agents. In addition 
to the measurement of moisture content lor 
edema, and kemogdohin content for congestion, 
measurements of pulmonary compliance in the 
living animal and static compliance in the ex- 
eked lung as well as chemical analysis of the 
phospholipid content of the lung were developed. 
The last-ment ioned parameter gauges pulmonary 
surfactant, which is deficient in the hmg in acute 
pulmonary insufficiency (see references cited by 
Searpolli, 1968). 

The experiments reported above represent the 
first successful attempt to prevent the charac¬ 
teristic lesions of acute pulmonary inauffMoncy 
in four types of experiments in three animal 
«peck». The protection afforded by eriodictyol 
was inferred front the following observations: 
1 ) prevent ion of an increase in moisture content 
in mice inhaling 25% carbon dioxide in oxygen ; 
2) prevention of the increases in moisture and 
hemoglobin content, and of the decreases in pul¬ 
monary compliance and tidal volume) in rats 
that have been treated with paraquat ; 3) pre¬ 
vention of the decreases in pulmonary compli¬ 
ance and tidal volume and recovery from shook, 
in rats that have received an intravenous in¬ 
jection of endotoxin; and 4) prevention of de¬ 
creases in pulmonary compliance and tidal vol- 
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TABLE 5 
Rettpontts to intratetmm infusion of ioitoaeetamide and oral pre-treatment with eriodietyol 

Value« are mean ± S.H. 

Procedure and Hose 

lodouvetaniiile, 10 
mg/kg/min 

Control 

-10 min after iodo- 
aeetumule 

'it A 

Eriodietyol, 500 
mg/kg ii.o., for 
3 day« 

Control 

40 min after iodn- 
neet amide 

'.<A 

I'ulmnnary 
Compilan«.' 

ml cm //ïO 

0.7 

±0.3 
7..V 

±0.3 
-•¿2 

0.0 
±0.58 

6.77 
±0.50 
+ 16 

Pulmonary 
Resistance 

/1/) ' If sec 

25.4 
±2.2 
29.9 

±1.5 
+20 

23.9 
±2.9 
22.5 

±2.3 

Respiratory 
Minute 
Volume 

ml mis 

310 
±26.5 
200“ 

±48.7 
-36 

370 
±38 

511 
±141 
+34 

Mean Aortic 
Blood 

Pressure 

Arterial Blood I lases 

Heart Rate 

mm 11K heats mm 

122 
±2.3 
26.7« 

±1.7 
-78 

140 
±2.9 
72* 

±6.4 
—18 

165 
±7.6 
70* 

±5.8 
-57 

170 
±10 

185 
±2.9 

+ 10 

pH Pc.», 

7.36 
±0.01 

7.13* 
±0.05 
-3 

7.41 
±0.02 

7.27 
±0.09 
-2 

33.3 
±1.3 

34 0 
±13.5 
+ 2 

35.7 
±3.3 
25.3 

±6 6 
-29 

units mm tl< mm Hu 

88.7 
±0.3 
65.0 

±12 6 
-27 

99.0 
±7.4 
81.3 

±18.7 
-18 

1’ < .05 compared with control value. 

TABLE 6 
Influence o) eriodietyol on iodoaeetannde-induced pulmonary inmfftcieney in monkeys 

Values are mean ± 8.K. 

Procedure Monkey 
No. 

Lethal Dose of 
Iodoacetamide 

1.UD* 
Wright 

Lung Wright 
(% of Body 

Wright) 

Lung 
Moisture 
Content 

Phospholipid 
Content 
(mg/g; 

Critical 
Intlating 
Pressure 

Control 

Iodoacetamide, 10 mg/kg/ 
min i.v. 

Eriodietyol, 500 mg/kg p.o. 
for 3 day« followed by 

iodoacetamide, 10 mg/kg/ 
min i.v. 

3 

3 

3 

mi/ki 

423.3 
±8.8 
536.76 

±34.8 

i 
13.5 
0.30 

16.2“ 
±3.5 
14.86 

0.6 

% body wt. 
0.65 

±0.06 
1.07" 

±0.02 
0.836 

±0.07 

% 
78 

±1.8 
83“ 

±1.0 
80 

±1.3 

ms's 
16.7 

±0.90 
14.5* 

±0.55 
15.0 

±0.43 

—cm //+1 

11.08 
±0.51 

10.00“ 
±1.58 
12.076 

±0.29 

* P < .05 compared to control group of monkeys. 
b P < .05 compared to monkeys treated with iodoacetamide but not pretreated with eriodietyol. 

ume, hypoxemia and acidosis and an increase in 
the lethal dose of iodoacetamide in monkeys. In 
rats and monkeys, postmortem examination of 
the lungs showed an elevation in moisture con¬ 
tent and a decrease in phospholipid content fol¬ 
lowing either endotoxin or iodoacetamide admin¬ 
istration. The intensity of these effects was re¬ 
duced in animals that had been given eriodietyol 

prior to the administration of the pulmonary in¬ 
sufficiency-provoking agent. 

The reductions in pulmonary compliance seen 
in the iodoacetamide-treated monkeys, and in 
the endotoxin- and paraquat-treated rats, are 
the most significant parameters indicative of 
acute pulmonary insufficiency. This effect de¬ 
tected antemortem is related to increases in the 

i'R 
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moisture and hemoglobin content of the ex¬ 
cised lung. The reduction in phospholipid con¬ 
tent represents a deficiency of surfactant which 
is characteristic of lungs that have been dam¬ 
aged by endotoxin, paraquat, carbon dioxide or 
iodoaeet amide. Each of these procedures is 
known to produce pulmonary congestion and 
edema in some animal species (see references 
cited by Scarpelli, 1968). 

The mode of action of the agents that pro- 
voke acute pulmonary insufficiency is partially 
known. A high concentration of carbon dioxide 
produces pulmonary edema by increasing capil¬ 
lary permeability (Poulsen, 1964). Although 
paraquat causes hemorrhagic and thrombotic 
lesions in the lung, the basic cause has not been 
identified (Cambar and Aviado, 1970). Endo¬ 
toxin causes the release of serotonin, histamine 
and other biogenic amines which individually 
produce alveolar edema (Cahill et al., 1905). 
lodoacetnmide, alloxan and ANTU cause pul¬ 
monary vasoconstriction and pulmonary edema 
by inhibiting sulfhydryl enzymes, a mechanism 
proposed by Gmhzit et al. (1951) on the basis 
of their observations in the canine lung. In the 
primate lung, as reported above, only iodoaeeta- 
mide causes pulmonary insufficiency, whereas 
the two other sulfhydryl inhibitors do not. The 
injection of ANTU does not produce pulmonary 
edema in the monkey but does provoke this ef¬ 
fect in the rat (Dieke and Richter, 1940: Rich¬ 
ter, 1952). 

The mode of action by which eriodictyol pre¬ 
vents acute pulmonary insufficiency is currently 
under investigation but has not yet been com¬ 
pletely identified. Eriodictyol has been found to 
reduce the weight of granulomatous tissue re¬ 
sulting from the implantation of cotton pellets 
in the subcutaneous tissue of the rat. an effect 
indicative of an anti-inflarnmatory action similar 
to that of the corticosteroids and indomethacin. 
However, the latter agents do not prevent pul¬ 
monary lesions, and eriodictyol has no gluco¬ 
corticoid activity so that its effect on the lung is 
independent of its systemic anti-inflammatory 
action. Eriodictyol blocks the effects of angio¬ 
tensin and prostaglandins E, and F„ on the 
smooth muscle of the colon and the coronary 
vascular bed. If this interaction occurs in the 
pulmonary vascular bed as well, it would ex¬ 
plain eriodictyol’s acting to prevent acute pul¬ 
monary insufficiency in animals. 

Eriodictyol does not prevent pulmonary le¬ 
sions in the rat previously given paraquat. Since 
eriodictyol is insoluble in water, it was not pos¬ 
sible to administer it after signs of pulmonary 
insufficiency had developed in the monkey. The 
animal models described above are useful only 
in the detection of prophylactic agents. Until a 
compound suitable for intravenous injection is 
available, observations on the reversal of pulmo¬ 
nary lesions are not possible. The development 
of suitable laboratory tests described above will 
hopefully lead to improvement of the manage¬ 
ment of clinical forms of acute pulmonary in¬ 
sufficiency. 
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Pharmacologic Principles in the Treatment of 
Acute Respiratory Insufficiency 

By Leonardo V. Bacalzo, Jr. and Domingo M. Aviado 

IN RECENT YEARS, acute respiratory insufficiency has become one of the 
most difficult syndromes to treat. The problems in managing separately shock, 

pulmonary embolism, atelectasis, and hypoxia are combined in this syndrome. The 
challenge to the physician is to ascertain that, in a particular patient, the benelit 
derived from a selected procedure to correct one lesion is greater than the risk of 
exaggerating another lesion. For example, the vasopressor drugs for treatment of 
systemic shock can be expected to elevate the pulmonary arterial blood pressure 
and further increase pulmonary edema. The corticosteroids which have been 
recommended to reverse pulmonary lesions are known to potentiate the harmlul 
effects of the biogenic amines in the systemic circulation, thus bringing about a 
further progression of shock. Even the simplest procedure of oxygen therapy to 
increase the availability of oxygen is not totally harmless because high levels of 
oxygen have been demonstrated to produce lesions similar to those of acute 
respiratory insufficiency.1" 

This article attempts to discuss the principles of therapy in acute respiratory- 
insufficiency by pointing out the desirable and undesirable consequences ol the use 
of drugs. The specific details relating to dosages and the manner of administration 
have been omitted, since these can be derived from a recent publication/ It should 
be stated at the outset that, because of the extensive investigation of the 
pathophysiology and pharmacology of the lungs, new drugs will probably be ob¬ 
tainable in the near future. Several animal models are available for testing the 
activity of compounds, and these are briefly discussed here. 

RECOGNITION OF THE ROLE OF BIOGENIC AMINES AND POLYPEPTIDES IN 

THE PATHOGENESIS OF PULMONARY LESIONS 

It is pertinent to point out that what is now recognized as acute respiratory 
insufficiency in patients was described in laboratory animals in 1918 by the late Sir 
Henry Dale and the late Alfred Newton Richards, two pharmacologists who were 
collaborating in a project to study the role of histamine in the pathogenesis ol 
shock.7 " They concluded that the injection of histamine alone was fatal to the cat 
because it produced pulmonary vasoconstriction, systemic shock, and respiratory 
arrest. The Dale-Richards phenomenon was subsequently elaborated upon by 
other investigators to include the following pathologic and functional changes: (1) 
increase in capillary permeability with exudation of plasma into the alveolar inter¬ 
stitial space, progressing to edema;27 211 (2) capillary hemorrhage, thrombosis, and 

From the Univmily of Pennsylvania School oj Medicine, Philadelphia, Pa. 19174 
Leonardo V. Bacalzo, Jr., M.D.: Research Fellow in Pharmacology. University of Pennsylvania 

School of Medicine; Formerly Postdoctoral Fellow. Shock and Trauma Unit. Hospital of the 
University of Pennsylvania. Philadelphia. Pa 19174. Domingo M. Aviado. M.D.: Professor of 
Pharmacology. University of Pennsylvania School of Medicine. Philadelphia. Pa. 19174. 

Supported by the Department of the Army under Contract So. DA DA-17-71-(-1060. 
197.1 by (¡rune A Stratton. Inc. 

Seminars in Drug T real ment Vol 3. No 3 (Winter} 1973 241 



242 BACALZO AND AVIADO 

atelectasis, resulting in congestive atelectasis;"1 (3) vasoconstriction of pulmonary 
veins with increased shunting of blood through poorly ventilated areas:" and (4) 

bronchospasm and edema of the bronchial mucosa."1 The ultimate effect is hy¬ 

poxemia. 

The functional changes in the Dale-Richards phenomenon are similar to those 

reported in patients suffering from acute respiratory insufficiency. There has been 

no recent attempt to determine whether histamine is the pathogenic agent in 

patients with acute respiratory insufficiency, Instead, the role of other biogenic 

amines and of polypeptides has been well documented.' Table I includes the cate* 

cholamines-norepinephrine, epinephrine, and dopamine-and two additional 
amines-serotonin and histamine. Only serotonin approaches histamine in po¬ 

tency and diversity of bronchopulmonary effects. Norepinephrine and epinephrine 

constrict the pulmonary vessels but, unlike histamine, they do not produce bron- 

chospasm. Dopamine causes bronchospasm and is present in the lung of ruminants, 

but not in the human lung. All five biogenic amines cause aggregation of blood 
platelets, which promotes thrombosis. 

The vasoactive polypeptides listed in Table I are bronchoconstrictors with 

variable effects on the pulmonary blood vessels. The slow-reacting substance. 

tabla 1. Biogenic Aminas and Vasoactive Peptides 

B*ot|onii Aminos H to t>! Physiototjii and 

Vasoactive Peptmes (6 to 0! Pharmacologie Significance Bronthofuiimontitv E#«*'•»* 

1 Norepinephrine Neorohumorai transmitter for sympa 

thetic nerves 

Released from other organs and 

metabolized in lungs 

Used m treatment of shock 

Weak polmonaiy arterial yawn:on 

strieicM and poten l hroiu hia< 

aliénai vasoconstnidoi 

2 Epinephrine Neurohumoral transmitter fin sympa 

thetic nerves (?! 

Used in treatment of bronchial asthma 

BronchcKfriatof bronchial arten«! 

vasoconstrictor ami weak pulmo 

nary arterial vasoconstrictor 

3 Dopamine High level in lung of ruminants Bronchoeonstricbon 

Used in treatment of shock 

4 Histamine Released during anaphylactic response 

Important in defense mechanism 

5 Serotonin 

6 Slow reacting substance 

7 Bradykinin 

B Kallidin 

9 Angiotensin 

10 Prostaglandins 

Released from platelets and 

serotonin containing tissues 

Stimulates pulmonary ch«moretlex«s 

Partakes in formation of erythropoietins 

Role m pulmonary embolism I 

Released during anaphylactic and 

allergic response 17» 

formed from plasma kalfikrein of 

plasma vaifikemogen 

Role in inflammation and aileigy <>l 

Formed from plasma kalltdinogen 

Role in nflammation and allergy t? I 

formed from plasma angiotensmogen 

Metabolized in the lung 

Used m treatment of shock 

Released from the lung 

Prostaglandins 11 and E jj under clinical 

investigation for treatment of 

' ionchtel asthma 

Broncho«: onstnchOn and vaso 

constriction increased 

capillary permeability 

BfOnchoconstnchori arid 

vasoconstriction 

8 r onchoconstnc t«on 

Bronchoconstnution and 

vasodilatation 

BfonctMjnstriction and 

vasodilatation 

Weak pulmonary arterial 

vasoconstrictor 

Bronchoconstiurtion or 

tirrinchodiiatat'on 
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brudykinin, and kallidin have been implicated in the allergic and the inflammatory 
response of the lung, w hich have features similar to the pulmonary lesions of acute 
respiratory insufficiency. Angiotensin has a weak pulmonary arterial vaso¬ 
constrictor action as compared with its systemic effect. The prostaglandins are 
released from the lung and exert varied effects on the bronchial muscle and the 
pulmonary blood vessels. 

Although there are agents which block the bronchopulmonary effects of the 
biogenic amines, they have not been used successfully in the treatment of acute 
respiratory insufficiency. The search has not yielded any agent which can block the 
effects of the vasoactive polypeptides. However, there is a continued effort to find 
blocking agents by testing them on animal models, in which the pulmonary lesions 
are induced by procedures other than the administration of biogenic amines and 
vasoactive polypeptides. The procedures include hemorrhagic shock.'17 oxygen 
deprivation,™ and the administration of compounds that are toxic to the 
pulmonary tissues." The details of these procedures as they relate to the 
development of a rational treatment of acute respiratory insufficiency are discussed 
in the following sections. 

CORRECTION OF CIRCULATORY FAILURE OF PERIPHERAL ORIGIN 

The initial consideration in the treatment of a patient with acute respiratory 
insufficiency is to correct the primary cause of circulatory failure. This is simple in 
hemorrhagic shock, but complicated if the shock is due to trauma, infection, or in¬ 
toxication. It is more difficult to overcome the consequences of trauma, of bacterial 
endotoxin, or of poisoning. 

Vasopressor Drugs 

The hypotension accompanied by low cardiac output characteristic of patients 
with acute respiratory insufficiency can be corrected by the use of vasopressor 
drugs.1 The primary aim is to increase cardiac output and elevate the blood 
pressure. Unfortunately, neither fluid replacement nor the vasopressor drugs ac¬ 

table 2 Vasopressor Drugs Arranged in the Order o* Importance of Vasoconstriction 

Relative to Vasodilatation and Cardiac Stimulation 

Cardiac 
Vasoconsmclion Vasodilaialirm Stimulation 

Melhoaamine 
Phenylephrine 
Angiotensin 
Norepinephrine 
Metaramino! 
Cyclopentamme 
Methamphetamme 
Ephedrine 
Isometheptene 
Methylaminoheptane 
Dopamine 
Mephemermine 
Hydro«yamphetamine 
Phenoxybeniarnine 
Isoproterenol beta 

alpha and beta 
alpha and beta 
alpha and beta 
alpha and beta 
alpha and beta 
alpha and beta 
alpha and beta 
alpha and beta 
alpha and beta 
alpha and beta 
(block alpha) 

alpha 
alpha 

(not sympathonnmeticl + + + + 
+ + + + 

+ f 4 
+ 4 f 

4- 4 

0 
0 

+ 4 4 

4 + + 4 

+ + 4' 4 

4 4 

I 4 4 

4 4 

4 4' 

4 4 

4 4 

0 
0 
0 
0 

+ 

0 
0 
0 
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complish this eirect without influencing the pulmonary circulation. There is an 
increase in pulmonary blood volume which serves to exaggerate further the 
pulmonary lesions. The drugs that are used in order to elevate the systemic arterial 
blood pressure are listed in Table 2. When the drug is administered in therapeutic 
doses to a patient in shock, the relative intensity of vasoconstriction responsible for 
the vasopressor elTecl can be rated from + + + + + to 0.1 he highest rating is given 
to methoxamine (Vasoxyl), a sympathomimetic alpha-receptor stimulant which 
produces maximal vasoconstriction, but no vasodilatation or cardiac stimulation. 
At the other extreme is isoproterenol (fsuprel), a beta-receptor stimulant that has a 
rating of 0 for vasoconstriction and a maximal rating of + + + + for vasodilation 
and of +-)-+ for cardiac stimulation. The other 11 drugs are sympathomimetics 
which are either alphamimetic, betamimetic, or a combination of both. Two 
nonsympathomimetic drugs are included in the table: angiotensin, a polypeptide 
which has a pure vasoconstrictive action like that of methoxamine; and 
phenoxybenzamine, a sympathetic alpha-blocking agent with vasodilator and 
cardiac-stimulating effects like those of isoproterenol. 

Pulmonary Voscular Effects of Vasopressor Amines 

All of the vasopressor drugs cause a rise in pulmonary arterial blood pressure 
either by vasoconstriction, in the case of alphamimetics and angiotensin, or by 
increasing pulmonary blood flow, in the case of betamimetics and phe¬ 
noxybenzamine. The latter action may also be accompanied by pulmonary 
vasodilatation. However, this effect will cause an elevation of pulmonary capillary 
blood pressure and capillary congestion, and an increase in severity of congestive 
atelectasis. It has not been possible to compare alphamimetics and betamimetics in 
patients with acute respiratory insufficiency, because it has been difficult to have a 
reasonable number of matched patients available for study. 

Fluid Replacement 

Parenteral fluids are important in the management of a patient in shock, 
regardless of the cause. However, there is a potential danger of pulmonary edema 
developing from the overloading of the circulation. Furthermore, the pulmonary 
blood vessels are likely to store the fluid temporarily, which may lead to exudation 
of fluid into the pulmonary interstitial tissue. Recently, there has been increasing 
evidence from clinical experience in man,'i and experimental observations in ani¬ 
mals" ^ that acute respiratory insufficiency frequently follows successful resusci¬ 
tation in low flow states. 

REDUCTION OF PULMONARY FLUID 

The primary aim in the therapy of congestive lesions in the lung is to reduce body 
fluids. This is the most obvious paradox in treating the acute respiratory 
insufficiency of a patient in shock. Fluid replacement for the treatment of shock is 
diametrically opposed to the fluid restriction in the treatment of pulmonary 
congestion and edema. The body fluid can further be reduced by the intravenous in¬ 
jection of diuretics, such as the sodium salt of ethacrynic acid (Edecrin),14 and 
furosemide (Lasix).14 The amount of blood in the lungs can also be reduced by the 
administration of a ganglion-blocking agent, such as trimethaphan camsylate (Ar- 
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fonad), which acts by shifting the blood to the periphery. Morphine sulfate, which 
is often administered in traumatized patients, has also a beneficial hemodynamic 
effect, consisting of a reduction in circulating blood volume. 

A decision has to be made as to whether to restrict or force parenteral fluids. The 
answer depends on the relative severity of the pulmonary lesions. If oxygenation is 
adequate and there are minimal signs of edema, it is recommended to proceed with 
careful use of fluids and vasopressor agents to elevate the systemic blood pressure. 
In severe cases of respiratory insufficiency, reduction of pulmonary fluid should 
take precedence over the management of shock. 

IMPROVEMENT OF PULMONARY FUNCTION 

The most conspicuous sign of acute respiratory insufficiency is hypoxemia. 
Oxygen administered by inhalation is the most important single procedure. The 
basis for the administration of oxygen is to increase alveolar oxygen tension, thus 
compensating for reduced efficiency of the pulmonary gas exchange resulting from 
the pulmonary lesions. 

There is no reason to suspect, however, that oxygen strikes at the primary cause 
of acute respiratory insufficiency. If there is no immediate improvement in blood 
oxygen tension, additional procedures can be performed, such as intermittent 
positive pressure breathing." In the event that this procedure is not sufficient, 
bronchodilators such as isoproterenol21 and aminophylline may be used. It should 
be noted that these drugs also increase pulmonary blood flow and dilate the blood 
vessels, which are not desirable in overcoming the congestive atelectasis. These 
bronchodilators also increase venous shunting in the lung, so that hypoxemia is 
augmented instead of being alleviated. If there is also embolization or thrombosis 
of the pulmonary artery, it becomes more difficult to correct the hypoxemia be¬ 
cause there is a reduction of the gas exchange in the nonperfused portion of the 
lung, even though an adequate supply of oxygen is present in the alveolar air. 

TREATMENT OF PULMONARY LESIONS 

The lung of a patient with acute respiratory insufficiency is characterized by a 
deficiency in oxygen uptake. In most cases, there is a poor diffusion of oxygen, 
largely because of interstitial edema. Pulmonary capillaries are dilated and 
congested, and the alveolar walls are thickened with plasma exudate and fibrin. 
Pulmonary compliance is decreased, indicating a reduction in the distensibility of 
the lung. The fall in pulmonary compliance is associated with early elevation of the 
water content in the lung, defects in the surface activity of alveolar lining, and a 
decrease in phospholipid content.12 Airway resistance is increased because of fluid 
exudation and swelling of the bronchioles. There is still no single drug known to 
reverse all these pathologic processes. It has been suggested that glucocorticoids, 
because of their antiinflammatory effect, may reduce the exudation. Specifically, 
the following steroids have been used: dexamethasone (Decadron),22 hydro¬ 
cortisone,2" and méthylprednisolone (Medrol).23 

The basis for the use of glucocorticoids in the treatment of acute respiratory 
insufficiency is not clear. Clinical studies have been largely documentary, and there 
has been no comparable control group of matched patients not treated with glu¬ 
cocorticoids. In animal experiments, the mode of action of corticosteroids on the 
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lung lissue has not been ¡dentilicd. The following mechanisms have been suggested: 

(I) prevention of sludging of leukocytes in the pulmonary capillaries;1" (2) 

gluconeogenic effect of steroids;"’ (3) improvement of hemodynamic state of the 

systemic circulation; and (4) decrease in capillary permeability to fluids by 

antiinflammatory action. The first mechanism has been noted only in animals, the 

second mechanism has been demonstrated only in organs other than the lung, and 

the third mechanism cannot account for the appearance of pulmonary lesions in 

situations where abnormalities in the systemic circulation have already been cor¬ 

rected. The most likely mechanism, therefore, is the antiinflammatory action al¬ 

though it is not selective for the lung vessels. The glucocorticoids are effective in 

treating inflammation of most other areas. The glucocorticoids also exert systemic 

effects that are undesirable, among which is the accumulation of fluids and elec¬ 
trolytes in the tissues. The glucocorticoids also potentiate the effects of biogenic 

amines in the blood vessels, which may be harmful if these amines are the cause of 

the pulmonary lesions (see Section I). 
Efforts continue to seek new drugs which may reduce capillary permeability se¬ 

lectively without the general systemic actions of glucocorticoids. In the course of 

searching for new drugs to treat chloroquine-resistant malaria, the naph¬ 

thoquinones were observed to prevent or reduce pulmonary lesions produced in 

mice and rats by the parasite, by inhalation of carbon dioxide, or by injection of 

large doses of epinephrine.' The naphthoquinones have also been tested in other 

animal models listed in Fig. I. So far, one naphthoquinone and eriodictyol have 

been found to be effective in reducing capillary permeability and preventing the 

various forms of experimental lesions in the lung. These studies are continuing and 

will hopefully lead to the introduction of drugs that have been developed 

specifically for the treatment of acute respiratory insufficiency. Meanwhile, the 

management of this syndrome will have to depend on the judicious use of fluid, 

steroid, cardiac, and ventilatory support. 
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