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INTRODUCTION 

Ethanol is the most popular mood-altering drug in the 

world' and has probably been used by mankind since before 

recorded history. This project was designed to investigate 

the possibility of a detrimental effect of an acute, low 

dose of ethanol on pulmonary function. There has been ex-

tensive research on the detrimental effects of ethanol on 

several systems, organs, ahd tissues. Yet, there has been 

relatively little investigation of the possible toxic ef~ 

fects of alcohol consumption on the pulmonary system. 

Only recently has evidence been reported that would 

indicate the possibility of a direct toxic effect of alcohol 

on the lung itself. There is ample evidence to indicate that 

the effects of alcohol on other systems may indirectly affect 

the pulmonary system. An_ excellent review of these possi-

bilities has been provided by Heineman (1977). 

Several authors have reported findings that ind-icate 

chronic alcohol_ consumption may lead to a higher incidence of 

symptoms r~sembling those seen in Chronic Obstructive Lung 

Disease (COLD) (Banner, 1973, Emergil et al., 1974, Saric 

et al., 1976, Emergil and Sobol, 1977). Others have shown 

that acute exposure to ethanol can caµse changes .in ventila-

·tory regulation,. and some lung volumes (Sahn et al., 1975, 

Johnstone and Rier, 1973). Whether the possible changes 
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ca11sed.by repeated .acute exposure to ethanol c~uld cause 

permanent damage to the lung is unknown. . . 
· This project was designed to determine if ·changes' in 

lung function and pulmonary hemodynamics occur with blood 

ethanol concent:rations (BEC) less than 100 mg/dL. This 

blood level was chosen as being a typical conse.quence of 

many social drinking situations. 
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LITERATURE REVIEW 

Most of the interest in the toxic effects of alcohol 

consumption has been directed toward the pathologic changes 

in various tissues and organs and the concurrent derangements 

of their function. . Research has primarily concerned itself 

with the toxic effects of alcohol on the structure and func-

tion of the heart, liver, brain, gastrointestinal system, 

and skeletal muscle. Relatively little attention has been 

directed toward the pulmonary system. This review will be 

limited to literature concerning the influence of alcohol on 

the function of the pulmonary system. 

Population studies 

Several population studies have shown that there is 

reason to suspect a link between the consumption of alcohol 

and the incidence.of specific pulmonary disease patterns. 

Banner (1973) studied the p·ulmonary function of thirty 

patients admitted to an alcoholic detoxification center. He 

found consistent derangements ih lung volumes, airflows and 

diffusion capacities. The chai;iges were judged greater than 

could be accounted for by the effects of only smoking. 'l'he 

observed changes were reminiscent of a mild obstructive 

pattern. Emergil et al. (1974) conducted a similar study and 

his findings largely confirmed those of Banner (1973). Again, 

there was. a high incidence of abnormal airflow patterns, 
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reduced lung volumes, and a very consistent reduction in dif-

fusion capacity. These changes were shown to be greater 

than ~ould - be attributed to only cigarette smoking. 's'aric 

et al. (1976) conducted a large population study using 

factory workers. His findings _correlated alconol consump-

tion with the incidence of a Chronic Nonspecific Lung 

Disease pattern. They also attempted to account for the 

effects of both age and_ smoking habits. A subsequent study by 

Emergil et al. (1974) of former alcoholics, members of 

Alcoholics Anonymous, showed that the obstructive lung 

(pulmonary) characteristic pattern observed in the alcoholic 

tended to persist with abstinence. However, the consistent 

decrease in the diffusion capacity seen in the alcoholics was 

not found in the former alcoholics. Cohen et al. (1980) 

measured the pulmonary function of 2,539 subjects in a 

longitudinal study concerning-the effects of alcohol con-

sumption on the incidence O·f· airway obstruction. They found 

that the initial-significant correlations between alcohol 

consumption and the, red_uction of the timed forced expired 

volume (FEV1 ) to forced vital capacity (FVC) ratio disappeared 

when the averages were corrected for other contributing 

factors. '.l'hese .facto_rs included age, sex, race, socio-

econ_omic status, cigarette smoking, ABO blood type, 

Rh blood type, ability to taste Phe:gylthiocarbamide 

and familial compon_ent (whether sUbjects were relatives 
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of patients with pulmonary disease). They concluded 

that any effect that alcohol consumption has on the develop-

ment of pulmonary disease is probably due to an indirect 

influence and not a cause-effect type of relationship. They 

stated: 

Although we cannot rule out a role for alcohol in 
the development of pulmonary disease, its impact, 
if any, is probably the result of interaction with 
other intrinsic or extrinsic factors associated with 
alcoholism., if not deriving primarily from those 
other factors. 

These conclusions are supported by the findings of Sarkar 

and Gupta (1980). Their study used ten chronic alcoholics 

who were nonsmokers and had no history of respiratory 

disease. They found that all of the parameters of pulmonary 

function measured were within normal limits. They concluded 

that alcoholism had little direct influence on respiratory 

function and that the changes which were observed were 

probably due to changes in liver function. 

Alcohol and the Control of 
Respiration 

There has been a long-standing controversy concerning 

the effects of alcohol on respiration. Mackenzie and Hill 

· (1910) reported that men given a half ounce dose of alcohol 

could increase their breath holding time by one-third. 

Higgins (1917) duplicated their experiment as part of his 

study and confirmed their results. He attributed the 
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apparent depression of respiratory drive to " . . the de-

creased appreciation of.muscular fatigue by the brain." He 

also reported that alcohol had ari inconsistent effect.on 

respiration. The same dosage given to different subjects 

would sometimes stimulate and sometimes depress their 

respiration. Hitchcock (1941) reported that alcohol had 

a slight stimulatory effect on respiration but that the 

effect was so slight as to be " .•• of little practical 

importance.... He further stated that the effects of alcohol 

on respiration were " .•• chiefly of academic interest." 

Loomis (1952) found that moderate blood ethanol con-

centratic:m,s,· less than 287 mg/dL., had little effect on the 

respiration of dogs, while nearly lethal concentrations pro-

duced a definite depression of respiration. Klingman and 

Haag (1.958) found that most dogs receiving lethal oral doses 

Of alcohol died of respiratory .failure, though approximately . . '' . 
' I 

thirty-five percent died of cardiac failure. However, dogs 

given their lethal dosage intravenously always died of 

respiratory failure. 

Johnstone and Witt (1972) observed that patients ad-

mitted for treatment of severe alcohol intoxication showed 

no reduction of minute ventilation. Sahn et al. (1975) showed 

that.moderate. doses of alcohol produced no alveolar hypo-

ventilation in patients with Chronic Obstructive Lung 

Disease (COLD) • 
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Several authors have demonstrated alterations in the 

control of breathing with acute exposure and as a consequence 

of long exposure to alcohol. Changes in both the response to 

low oxygen (hypoxic ventilatory drive) and high carbon dioxide 

(hypercapnic ventilatory drive) have been observed with 

moderate doses of alcohol. Higgins (1917) found that alcohol 

tended to cause a reduction in the alveolar carbon dioxide 

tensions in humans. He interpreted this as the result of an 

increased sensitivity of the respiratory center to carbon. 

dioxide. Loomis (1952) found that dogs showed a decreased 

response to hypoxia, but the responses were not measured at 

blood levels below 287 mg/dL. 

Rosenstein et al. (1968) found that ethanol inje.cted into 

the cerebrospinal fluid of cats caused a reduced response to 

hypercapnia. The effects were demonstrated even when the 

preparations were decerebrated and vagotomized. They con-

cluded that this indicated a central effect rather than an 

alteration of the peripheral chemoreceptors. 

Johnstone and Rier (1973) found a similarly depressed 

respiratory response to hypercapnia in humans given alcohol 

.intravenously. The depression was increased in a dose depen-

dent manner. It is of interest that they found that tpe 

largest response was observed after the blood levels had al-

ready peaked. They attri.buted this delay to the early 

stimulatory effects of intoxication. 
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Sahn et al. (1975) investigated the changes in both 

hypoxic and hypercapnic ventilatory drives in humans given 

an oral dose of alcohol. Unlike Johnstone and Rier (1973·) ~ 

they maintained isocapnic conditions during the hypoxia and 

found there was still " ... a moderate blunting of the 

hypoxic ventilatory drive in all eight subjects."· The 

responses to hypoxia tended to return toward normal even 

while the blood alcohol levels were relatively high. They 

speculated that the ventilatory control mechanisms might 

develop an acute tolerance to the "true drug" effect of 

ethanol. Their study of the hypercapnic ventilatory drive 

showed that there was a significant depression which did not 

occur until ~eventy minutes after ingestion of a moderate 

. alcohol dose while blood ethanol concentrat.ions peaked at 

twenty minutes. In a.later study, Sahn et al. (1979), 

showed that patients who already had chronic alveolar 

hypercap~ia., ~hose. suffering from COLD, showed no "!=-endency 

. toward .alveolar hypov:entilation after mo¢lerate doses of 

alcoh9l. 

Pulmonary Function 

several authors have reported alterations in pulmonary 

function as a .result of both chronic and acute exposure to al~ 

cohol dosages. These alterations include changes in diffusion 

capacity, changes in several .lung volumes, changes in 
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specific air flows, and changes in the hemodynamic responses 

to hypoxia. 

Higgins (1917) found an increase in alveolar PC02 after 

an alcohol dose. He postulated that the increase might be due 

to a bronchoconstrictor effect of alcohol. Subsequent meas-

urement of the physiological dead space · (V ds) showed that 

this was not the case since there was never a decrease in Vds 

as would be seen with bronchoconstriction, and there was 

occasionally an increase in Vas' indicating a bronchodila-

tation. Measurement of total lung ventilation. (VE) showed a 

slight decrease associated with alcohol dosage. He attributed 

the decrease in ventilation to a decrease in co2 production 

(VC02 ). Hitchcock (1941) ·chose to express ventilation as the 

ventilatory equivalent, the volume of air breathed per 100 ml 

of oxygen absorbed. He considered this value superior to VE 

since it took into account the changes in oxygen consumption. 

Using this value, he.found that there was a stimulatory effect 

soon after ingestion of alcohol that gave way to a depres-

sant effect within one hour. Although not directly stated 

as such, his data supports the earlier findings concerning 

increases in Va • . s 

Johnstone and Rier (1973) showed that there may be some 

changes in lung: volumes associated with an acute dose of 

alcohol. They gave three intravenous doses, 0.35, 0.70, and 

1.05 ml/Kg over a one hour period to human subjects. These 
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doses resulted ih average blood ethanol concentrati:ons of 

40, 99 1 and 121 mg/dL. They found that vital capacity {VC) 

was reduced· in a dose dependent manner. ·They also measured 

Vds and found that there was a corresponding trend. toward 

an incr.ease . in v ds with . increased blood levels of alcohol, 

butthis trend never became significant. 

Other Factors Involved with Ethanol 
Responses 

A complete spirometric analysis of pulmonary function 

was carried out by Bahner (1973) on chronic alcoholics. 

Since almost all alcoholics also smoke cigarettes, he ap-

plied a correction factor to adjust for the changes 

associated with cigarette smokiqg. He found that the sub-

jects s.howed rto significant differences in total lung 

capacity (TLC), vital capacity (VC), or residual volume (RV) 

from the normal population range. However, there was a 

slight impairment of airflows and a significant decrease in 

FEV1 • The ratio of FEV1/FVC trended towards a decrease, but 

the changes were not statistically significant. Me<l.surements 

of lung. compliance .and resistance to airflow showed incon-

sistent responses. The most consistent derangement found 

that correlated with alcohol consumption was a decrease in 

the.diffusion capacity of the lungs, measured by single 

breath diffusion of carbon monoxide ·(SBDCO). Banner postu-

lated that·t~e pulmonary mechanics indicated an aiveolo-
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capillary, block, rather than a decrease in the area avail-

able for diffusion o_r a decrease in capillary blood flow. 

Emergil et al. (1974) conducted a very similar study of 

chronic alcoholics and found that all of the subjects studied 

exhibited some form of respiratory disorder. They found that 

there-were.decreases in TLC, RV, VC, FEV1 , and SBDCO that 

progressively decreased as the history of alcohol consump-

tion increased. He concluded that the consumption of alcohol 

lead to the production of the symptoms of COLD. He went on 

to say, 

'" •• our data suggest that alcohol alters pulmonary 
function independent of the effects of cigarette 
smoking or previous pulmonary infection. Alcohol 
appears to produce a pulmonary disease which is 
basically 'obstructive in its characteristics. This 
obstructive disease is usually associated with im-
paired diffusion capacity and relatively low lung 
vol-umes - • . . significant cori:elation between the 
alcohol consumption and lung volumes suggests that 
alcohol may have a direct effect on the lungs. 

A later study by Emergil and Sobol (1977) on former 

alcoholics indicated that some of the changes associated 

with chronic alcohol consumption may reverse themselves with 

abstinence while others do not. They studied members of 

Alcoholics Anonymous and found that there was a high inci-

dence of abnormal expiratory air.flow rates and elevated 

RV/TLC ratios. They stated, 

. . it can be se-en . . . that the common functional 
abnormality of alcoholics (namely obstructive pulmonary 
disease) does not appear to be reversible with · 
abstinence. 
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However, the almost universally consistent decreased diffusion 

capacity found in the alcoholics was shown to be apparently 

reversible with abstinence. The former alcoholics had Sig~ 

nificantly higher diffusion capacities than those. found in 

1:.he chronic alcoholics. These_differences were not due 

t:o differences in hemoglobin concentration or smoking 

~istory. 

Two studies of large populations not selected for either 

pulmonary disorders or alcoholism showed conflicting results. 

Saric et al. (1976) studied respiratory parameters in a 

large .. population of factory workers. They found that decreases· 

in FVC were not associated with alcohol consumption but de-

creases in FEV1 were significantly correlated.with alcohol 

consumption. ~hey attempted to correct for the effects of age 

and smoking habits and found that .alco_hol was still signifi-

cantly associated with decreased FEV1 • They conclude_d that 

alcoJiol consumption wa_s related to the. occurrence and rate 

of Chronic . Non_specif ic Lung Disease. 

01'1 .the other han.d, Cohen et al. (1980), in a "longitudi-

nal community dwelling study", found that although alcohol 

c,ensumption could be correlated with decreased FEV1/FVC 

ra_tios, this significant relationship disappeared when_ the 

;results were corrected for· other contributing factors, as 

menti,ened previously. 

Sarkar a11d Gupta (1980) tried to eliminate any influence 
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that smoking and previous respiratory infection might have 

oh lung function in alcoholics by measuring the pulmonary 

,function of ten. nonsmoking alcoholics with no history of 

respiratory infection. They measured VC, RV, TLC, FEV1 , 

FEV1/FVC, ·maximum mid-expiratory, flow rate (MMFR), peak 

expiratory.flow rate (PEFR), maximum ventilatory volume 

(MVV), and SBDCO. The mean values for all the tests ·were 

within normal limits, though RV, FEV1 , FEV1/FVC, MMFR, MVV, 

and SBDCO were shown to be statistically larger than the 

normal mean predicted values. 

Pulmonary Hemodynamics 

Doekel et al. (1978) investigated the pulmonary heme-

dynamic responses to acute alcohol doses administered to 

dogs both orally and intravenously. They measured pulmonary 

arterial pressure (PAP), systemic arterial pressure (SAP), 

pulmonary arterial wedge pressure (PAWP), and cardiac output 

(Q). They found that when blood ethanol concentrations 

rose above 100 mg/dL there was a significant increase 
---

in both PAP and pulmonary vascular resistance (PVR) 

which was calculated by the formula (PAP-PAWP)/Q. 

The dogs were.mechanically ventilated to maintain a constant 

blood pH. Neither melcofenamate, an inhibitor of vase-

constrictive prostaglandin synthesis or phenoxybenzamine, 

a blocker of alpha receptors inhibited the increases 
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in PAP and PVR caused by ethanol. However, the increase 

in PVR was abolished by exposure to hyperoxia and potentia-

ted by exposure to hypoxia. The normal response to hypoxia 

is an increase in PVR as a :result of reflex hypoxic 

vasoconstriction. There are onl.y a few known compounds 

that potentiate this reflex. 

Metabolic Rate 

Only a few investigators have reported on possible 

changes in basal metabolism caused by treatment with alcohol. 

These changes could be seen by noting shifts in the vo2 , 

vco2 , and respiratory exchange ratio (RQ = wco2;vo2J. 

Higgins (1917,) mea.sured. the oxygen consumption in humans 

given a small dose of alcohol. He found that there were only 

small changes.in vo2 associated with alcohol treatment. 

Based on the vo2 data, he ·concluded that there was no· 

change in the basal metabolism of normal men given alcohol. 

He also noted a decrease in the vco2 which would mean that 

Rq wo:uld have been, stable or deer.eased during the alcohol. 

trea,tment. Johnstone and Rier (1973) also measured the vo2 , 

VC02 , and RQ ,in humans treated with intravenous doses of 

alcohol. They reported slight decreases in VC02 and 

slight increases i~ vo2 • Their measurements of the resp.ira-. 

tory quotient showed a significant decrease after the inter-
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mediate dosage of alcohol, but this effect was inconsistent 

since it was not repeated after the higher dosage. 

Blood Gases 

Many of the authors previously quoted also noted de-

rangements in blood gas tensions, acid-base equilibrium 

and oxygen saturation of blood in their subjects exposed to 

alcohol. Klingman and Haag (1958) reported significant de-

creases in blood pH values in dogs given lethal doses of 

alcohol. They also noted significant increases ·in both hemo-

globin and hematocrit levels. Johnstone and Witt (1972) re-

ported a mild metabolic acidosis, increased Paco2 , and normal 

Pao2 in patients admitted for emergency treatment of severe 

alcohol intoxication. The study by Emergil et al. (197,4) 

noted oxy.gen saturations at the lower limit of the no:r:mal 

range in chronic alcoholics. Smith et al. (1975), noted 

trends toward decrea_sed blood pH and increased blood Paco2 
in mice treated with alcohol. Doekel et al. (1978) reported 

values that indicate a trend toward decreased Pao2 and in-

cre_ased Paco2 in dogs given a moderate dose of alcohol. 

Sahn et al. (1979) followed ~he whole blood Paco2 , Pao2 , 

pH and serum bicarbonate in patients given a 'moderate oral 

dose of alcohol. They found signific;:ant decreases in both 

blood pH and serum bicarbonate associ_ated with the treat-

ment with no significant changes in Paco2 and Pao2 . None 
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of the observed changes exceeded the normal physiological 

limits, but they stated that the mild acidosis observed 

was' of, metabolic origin. Sarkar and Gupta (i980) measured 

the Paco2 , Pao2 , and pH in eight of ten nonsmoking chronic 

alcoholics and stated that they were within normal limits 

both at rest and after exercise. They did find an abnormal 

response to breathing 100% oxygen for twenty minutes. 

They found no changes that could be directly attributed 

to alcoholism and stated, 

The true shunt; noted in all subjects who underwent 
blood gas studies is probably related to liver 
disease. 

'i 
i 
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MATERIALS AND METHODS 

Experimental Design 

sixteen adult mongrel dogs (15.6-36.3 Kg) were used in 

this study.. '.l'hese dogs were obtained from Laboratory Animal 

Resources at Iowa State University. The animals were randomly 

divided into Group I that consisted of eight dogs infused with 

ethanol and Group II that were infused with normal saline. 

The dogs.were anesthetized initially with sodium thio-

pental (5.44 mg/Kg), and maintained with a solution of 

alpha-chloralose (38 mg/Kg) (a-c) and urethane (375 mg/Kg) 

(a-c/u) . Depth of anesthesia was estimated by peripheral 

signs and cont·inuous recordings of respiratory parameters. 

Additional doses of a-c/u were administered as needed to main-

tain the plane of anesthesia. 

The. experiment was designed to follow the changes in the. 

various recorded and calculated parameters over a 200 minute 

period.· Samples were taken initially at TO and at subsequent 

20 miriute intervals until TlO. The infusion commenced 

after the initial samples: and recordings were collected and 

continued until the calculated volume (2 ml/Kg) of either 

Siiline or 50% ethanol had been administered. Measurements of 

Functional Residual Capacity (FRC) were taken at least 15 min 

before TO, immediately after completion of the infusion (T6 

or T7), and again after the TlO. samples. The infusion lasted 
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an average of 132 minutes for both experimental groups. 

Experimental Techniques 

Pulmonary· dynamics ahd systemic hemodynamics 

The dogs were strapped in dorsal recumbency on a thermal 

pad,. intubated and cannulated. After all recording trans-

dl.lcers were connected and the dog appeared to be physiological-

. ly stabilized, the first set of blood and air 

samples were collected. At the same time, a set of cqn-

tinuous recordings (0.5 mm/sec for 2 min, 25 mm/sec for 1 

min) on a Beckman 611 recorder included: airflow (F) 

measur.ed by a Fleish #0 pn.eumotach and Statham differential 

pressure transducer. Airflow (F) was electrically integrated 

to give tidal v<;>lume. (VT). Arterial blood pressure (AP)_, 

:tig:P,t· ventricular blood pressure ·(RVP)., esophageal pressure . . . . 

(P_es) we·re all recorded with St.atham press\]re transdu'cers. 

ECG {lead I.I) and a. continuous recording of expired percent 

c.arbon dioxide (Eco2) from a Beckman LB-1 on-line co2 . 

analyzer connected to an end tidal sampler completed the 
- ' " . 

list of rec.orded paramenters. 

Measurement of func:tlonal residual·capacity 

Functional Residual Capacit'y (FRC) was measured in 4 

dogs from Group I and 5 dogs from Group II. FRC was meas-

ured using the technique of multiple breath nitrogen 

------
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washouts. 

The dogs were attached to a combination pneumotach and 

nitrogen analyzer. Both instruments presented digital out-

put and analog output. The pneumotach was used to measure 

expired tidal volume with the analog output going to 

channel l of a Brush recorder. The analog output from the· 

nitrogen analyzer went to channel 2 of the same recorder. 

A valve on the inspiratory port allowed the dogs to breath 

either room air or 100% oxygen. 

·After the respiratory pattern of the dogs had stabil-

ized, the animal was switched from breathing room air to 

pure oxygen during an expiration. Simultaneously, an evacu-

ated· meteorological balloon was attached to the expiratory 

port of the pneumotach for collection of the expired washout 

air. The nitrogen content of each expired breath and the 

volume of each bre_ath were monitored on the two channels 

of the Brush recorder (see sample recording, Figure 1). When 

'i the concentration of nitrogen in the expired air fell below 
I 

10%, the dogs were removed from the pneumotach. The air 

collected during the washout was then forced through the · 

nitrogen analyzer for measurement of the nitrogen concen-

tration in the collected gas. 
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.Figure 1. Recording used for calculation Of functional 

residual capacity (FRC) 

A. Percent nitrogen 

F concentration of nitrogen in the alveoli at a the end of the washout 

F concentration of nitrogen in collected e expired air 

F. - concentration of nitrogen in inspired oxygen 
l. 

concentration of nitrogen in the alveoli at 
the onset of the washout 

z - zero line 

B. Expired volume (L) 

Vw - total volume of air expired during the 
washout 

Z - zero line 
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Surgical.techniques 

A single incision on the neck was used to expose both 

the external jugular veins and the right common carotid 

arteries for 'cannulation. A Swan-Ganz catheter connected 

to a Statham pressure transducer was introduced into the 

right external jugular vein and the tip positioned in the 

right ventricle. The catheter positioning was verified by 

the characteristic right ventircular pressure wave form. 

This catheter was used for collection of the anaerobic 

mixed venous blood samples and recording of the right 

ventricular pressure (RVP). Systemic arterial pressure 

(SAP) and anaerobic arterial blood samples were collected 

from-another cannula in the right common carotid artery 

connected to a Statham pressure transducer. This cannula 

was advanced approximately 10 cm towards the heart and tied 

in place. A third cannula was introduced into the left 

external jugular vein, advanced toward the heart approxi-

mately 8 cm and tied in place. This cannula was utilized for 

the infusions of either alcohol solution or saline. All 

blood vessels were ligated cranially to the cannulation site. 

All cannulas.were maintained patent by periodically flushing 

with heparinized saline (10 USP units/ml). 
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Blood and gas sample analysis 

The blood and gas samples consisted of duplicate 

anaerobic arterial and mixed venous blood·sampres collected 

.in 3 ml plastic syringes wetted with heparin (1000 USP 

units/ml) and a sample of mixed expired air collected in 

modified meteorological balloons. 

The blood samples were refrigerated at 4°C immediately 

after collection. Analysis of the mixed expired air samples 

were completed less than one hour after collection in order 

to minimize the changes due to diffusion. Both the blood 

samples and mixed expired air samples were analyzed on an 

Instrumentation Laboratories 513 Blood Gas Analyzer. Meas-

ured blood parameters included: pH, and partial pressures 

of carbon dioxide (PC02 ) and oxygen (P02 ). The.values for 

base excess (BE), bicarbonate (Hco3-), and total carbon 

dioxide (tco2 ) were calculated by the blood gas analyzer. 

A separate blood sample was used for the measurement of 

hemoglobin in g/100 ml via the cyanomethemoglobin method. 

The arterial blood samples for each time period were pooled 

and used for the measurement of blood ethanol concentrations 

(BEC) by enzyme NDA-ADH assay (Sigma No. 331-UV). 
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. Measured and Intermediate Calculated 
Parameters 

A. _The following values were used to calculate several 

-parameters: 

1) partial pressure of mixed venous 
carbon dioxide 

2) partial pressure of arterial carbon 
dioxide 

3) partial pressure of arterial oxygen 

4) partial pressure of mixed expired 
carbon dioxide 

5) partial pressure of mixed expired 
oxygen 

6') partial pressure of end tidal carbon 
'dioxide 

7) barometric pressure 

8) concentration of hemoglobin 

_9) tidal volume 

10) respiratory rate 

11) pH of both arterial and venous blood 

f 

Pvco2 mmHg 

PaC02 mmHg 

Pao2 mmHg 

PeC02 mmHg 

Petco2 mmHg 

Pbar mmHg 

Hgb g/100 ml 

VT L 

breaths/min 

B. The following values were constant irt all experiments: 

1) fraction of inspired oxygen 

2) saturated water vapor. pressure 

Fi02 .2093 

Pvap 47 mmHg 
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c. The following were intermediate calculations: · 

1) percent saturation of hemoglobin, calculated 
from a nomogram (Rossing and Cain, 1966) 
using pH and P02 and assum~ng a temperature 
of 37°c. 

a) arterial Hgb saturation 

b) venous Hgb saturation 

2) arterial oxygen concentration 

Cao2 = (1.34 x Hgb) x aSat 

aSat ml/100 ml (%) 

vSat ml/100 ml (%) 

ml 0 2/100 ml 

3) mixed venous oxygen concentration ml 0 2/100 ml 

cvo2 = (1.34 x Hgb) x vSat 

4) ideal oxygen concentration 

Cio2 = (1.34 x Hgb) x 100% 

D. The following values were calculated using the variables 

from A, B, and C using a WANG minicomputer: 

1) ratio of physiological dead space to tidal volume 

Vds/VT = (PaCo2-PeC02 )/PaC02 
2) volume of physiological dead space 

vds(L) = (Vds/VT) x VT 

3) alveolar minute ventilation 

VA (L/min) = (VT-vds) x f 

4) oxygen consumption 

V02 (L/min) = Fi02 - (Pe02/ (Pbar-Pvap)) x v'l' x f 

5) cardiac output 

Q (L/min) = vo2; (Cao2-cvo2 l 
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6) carbon dioxide production 

vco2 (L/min) = (Petco2/Pbar - Pvap) x VA 
7 ). respiratory exchange ratio 

RQ = VC02/V02 

8) ventilation to perfusion ratio 

VA/Q = VA/6. 
9) percent physiological shunt 

Qs/Qt = 100 x (Cio2-cao2 )/(Cio2-cvo2 ) 

E. Calculation of lung compliance and resistance: 

1) Lung compliance and resistance were calculated using 

the simultaneous recordings of airflow, tidal volume, and 

esophageal pressure (see sample recording, Figure 2). A 

line drawn perpendicularly through the three traces at the 

end of inspiration or at the time of zero airflow determine·s 

a tidal volume and a measurement of esophageal-pressure that 

is due only. to the ~last.ic resi~tance of the lung. Since 

there is no airflow at that moment, no effort is required 

to overcome· airway resistance to airflow. Lung complianc:e 

is calculated usirig the tidal. volume (VT) and esophageal 

pressure at zero. airflow (PesT) with this equation: 
.. 

. CL. (L/cm H20) = VT/P esT 

Since lung.compliance is constant throughout the tidal 

volum~,.it can be used to calculate the esophageal pressure 

needed to overcome elastic resistance at a lung volume. A 

I 
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Figure 2. Recording ~sed to calculate lung compliance 
(CL) and airway resistance (R) 

F = standard airflow 
lnF = peak inspiratory airflow (PIF) 

VT = maximum tidal Volume 
VTF = tidal volume at standard airflow 
VTmF = tidal volume at PIF 

·pesT = esophageal pressure at maximum tidal volume 
PesF = esophageal pressure at standard airflow 
PesmF = exophageal pressure at PIF 
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·line drawn perpendicularly at a desired airflow determines 

a value for tidal volume at a flow (VTF), an esophageal 

pressure at a flOW·(PesF) and a value fol' airflow (F) 

(see sample recording, Figure 2). The esophageal pressure 

due to elastic resistance, or compliance pressure.is calcu-

lated using this equation: 

pesc (cm H20l = VTF/CL 
L 

This pressure is subtracted from the total esophageal 

pressure measured at an air flow to give the pressure 

generated to overcome airway resistance to airflow: 

PesR ·(cm H20l = PesF - PesCL 

2) The resistance of the airways to airflow is then 

calculated with the equation: 

R (cm H20/L/sec) = PesR/F 

This value was calculated both at the moment of ,maximum 

inspiratory airflow and at a predetermined airflow when 

tracings were suitable. At least two, and when possible, 

three breaths were measured and the results averaged to give 

values for lung compliance and airway resistance to airflow 

at a !?redetermined flow and at the point of maximum airflow 

at each. sample period. 
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F. Calculation of FRC: 

FRC (L) = (F - F ) o , a 

The recordings yield the following values: (see 

sample recordings, Figure 1) 

Vw(L) = volume of air expired during the washout 

F. 
J. 

= concentration of nitrogen in the collected 
expired air 

= concentration of nitrogen in the inspired 
oxygen 

- concentration of nitrogen in the alveoli at the 
onset 

= concentration of nitrogen in the alveoli at the 
end of the washout 

V d . = dead space volume of the apparatus (approx. 
a s 55 ml) 

Data Analysis 

In order to correct for some of the inherent variability 

between animals_, the data was normalized by determining the 

deviation of each parameter from the control, TO, values. 

The majori'ty of parameters are presented as p'ercent change 

from control. The'values for hemoglobin saturation, blood 

pH, Pco , and P0 are presented as absolute changes. This 
2 2 

is because small changes in these parameters, which may not 

be large percentages of control values, may be physio-

logically very important. All figures presented were plotted 

I 
I 
' 

I 
' 
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by the SAS computer system. All data presented in figure 

form is also presented in tables in the Appendix. 

An analysis of variance was run on the values at each 

sample period to test for a treatment difference. A p-

value of less than 0.05 was taken to indicate a statistically 

significant difference between the experimental groups. A 

p-value greater than 0.05 but less than 0.10 was taken to 

indicate a. significant trend for a difference between the 

groups. 
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RESULTS AND.DISCUSSION 

Infusion Parameters 

Infusion time 

Each animal received an infusion volume based on body 

weight. Table l represents the average weights and infusion 

times of the dogs in group I, group II and both groups to-

gether. The infusion rate was constant at 0.388 ml/min, 

therefore the infusion times varied with body weight. 

Table l. Mean body weights and infusion times for each 
.experimental group and for the combined groups 

Group n Body weight Infusion time 

I. 8 24.4 + 1.9 Kga 126 min 

II 8 26.8 + 2.7 Kg 138 min 

I+II 16 25.6 + 1.6 Kg 132 min 

aMean + S.E.M. 

For the sake of simplicity, the data presented here 

will use the mean infusion time for both groups together. 

Thus, the.infusion time ~s considered to start from·TO to mid-

way.between T6 and T7. 
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Blood ethanol concentration (BEC) 

Figure 3 is a plot of BEC versus sample period. The 

peak BEC was measured at T6 and did not exceed 50 mg/dL. 

These moderate BEC levels have seldom been used in the 

literature. Most researchers use levels' far above 100 mg/dL 

(Loomis, 1952, Klingman and Haag, 1958, Doekel et al., 1978, 

Nakano and Kessinger, 1972). The.possible effects of an 

acute low dose of alcohol and low BEC have largely been 

ignored in the literature. 

Respiratory Parameters 

Changes in respiratory parameters would include changes 

in ventilation, lung volumes, and pulmonary mechanics. This 

project assessed changes in ventilation by measuring alveolar 

minute ventilation (VA). This is influenced by changes in 

tidal volume (VT) and respiratory frequency (f). Other lung 

volumes measured include the physiological dead space 

(Vds) and Functional Residual Capacity (FRC). Changes in 

pulmonary mechanics were quantified by measuring lung 

compliance (CL)' airway resistance (R), and the peak inspira-

tory (PIF) and expiratory (PEF) airflows. 
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Blood Ethanol Concentration 
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Figure 3. Mean blood ethanol concentration (BEC) 
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Ventilation 
• As can be seen in Figure 4, VA shows a tendency to in-

crease in both Group I and Group II over the experimental 

period. Both groups are nearly identical until T8. At 

this time, the ethanol treated group begins to show a trend 

toward an increase in VA over that shown by the saline 

treated group (largest percent change at TlO: E = 53.l + 
1 6.3 , s = 22.8 :!:. 16.8). 

Changes in VA must be associated by either a change in 

VT orf or both. Figure 5 shows that part of the increase 

seen in both groups is due to a moderate increase in VT. 

Group I shows the largest increase at T6 (13.6 + 11.3 

percent) while the Group II animals show their largest change 

at T9 (12.8 + 5.0 percent). However, the trend is con-

sistent and there is no evidence of a statistical difference 

between.the two groups~ 
. 

The difference in VA is largely due to differences in 

f. Figure 6 shows the changes in f and it is apparent that 

there is no difference between the two groups until after 

T7.· This increase in f occurs after BEC has peaked and 

is actually decreasing, so it is difficult to attribute this 

response to the ethanol treatment. The possibility of a 

delayed response does exist. Klingman and Haag (1958) 

- ·1Mean + S.E.M. 
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Alveolar Ventilation 
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noted· that dog.s tre.ated with lethal doses of ethanol, either 

orally or intravenously, ·always died after the BEC had peaked 

and was decreasing. However, they were dealing with a mean 

peak BEC of greater than 600 mg/dL. It is perhaps just as 

important to note that there is no indication of respiratory 

depression at these low BECs. This is in agreement with 

both Loomis (1952) and Klingman and Haag (1958), who re-

ported no tendency for respiratory depression at low BECs 

in dogs. This conclusion is also in agreement with the 

findings of Johnstone and Witt (1972), Johnstone and Rier 

(1973) and Sahn et al. (1979) in human subjects. 

Lung volumes 

As previously mentioned, VT shows a progressive increase 

in both groups. The basis for this increase remains un-

clear. Figure 7 illustrates the changes in Vds' the volume 

of inhaled air that does not participate in gas exchange. 

It is evident that there is little deviation from the control 

values in the Group II animals with the largest increases 

occurring at T3 and TS (3.8 ± 2.8 percent and 3.8 + 4.6 

percent, respectively). The Group I dogs show a consistent 

trend toward a moderate increase in Vds" This curve is very 

similar to the one ,for BEC, strongly indicating the possi-

bility of a relationship, though a statistically significant 

difference between the treatment groups is never established. 



39b 

% Change Physiological Dead Space 

25 
20 

I .. 
I .. 
I 

15 .. 
I E E 

10 • E 
5 ! S E S E 

I E E S · o .· .. •---------s---------s--------------s-----------------1 s s s s 
-5· -t E 

-10 
-15 
-20 
-25 

I .. 
I 
+ 
I .. 
I .. 
! E - Ethanol 

S - Saline 
e - Both 

I . 
I 
I -·----·----·----·----·----·----·----·----·----·----·--0 l 2 3 4 5 6 7 8 ., 10 

TO values: . 
E = 0.181 
s = 0.169 

Figure 7. 

Sample Period 

+ 0.017 L 
+ 0.013 L 

Percent change in physiological dead space 
(Vds) 



40 

Figure 8 shows the percent change in FRC volume left in 

the lung after expiration. FRC is measured after the end 

of the infusion and again after the last-sample period. 

The ethanol treated group showed an increase in FRC at the 

end of the infusion, which subsequently decreased when 

measured after TlO. The progressive decrease in FRC seen 

in the Group II animals may be due to the progressive 

edema associated with prolonged dorsal recumbency. The in-

crease in FRC in the Group I dogs is all the more impressive 

in light of this trend. An analysis of variance between the 

treatment groups reveals no significant differences, although 

the values are approaching significance at peak BEC (p = 
0.084). Any analysis utilizing a low number of subjects will 

have difficulty showing statistically significant differences 

between the groups, even though the differences may be 

physiologically significant. To find values even approaching 

s_ignificance is impressive under these circumstances. 

The changes in FRC and Vds are consistent with one 

another. One possible mechanism for an increase in Vds 

would be a bronchodilation. This would increase the volume 

of the terminal bronchioles without increasing the area 

available for gas exchange. This would also cause an 

increa·se in volume for FRC since there would be a larger 

volume left in the lung after a normal expiration. _Higgins 

(1917) suspected that alcohol would cause a 
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bronchoconstriction, and a consequent decrease in Vas· His 

experiments revealed no tendency for a decrease in Vds' but 

he observed an .occasional increase in Vas in response to an 

oral dose of alcohol in humans, indicating a bronchodilita-

·tion. Johnstone and Rier (1973) also reported values that 

indicated increases in Vds could be linked with BEC, though 

the changes were not statistically significant. These 

f.indings support their reports. 

Pulmonary mechanics 

Measurement of CL gives an indication of the changes in 

lung tissue elasticity. The calculated value for CL depepds 

on VT and the esophageal pressure at that volume (PesT). 

Figure 7 shows that CL tends to decrea.se in both groups over 

the course of the experiment. For this to occur, either a 

·larger subatmospheric pressure .is required to inspire the same 

volume of air or a smaller volume requires the same pressure. 

In any case, a decrease in CL indicates an increase in elastic 

.resistance which could be due to a possible interstitial 

edema or decrease in the surface active material present 

in, the. alveoli:. Changes in CL reflect physiological 

change·s at the alveolar level. As seen in 1''igure 9, there is 

.little indication of any differences in response that can be 

attributed to the ethanol treatment. 
. I .• 

Resistance (R) is a measurement of how much effort is 
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required to move air through the airways. Its calculation de-

pends on airflow (F) and the esophageal pressure due to 

resistance (PesR). An increase ,in R, with CL remaining 

constant, is due to either a reduction of F, with P R re-, es 
maining constant or a larger PesR required to induce the 

same F. 

As can be seen from Figure 10, there is a great deal 

of variability in the measurement for R. This is due to a 

low number of subjects with recordings that could be used 

for calculation of R. There seems to be little tendency for 

the Group II animals to show a consistent deviation from the 

control values. The Group I dogs show a very consistent 

increasing .trend to a peak at TS (33. 7 + 9.S percent) and 

thereafter declining. There is a significant trend for a 

difference between the two groups at TS. In addition, this 

inc;:rease. in R seems to correlate with BEC. As can be seen 

from Figure 11, there is no evidence of a change in peak 

inspiratory flow (PIF) that could account for the change in 

R. Both groups show a progressive increase in PIF that peaks 

at TlO. There is no indication of any difference between 

the two groups. -Though not presented here, peak expiratory 

flows (PEF) mimicked PIF. 

A possible explanation for an increase in R would be a 

constriction of the upper airways. A very small decrease 

in airway diameter cah cause large increases in R. 



% Change Resistance 

40 
35 
30 

25 
20 
15 
10 

5 
0 

-5 
-10 

'-15 ' 

-20 
-25 

I ... 
I 

-+ 
I .. 
I .. 
. I .. 
I .. 
I .. 
I E 
-t E 
I S 

E 
E 

E E 

E 
E E 

s s 
·S s 

··------------.. -----------· -------------------------.--' .. 
I .. 
I .. s 
I 
+ 
I 
+ 
I 
I 
I 'E 
I s 10 

- Ethanol 
-.Saline 
- Both 

s s s 
s 

- ·---~ .. ---- ·----+----·---.,.+ ----+----+----+----+----•.-0 I ·2 3 4 5 6 7 8 9 10 
Sample Period 

TO values: 
E 7.058 + 0.880 
s '7.584 + 2.276 

cm .H2o/L/sec 
cm H20/L/sec 

Figure 10. Percent change in resistance (R) measured 
at peak inspiratory airflow 

I 

·' 



46 

% Change -Peak Inspiratory Airflow 
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Most of the measurements of pulmonary mechanics in the 

literature require voluntary cooperation by the subject. 

Thus, it is difficult to compare these values taken during 

passive breathing. However, it is pertinent to note that 

Emergil et al. (1974) reported a reduction of·Maximal Mid-

Expiratory Flow (MMF) in chronic alcoholics. 

Re.spiratory parameter interaction 

None of the systems discussed, i.e. , ventilation, lung 

volumes, or lung mechanics operate independently. Changes in 

one set of parameters will affect all the other parameters. 

Some of this interaction is illustrated in the following 

figures. 

Figure 12 is a composite of the Group I changes in f, 

R, VT, and CL. The same parameters for Group II are pre-

sented in Figure 13. ~·he most obvious differences between 

the two groups are in the plots for f and R. These changes 

reflect changes in VT and CL. 

The normal response to an increased R is a reduced f 

and increased VT. The normal response _to a decrease in CL 

is an increase in f with a reduction in VT. These changes 

minimize the work needed to maintain a normal ventilation; 

either slower, deeper breaths or faster, more shallow breaths, 

depending on which will minimize the work of breathing. 

In the Group I dogs, there is a moderate decrease in CL. 

' 
~ I 
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There is also a large increase in R. The normal increase in 

f that could be expected with a decreased CL is suppressed 

by large increases in R. If f was increased, it would take 

even more energy since R is increased. It is interesting to 

note that only after R begins to decrease does f increase 

in response to decreasing CL. The response to these changes 

in Rand CL is not entirely clear, but it is fairly consis-

tent. 

The Group II responses are less well-defined. With no 

apparent increase in R, one would expect an increased f and 

decreased VT in response to the decreased CL. In fact, there 

is no such pattern.. Some of the problem may be due to the 

low number . .(n=3) of. r.ecordings available for calculation of 

R and CL in Group II. 

Cardiovascular Effects 

An assessment of some of the cardiovascular effects of 

the ethanol treatment was provided.by measurement of heart 

rate, cardiac output, and.arterial blood pressures. Figure 

14 show.s that the heart rate (HR) changed very little over 

the exper.imental period with no differences between the 

two experimental groups. This would be expected at these 

low BEC levels. Nakano and Kessinger (1972) showed that 

doses of ethanol less than 100 mg/dL given intravenously to 

d9gS would cause moderate increase in HR, but the bulk of the 
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work they reported dealt with much higher ethanol levels. 

Those higher levels lead to decreases in HR. 

The plot of cardiac output (Q) in Figure 15 shows that 

the saline infused dogs have a slight tendency towards an in-

creased Q over the experimental period, while the ethanol 
. 

treated animals show a trend towards a decreased Q after an 

initial increase. Since this is not associated with any 

reduction in heart rate, it is logical to assume a reduction 

in stroke volume. 

As can be seen in Figure 16, systolic arterial blood 

pressure (SAP) shows only a slight increase in both groups 

during the experiment. The increase in diastolic arterial 

blood pressures (DAP) (Figure 17) , was slightly greater. How-

ever, there is a trend for the ethanol treated group to show 

slightly larger increases in systolic and diastolic pressures . 

The significance of the changes is uncertain. Doekel et al. 

(1978) reported no changes in either Q or SAP during intrave-

nous injection of ethanol in dogs. Because of the small magni.:.. 

tude of the changes noted here, these results can neither con-

firm or refute their findings. 

Ventilation-Perfusion 

Ventilation-perfusion relationships illustrate how blood 

flow is matched to lung ventilation. Any changes in this 

relationship can be assessed by measuring shifts in the VA to 
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Q ratio (VA/Ql or the physiological shunt (Qs/Qt). 

Figure 18 shows how VA/Q changes over the experimental 

period. Although both groups show a generally increasing 

VA/Q, it is evident that the ethanol treated group shows a 

much larger increase. There are statistically significant 

differences between the two groups at several sample periods. 

This increased VA/Q is the result of the increased VA and 

decreased Q already discussed. Either of these changes would 

tend to increase VA/Q, together, they cause a very clear . . 
change. It is irnposs~ble to determine if this change in VA/Q 

for the total lung is an accura.te reflection of the regional 
• • changes in VA/Q.- There is a good possibility that there are . . 

substantial shifts in the regional VA/Q ratios based on the 

evidence provided by Vds and FRC. 

Increased Vds indicates that more of the ventilation is 

not being used for gas exchange. The increase in FRC 

indicates that there is more air left in the lung after a 

normal_. expiration. This would mean that the animal is 

breathing off the_. "top" of the lung, where blood flow does 

not match ventilation as well. 

'Further evidence for this theory is provided by the 
• • plot of Qs/Qt in Figure 19. There is a general increase in 

Qs/Qt in both experimental groups. It is apparent that 

there is little difference between the two groups. It is 

interesting to note that the Group I dogs were consistently 
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above the Group II ·animals. This difference is not large 

and certainly not statistically significant, but the trend 

could certainly be physiologically significant. 

An increased Qs/Qt would indicate an increase in the 

amount of blood that passes through the lung without being 

oxygenated, or being less oxygenated. Such a shift could 

possibly be caused by changes in regional shunt relation-

ships. Prolonged dorsal recumbency tends to decrease the 

ventilation to the dependent portions of the lung. Blood 

passing through these portions of the lung would be poorly 

oxygenated·. Evidence supporting the possibility of a change 

in ventilation rather than a change in blood flow is pro-

vided by the changes in Qs/Qt after T7. The reduced shunt 

seen corresponds to the increased VA already discussed. This 

incre.ased ventilation would tend to ventilate the entire lung 

more evenly, reducing any existing shunt. The evidence pre-

sented tends to support a change in regional ventilation . 
. 

Reduced Q would tend to intensify the consequences of this 

shift. 

Basal Metabolism 

The only measurement of metabolic rate available in 

this experiment is rate of oxygen uptake (vo2 J·. This can be 

used along with Vco to calculate the respiratory quotient 
2 

(RQ = VC02/vo2 J. These measurements determine how an animal's 
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metabolism or metabolic rate responds to a treatment. 

Figure 20 shows that vo 2 increases over the course of 

the experiment in both groups. The values indicate a sig~ 

ni_ficant_ trend for a difference between the two groups at 

the last three sample periods. Thil? difference is puzzling. 

The most likely explanation is that the increased V02 is due. 

to the increased VA and f also seen during these time periods. 

rri other words, i_s the increase vo2 due to the increased work 

of breathing? This may be a reasonable explanation considering 

th:e·. increased R shown during this period. .Whether this 

response is specifically due to the ethanol treatment is 

unclear. Higgins (1917) measured the vo 2 in human subjects 

and reported inconsistent increases in vo2 in response to an 

oral dose of.alcohol. Johnstone and Rier (1973) reported 

values that.indicate only a slight response to an intra-

venous dose of alcohol. 

Figure 21 shows that RQ changes very little in the Group 

II animals. The Group I animals tend to show a consistent 

decre.ase in RQ from the control values.. The two groups .show ,-

a significant trend for a difference at T6 and_a stati:;itically 

significant differencE3 at T7. Thereafter, the values return 

to·. approximately control levels. This trend for reduced RQ 

has been reported in humans by Higgins (1917). Johnstone and 

Rier. (19-73) reported significant reduction of RQ in human 

subjects given a moderate intravenous dose of alcohol. This 
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reduction of RQ may be due to the use of ethanol as an 

energy source rather than the normal carbohydrate or fat 

sources. 

Blood Gas Parameters. 

Analysis on anaerobic arterial and mixed venous blood 

samples yields values for the respective blood pH, PC02 , and 

P02 values. The hemoglobin saturation (Sat) can be calcu-

lated from a nomogram using the values for pH and Po2 • These 

measurements provide information on the acid-base equilibrium 

(pH), how well co2 is being removed from the blood (PC02 J, 

and oxygen delivered to the body (Po2 and Sat). 

Blood' pH 

As seen in Figures 22 and 23, both arterial and mixed 

venous pH values tend to increase over the experimental period. 

This increase becomes most marked in the latter part of the 

experiment. It appears that the Group I animals show a 

slightly reduced tendency toward increased pH compared to the 

group II animals. The large increases toward the end of the 

experiment are probably due to the increased ventilation, 

producing a respiratory alkalosis. 

There is no evidence of any acidosis that has been 

reported by others. Johnstone and Witt (1972) reported a 

mild acidosis in patients admitted for treatment of severe 
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intoxication (with BEC civer 250 mg/dL). Sahn et al. (1979) ·· 

also reported a mild acidosis of metabolic origin in humans 

given a moderate oral dose of alcohol. This dose resulted 

in a maximum BEC of 140 mg/dL. It may be that the low BEC 

used in this study was simply not sUff icient to cause 

any similar acidosis. 

Blood PC02 

As would be expected with the increase in the pH values, 

there was also a decrease in both the arterial and mixed 

venous Pco2 as seen in Figures 24 and 25. There is. little 

evidence of any consistent difference between the two groups. 

The lar.gest! decreases, seen after T6, are readily explained 

by the increased ventilation also seen during these periods. 
' . 

The increased ventilation would tend to "blow-off" co2 . 

This reduction of co2 levels is the primary cause of the in·-

creased: pH values. 

Blood.Po2 
j 

Both groups showed decreased arterial (Pao2f; Figure 26, 

·and· mixed venous (Pvo2 J; Figure 27, P02 values. The Group II 

animals dem6nstrate steady, though variable reduction in Pao2 
I 

over the entire experimental period. The Group I animals 

·snow a statistically greater decrease at T4. The maximum 

decreasi;i in Pao2 occurs at TS ih the Group I animals, and 

thereafter there is a reduction in this decrease. This change 
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correlates well with the BEC. The large variability seen in 

the Group II response does not allow any differences between 

the two groups to be clearly seen. The fairly consistent 

values for the Group I animals do indicate that such a dif-

ference may possible exist. 

Even though the Pvo2 values shown in Figure 27 show a 

statistical difference at T4, there is very little evidence 

of any consistent difference between the two groups. 

It is surprising to have any depression of either Pa02 

or Pvo2 values in light of the evidence for increased VA. The 

fact that there are decreases adds even more evidence to the 

theory of regional changes in VA/Q. 

Blood saturation 

The plot of arterial hemoglobin saturation (aSat) in 

Figure 28 shows that there is a decrease in Group I aSat 

that correlates very well with the plot of BEC. Both peak 

at T6. There is only a slight decrease in aSat for Group II 

and the two groups are statistically different at several 

points. 

As seen in Figure 29, there is a steady decrease in mixed 

venous hemoglobin saturation (vSat) in both groups. In con-

trast to the plot for asat, there is less indication of any 

differences between treatment groups here. It is of interest 

that the values for Group I are consistently below those shown 
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for the Group II animals until T9. 

Since hemoglobin saturation depends on pH, and P02 , it 

is r~asonable to assume that the relative increases in pH 

and P02 seen after TS are related to the increase in aSat 

after T6. It is also reasonable to assume a relationship be-

tween the increased VA and increased pH and po2 . It is 

interesting to speculate that the decreased aSat was the 

cause of the increase in VA. On the other hand, if BEC had 

been maintained at T6, there is the possibility that VA 
would not have increased and aSat would have continued to fall. 

Possible mechanisms to account for the decrease in aSat, 

·seen in the ethanol treate.d group, could involve nearly all 

of the measured parameters pH, PC02 , and VT. The easiest 

explanation involves the regional ventilation-perfusi.on re-

lat~onships. If blood does not pass by ventilated capillaries, 

then it. will not be oxygenated. These minor shifts in 

regional VA/Q may be.reflected in the total lung VA/Q, or 

they may not. The increases in Vds and FRC as well as Qs/Qt 

shifts indicate that shifts in VA/Q are occurring, but the 

exact mechanism remains unclear. 
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SUMMARY 

This project measured changes in respiratory, cardio-

vascular, ventilation-perfusion, metabolic, and blood gas 

parameters caused by treatment with a moderate dose of 

ethanol. 

There was an increase on VA due mainly to an increase 

in f. Increases observed in Vds and FRC were closely linked 

with BEC. Increases in R also correlated well with BEC. 

There were no changes in VT' CL, or peak airflows that 

could be attributed to the ethanol treatment. 

Cardiovascular responses produced by treatment by . 
ethanol include a slight decrease in Q with no change in 

HR. Systolic and diastolic arterial pressures showed slightly 

higher increases in the ethanol treated group. 

The large increases in VA/Q can be attributed to the 

changes in both VA and Q. The existence of regional changes 

in VA/Q cannot be proven or disproven by the data presented, 

but the consistent trends seen in vds' FRC, and Qs/Qt tend 

to support that hypothesis. 

The increased vo2 due to ethanol treatment is most 

likely caused by the increased work of breathing, especially 

considering the.increase in R. There was a significant 
! 

reduction of RQ, but the significance of this change, though 

supported by the literature, is uncertain. 
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Blood gas parameters indicate no definite metabolic 

acidosis, but the common respiratory alkalosis observed is 

generally s~ppressed until BEC·began·to decline in the 

Group I animals. 

The changes in pH were correlated with decreases in 

PC02 . Decreases in P02 and hemoglobin saturation indicate 

some.type of hypoxia that correlates·well with the BEC and 

could well be a consequence of the hypothesized shifts in 

regional VA/Q relationship. 
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APPENDIX 



Bl 

Table Al. Average blood ethanol concentration (BEC) 

Sample Period 
TO Tl T2 T3 T4 TS T6 T7 TB T9 TlO 

BEC 0 16a 26 36 40 41 4B 45 43 41 37 
+o +9 + 5 +12 + 7 + 6 + 4 + 4 + 3 + 4 + 4 - - - - - - -

n B 5 5 3 3 5 7 B 6 6 B 

a mg/dL + S.E.M. 



Table'A2. Chariges in .the ventilatory parameters. Includes: alveolar ventilation ('O'A) ' tidal 
volume (VT) and respiratory frequency (f) 

Group n SaniEle Period 
TO Tl T2 T3 T4 TS T6 T7 T8 T9 TlO 

Parameter - A 
Ethanol 8 l.658a 10.lb 3.8 10.0 1.95 6.3 8.1 15.5 34.6 31.3 53.l 

+0.224 +4.7 +6.3 . "+7. 5 +5.7 +8.7 +6.9 +11. 7 +9.2 +11.5 +6.3 

Saline 8 2.215 2.3 0.1 -4.l 8.5 0.3 11.2 6.4 16.5 6.2 22.8 
+0.268 +4.6 :t_7.9 +7.l +.8.7 +8.4 +9.2 + 8.1 +12.1 + 9.6 +16.8 

Parameter = VT 
-3.0b Ethanol 8 0.366c 2.0 4.7 6.6 9.2 13.6 12. 3 9.3 7.1 6.3 

+0.040 +3.9 +6.7 +8.9 +7.5 +6.7 +11. 3 +12.4 +11.5 + 9.2 +10.0 - CD 

Saline 8 0.348 -2.8 3.6 7.1 6.1 10.8 11.0 9.7 10.l 12.3 11.2 N 

+o.021 +2.3 +2.1 +2.1 +l.8 +3.6 + 3.9 + 5.7 + 5.7 + 5.0 + 5.4 

Parameter = f 
9.3d 15.8b Ethanol 8 3.4 8.8 0.1 0.9 3.2 14.2 35.2 37.5 51.4 

+0.7 +7.3 +5.6 +10.6 +10.0 +10.6 +14.4 +18.4 +19.6 +23.5 +17.9 

Saline 8 11. 7 2.7 -4.8 -10:2 0.9 -9.7 0.9 1.6 7.2 -1.l 13.7 '· 
+ - l. 3 :t_4.l +5.5 +6.4 +6.8 +5.9 + 7.8 +11.0 +10.6 +10.3 +16.l 

aL/min :t. S.E.M. 
b Percent change from control + S.E.M. 
c L + S.E.M. 

dBreaths/min + S.E.M. 



Table A3. Change in lung volumes; includes: physiological dead space 
capacity (FRC) 

Group n 

Parameter = vds 

Ethanol 8 

Saline 8 

Parameter = FRC 

Ethanol 4 

Saline 5 

~ + S.E.M. 
b 

TO 

0.18la 
+0.017 

0.169 
+0.013 

A 
l.069c 

+0.132 

1.511 
+0.0148 

Tl 

-4.4b 
+3.9 

-1. 7 
+3.6 

Percent change + S.E.M. 
c L + S.E.M. 

Sample Period 
T2 T3 T4 TS T6 

1.4 3.6 7.9 10.4 12.8 
+5.4 +8.5 +7 .2 + 5.6 +11.0 

0.3 3.8 -0.8 3.8 1.6 
+3.9 +2.8 +4.4 + 4.6 + 6.0 

B c 
7.0b -3.0 

+2.0 +7.0 

-10.6 -13.5 
+ 7.5 ~ 4.0 

(V ds)' and functional residual 

T7 T8 T9 TlO 

16.8 12.5 11.5 5.4 
+10.2 +10.0 + 8.4 +8.9 

0.5 -1.5 -2.5 -1.6 
+ 6.0 + 6.9 + 6.3 +6.7 

co 
w 



Table A4. Changes in lung mechanics parameters; includes: lung compliance (CL) ' airway ·resistance 
(R)' peak inspiratory flow (PIF) 

Group n sam.121e Period 
TO Tl T2 T3 T4 TS T6 T7 TS T9 TlO 

Parameter = C· L 
-1.0b ~thanol 5 0.062a -3:4 -1.6 -7.5 -7.2 -6.1 c...9,5 -11.0 ..:11.7 -l8.4 

+0.012 +4.6 +3,.8 +3.9 +9.4 +3.7 +4.4 +2.1 + s;s + 4.-0· ·+·3.2 

Saline 3 0.101 -4.7 -11.6 -17.3 -19.2 -8.2 -11.6 -13.4 -18.3 -14.6 -22.3 
+0.012 ±_10.1 + 6.3 +13.0 + 7.5 +2.8 +11.0 +11.0 + 9.8 +10.3 + 5.6 

' Parameter = ·R 
7.4b . Ethanol 5 7 .ossc 3.9 l8.6 20.2 33.7 26.9 25.2 25.7 21.5 18. 7' 

+0.880 + 8.6 ±_9. 6 + 5.7 ±.26.9 + 9.5 + 8.9 ±_10.4 + 8.9 + 9.2 +13.2 

Saline 3 7.584 -15.5 1.3 4.9 -·4.3 -l3.2 4.6 -7.6 -8.4 8.9 10.6 co ... 
+2.276 +14.0 +5.2" + 7.2 +14.2 +26.3 + 6.8 +21.5 +21.1 +18.7 +12.s 

Parameter = PIF 
0.368d 3.Sb Ethanol 8 10.9 9.8 14.2 l4.9 13.1 16.3 13.9 18.5 19.2 

+0.022 + 4.6 ±_6.1 + 7.4 +17.4 +12. 7 + 4.7 + 5.7 + 5.8 + 5.3 + :S.s -
Saline 8 0.429 -0.5 6.1 11.5 13.3 17.3 16.6 lS.l 17.8 15.8 19.8 

+O.Ol4 + 2.0 + 2.4 + 3.4 + 2.6 + 4.7 + 4.4 + 5.2 + 6.2 + 5.9 + 7.5 

a L/cm H2o. 

b Percent change from control + s.E.M. 
c cm H20/L/sec. 
d . L/sec + S.E.M. 



. 
Table AS. Changes in cardiovascu1·ar parameters, includes: cardiac output (Q) , heart rate (HR), 

systolic arterial pressure (SAP) , and diastolic arterial pressure (OAP) 

Group n sam12le Period 
TO Tl T2 T3 T4 TS T6 T7 TB T9 TlO 

Parameter - Q 
Ethanol 8 S.340a 2 .• 9b -3~S -s.o -6.9 -9.6 -7.2 -0.8 s.o -0.1 9.1 

+0 •. 786 +10.1 + 3.0 + 7.7 +11. 7 + 9.7 + 9.4 + 9.6 +13.7 +11. 7 + 7.3 -
Saline 8 4.623 -o.s -3.9 -S.2 -4.S -7.8 -2.7 -1.3 -1.1 -2.4 o.6 

+0.600 + s.o + .S.6 + 7.3 + 9·.o + S.2 + 7.S +il. 7 +lS.3 +lS.7 +17.8 
Parameter = HR 
Ethanol 8 l37c 2.9b -3.S -s.o -6.9 -9.6 -7.2 -0.8 s.o -0.1 9.1 

+ lS + 3.4 + 3.S + 3.3 + 4.3 + 6.2 + 6.6 + 6.8 + 7.8 + 7.1 + 7.4 
Saline 8 1S7 -o.s -3.9 -S.2 -4.S -7.8 -2.7 -1.3 -1.1 -2.4 0.6 

+ 10 + 3.9 + 2.6 + 4.3 + 4.9 + 4.S + 7.1 + 3.8 + 4.0 + 8.6 + 8.2 
Parameter "' = SAP 01 
Ethanol 8 143d 0.6b 4.4 S.9 8.0 6.S S.7 6.S S.2 4.1 -0.3 

+ 3 + 1.3 + 2.9 + 4.8 + S.2 + S.4 + 4.4 + 2.3 + 2.8 + 3.0 + 3.4 - - -
Saline 8 147 -1.3 -1.6 0.9 0.4 2.0 2.4 1. 7 3.8 0.8 3.3 

+ 3 + 0.8 + 0.7 + 1.6 + l.S + l.S + 3.0 + 3.3 + 2.3 + 4.S + 3.3 -
Parameter = DAP 
Ethanol 8 llle 1. 3b 3.8 3.8 6.2 7.S 13.5 11.8 12.6 7.0 7.9 

+ 3 + 2.1 + .2.6 + 3.1 + 3.4 + - 3.5 + 2.6 + 2.S + 4 .. 2 + 2.9 + 3.7 

Saline 8 120 -1.3 -3.2 0.5 2.7 3.3 S.4 s.s 6.4 4.2 8.8 
+ 3 + 1.2 + 1.2 + 1. 7 + 1.4 + 1.3 + 2.S + 2.8 + 2.6 + 3.6 + 2.3 - -

aL/min + S.E.M. 
b -
··Percent change from control + S.E.M. 
cBeats/min ±. S.E.M. 
d mm Hg±_ S.E.M. 
e mm Hg + S.E.M. 

~ .. 



Table A6. Change in ventilation-perfusion parameters, includes; v~ntilation-p~rfusion ratio .<VA/Q}, 
physioiogical shunt (Qs/Qt) 

Group n 

Parameter = v /Q 
A 

TO 

Ethanol 8 Q,336a 
+0.048 

Saline 8 0.526 

Tl T2 

7.sb 4.9 
+10.7 + 7.8 

Sample Period 
T3 T4 TS T6 

18.0 
+12.2 

25.4 
+12.7 

27.2 31.6 
+13.6 +13.0 

1.5 -o.4 -13.3 -r:.1 -0.4 5.6 

T7 .TS T9 TlO 

31.4 59.6 49.6 68.3 
+12.2 +13.7 +16.1 +16.0 

7.9 14.3 9.7 15.2 
+0.000 + 7.3 + 6.2 + 4.s + 7.s. + 7.4 + 7.4 +10.4 +1s.9 +13.3 +16.4 

Parameter = Qs/Qt 
Ethanol 8 0.376c 

+0;046 
6.lb 17.1 

+10.9 +10.1 

Saline 8 0.256 3.0 10.7 
+0.029 + 9.6 +11.2 -. 

aRatio + S.E.M. 

15.2 14.6 
+12.4 +11.3 

20.9 
+17.7 

15.4 
+20.3 

15.2 10.3 12.7 4.1 
±. 7.9 + 8.2 +10.2 +10.0 

b Percent change from control + S.E.M. 

cRatio + S.E.M. 

14.6 
+19.5 

-3.6 1.7 -11.8 
+15.3 +15.9 +10.8 

8.6 1.9 13.9 11.9 
+13.7 +13.9 +13.3 +18.9 

"' "' 



Table A7. Changes in metabolic parameters, includes: respiratory exchange ratio (RQ)' and oxygen 
consumption ('O'O 2) 

Group sam12le Period n TO Tl T2 T3 T4 TS T6 T7 TS T9 TlO 

Parameter = RQ 
Ethanol 8 o. 571a -2.-}> -7.4 -1.8 -8.2 -7.0 -8.7 -8.l 0.5 0.6 8.1 

+0.048 .±. 4.0 + 3.0 + 5.3 + 3.5 + 4.1 + 2.5 + 2.2 + 4.6 + 2.3 + 3.2 

Saline a· 0.625 2.4 3.3 -7.6 l.3 -2.0 1.2 -0.4 3.7 -2.5 4.9 
+0.061 + 6.1 + 8.3 + 5.4 + 4.2 + 3. 7 + 4.2 + 2.8 + 3.8 + 5.4 + 5.1 - -

Parameter = '0'02 
Ethanol 8 0.133c lo.ab 8.3 8.6 5.7 9.8 13.7 20.2 28.8 22.2 31.2 

+0.14 + 5.7 + 5.1 + 4.9 + 5.4 + 7.0 + 5.9 + 9.6 + 6.6 + 6.5 + 7.5 

Saline 8 0.166 0.3 -1.6 2.4 4.1 0.3 7.0 3.3 8.0 6.3 9.6 "" ..... 
+0.020 + 5.0 + 5.8 + 4.7 + 5.2 + 4.3 + 6.0 + 6.1 + 8.6 + 5.0 + 9.4 - -

a aatio = S.E.M. 
b Percent change from control + S.E.M. 

c I . L min + S.E.M. 



Table AS. Changes in arterial pH (apH) and mixed venous pH (V'pH) 

Group n sam121e Period 
TO Tl T2- T3 T4 TS T6 T7 TS T9 TlO 

Parameter a12H 
0.007h 0.002 Ethanol s 7.260a 0.003 0.004 0.005 0.006 0.006 0.030 0.044 0.050 

+0.015 .±_0.005 +0.005 +0.005 +0.009 +0.012 +0.015 +O.OlS +0.016 +0.019 +0.017 

Saline s 7.29S 0.005 -0.003 0.001 o.oos 0.011 0.027 0.031 0.034 0.027 0.044 
+0.0lS +0.066 .±_0.011 +0.005 +0.007 +0.009 +0.009 +0.014 +0.020 +0.015 +0.019 - -

Parameter = ~H 
o.oosh 0.013 Ethanol s 7.236a 0.010 0.007 0.006 -0.003 o.oos 0.025 0.039 0.043 

+0.016 +0.007 +0.006 +o.oos +0.009 +0.009 +0.016 +0.017 :!:_0.0lS +O.OlS .±_0.018 - -
Saline s 7.271 0.007 0.004- 0.001 0.003 0.012 0.020 0~022 0.031 0.029 0.035 

CX> +0.016 +0.006 +0.005 .±_0.005 :!:_0.006 +0.006 +o.oos :!:_0.010 +0.017 +O.OlS +O.OlS CX> - -

a H . p units ± S.E.M. 
h Absolute change from control + S.E.M. 



Table A9. Changes i.n the partial pressure of arterial (PaC02 J 
dioxide 

Group n sample Period 
TO Tl T2' T3 T4 

Parameter = PaC02 
Ethanol 8 56.4a -2.6b -3.l -4.1 2.4 

+3.4 +1.6 +1.5 +1.8 +1.4 

Saline 8 52.0 -2.2 -2.8 -2.2 -3.3 
+1.6 +0.9 +1.3 +0.5 +1.0 

Parameter = Pvco2 
Ethanol 8 65.2a -4.2b -2.7 -2.5 -1.2 

+3.7 +1.5 +1.1 +1.1 +l. 3 

Saline 8 60.2 -0.9 -1.9 -1.2 -2.0 
+1.9 +6.9 +1.2 +1.1 +1.4 

arnrn Hg ±. S.E.M. 

b Absolute change from control in mm Hg±. S.E.M. 

TS 

-2.8 
+1.9 

-2.9 
+1.2 

-0.0 
+2.1 

-1.6 
+1.4 

and mixed venous (PVC02 ) carbon 

T6 T7 TB T9 TlO 

-2.4 -1.6 -5.1 -7.3 -9.5 
+4.0 +2.5 +2.3 +2.7 +2.6 

-4.2 -4.7 -5.6 -5.3 -6.4 
+1.2 +1.3 +2.1 +l. 7 +2.2 

-0.5 -0.7 -3.4 -6.2 -7.1 
+2.6 +2.8 +2.4 +3.0 +2.4 

CX> 

"' -2.5 -3.7 -3.3 -3.l -5.4 
+1.4 +2.1 +2.4 +2. 7 ' +2.8 



Table AlO. Changes in the partial pressures of arterial (Pa02 ) and mixed venous (Pv0
2

) oxygen 

Group sam12le Period n TO Tl T2 T3 T4 TS T6 T7 TB T9 TlO 

Parameter Pao2 
Ethanol 8 86.9a -2.sb -7.5 - 8. 1 -10.2 -10.8 -8.3 -8.0 -5.1 - 5 . 7 -3.8 

+2.7 +3.1 +2.6 +2.4 +2.4 +3.8 +5.5 +5.3 +5.0 +4 . 7 +3.6 

Saline 8 92.2 -1. 0 -2. 0 - 3 . 0 -2.5 - 6 .1 - 2.1 -5.0 -2.3 -8.8 -5.2 
+3 . 9 +2.1 +2.7 +0.7 +1.9 +2.6 +2.8 +2.7 +3 . 8 +3.2 +3.5 

Parame t er = PV02 
Ethanol 8 59.la -l. 6b -4. 1 - 5 . 5 - 7 . 9 -7.8 -7.8 - 8 .1 -9.8 -8.8 - 8.5 

+2.1 +0.4 +0.8 +0.7 +1.3 +1.6 +1.2 +1.6 +l. 5 +1.8 +l. 7 

Saline 8 56 . 3 -1. 5 -2.2 - 2.6 - 3.4 -.56 -. 56 -7.7 - 7 . 9 - 10 . 7 -9.2 
+2.6 +0.6 +1.6 +1. 8 +1.6 +l. 3 +1.5 +1. 5 +1.8 +1.6 +2.0 \.0 

0 

a mm Hg ~ S.E . M. 

b 
Absolute change from control in mm Hg + S.E . M. 



Figure All. Changes in arterial (aSat) and mixed venous (;Sat) percent hemoglobin saturation 

Group n" 
Sample Period 

TO Tl T2 T3 T4 TS T6 T7 TB T9 TlO 

Parameter = a sat 
Ethanol 8 0.930a .001b -.017 -.022 -.025 -.031 -.034 -.033 -.014 -.016 -.005. 

+0.019 + .007 + .008 + .008 + .007 + .011 + .014 + .014 + .013 + .013 + .009 

Salin~ 8 0.937 -.003 -.002 -.005 -.004 -.007 -.000 -.006 -.001 -.009 -.004 
+0.010 + .005 + .007 + .003 + .005 + .009 + .006 + .Oll + .011 + .009 + .010 - - -

Parameter = vSat 
Ethanol 8 O. 796a b .000 -.023 -.031 -.045 -.049 -.065 -.069 -.066 -.046 -.041 

+0.014 + .009 + .014 + .012 + .015 + .013 + .018 + .015 + .023 + .017 + .009 .< - ' 
Saline 8 0.789 -.004 -.004 -.005 -.019 -.034 -.029 -.053 -.051 -.074 -.060 "' '""' +0.018 + .006 + .011 + • 012 + .017 + .014 + .014 + .020 + .025 + .018 + .030 - - - - - - - - -

ap . ercent saturation/100 ::!:. s.E.M. 

b Absolute change from control + S.E.M. 


