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With the introduction of ketamine (Ketalar, 
Ketaject) in February of 1970, an era of new 
anesthetic drugs $began. This type of agent 
has been termed dissociative anesthesia (1). 
Etoxadrol (also known as CL-1848 C or 
[ ( + ) -2- (2-ethyl-2-phenyl-1 , 3-dioxylan-4-yl) 
piperidine HCl] is a drug of a chemically 
different nature but possessing pharmacologi- 
cally similar activity to ketamine in terms of 
the alterations in cardiovascular and respira- 
tory status they produce (2-4). Concerning 
the cardiovascular system, a prominent tachy- 
cardia occurs which results in an elevation of 
cardiac output and systemic arterial pressure. 
These factors increase the work of the heart 
with a resultant increased myocardial oxygen 
demand and consumption. For this reason 
we considered it important to know the effects 
of etoxadrol on the coronary circulation, rea- 
soning that if the drug produced a coronary 
vasoconstricting action in con'comitance with 
the increased oxygen demands of the heart 
that it would have serious limitations in cer- 
tain categories of patients. Conversely, if the 
drug dilated the coronary system, adverse 
effects on a stimulated heart would be of less 
concern. This study was designed to answer 
this question. 

Methods. This study was performed on 10 
healthy. mongrel dogs of either sex, ranging in 
weight from 22 to 25 kg. The animals were 
anesthetized with 30 mg/kg of intravenous 
pentobarbital. No additional anesthesia was 
administered during the experiment. The ani- 

1 A preliminary report of t'hihis work was presented: 
Annu. Meet. Amer. SOC. Clin. Pharmacol. Ther., 
73rd, Houston, TX, 1972. 
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mals' tracheas were intubated and they were 
allowed to breath spontaneously until later 
in the protocol. They were placed on a water- 
flow thermal blanket so as to maintain body 
temperature in the range of 37.5-38.5'. This 
variable was recorded with a rectal probe 
thermister and a Yellow Springs telethermom- 
eter. A midline incision was made in the neck 
so as to expose the right carotid artery. Two 
femoral cutdowns were also made. Through 
the femoral vein a polyethylene catheter was 
placed in the right atrium for recording of 
the central venous pressure (CVP) and injec- 
tions of drugs. A Teflon cardiac catheter was 
positioned in the left ventricle via retrograde 
cannulation of the femoral artery. Arterial 
blood pressure was monitored from the 
opposite femoral artery. 

The animals were positioned on their right 
side and positive pressure ventilation with a 
Bird Mark VIII respirator and 100% oxygen 
was instituted. A left thoracotcrmy was per- 
formed parallel to the rilbs in either the third 
or the fourth interspace so as to expose the 
left lateral aspect of the heart. The left main 
coronary artery, as it emerged from the aorta, 
was freed by careful dissection and two loose 
ligatures were positioned around it. The ani- 
mals were heparinized with 300 units/kg of 
sodium heparin. An external loop primed with 
the animals' own blood was then established 
between the previously isolated right carotid 
artery and the left main coronary artery. The 
cannulation of the latter was accomplished 
by a retrograde approach through the sub- 
clavian artery. This loop contained a Carolina 
Series 300 cannulating-type flow probe, in. 
in diameter. Distal to the flow prolbe (and 
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proximal to the coronary artery) was a side 
arm for measuring pressure. This was a 
modification of a technique originally de- 
scribed by Eckenhoff, Hafkenschiel and Land- 
nesser ( 5 ) .  With the flow probe and side arm 
in the loop, coronary flow (CF) and pressure 
(CP),  respectively, were monitored. 

Left ventricular end diastolic pressure 
(LVEDP) and the maximum derivative of 
the left ventricular pressure ( d P / d t )  were 
measured with the left ventricular catheter. 
CP, LVEDP and the CVP were monitored 
with Statham P23Db transducers. CF was 
measured with a Carolina Model 321 square 
wave electromagnetic flowmeter. Recordings 
of all variables were made on an Electronics 
for Medicine DR 12 photographic oscilloscope 
recorder equipped with an electronic differ- 
entiator channel for obtaining the dP/dt .  
Heart rate was monitored from the R-R 
interval of the standard lead 11 EKG. 
Coronary vascular resistance was calculated 
as the mean coronary artery pressure minus 
the mean CVP divided by the mean CF. So 
as to eliminate the influence of extravascular 
factors ( i .e . ,  myocardial compression of intra- 
mural coronary vessels) this was done with 
readings obtained in late diastole, the so- 
called late diastolic coronary vascular resist- 
ance (LCVR). 

After all monitoring equipment was 
positioned, control readings of all variables 
were taken. Injections of either normal saline 
or the experimental drug were made via a 25 
gauge needle inserted into the external per- 
fusion loop distal to the flow probe. Thus 
these injections were made directly into the 
coronary blood stream. A 20 mg/ml solu- 
tion of etoxadrol in normal saline was pre- 
pared fresh for each animal. By appropriate 
dilution with distilled water, the dosages de- 
scribed below were administered such that 
each injection consisted of only a 0.2 ml 
volume. Each animal served as its own control 
according to the following sequence of events. 
Control readings were taken after which a 
0.2 ml injection of saline was made and any 
responses were recorded. Following this, an- 
other control was taken and a dose of the 
experimental drug was administered with 
similar recording of any changes in the vari- 

ables. Sufficient time was allowed for all vari- 
ables to return to the control level or stabilize 
and the sequence was repeated with a different 
dose. The dosages employed ranged from 
0.125 to 4.0 mg and were increased in an 
arithmetic progression, i.e., 0.125, 0.25, 0.5, 
1.0, 2.0 and 4.0 mg to test for a dose response. 
In each dog a different sequence of the doses 
was followed so as to randomize the sequence 
of administration. Data comparisons were 
made between the presaline control (SC) and 
the postsaline changes (SC vs S),  between 
the predrug control (DC),  and postdrug 
changes (DC vs D ) .  In addition, the changes 
for SC vs S were compared to the changes for 
DC vs D. Data were analysed using a 
Student's t test for paired data, with the 95% 
confidence limit ( i e . ,  P < 0.05) being con- 
sidered statistically significant . 

Results. Establishing the experimental set- 
up required an average of 90 min. The actual 
protocol required an additional 60 min, in- 
cluding time allowed between dosages. During 
the experimental period the changes in heart 
rate, central venous pressure, arterial pressure, 
PaOa and body temperature did not change 
significantly, remaining between 137-1 5 1 
beats/min, -2.3 to -2.7, 85-98, 300-400 
mm Hg and 3 7.7-38 .O", respectively. For this 
reason these variables are not presented 
graphically. 

Figures 1 and 2 illustrate the observed 
mean changes for the other variables (see 
figure descriptions for complete details of 
figures). For all of the variables, as expected, 
there were no significant changes from control 
when saline was injected (solid bars). When 
etoxadrol was injected (stippled bars), there 
was a significant increase in mean coronary 
flow (MCF) and a significant decrease in late 
coronary vascular resistance (LCVR) for all 
dosages employed when compared to the pre- 
drug control values. A significant decrease in 
mean coronary pressure (MCP) was seen 
with all doses except for 0.125 and 0.5 mg. 
A small but significant depression of the 
ventricular dP/dt  was seen only with the 
three larger doses, 1, 2 and 4 mg. The left 
ventricular end diastolic pressure (LVEDP) 
increased significantly only with the 4 mg 
dose. Dose-remonse curves for the changes 
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FIG. 1. The changes in mean coronary flow (MCF), late diastolic coronary vascular resistance 
(LCVR) and mean coronary pressure (MlCP) . Data are expressed on the ordinate as mean changes 
from the control values & SEM for each of the dosages indicated. Control values were: 79-94 
ml/min for MCF, 1.14-1.33 mm Hg/ml/min for LCVR and 88-918 mm Hg for MCP. Soid bars 
represent the changes observed when the saline injection (S) was ccmpared to the prevaline 
control (Sic). Stippled bars represent the changes olbserved when the drug injection (D)  was 
compared to the predrug control (DC) . (*) Sltatistically significant changes after either the 
saline injection or the drug injection. T Significant differences between the saline response (solid 
bars) and the drug response (stippled bars). 

in MCF, LCVR and MCP are shown in 
Fig. 3.  

Discussion. To be sure that the observed 
changes were in fact due to etoxadrol, it was 
necessary to rule out certain other factors 
that could cause similar changes. All of the 
animals were ventilated with 100% oxygen 
and thus arterial hypoxia, a potent dilator 
of the coronary system, was not a factor. 
Since the drug injections were made directly 
into the coronary arteries, other cardio- 
vascular changes that can augment coronary 
flow reflexly did not occur, i.e., changes in 
blood pressure and heart rate. Cerebral 
hypoxia and carbon dioxide accumulation are 
two other factors that would augment 

sympathetic activity and thereby increase 
oardiac oxygen consumption and thus coronary 
flow. The former was eliminated by the high 
inspiratory oxygen concentration ( FIOz)  of 
the gas mixture. The latter was not felt to 
be a factor because of the continuous mechan- 
ical ventilation. Another factor to consider is 
pH changes from the drug injection itself. The 
pH of the stock solution of drug was 5.0. When 
0.2 cc of this solution was mixed with 75  cc of 
arterial blood in vitro, the pH change was 
virtually nil. In light of this, i t  is felt that 
the observed changes could not have been due 
to pH alterations. The increased coronary 
flow was not due to changes in mechanical 
factors of the heart; i.e., increased contrac- 
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FIG. 2 .  The changes in left ventricular maximum dP/dt  and left ventricullar end diastolic pres- 
sure (LVEDP). Data are expressed on the ordinate as mean changes from the control values & 
SEM for each of the dosages indicated. Control values were 1739 to  2 2 6 2  tnm Hg/sec for df'/dt 
and 4-2.7 to +4.6 mm Hg for LVEDP. Solid bars represent the changes observed when the 
saline injection (S) was compared to the presaline control (SC). Stippled bars represent the changes 
observed when the drug injection (D)  was compared to the predrug control (DC) .  (*> Statistically 
significant changes after either the saline injection or the drug injection. Significant differences 
between the saline response (solid bars) and the drug response (stippled bars). 

tility as the d P / d t  either did not change or 
decreased with the larger doses. A decrease in 
contractile force would be expected to de- 
crease coronary flow (6) .  The LVEDP was 
significantly increased only with the 4 mg 
dose. With the lower doses the d P / d t  and 
LVEDP did not change but coronary resist- 
ance and flow were still decreased and in- 
creased, respectively. 

Concerning the changes observed in this 
study for d P / d t  and LVEDP, indications of 
myocardial depression were only noted with 
the 1, 2 and 4 mg doses as previously stated. 
These results agree with data for intravenous 
administration of etoxadrol in intact animals 
in which 2.5 and 5 mg/kg did not alter d P / d t  
or LVEDP significantly but 10 mg/kg did 
cause changes in these two variables indicative 
of myocardial depression (3) .  In this study 
the depression of d P / d t  was small, only aver- 
aging 150-350 mm Hg/sec, but was signifi- 
cant because it was a consistent response. 

This mild depression evidently was not severe 
enough with the 1 and 2 mg doses to cause 
any increase in the end systolic volume so as  
to increase end diastolic volume and LVEDP. 

The dosages employed in this study were 
arrived at  by hypothetically calculating the 
amount of drug that the dog heart is exposed 
to with a canine-anesthetizing dose of etox- 
adrol utilizing accepted figures for percentage 
cardiac output that is coronary flow and per- 
centage of total coronary flow that travels 
via the left main coronary artery. Using such 
figures, it was calculated that with a 5 mg/kg 
iv dose, approximately 1.68 to 2.63 mg travels 
to the heart via the left coronary artery in 1 
min. Thus a dosage range of etoxadrol was 
employed that would extend beyond both 
extremes of this range. The idea that 
etoxadrol has a direct 'coronary dilating action 
was further substantiated by intravenous in- 
jections. At the termination of each experi- 
ment an intravenous dose of etoxadrol equal 
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FIG. 3. The dose-response curves for mean coronary 
flow (MCF), late diastolic coronary vascular resist- 
ance (LCVR) and mean coronary pressure (MCP). 
These values are plotted as the mean changes from 
the control values on the ordinaite against the log 
of the etoxadrol dose in micrograms on the abscissa. 

to the sum of the six individual doses (7.875 
mg) was administered. This has no significant 
effect on any of the variables recorded. 

An important aspect of any new drug or 

sults of the data presented indicate that 
etoxadrol, when given directly into the 
coronary arteries, has a vasodilating action on 
this vascular bed that is dose-related. This 
was evidenced by decreases in coronary resist- 
ance and corresponding increases in coronary 
artery blood flow measured electromagneti- 
cally. A mild depression of the ,cardiac con- 
tractile status 'was also noted, but only with 
the larger doses. 

The authors thank Mr. Ralph Lydic for his ex- 
pert technical assistance with'out which bhis work 
would not have been possible. Gratitude is also 
expressed to Mrs. Del Triaverso for her clerical aid. 

~ ~~ ~~ ~ ~~ 

1. Corssen, G., and Domino, E. F., Anesth. Analg. 
(Cleveland) 45, 29 (1966). 

2 .  Traber, D. L., Wilson, R. D., and Priano, L. L., 
-4nesth. Analg. (Cleveland) 47, 769 (19168). 

3. Traber, D. L., Priano, L. L., and Wilson, R. D., 
J .  Pharmacol. Exp. Ther. 175, 395 (1970). 

4. Kelly, R. W., Wilson, R. D., Trabes, D. L., and 
Priano, L. L., Anesth. Analg. (Cleveland) 50, 262 
(1971). , 

5. Eckenhoff, J. E., Hafkenschiel, J. H., and Land- 
messer, C. M., Amer. J. Physiol. 148, 582 (1947). 

6. Braunwald, E., Physiologist 12, 65 ('1969). 

Received June 27 ,  1973. P.S.E.B.M., 1974, Vol. 145. 


