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Glucose therapy for acute myocardial 
infarction was first advocated over a decade 
ago (I), but after extensive clinical trials 
its success in reducing patient mortality 
has remained in doubt (2, 3). However, an 
impetus to continue these trials has recently 
been provided from a study in the dog in 
which infarct size was shown to be signifi- 
cantly reduced when administration of glu- 
cose was began promptly after coronary 
vessel occlusion (4). This recent validation 
of a positive myocardial effect of intra- 
venous glucose therapy in the intact animal 
suggests that such therapy might be effec- 
tive in improving myocardial function after 
a hypoxic insult to the heart from causes 
other than acute myocardial infarction. 
Previous in vitro studies have shown that 
glucose reduces the negative inotropic 
effect of acute hypoxia on cardiac muscle 
(5-8) and an in vivo study in the dog re- 
vealed that glucose loading the heart aided 
its performance after 30 min of total cardio- 
pulmonary by-pass without coronary flow 
(9). The purpose of the present study was 
to determine whether the intravenous ad- 
ministration of isotonic glucose to an intact 
animal recovering from acute asphyxia 
would alter the hemodynamic response of 
the animal to a second asphyxic stress. 

Methods. Experiments were performed on 
24 New Zealand white rabbits with a weight 
range of 3.3-4.6 kg. The animals were 
gently restrained, and after the local injec- 
tion of 2% lidocaine the femoral artery and 
vein on each side were cannulated. General 
anesthesia was achieved with sodium pento- 
barbital, 30 mg/kg, iv. The initial anesthetic 
dose was given by constant venous infusion 
over a 10- to 15-min period to minimize 
heart rate and blood pressure alterations. 
After this initial dose, a maintenance dose 
equal to 10% of the original dose per hour 
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was infused during the remainder of the 
experiment. Rectal temperature was moni- 
tored and a heating pad placed beneath the 
animal was adjusted to maintain body tem- 
perature constant. A venous infusion of 6% 
Dextran 70 (McGraw) was adjusted through- 
out the experiment to replace the volume of 
blood withdrawn or lost by hemorrhage. 
The trachea was intubated and respiration 
was maintained with a small-animal respi- 
rator (Harvard Apparatus, model 661). 
Arterial blood pressure was monitored 
utilizing a Statham strain gauge (P23Db). 
Needle electrodes were used to obtain an 
electrocardiogram. 

The experimental protocol consisted of 
exposing the animals to two 4-min asphyxic 
stress periods with a 15-min recovery period 
intervening. The protocol during the two 
stress periods was identical. The stress was 
induced by switching the respirator to re- 
cycle the same respired air for 4 min. During 
the preparation and the recovery period the 
animal was respired with room air. Arterial 
blood samples were collected just prior to 
each stress for control values. Samples were 
then drawn at 1-min intervals throughout 
each stress. One sample was also taken at 
the midpoint, that is, the 7->5-min point, 
of the recovery period. All of the samples 
were analyzed for arterial blood P02,  
P C 0 2 ,  and pH (Instrumentation Labora- 
tories, model 113). The control samples, 
the 4-min samples taken at the end of each 
stress, and the recovery period samples were 
also analyzed for hematocrit and for whole 
blood lactate and glucose (10). The hemo- 
dynamic variables measured were systolic, 
diastolic, and mean blood pressure and 
heart rate. During the 15-min recovery 
period an isotonic solution of either glucose 
or a nonmetabolizable hexose, mannitol, 
was infused into randomly chosen animals. 
In each case the amount infused was equal 
to 40% of the animals total body glucose 
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FIG. 1. Arterial blood gas (POn and PCOI) 
changes during the first and second stress in the con- 
trol (solid line) and the experimental (dashed line) 
groups. 

space. By this method a physiologic range 
of glucose levels was attained, in contrast 
to the extremely high glucose levels which 
are characteristically used during in vitro 
investigations. The control group was com- 
posed of the 13 animals that received iso- 
tonic mannitol. The experimental group 
consisted of the 11 animals that received 
isotonic glucose. 

The Wilcoxon Matched Pairs Signed 
Ranks Test (11) was used to determine 
whether the responses occurring during the 
second stress period were significantly differ- 
ent from the responses of the first stress 
period in the same group. The Mann- 
Whitney U Test (12) was used to compare 
the two groups to determine whether glu- 
cose had any effect on the responses oc- 
curring during the second stress period. 

Results. The method used to induce 

changes in the blood gas levels produced a 
marked hypoxemia and hypercapnia (Fig. 
1). Comparison of the blood gas changes 
of the control and the experimental group 
showed no significant difference at any of 
the measured points. These data indicate 
that the induced stresses were consistent 
and reproducible. PO2 and PC02 values 
obtained at the midpoint of the recovery 
period were at the control level. 

The whole blood glucose values of the 
control and the experimental groups at 
the beginning of the first stress were not 
different (Fig. 2). There was a significant 
increase in blood glucose during the re- 
covery period in both the control and the 
experimental group. Statistical analysis 
showed that the rate of increase in the early 
recovery period was significantly greater in 
the group receiving glucose than in the 
control group. The increase that occurred 
in the control group is evidence for a cate- 
cholamine effect on the liver during the 
recovery period. The blood glucose level of 
both groups declined during the stress 
periods. Comparison of the two groups 
showed no difference in this decrease. 

The left side of Fig. 3 shows the systolic 
blood pressure response of the control ani- 
mals to the first and second stress. While 
the pattern of blood pressure responses 
during the two stresses was similar, the 
magnitude of the changes differed signifi- 
cantly. The blood pressure declined more 
rapidly and fell to much lower levels during 
the second stress. This accentuated fall in 
systolic pressure, first noted at 60 sec, be- 
came greater as the second stress progressed. 

The right side of Fig. 3 shows the systolic 
blood pressure performance of the experi- 
mental group. Comparison of the control 
and experimental animals first stress pres- 
sures revealed no significant differences. In 
contrast to the control group, the systolic 
pressure changes of the experimental animals 
during the second stress were not signifi- 
cantly different from the corresponding 
first stress pressures at any time. Thus 
the greater fall in systolic pressure which 
occurred during the second stress in the 
control group was completely prevented by 
glucose infusion in the experimental group. 
An intergroup statistical evaluation of the 



GLUCOSE A N D  

40- 

0 -  

HEMODYNAMICS IN ASPHYXIA 745 

Whole Blood Glucose - mannitol animals n=13 
glucose anaimals n = l l  

* P(0.05 intergrouo analysiq 
vertical bars indicate standard errors  

----. 

I---------- J. 

I 
I 1  I I 1  1 1 1  I I I I I I  

0 1 2 3 4  2 4 6 8 10 12 1 4 0 1 2 3 4  
-First Stress- - Recovery -Second Stress- 

FIG. 2. Whole blood glucose changes in the control (solid line) and the experimental (dashed line) groups 
during each stress and the recovery period. 
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FIG. 3. Systolic blood pressure values of the control (left side of the figure) and the experimental (right 
side of the figure) groups during the first (solid line) and the second (dashed line) stress. 

first to second stress systolic blood pressure 
differences is shown in Fig. 4. By the 1-min 
point the systolic pressure difference of the 
control group was significantly greater 
than the corresponding difference in the 
experimental group. Once established this 
statistical difference continued, except at the 
180-sec point, to the end of the stress. 

As seen in Table I, the diastolic pressure 

blood lactate during each stress period in 
both the experimental and the control group 
(Table I). Comparison of the blood lactate 
of the experimental and the control group 
did not reveal any significant differences. 

Arterial pH decreased during each stress 
period (Table I). There was no difference 
between the two groups in their pH changes. 

Discussion. Increased reliance on an- 
of both groups of animals fell more-rapidly 
during the second stress than during the 
first stress. There was no significant differ- 
ence between the control group and the 
experimental group in the diastolic pressure 
changes. 

Examination of the heart rate data in 
both groups of animals revealed a brady- 
cardia during each stress period (Table I). 
Comparison of the two groups revealed no 
significant difference in the pattern of heart 
rate responses. 

There was a statistical increase in whole 

aerobic metabolism is an integral part of 
the response of the myocardium to asphyxia. 
The capacity for anaerobic metabolism is 
in turn dependent on the availability of the 
carbohydrate substrates, glycogen and glu- 
cose. With the present experimental design, 
animals were exposed to a severe hypoxemic 
stress before either glucose or a nonme- 
tabolizable hexose was administered. The 
debilitation caused by this first stress in- 
creased the sensitivity of the test for an 
effect of glucose on the animals' responses 
to hypoxemia. This test was conducted with 
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FIG. 4. Comparison of the control (open bars) and the experimental (diagonally lined bars) groups systolic 
blood pressure differences during the 4-min stress periods. 

TABLE I .  INITIAL, Z-MINUTE AND 4-MINUTE STRESS PERIOD VALUES OF THE CONTROL AND EXPERIMENTAL 
GROUPS FOR BLOOD PRESSURE, HEART RATE, ARTERIAL BLOOD pH, AND WHOLE BLOOD LACTATE 

Control (Sec) Experimental (Sec) 

0 120 240 

Systolic pressure (mmHg) 
1st stress 

2nd stress 

Diastolic pressure (mmHg) 
1st stress 

2nd stress 

Heart rate (beats/minute) 
1st stress 

2nd stress 

PH 
1 s t stress 

2nd stress 

Lactate (pm/ml) 
1st stress 

2nd stress 

122.4 
f 2 . 6  
109.5 
zt9.5 

73.5 
f 2 . 9  
74.9 

~ k 3 . 6  

261.5 
*9.7 
270.0 
f 1 0 . 5  

7.56 
f0. 024 

7.52 
=to. 168 

2.45 
~ t0 .311  

4.78 
=t0.408 

136.7 
f 4 . 1  
105.6 
f 6 . 2  

81.5 
f 3 . 6  
63.5 

f 4 . 0  

193.8 
f 1 4 . 2  
216.9 
f 1 3 . 4  

7.43 
fO. 191 

7.38 
f0 + 026 

97.4 
f 6 . 4  
51.7 

f 6 . 8  

54.5 
f 6 . 1  
18.5 

f 4 . 9  

149.2 
f l l  .o 
125.4 
f10.5 

7.33 
f O  .014 

7.31 
=t0.013 

4.427 
f0 .263 

5.53 
f0 .390 

0 120 243 

124.4 
f 4 . 4  
122.2 
f 2 . 7  

83.19 
33 .31  
75.46 

f 4 . 1 7  

272.7 
f 1 0 . 2  
278.2 
-111.6 

7.55 
f O  .021 

7.49 
f0 .015  

2.14 
f0 .339 

4.30 
f0 .544 

128.4 
f 6 . 5  
128.6 
4 3 . 7  

84.55 
f 5 . 7 3  
74.82 

f 3 . 8 9  

176.4 
&10.7 
212.7 
-118.2 

7.42 
f0 .016  
7.40 

&0.016 

89.0 
f 4 . 2  
83.3 

-17.5 

59.54 
f 6 . 0 9  
23.82 

f 5 . 7 2  

165.4 
Zt23.9 
143.6 
f 1 3 . 4  

7.35 
f0 .015  

7.32 
A~0.016 

3.83 
Zt0.313 

5.32 
f O  .599 

intact animals that possessed relatively physiologic animal model permitted a more 
normal circulatory, nervous and endocrine satisfactory evaluation of the effects of 
system interactions. The increased sensitivity glucose than has been possible with pre- 
of the present approach coupled with the vious studies. 



GLUCOSE AND HEMODYNAMICS IN ASPHYXIA 747 

The results demonstrated that the in- 
fusion of isotonic glucose during the re- 
covery period after the first asphyxic stress 
had a significant effect on systolic blood 
pressure during the subsequent asphyxic 
stress. The physiologic status of the animals 
at the beginning of the second stress de- 
pended on both the length of the recovery 
period and the repletion or repair processes 
that occurred during this time. It has been 
demonstrated that elevated levels of cardiac 
glycogen enhance myocardial performance 
during periods of hypoxia (13-15). In the 
present study the glucose infusion could 
have allowed a more rapid and complete 
restoration of cardiac glycogen stores thereby 
returning the experimental animals closer 
to their pre-first stress physiologic state. It 
has been shown that after an anoxic stress 
it requires 20 min for glycogen stores in the 
rat myocardium to return to 50% of the 
original level (16). As a 15-min recovery 
period was used in the present experiments, 
any action facilitating such repletion would 
have a beneficial effect. In addition, the rapid 
glucose loading of the experimental animals 
early in the recovery period may have limited 
the injury initiated during the first stress. 
Thus, the salutary effect of glucose could 
be due to a direct effect on the myocardium 
to maintain cellular viability and provide 
energy for the contractile mechanism. 

Other possible sites of action of the in- 
travenous glucose should be considered. 
Systolic pressure could have been main- 
tained through an alteration in venous 
return due to an effect of glucose on venous 
compliance, or glucose could have acted 
on the arterial system to maintain arteriolar 
tone. Against this, however, is the fact that 
the diastolic blood pressure, which more 
closely reflects the state of peripheral re- 
sistance than systolic pressure, was not 
different in the two groups. A final con- 
sideration is that neural reflex and humoral 
support of myocardial function could have 
been enhanced in the experimental group by 
an action of glucose on afferent or efferent 
components of the autonomic or central 
nervous system. Further studies are needed 
to fully elucidate the mechanisms involved 
in the effects seen in the present study. 

It is now clear that in the intact animal 

glucose can significantly modify the hemo- 
dynamic changes which occur during acute 
asphyxia. The results of the present study 
support the rationale for glucose therapy 
after an asphyxic insult to the heart. 

Summary. Anesthetized rabbits were sub- 
jected to two 4-min periods of asphyxia 
with a 15-min recovery period intervening. 
During the recovery period animals received 
an iv infusion of either isotonic glucose or 
mannitol. Results indicated that glucose 
had a beneficial effect on systolic blood 
pressure during the second period of asphy- 
xia. A direct metabolic action of glucose 
on the myocardium is favored as the explana- 
tion, but other possibilities include periph- 
eral or neurohumoral effects. 

Sodi-Pallares, D. ,  Testelli, M. R., Fishleder, 
B. L. Bisteni, A., Medrano, G. A., Friedland, 
C., and De Michelli, A,, Amer. J. Cardiol. 9, 
166 (1962). 
Mittra, B., Progr. Cardiovasc. Dis. 10, 529 
(1968). 
Report of the Medical Research Council Working 
Party on the Treatment of Myocardial Infarc- 
tion, Lancet 2, 1355 (1968). 

4. Maroko, P. R., Libby, P., Sobel, B. E., Bloor, 
C. M., Sybers, H. D., Shell, W. E., Covell, J. W., 
and Braunwald, E., Circulation 45, 1160 (1972). 

5. Winbury, M. M., Amer. J. Physiol. 187, 135 
(1 956). 

6. Weissler, A. M., Kruger, F. A., Baba, N., Scar- 
pelli, D. G., Leighton, R. F., and Gallimore, 
J. K., J. Clin. Invest. 47, 403 (1968). 

7. Hearse, D. J. and Chain, E. B., Biochem. J. 
128, 1125 (1972). 

9. Austin, W. G., Surgery 57, 839 (1965). 
10. Bergmeyer, H. U., “Methods of Enzymatic 

Analysis,” Academic Press, New York (1965). 
11. Siegel, S., “Nonparametric Statistics,” p. 75. 

McGraw-Hill, New Y ork (1 956). 
12. Siegel, S., “Nonparametric Statistics,” p. 161. 

McGraw-Hill, New York (1956). 
13. Scheuer, J., and Stezoski, S. W., Circ. Res. 28, 

835 (1970). 
14. Bing, 0. H. L., Brooks, W. W., Inamdar, A. N. ,  

and Messer, J. V., Amer. J. Physiol. 223, 1481 
(1 972). 

15. Brachfeld, N.,  Ohtaka, Y., Klein, I. ,  and Kawade, 
M., Circ. Res. 31, 453 (1972). 

16. Meyer, D., and Purdy, F., Amer. J .  Physiol. 
200, 860 (1961). 

Received September 6, 1974. P.S.E.M.B., 1975, Vol. 
148. 


