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Abstract. Three hours after dogs were given an intravenous injection of Escherichia coli en- 
dotoxin significant decreases in cardiac taurine levels were observed in the apex and epicardial 
regions of the right ventricle and in all regions sampled from the left ventricle. A decrease in 
taurine was seen in all regions of the heart (including the atria) by 90 min after endotoxin 
treatment but the results were not statistically significant. Echocardiography and left ventricular 
cannulation were used in a separate group to confirm that the dose of endotoxin used was 
adequate to produce depression of cardiac output and force of contraction. 

Taurine (2-aminoethanesulfonic acid) is 
one of the most abundant free amino acids 
in cardiac tissue (1). However, the role of tau- 
rine in the myocardium is unknown. Recent 
evidence suggests that taurine is involved with 
the regulation of calcium fluxes across the car- 
diac sarcolemma (2, 3). In this context 
McBroom and Welty (4) and Azari et al. (5) 
have demonstrated that taurine protects the 
cardiomyopathic hamster from calcium over- 
load. In addition Kramer et al. (6) have shown 
that taurine protects the rat heart against loss 
of mechanical function in the calcium-para- 
dox model. 

It has been demonstrated in a variety of 
species including man that taurine is released 
from the damaged myocardium. Our labo- 
ratory has demonstrated that cardiac insults 
such as a coronary artery occlusion in the dog 
(7), anoxic perfusion of rat ventricles (8), drug- 
produced myocardial necrosis in rats (9), and 
acute myocardial infarction in man (10, 1 1) 
have all produced depletions in the taurine 
content of cardiac tissue. It has also been re- 
ported that rat hearts subjected to the cal- 
cium-paradox and global ischemia heart fail- 
ure models (6) and turkey poults treated with 
furazolidone to produce a cardiomyopathy 
( 12) had significantly reduced cardiac taurine 
levels. 

Since endotoxin shock has been shown to 
produce myocardial damage ( 13) the present 
study was designed to explore the release of 
endogenous taurine from cardiac muscle after 
an intravenous injection of endotoxin. 

Materials and Methods. Release of endog- 
enous taurinefrom cardiac tissue. Adult mon- 

grel dogs of either sex, weighing 12 to 20 kg, 
were anesthetized with pentobarbital sodium 
(30 mg/kg). A tracheotomy was performed 
and catheters were inserted into the left fem- 
oral artery and vein. Arterial blood pressure 
was monitored via the femoral catheter using 
a Statham P23 Db pressure transducer and a 
Beckman R-411 recorder. The animals were 
respired with room air using a Harvard large 
animal respirator. The femoral vein catheter 
served as the injection site for the endotoxin 
and additional pentobarbital sodium as 
needed to maintain a light stage I11 level of 
anesthesia. Escherichia coli endotoxin (Difco 
Labs-E. coli 055.BS) was administered at a 
dose of 0.5 mg/kg in 10 ml of physiological 
saline to the 90-min (n = 8) and 180-min 
(n = 8) experimental groups. 

At the designated time periods a left tho- 
racotomy was performed and the heart was 
excised and chilled on ice. Dissection of the 
heart into the appropriate regions for taurine 
analysis was carried out immediately. A por- 
tion of each sample was weighed, dried, and 
reweighed to determine the dry/wet ratio. The 
remainder of the tissue sample was homog- 
enized in two volumes of 2% perchloric acid 
and centrifuged for 15 min at 10,OOOg. Ali- 
quots of the supernatants were analyzed for 
taurine content on a Beckman 12 1 amino acid 
analyzer using 0.2 N sodium citrate buffer, 
pH 2.4. 

Measurement of cardiac dynamics. Echo- 
cardiography and left ventricular cannulation 
were used to monitor cardiac function in an 
additional group of dogs (n = 8) given en- 
dotoxin. Cardiac output was calculated from 
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the echocardographic tracing using previously 
described techniques ( 14). More recently, 
studies in this laboratory have demonstrated 
a high degree of correlation ( r  = 0.96) between 
cardiac output determined by utilizing echo- 
cardiography and the dye dilution technique 
in the dog (1 5). Mean arterial blood pressure 
(MAP) was calculated from the femoral cath- 
eter pressure tracings. 

Statistical method. Analysis of variance was 
used to compare the cardiac tissue taurine lev- 
els of both the 90-min and 180-min groups 
with control values. Duncan’s multiple range 
test was used to evaluate the MAP, dP/dt, and 
cardiac output data. Significance was ac- 
cepted at P -c 0.05. 

Results. Taurine levels in cardiac tissue 
samples autopsied from the left and right atria 
were not statistically different from control 
values at either of the times tested (Fig. 1). 
The average taurine content in both right and 
left atria appeared to decrease more rapidly 
during the 0- to 90-min time period than dur- 
ing the 90- to 180-min time period. 

Taurine levels of right ventricular samples 
are depicted in Fig. 2. Again it can be ob- 
served that the decrease in taurine content 
appeared more rapid during the 0- to 90-min 
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FIG. 1 .  Effect of endotoxin shock on taurine content 
in dog atria. Hearts were excised at the designated time 
periods after endotoxin injection, chilled on ice, and dis- 
sected. Hearts from control dogs were excised after 180 
min of anesthesia following duplicate experimental con- 
ditions for the endotoxin-treated dogs. Each bar repre- 
sents the mean taurine value from eight animals; SEM 
are represented by the brackets. (NS = nonsignificant; RT 
= right; LT = left.) 

‘5\  
8 s  40 

E 
0 

2 0  

FIG. 2. Effect of endotoxin shock on taurine content 
in various regions of the dog right ventricle (n  = 8). Ex- 
perimental conditions are described in the legend to Fig. 
1 .  Asterisk denotes significant difference from control value 
(P < 0.05). (EPI- = epicardial; ENDO- = endocardial.) 

period in all tissues although none of the tau- 
rine values in the 90-min samples were found 
to be statistically different from the control 
values. A significant decrease in taurine con- 
tent was found to exist in two (apex and epi- 
cardial transmural sections) of the five regions 
obtained from the right ventricle at the 180- 
min time period. 

Taurine levels in all regions obtained from 
the left ventricle seemed to decrease more r a p  
idly during the 0- to 90-min time period than 
during the 90- to 180-min time period (Fig. 
3). However, at 90 min the only tissue show- 
ing a significant decrease in taurine content 
was the anterior papillary muscle. At the end 
of 180 min all of the regions demonstrated a 
significant decrease in taurine content. 

A significant decrease in MAP (Fig. 4A), 
cardiac output (Fig. 4B), and dP’dt (Fig. 4C) 
occurred within 2 min after the endotoxin 
injection. A partial recovery in cardiac output 
occurred by 10 min post injection; however, 
a second, more pronounced decrease at 120 
min depressed cardiac output to 35% of the 
control level. Left ventricular dP’dt improved 
slowly after the initial decrease. However, it 
remained significantly below control values 
for the entire 3-hr experimental period. The 
MAP response (Fig. 4A) seen in this group 
was not significantly different from that of the 
groups used for cardiac taurine determina- 
tions. A significant decrease in MAP occurred 
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FIG. 3. Effect of endotoxin shock on taurine content in various regions of the dog left ventricle (n = 8). 
Experimental conditions are described in the legend to Fig. 1. Asterisk denotes significant difference from 
control value (P < 0.05). (EPI- = epicardial; MYO- = myocardial; ENDO- = endocardial; ANT PM = 
anterior papillary muscle; POS PM = posterior papillary muscle.) 
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FIG. 4. Mean arterial pressure (A), cardiac output (B), and dP/dt (C) are shown for the group of animals 
monitored with echocardiography and left ventricular cannulation. This group was given endotoxin im- 
mediately following the control (c) period. The Duncan's multiple range test was utilized to determine 
significant differences between time points. 



410 TAURINE AND ENDOTOXIN SHOCK 

within 2 min after the endotoxin injection. 
Although a partial recovery of MAP occurred, 
it remained significantly below the control 
value for the 3-hr experimental period. 

Discussion. It has been demonstrated that 
the intravenous injection of endotoxin pro- 
duces myocardial damage ( 13), alterations in 
calcium flux ( 16), myocardial ischemia ( 17), 
and an increase in plasma taurine levels (18). 
The underlying mechanism of this damage 
remains unknown. Several possible explana- 
tions include damage produced by endoge- 
nously released compounds, a direct effect of 
endotoxin, or by an increased myocardial de- 
mand caused by elevated peripheral resis- 
tance in the presence of decreased ventricular 
filling. 

Previous studies from our laboratory have 
suggested that if cardiac tissue is damaged by 
exposure to prolonged anoxia or ischemia, tis- 
sue taurine levels will be depleted (7- 1 1). The 
apparent relationship between cardiac func- 
tion and taurine remains unknown; however, 
stabilization of membranes ( 19) and involve- 
ment in calcium transport have been sug- 
gested as possible mechanisms (20-22). 

The present study has shown that cardiac 
tissue levels of taurine are significantly de- 
pleted within 3 hr after administration of en- 
dotoxin. Although all of the regions of the 
cardiac muscle demonstrated a reduction in 
taurine levels, those areas showing a statisti- 
cally significant decrease were found primar- 
ily in the left ventricle (eight of eight regions 
sampled-100%). In the right ventricle the 
number of regions demonstrating a significant 
decrease in taurine content was less (two of 
five regions sampled-40%). No significant 
difference could be found in either of the atria 
(zero of two regions sampled-0%). These re- 
sults may reflect the stress placed upon the 
left ventricle as a result of increased peripheral 
resistance, which occurs in the latter stages of 
endotoxin shock (23). 

A high taurine concentration is found in 
normally functioning cardiac tissue, and this 
taurine content is depleted when myocardial 
damage occurs (7-12). Based upon these pre- 
vious studies it appears that taurine depletion 
can be used as an indicator of myocardial 
damage. Since in the current study the rate 
of taurine loss was substantially greater in the 
0- to 90-min period than in the 90- to 180- 

min period, this would suggest that the onset 
of myocardial damage occurs shortly after the 
endotoxin bolus injection. Although only 
speculation, it is suggested that the onset of 
tissue taurine loss may signal the onset of 
myocardial damage and that the final tissue 
taurine content may be an indicator of the 
extent of myocardial damage. 

The data in Fig. 4 illustrate that the dose 
of endotoxin used in these experiments was 
adequate to significantly alter MAP, cardiac 
output, and left ventricular dP/dt. Previous 
work in this laboratory has utilized the extra- 
systole potentiation technique (24) to inves- 
tigate the extent of myocardial depression 
produced by endotoxin. A dose of endotoxin 
identical to that used in the current study was 
shown to decrease the augmentation of con- 
tractility, which remained at 25-35% of the 
control value throughout the 3-hr experimen- 
tal period (25). This latter technique has been 
reported to measure myocardial performance 
independent of filling volumes (24). The de- 
creasing taurine levels observed during en- 
dotoxemia would suggest that these depressed 
physiological parameters may be due to the 
loss of cellular integrity in the myocardium 
and/or altered calcium homeostasis. 

The present study has shown that during 
the 3-hr period after an endotoxin bolus there 
is an insignificant decrease in the taurine con- 
centration of atrial tissue. The taurine con- 
centrations in all sampled regions of the left 
ventricle and in certain areas of the right ven- 
tricle demonstrated a significant decrease dur- 
ing the same time period. The rate of this 
taurine decrease appears to be more rapid 
during the early stages of the shock response; 
however, a significant decrease was not noted 
until after 90 min. If, as suggested by previous 
investigators (2,3), taurine is important in the 
regulation of calcium fluxes, the rapid de- 
crease in this amino acid may be involved in 
the calcium transport abnormalities that exist 
during endotoxin shock ( 16). 

Although the dose of endotoxin utilized in 
these experiments is lower than that used in 
most other experimental shock studies (16, 
18, 23), significant decreases in both the he- 
modynamic parameters and taurine content 
of the cardiac tissue were observed. It would 
be of future interest to determine if the ob- 
served changes in tissue taurine content or 
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depletion rate could be altered with different 
doses of endotoxin or attenuated with drugs 
reported to be beneficial in the treatment of 
endotoxin or septic shock. 

The authors wish to thank Mrs. Paulette Decker and 
Ms. Judy Pugh for their excellent technical assistance. Mr. 
Harvey 0. Olney is thanked for helping with the taurine 
analyses. 
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