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selectively modif ied with pyridoxal-P and NaBH4 without 
significant loss of  catalytic activity. This modif ied enzyme 
becomes more resistant to tryptic inactivation. It is possible 
that the binding of  pyridoxal-P to the enzyme may induce a 
conformational  change which has little effect on catalytic 
activity but has significant effect on tryptic digestion. It is 
also possible that the lysyl residues at the allosteric site may 
be the site of  tryptic digestion since trypsin is known to 
cleave peptide linkage in protein whose carbonyl groups 
are contributed by lysine 1~ It has been suggested that Fru-  
2,6-P 2 may also interact with A M P  allosteric site 11, but the 
fact that Fru-2,6-P 2 can still protect the modif ied enzyme 
against tryptic inactivation indicates that the protective 
effect of  Fru-2,6-P 2 is not due to the binding to the A M P  
allosteric site. 

The protective effect o f  A M P  or Fru-2,6-P 2 decreased 
markedly if  the digestive reaction was conducted at higher 
pH. These observations appear  to be in agreement  with the 
fact that inhibition of  Fru-Pzase activity by A M P  or Fru-  
2,6-P2 decreased greatly at higher pH 3'5. It is suggested that 
at higher pH Fru-Pzase may decrease affinity for A M P  and 
Fru-2,6-P 2 or the enzyme may become less vulnerable t o  
conformational  changes by these compounds.  
In this study, we have found that the rate of  inactivation of  
yeast glucose-6-P dehydrogenase or phosphoglucose 
isomerase by trypsin is not  altered by the addit ion of  
0.5 mM AMP, or 0.5 m M  Fru-2,6-P2, or both (data not  
shown). This indicates that the protection o f  Fru-P2ase 
against tryptic inactivation by A M P  and Fru-2,6-P2 is not  
due to the inhibition o f  trypsin by these compounds.  
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Summary. Jaundiced serum from common bile duct ligated rats, added to cultured heart cells, decreased the beating rate, 
caused an early cessation of beating and production of  higher levels of  lactate in the media. Deoxycholate and cholate are 
the main bile acids in jaundiced serum; deoxycholate caused similar effects, which suggests that it is the toxic substance 
responsible for heart function alterations seen in patients with severe jaundice. 

In liver disease associated with jaundice,  the blood levels of  
bilirubin and bile acids are elevated. Bile acids are toxic in 
a variety of  ways. They were shown to inhibit Na-K and 
Mg ATPases activities, oxygen uptake and protein synthesis 
in the smM1 intestine of  the rat a, they disrupt lysozymes 2 
and produce hemolysis 3'4. Fol lowing the ligation of  the bile 
ducts there was a significant reduction in the response of  
skeletal muscle to noradrenal in s, and impaired cardio- 
vascular responsiveness to phenoxybenzamine and sara- 
lazin 6. Bile acids also cause bradycardia, negative iono- 
tropism, arrythmia and cardiac arrest of  the isolated 
heart 7 m. 
Biochemical, physiological and electrophysiological studies 
have shown the beating heart cells in tissue culture to be a 
useful model  for the studies of  cardiac function and metab- 
olism 1I. The present work deals with the effects of  bile 
acids and jaundiced serum from common bile duct ligated 
(CBDL) rats on beating heart cells in tissue culture. 
Materials and methods. For  the preparat ion of  the sera, 
Wistar rats weighing 200-220 g were used. The jaundiced 
serum was obtained 6 days after the rats were operated and 
CBDL, while the controls were sham operated. Rat heart 
cells were prepared as previously described u'12, with the 
media  containing 5% calf fetal serum and 5% horse serum. 

Whenever  the effect o f  jaundiced serum was studied, the 
horse serum was omit ted and the test control and ex- 
perimental  rat sera were added. Contraction rates were 
determined visually under  the microscope, at various time 
intervals after the addit ion of  the jaundiced serum or bile 

Table 1. Effect of jaundiced sera from bile duct ligated rats on contrac- 
tion rate of heart cells in tissue culture 

Time Contractions per min 
after 
addition Control serum BDL serum 
of sera 
(h) 5% 10% 5% p 10% p 
-1 146110 151:t: 6 148• 150• 
2 139+11 132J: 8 128+11 124• 
4 140+14 138:t:10 118+13 94+14 <0.01 
8 138+ 13 140=t= 12 94+11 <0.01 70+ 16" <0.01 

12 128+17 133:t:11 68+12" <0.01 59+10" <0.01 
22 106+18 114~-15 32+ 6* <0.01 13+ 6* <0.01 
30 95+16 96+11 2 i •  5* <0.01 NB <0.01 
48 58• 9 64:k 8 NB <0.01 NB <0.01 

Experimental details in text. Data are mean + SEM (N = 15). NB, not 
beating; * irregular beating; p, significance between control and BDL 
groups. 
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Table 2. Effect of bile salts on the contraction rate of rat heart cells in tissue culture 

Time after Contractions per min 
addition (h) Control Taurodeoxycholic acid (gmoles/l) Glycocholic acid @moles/l) 

20 40 60 20 40 60 

1 85• 86• 84• 87• 85• 6 84:L 7 87• 5 
2 85 • 6 67 • 7* NB NB 125 • 11"* 122 J: 13"* 145 • 10 
3 84 • 6 65 • 7** NB NB 121 • 13"* 118 Jr 11"* 141 • 12"* 
4 84• 57:t_6"* NB NB 81• 7 78=L 6 85• 7 
6 80• 554-8** NB NB 714- 8 77• 8 73• 8 
8 76:t:7 50• NB NB 68• 6 62• 6 64• 5 

12 74J:6 34• NB NB 67• 5 62• 7 53• 6* 
24 52• 21• NB NB 48• 8 43• 9 37:t_ 7* 

Experimental details in text. *p < 0.05; **p < 0.01 (N = 10). 

acids. For  the evaluation of  liver damage, the level of  
glutamic-oxalacetic transaminase (GOT; EC.2.6.1.1.) was 
de termined spectrophotometr ical ly 13. Bile salts were deter- 
mined  according to the method  of  Iwata and Yamasaki  14. 
Lactic acid formed in the media  was de termined spectro- 
photometr ical ly  13. 
Results' and discussion. Beating heart  cells in tissue culture, 
which have been shown to be a good model  for cardiac cell 
function and metabol ism mls were strongly affected by 
jaundiced sera and bile acids. Jaundiced serum obtained 
from rats following CBDL, contained 300-360 pmoles / l  o f  
both cholic (CA) and deoxycholic (DCA) acids, in compari-  
son to 10 gmoles/1 in serum from sham operated controls. 
There was distinct liver damage,  as could be seen from the 
GOT level which was 96_+ 12 U/1 vs 28_+4 in the controls. 
Addi t ion of  5 or 10% CBDE serum to the media  had no 
significant effect for the 1st 2 h. After 4 h, however,  a 
marked inhibit ion in the beating rate was seen, followed by 
earlier cessation (table 1). At 22 h after the addit ion of  the 
sera, there was about  70% and 89% inhibit ion with cells in 
the med ium containing 5% and 10% CBDL serum respec- 
tively. The beating of  these cells started to be irregular at 
8 h with 10% CBDL serum and at 12 h with 5% CBDL. The 
effect o f  bile acids on the beating rate is shown in table 2. 
Glycocholic acid at concentrat ions of  20, 40 and 60 gmoles /  
1 caused a significant stimulation of  the beating rate, which 
lasted up to 3 h after which time it re turned to the rate of  
the controls. Tauro-DCA was more toxic than glyco-CA. 
Levels of  40 and 60 pmoles/1 were very toxic, quickly 
causing a cessation of  beating. At concentrat ions of  
20 ~tmoles/1, there was a significant inhibit ion starting at 
the 1st reading of  2 h; this increased with time, reaching 
60% at 24 h in compar ison to the controls. The effect o f  the 
bile acids on heart  cell metabolism, as evaluated by the pH 
change and lactic acid format ion in the media  is shown in 
table 3. Sera from CBDL rats and tauro-DCA but not 

Table 3. Effect of bile salts and BDL serum on rat heart cell metabolism 
as evaluated by changes in pH of the media and lactic acid content (at 
24 h after addition of the serum or bile salts) 

Group or treatment Beating Change from control (X 4- SEM) 
pH (units) Lactic acid 

(gmoles/ml) 

Control (horse serum) + 0.0 0.0 
Control (rat serum) + - 0.04 :t: 0.01 0.06 • 0.01 
BDL (rat serum) + - 0.03 • 0.02* 0.44 • 0.03* 
Na-DOC 10 gM + -0.23• 0.71t0.1" 
Na-DOC 20 gM + - 0.61 • 0.04* 1.45 :t: 0.12" 
Na-DOC 40 ~tM - - 0.61 • 0.04* 1.61 4- 0.16" 
Na-DOC 60 gM - 0.51 4- 0.03* 0.90 • 0.05* 
Glycocholate 20 gM + + 0.05 • 0.01 0.05 • 0.01 
Glycocholate 40 ~tM + + 0.04 • 0.01 0.06 • 0.01 
Glycocholate 60 gM + + 0.08 • 0.02 0.06 • 0.01 

Experimental details in text. Experimental additions were made to cul- 
tures containing horse serum. *p < 0.01 (N = 6). 

glyco-CA led to a lower pH o f  the media  and increased the 
level o f  lactate. The largest changes in pH and lactate 
format ion were seen in the media  containing 40 and 
60 gmoles/1 DOC. 
The present study demons t ra ted  that bile salts at concentra-  
tions present in the blood of  j aund iced  rats affected beating 
heart cells in tissue culture, causing a slowing down of  the 
beating rate, irregular contractions and an earlier cessation 
of  beating. Jaundiced serum obtained f rom rats following 
CBDL contains high levels o f  both  CA and D O C  10, but it 
seems that DOC rather than CA is the toxic substance 
responsible for the effects seen. 
The mode of  action by which this substance exerts its toxic 
effect could be by its effects on biological membranes ;  it 
has been shown to cause disruption o f  cell membranes ,  
swelling of  mitochondria  and sarcop, lasmic reticulum 3 and 
to affect oxidative phosphoryla t ion  16 by inhibit ing oxygen 
uptake and inorganic phosphorus  esterification. The 
decreased mitochondrial  oxidative phosphoryla t ion 
without glycolysis being affected could lead to the accumu- 
lation of  lactate in the med ium and the lowering of  the pH. 
Lower activity of  oxidative phosphoryla t ion  leads to lower 
cellular ATP levels, which i f  decreased by 10-20% will 
cause cessation of  beat ing ~7. 
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