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Hepatic blood flow in acute myocardial ischemia I 
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Summary, Hepat ic  b lood  flow was mon i to red  in cats dur ing  myocard ia l  i schemia  (MI).  Increased p lasma  CPK activity, the 
S-T segment  of  the e lectrocardiogram,  and  hepat ic  flow was reduced  by  5 h to 40% of  control.  The  results suggest tha t  MI  
can inf luence organs dis tant  f rom the original  i schemic  episode. 

Myocardia l  i schemia  (MI)  is a complex  disease ent i ty 
involving a var iety of  cardiac and  extracardiac p h e n o m e -  
na  3. I n fo rma t ion  regard ing  the cardiac processes respon-  
sible for the spread o f  ischemic damage  in acute myocar-  
dial  i schemia  is becoming  be t te r  unders tood  4. However ,  
extracardiac processes involved  in the pa thogenes is  of  acute 
myocardia l  i schemia  r ema in  poorly unders tood .  The  pur-  

pose of  this s tudy was to de te rmine  i f  myocard ia l  ischemia,  
uncompl ica ted  by cardiogenic  shock, alters l iver b lood  
flow. I f  l iver b lood  flow is compromised  it could  induce  
tissue injury resul t ing in a deficit  in energy metabol i sm,  as 
well as an  i m p a i r m e n t  in phagocytosis  of  the re t icu loendo-  
thelial  system. 
Methods. Male  cats (3.8-5.3 kg) were anes thet ized  wi th  
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sodium pentobarbital (30 mg/kg, i.v.). The right carotid 
artery and left jugular vein were cannulated. Mean arterial 
blood pressure (MABP) and central venous pressure (CVP) 
were recorded from the carotid arterial and jugular venous 
catheters respectively, using a Grass Model 7 oscillographic 
recorder. Lead III of the scalar electrocardiogram was also 
monitored. All cats were tracheotomized to allow for 
positivepressure ventilation after thoracotomy. A mid-line 
laparotomy was performed with subsequent isolation of the 
hepatic artery and hepatic portal vein. A noncannulating 
electromagnetic flow probe (i,d.= 1.5 mm) was carefully 
positioned around the common hepatic artery to ensure 
that flow through the hepatic artery perfused only the liver. 
In addition, a cannulating electromagnetic flow probe 
(i.d.=3.0 mm) was placed in the lumen of the hepatic 
portal vein for measurement of portal venous flow (PVF). 
This procedure necessitated ligation of the right gastric and 
gastroduodenal veins for placement of the flow probe. 
Heparin (250 U/kg) was administered i.v., and the ab- 
domen was closed. 
Subsequently, a mid-sternal thoractomy was performed, 
and the exposed pericardial sac was incised and retracted. 
This exposed the left coronary artery and its branches. 
Myocardial ischemia (MI) was induced via ligation of the 
left anterior decending (LAD) coronary artery 10-14 mm 
from the coronary ostium. This ligation was accomplished 
by passing a 3-0 silk ligature around the LAD coronary 
artery and tying the vessel securely. Myocardial ischemia 
was initiated after a 15 min stabilization period. In sham- 
operated controls, the identical experimental maneuvers 
were performed except that the LAD artery was not oc- 
cluded. 
Sampling protocol and biochemical assays. 3 ml venous 
blood samples were drawn just prior to occlusion and every 
hour thereafter for 5 h. The blood was centrifuged at 
2500• g and 4 ~ for 20 min. The plasma was collected for 
the determination of plasma protein concentration, and 
creatine phosphokinase (CPK) activity. Saline (6 ml of 0.9% 
NaC1) was given to replace blood lost by sampling. The 
biuret method of Gornall et al. 5 was used to determine 
plasma protein concentrations. Plasma creatine phosphoki- 
nase activity was determined by the method of Rosalki 6. 
Results. The cardiovascular and biochemical responses of 
cats subjected to myocardial ischemia and their controls are 
summarized in the table. In both the sham-operated and 
myocardial ischemia groups, MABP did not change signifi- 
cantly. In contrast, the plasma CPK activity and the S-T 
segment of the electrocardiogram increased progressively in 
the MI group over the 5 h observation period. No signifi- 
cant changes in plasma CPK activity or S-T segment 
voltage were observed in sham-operated controls. These 
findings indicate myocardial ischemia existed in cats sub- 
jected to coronary artery occlusion, and was not present in 
sham-operated controls. 
Total hepatic blood flow for cats subjected to either acute 
MI or sham-MI for the 5 h observation period is depicted 
in the figure. The initial blood flow for both the control and 
experimental groups was 28.5 and 27.3 ml/kg/min.  In the 

sham-operated control cats, no significant changes in 
hepatic blood flow were observed over the 5 h experimen- 
tal period. In contrast, liver blood flow decreased in MI cats 
within 2 h of coronary artery ligation and progressively 
declined over the remaining 3 h of the experimental period, 
so that flow had declined by 60%, 5 h after coronary artery 
occlusion. Both hepatic portal flow and hepatic arterial 
flow declined proportionally so that the decreased total 
hepatic flow was equally distributed between its 2 vascular 
supplies. 
Discussion. Although there is considerable information 
available on the cardiac adjustments following myocardial 
ischemia, a paucity of information exists on the extracar- 
diac mechanisms activated in response to acute MI. Our 
findings indicate myocardial ischemia initiates vascular 
changes in the liver, an organ distant from the original 
ischemic episode. 
The data presented in the table indicate coronary occlusion 
resulted in a significant degree of MI after ligation of the 
left anterior decending coronary artery. The changes noted 
in plasma CPK activity and the S-T segment of the 
electrocardiogram are similar to those known to occur in 
cats following coronary artery occlusion 7,s. The stable 
blood pressure observed in the MI group indicates that 
uncomplicated myocardial ischemia without cardiogenic 
shock was induced in these cats. In addition, in similar 
experiments, Spath and Lefer 9 have reported a 35% reduc- 
tion in aortic blood flow at 5 h of post myocardial ischemia. 
Thus, the 60% decrease in hepatic blood flow we observed 
was not a consequence of severely compromised cardiac 
performance, aortic blood flow or hypotension which oc- 
curs in hemorrhagic and other types of shock m 
The control liver flows obtained in the experiments are 
comparable to those reported by Nxumalo et al." and 
Lautt 12. The reduction in liver blood flow in response to 
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Time course of total liver blood flow (ml/min) in sham operated 
and myocardial ischemic cats. All points are means of 6 cats in each 
group. SEM are shown as brackets. 

Myocardial ischemia induced changes in mean arterial blood pressure, S-T segment and plasma creatine phosphokinase activity 

Group N Time (h) 
0 5 
MABP CPK S-T MABP CPK S-T 

Sham MI 6 135_+ 11 3.1 _+0.9 0.01 +0.01 116_+ 6 3.8__+0.7 0.01 +0.01 
MI 7 127_+ 8 2.84-_0,7 0.01 +-0.01 119+_5 9.8+_0.7" 0.17+_0.05" 

MABP=mean arterial blood pressure express in mm Hg; CPK = creatine phosphokinase activity of the plasma expressed in IU/mg 
protein • 103; S-T segment change in lead III of EKG expressed in mV. * p < 0.02 compared to zero time value. 
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myocardial ischemia is the first reported observation of 
hepatic ischemia during acute MI. This 60% reduction in 
liver blood flow could result in a marked reduction in 
oxygen availability to the liver and impaired liver function. 
Previously, it has been demonstrated that prolonged hypox- 
ia or ischemia can result in a loss of  liver cellu! ar integrity 13. 
In this regard, Dunn et al. ~4 noted during congestive heart 
failure liver injury is often a complicating factor. However, 
animals experiencing a reduced liver blood flow may be 
able to compensate for the decreased oxygen delivery by 
increasing the extraction of oxygen from the blood. Such 
compensation could mask the effects of an acute reduction 
in liver blood flow. Furthermore, since the clearance of 
many substances by the liver is dependent on blood fl0w 15, 
a significant decreased flow could compromise the clear- 
ance capacity of  the liver, In this regard, Lautt 12 has 
reported that a reduction in hepatic blood flow is accompa- 
nied by a decrease in the removal of substances from the 
blood, Thomson et a116 reported that in clinical situations 
associated with reduced hepatic blood flow, the incidence 
of toxic reactions to lidocaine was increased. 
In summary, myocardial ischemia results in a significant 
reduction in liver blood flow 2 h after coronary artery 
occlusion. This decrease progresses so that total liver blood 
flow is only 40% of initial values at 5 hl The resulting 
ischemia to the liver may contribute to the pathophysiology 
of myocardial ischemia. 

Experientia 35 (1979), Birkhguser Verlag, Basel (Schweiz) 

1 Supported in part by Research grant HL-17745 from the 
National Heart, Lung and Blood Institute of the National 
Institutes of Health. 

2 Acknowledgments. We gratefully acknowledge the expert 
technical assistance of Mary Ann Spath. 

3 A.M. Lefer, in: Cardiovascular Clinics, p.25. Ed. A.N. Brest. 
F,A. Davis Co. Philadelphia 1975, 

4 E. Braunwald, in: Pathophysiology and Therapeutics of Myo- 
cardial Ischemia, p. 265. Ed. A.M. Lefer, G. Kelliher and M.J. 
Rovetto. Spectrum Publications, New York 1977. 

5 A.G. GornaU, C.J. Bordowill, and M.M. David, J. biol. 
Chem. 177, 751 (1949). 

6 S.B. Rosalki, J. Lab. clin. Med. 69, 676 (1967). 
7 M.L. Ogletree and A.M. Lefer, Circulation Res. 42, 218 

(1978). 
8 M.L. Ogletree, J.T. Flynm M. Feola, and A.M. Lefer, Surgery 

Gynec. Obstet, 144, 734 (1977). 
9 J. Spath and A.M, Lefer, Am. Heart J, 90, 50 (1975). 

10 D.H. Johnson, J, Physiol. 126, 413 (1954). 
11 J.L. Nxumalo, M. Teranaka, and W.G. Schenk, Archs Surg. 

113, 169 (1978), 
12 W.W. Lautt, Gen. Pharmac. 8, 73 (1977). 
13 M.J. Galvin and A.M. Lefer, Life Sci. 20, 1969 (1977). 
14 G.D. Dunn, P, Hayes, and K.J. Breen, Am. J. med. Sci. 265, 

174 (1973). 
15 G. Biozzi and C. Stiffel, in: Progress in Liver Disease, p. 11. 

Ed, H. Popper and F. Schaffner. Grune and Stratton, New 
York 1965. 

16 P,D. Thomson, P.M. Rowland and M,L. Melmon, Am. Heart 
J. 82, 417 (1971). 

Fine structural correlations between the muscle pathology of amyotrophic lateral sclerosis (ALS) patients and 
experimental Ca-Mg deficient rats 
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Summary. Nonspecific myofibrillar changes such as streaming of the Z-line, formation of rod-like structures, satellitosis, 
proliferation of sarcolemmal nuclei and papillary projection of the sarcolemma were recognized as a disorganization of  the 
muscle itself. In addition, fine structural pathology in ALS specimens showed characteristically a pig-tail formation - 
'Zopfformation'- which has been considered to have a neurogenic origin. 

Although amyotrophic lateral sclerosis (ALS) is a systemic 
degenerative disease of unknown etiology, involving motor 
neurons selectively, the possible participation of Ca dysme- 
tabolism in the pathogenetic process of ALS has recently 
beerl indicated 1,2, In relation to this, experimental studies 
on rats fed a Ca-Mg-deficient diet have been done, with the 
interesting finding that there was muscle fibre atrophy in 
white muscle [type !I fibre), and a decreased activity of the 
enzyme sur dehydrogenase in the gastrocnemius re,us, 
.c, le ~'4, In this study, myoflbrillar changes foulad specifically 
tn ALS p~atier~ts and Ca-M~deficient r~ts ~rr demonstrat- 
ed, 
Materials and methods. Human muscle specimens were 
obta!ned from biopsied gastrocnemius muscle from 3 cases 
of ALS. Muscle specimens from experimental animals were 
obtained from 4 Ca-Mg deficient rats and 5 control rats. 4 
experimental rats were fed a Ca-Mg deficient diet for a 
period of 5-15 weeks. The body weight of the animals 
r decreased durin~ t he  period of the ex- 
periment, Total body weight loss was )tbout 47%. Human 
muscle specimens were fixed in 1% OsO 4 adjusted with 
0,! M cacodylate buffer (pH 7.4) for 2 h. Experimental 
animals were perfused With 4% paraformaldehyde-0.5% 
glutaraldehyde . . . . . . .  adjusted with 0.1 M cacodylate buffer (pH 
7,4) and post-fixed in 1% OsO 4 adjusted with 0,1 M 

cacodylate buffer (pH 7,4), After fixation, muscle spe- 
cimens were dehydrated with ethanol and embedded in 
epoxy resin, Ultrathin sections stained with uranyl acetate 
and lead citrate were examined under JEOL 100C and T7 
model electron microscopes. 

Results and discussion, In biopsied muscle specimens from 
ALS cases, strikingly abnormal features were demonstrated 
in the sarcolemma and sarcoplasm, as seen in figure 1, 
8howlng multiplieative sarco!emmal nuclei (figure 1, a) and 
papillary projection of the sarcolemma (figure 1, b). In 
addition, there was proliferation of the satellite cells, and 
cell wandering at the intermuscular space. 
Experimental studies of muscle specimens of Ca-Mg defi- 
cient rats revealed papillary projection of the sarcolemma, 
satellitosis and proliferation of sarcolemmal nuclei, which 
are similar pathological changes to those observed in the 
ALS specimens. Besides, infolding or invagination ap- 
peared in the nuclear membranes of satellite ceils and 
sarco!emma! nuclei. 
Such changes; sarcolemmal papillary projection, and reac- 
tive satellite cells and sarcolemma, are commonly described 
as myopathic changes in skeletal muscle ~. Satellite cell 
proliferation in denervated muscle has been frequently 
observed in hypertrophied muscles rather than in atro- 


