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Introduction 

With regard to the assessment of myocardial 
preservation, ultrastructural changes have been 
evaluated in isolatedl-3, and perfused human heart\ 
respectively. Of the latter, both the regional5 and the 
global models6 were involved. However, comparisons 
of myocardial pathologic alterations between the 
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regional and the global ischemic models rem am 
uncertain. 

Materials and Methods 

20 healthy mongrel dogs (obtained from Tianjin 
Experimental Animal Center, fed on germ free food 
under standard housing conditions, and received 
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human care in compliance with the "Principle of 
Laboratory Animal Care" formulated by the National 
Society for Medical Research) weighing 11 to 16.5 kg 
were divided randomly i~to 2 groups, the regional and 
the global ischemia models (Groups 1 and 2), and 
further into 4 subgroups: 2 control (1A and 2A), and 
2 experimental (lB and 2B). The animals were 
anesthetized with 2.5% thiopental sodium (Shanghai 
Xinya Pharmaceutical Factory, Shanghai, China) (1 ml/ 
kg) and then intubated. Animals in Group 1 were for 
the normothermic regional ischemia by coronary 
ligation, and in Group 2 for the global, under 
normothermic cardiopulmonary bypass (CPB), all with 
a 45-minute ischemia interval. Subgroups B received 
Injectio Radix Ginseng Compositae (a standard 
preparation of Angel Power Allied Pharmaceutical 
Company of Tianjin, Tianjin, China; composed mainly 
of 16.2 g/dl of Radix Ginseng associated with 16.2 g/ 
dl of Rhizoma Ligustici Chuanxiong and 21.6 g/dl of 
Radix Polygoni Multijlorz) as experimental subgroups. 
Subgroups A were the controls. 

In Group 1, through a left thoracotomy, an inflatable 
occluder was placed around the left anterior descending 
coronary artery (LAD) between the first and second 
main diagonal branches, approximately 2 cm from the 
origin of the LAD? As soon as the LAD was occluded, 
Injectio Radix Ginseng Compositae was infused 
continuously, via the femoral arterial indwelling 
catheter to the ascending aorta with a roller pump at 
a rate of 3 to 4 ml/min, and a total amount of 10 
ml/kg for 1 hour in Subgroup lB. 

CPB was instituted through a sternotomy in Group 
2, and warm blood cardioplegia was given antegradely, 
as described by YuanB• The aorta was crossclamped for 
45 minutes. Injectio Radix Ginseng Compositae of 10 
mllkg, mixed with warm blood in a venous reservoir, 
was infused together with cardioplegia during ischemia 
in Subgroup 2B. And 15 minutes more of Injectio 
Radix Ginseng Compositae with warm blood after 
cross clamp removal. Arterial blood pressure and leads 
1, 2 and 3 of the electrocardiogram were monitored 
continuously. 

The anterior wall biopsies from the left ventricle (a) 
before coronary occlusion or aortic crossclamp; (b) end 
of ischemia; and (c) 30 minutes after reperfusion were 
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analyzed as Kimose and associates described9• The latter 
2 biopsies were taken from the ischemic region. 

Data of myocardial ultrastructural changes were 
assessed qualitatively and semiquantitatively following 
the score system of Kimose and associates9• Differences 
between microscopic scores were determined by non
parametric analysis; p < 0.05 was considered of 
statistically significant. 

Results 

The myocardial mitochondrial ultrastructure 
(mitochondrial edema, cristae and matrix dissolution, 
mitochondrial membranous broken and amounts of 
myelin figures) of the ischemic region was better in 
ischemic than in reperfusion period in each subgroup. 
The ultrastructure changes were most severe in 
normothermic CPB, more severe in coronary ligation 
without and with the introduction of Injectio Radix 
Ginseng Compositae, and less severe in normothermic 
CPB with Injectio Radix Ginseng Compositae. Similar 
tendency appeared in damage to the sarcoplasm and 
capillary systems. No changes of nucleus were observed 
in each subgroup (Table I, Figures 1 and 2). 

Discussion 

Myofibrils are tather resistant to ischemic damagelO• 

However, the presence of postischemic cellular and 
. especially mitochondrial edema during reperfusion 

following cardiac arrest were found 11. Myocardial 
edema is probably of multifactorial changes in the 
permeability of capillaries, vennules, and cellular 
membranes 12,13, Jennings and Ganotel4, through 
studying regional ischemia in experimental infarction, 
postulated that the loss of cell volume regulation was 
the primary event causing injury during ischemia and 
reperfusion. Swelling of cells' and especially of the 
mitochondria, at the onset of the reperfusion are 
indicative of incomplete myocardial protection. Both 
mitochondrial injury and myocyte edema were less 
when perfusate temperature and pressure were slowly 
raised after 31/ 2 hours ischemia (abrupt reperfusion 
with perfusate at 3rC and 70 mmHg) in 
Langendorff-perfused rat hearts6• 

The ultrastructural changes after cardioplegia were 
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Table I 
Semiquantitotive asse~smel1~ of myocardial uitrastnJdUJreo 

45 min aHer ischemia 30 min after reperfllsion 

Subgroup lA 18 2A 28 lA lB "lAb 2Be 

Mitochondria 

a) Damage rate (%) 35 35 50 15 35 35 70 25 
b) Cristae broken 2 1 2 1 2 2 3 1 
c) Matrix light 2 2 2 1 2 2 3 1 
d) Membrane broken 1 1 2 1 2 1 2 1 
e) Myelin figures 2 1 2 1 3 1 3 1 
f) Calcium overloading 2 1 1 0 1 1 2 1 

Nuclear changes 0 0 0 0 0 0 0 0 

III Sarcomere: Z band 0 1 0 

IV Intercalated disk 0 2 

V Sarcotubular system 3 2 2 1 3 1 

VI Capillary edema 2 0 3 2 

a Score system. Data were presented as median. 

Mitochondria: a} Damage rate: percentage of damaged mitochondria out of those of slides observed, b} Cristae 0 = very 
densely packed, 1 = a few disarranged and broken, 2 = disarrangement with up to half the cristae broken, 3 = sparse, widely 
spread and mostly broken. c} Matrix 0 = very dark, 1 = a few light areas, only a few spaces between the cristae, 3 = only 
a few disarranged cristae present, most of the matrix disappeared. d} Membranous broken 0 = no, 1 = Ioca" 2 = spread. e} 
Myelin figures 0 = no, 1 = single, 2 = a few and cluster, 3 = multiple and cluster. f} Calcium overloading 0 = no, 1 = slight, 
2 = moderate, 3 = severe. 

Nuclear changes - Chromatin clumping, crenation of nuclear membrane, coarse nucleoli: O' = absent, 1 = slight, 2 = moderate, 
3 = severe. 

Sarcomere - Z band 0 = present, norma" 1 = present, disarranged,thickened. 

intercalated disk - Structural dissolution and decreasing of electron density substances: 0 = norma" 1 = present, obscure, 2 = 
present, partly dissolution, 3 = mostly dissolution and even diappeared. 

SafC()tubuiar system - Saccular dilation: 0 = norma" 1 = slight, 2 = moderate, 3 = severe. 

Capillary edema - increased swelling of the capillary wall or narrowing of the vessels: 0 = absent, 1 = slight, 2 = moderate, 
3 = severe. 

bSee Fig. I, CFig. 2 

dependent primarily on the extent of preexisting 
ischemic damage. After reperfusion, the majority of the 
patients had progressive changes of ischemia, with 
marked mitochondrial and sarcotubular swelling, 
depletion of glycogen, chromatin clumping, and 
myofibrillar disruption; amorphous mitochondrial 
densities were occasionally seen15 • Chen et al4 suggested 
that from the viewpoint of ultrastructural 
morphometric study myocardial injury after an average 
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of 83 minutes of ischemic arrest is poorer in the right 
chambers of the heart than in the left ventricle, with 
the right atrium having the poorest. 

In human hearts, intraoperative global ischemia alone 
produces qualitative mitochondrial changes. By 
reperfusion with blood, the mitochondria change 
qualitatively and quantitatively: the increased 
mitochondrial volume density is indicative of the 
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Fig. 1: Myocardial ultrastrudure aher 30 
minutes' reperfl.lsioB'l il'l Subgroup "1.A Ix 
99(0). 
a) Mitochol1driCi: CristCie broken ~3; 

Matrix light ~3. 
bl Sarcomere: Z band -1. 

Fig. "1.: Myocardial uitrastn..llchJi"e after 30 
minures' repertusiol'l in Subgroup 28 (x 
99(0). 
a) Mitochondria: Cristae broken -1; 

Matrix light -1. 
b) Sarcomere: Z band -0. 

l. De Andrade RR, Tucci PJ, Silva MA, Oliverira RA, Gregorio 
EA, Curi PR, Hossne WS: Functional and ultrastructural 
evaluation of myocardial protection provided by intermittent 
coronary sinus perfusion in the isolated dog heart. Braz J Med 
BioI Res 1991;24 : 81-9l. 
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occurrence of swelling due to uptake of fluid and is 
the presence of a virtually unchanged surface density, 
of fusion of mitochondria to larger complexes10,l!. 
Schaper et all! found that per standard volume of 
cardiac cell, the mitochondria occupy a larger space 
during reperfusion than they did at control and at the 
end of ischemia. 

Mitochondrial edema and matrix broken usually means 
disturbances in Kreb's cycle, amino acid decomposition, 
protein synthesis and lipoxidation. Cristae dissolution 
and intercristal space narrowing and disappearance 
reveal dysfunction of respiratory chain enzymes. 
Mitochondrial membranous structure alterations would 
indicate an injury of oxidative phosphorylation. 
Amounts of myelin figures reflect the oxidative free 
radical damage. Otherwise, damages in sarcoplasmic 
and capillary systems reveal dysfunction of Na+-K+ 
pump and anion channels. Thus, ultrastructure changes 
was the most severe in normothermic CPB, more 
severe in coronary ligation without and with the 
introduction of Injectio Radix Ginseng Compositae, and 
less severe in normothermic CPB with Injectio Radix 
Ginseng Compositae. 

Accordingly, Injectio Radix Ginseng Compositae was 
shown to have effects in antioxidants and improvement 
of coronary circulation. 

In conclusion, reperfusion injury after ischemia is more 
severe in global model by normothermic CPB than 
in regional model by coronary ligation; Injectio Radix 
Ginseng Compositae has effectiveness in protection 
against myocardial reperfusion injury after ischemia; 
and Injectio Radix Ginseng Compositae might be 
considered as a component of cardioplegia during open 
heart surgery. 
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