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Abstract. Altered trace elements and ascorbic acid metabolism have been implicated in the 
pathogenesis of atherosclerotic cardiovascular disease. However, their role in the disease process, 
or the effect of atherosclerosis on their tissue levels within plaque, is poorly understood. The 
present study analyzes the concentrations of Fe, Cu, Zn, and Mn, and ascorbic acid and superoxide 
dismutase (SOD) activity in tissue samples from 29 patients with abdominal aortic aneurysms 
(AAA) and 14 patients wtih atherosclerotic occlusive disease (AOD). It was observed that the Fe 
and Mn concentrations in AAA and AOD tissue were higher than the levels in nondiseased 
control aorta, whereas Cu and Zn levels in AAA and AOD tissue were similar to the levels in 
controls. The Zn:Cu ratio was significantly lower in the AAA tissue in comparison to both AOD 
and control tissue. In addition, AAA and AOD tissue had low ascorbic acid levels and low Cu,Zn- 
SOD activity with Cu,Zn-S0D:Mn-SOD ratios of 0.27 and 0.19, respectively, compared to a ratio 
of 3.20 in control aorta. These data indicate that aorta affected by aneurysms and occlusive disease 
have altered trace element and ascorbic acid concentrations, as well as low Cu,Zn-SOD activity. 
Although these observations do not directly support the hypothesis that AAA is associated with 
aortic Cu deficiency they do suggest a role for oxygen radicals or increased lipid peroxidation in 
OCClUSiVe and aneurysmal disease of the aorta. 0 1987 Society for Experimental Biology and Medicine. 

Atherosclerosis is the most common disease 
of the infrarenal aorta and may result in either 
progressive stenosis or dilation and aneurysm 
formation. Although its etiology is incom- 
pletely understood, a variety of risk factors, 
including cigarette smoking, genetic and di- 
etary factors, hypertension, diabetes mellitus, 
and free radical mechanisms, have been im- 
plicated ( 1-3). 

In the past decade there has been consid- 
erable interest in the proposal that copper de- 
ficiency may be an important etiological factor 
in the development of human cardiovascular 
disease (4,5). A number of studies have shown 
that Cu deficiency produces myocardial dam- 
age and aortic aneurysms in both experimental 
and domestic animals (6- 10). 

Despite the common association of ab- 
dominal aortic aneurysms (AAA) with ath- 
erosclerosis, the biochemical events that result 
in the atherosclerotic aorta becoming aneu- 
rysmal in some persons and occluded in others 
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are poorly understood. Recently, Tilson (1 1) 
observed that patients with AAA had lower 
liver Cu levels than controls and proposed that 
tissue Cu depletion predisposes to aneurysms. 
Although Senapati et al. (12) did not observe 
lower Cu in AAA compared with that of con- 
trols, they did observe significantly lower zinc 
concentrations in aortic tissue from patients 
with AAA. Since dietary Cu and Zn intake 
can have a profound effect on lipid metabolism 
(7, 13), the alteration of which can be a major 
risk factor in atherosclerosis, we thought it ap- 
propriate to examine more fully trace element 
metabolism in aortic disease. In the present 
study we examined the concentrations of trace 
elements, the activities of the trace element- 
dependent enzymes Cu,Zn- and Mn-super- 
oxide dismutase (SOD), as well as ascorbic acid 
levels in aortic tissue from patients with ab- 
dominal aortic aneurysms and atherosclerotic 
occlusive disease (AOD) and compared these 
parameters with those of control aorta to un- 
derstand more fully etiological factors asso- 
ciated with aortic disease. 

Materials and Methods. Human aortic tis- 
sue. Aortic specimens from the infrarenal ab- 
dominal aorta were removed at the time of 
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surgery from 29 patients with aneurysms and 
14 patients with atherosclerotic occlusive dis- 
ease. The specimens were stripped of adven- 
titia and all surface thrombus was carefully 
removed. Following gentle rinsing in saline, 
the specimens were blotted dry, weighed, and 
frozen at -70°C until assayed. Aneurysmal 
tissue was free of clot so that only aortic wall 
was assayed. Aortic tissue removed from the 
same region of the aorta at autopsy from young 
adults served as controls. These aortas were 
kept cold until frozen, usually within 30 min 
of removal, Control samples were used only 
if they showed no evidence of vascular disease 
or calcified plaque. 

Patients with AAA and AOD were of similar 
ages and had a similar smoking history. Other 
clinical details of the patients’ history are in- 
cluded in Table I. 

Biochemical studies. Ascorbic acid levels 
were determined by the method of Day et al. 
( 14) as modifed for tissue homogenates ( 15). 

Iron, Cu, Zn, and manganese were deter- 
mined by flame atomic absorption spectros- 
copy as previously described ( 15). For calcium 
and magnesium analysis, the diluted wet ashed 
samples were further diluted with 0.1 % lan- 
thanum oxide to remove matrix interference 
( 16). Standard addition of known concentra- 
tions of selected metals to the samples indi- 
cated recoveries ranging between 98 and 102% 
for all elements. 

For determination of superoxide dismutase 
(SOD) activity, aortic samples were homoge- 
nized in 0.25 Msucrose to 10% (w/v) and then 
sonicated at maximum frequency three times 
for 5 sec each. The homogenates then were 
centrifuged at 4°C for 30 min at 10,OOOg. Total 
SOD activity was determined by the inhibition 

of the autoxidation of pyrogallol according to 
the method of Marklund and Marklund (17). 
Mn-SOD activity was determined under the 
same conditions except 1 mA4 KCN was added 
to the assay buffer to inhibit Cu,Zn-SOD ac- 
tivity. Cu,Zn-SOD activity was obtained from 
the difference between total SOD activity and 
Mn-SOD activity. 

Statistics. The data were analyzed by anal- 
ysis of variance or Student’s t test, when ap- 
propriate, using a statistical package (Stat’s 
Plus) for the Apple IIe. 

Results. As expected, aortic tissue from pa- 
tients with aneurysmal or occlusive disease 
were characterized by high Ca and Mg con- 
centrations in comparison to control aorta 
(Fig. 1). Ca concentrations were also higher 
than control levels in diseased aorta that did 
not show visible evidence of calcified plaque 
(Fig. 1). 

Aneurysmal and occlusive disease aortic 
samples had normal Cu and Zn concentra- 
tions, but significantly higher Mn and Fe con- 
centrations compared to control aorta (Fig. 2). 
When diseased aortic tissue without evidence 
of plaque was analyzed, Fe and Mn remained 
higher and Zn concentrations were found to 
be significantly lower in both groups when 
compared to control levels (Fig. 2). In addition 
aneurysmal tissue had significantly higher Fe 
concentrations than AOD tissue, and in aneu- 
rysms without plaque, the Zn:Cu ratio was 
significantly lower in comparison to the other 
two groups. In aneurysmal tissue, Fe concen- 
trations increased while Zn and Mn levels de- 
creased in relation to the size of the aneurysms 
(Table 11). 

AAA and AOD tissue had significantly 
lower aortic ascorbic acid levels compared to 

TABLE I. PATIENT DATA 

Controls Occlusive disease Aneurysmal disease 
(n = 9) (n= 14) (n = 29) 

Age (range) 19-40 
Smoking history (pack years) Unknown 
Samples with calcified plaque 0 
Mean aneurysm size (cm) - 

Diabetes 0 
Hypertension 0 
Chronic obstructive pulmonary disease 0 
Myocardial infarction 0 
H yperlipidemia 0 

Associated diseases 

52-77 
6 5 + 7  
11/14 

49-86 
5 9 2 7  
1 1/29 

6.8 -t 0.4 
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FIG. 1. Calcium and magnesium concentration in con- 
trol, occlusive disease, and aneurysmal aorta. For control, 
n = 9; occlusive disease, n = 14 (n = 11 with calcified 
plaque); aneurysm, n = 28 ( n  = 1 1 with plaque). Combined 
samples are shown as open bar; samples with calcified 
plaque are shown as solid bar; samples without plaque are 
shown as hatched bar. Data represented as means k SE. 
*P < 0.05 from controls. **P < 0.05 from samples with 
plaque. 

controls (Table III), but there was no difference 
in ascorbic acid levels between AAA and AOD 
aorta. Ascorbic acid levels also were not sig- 
nificantly affected by the presence of calcified 
plaque or the size of the aneurysms. 

Despite the findings of normal Cu concen- 
trations in diseased aorta, the activity of 
Cu,Zn-SOD was markedly lower in AAA and 
AOD tissue compared to controls (Fig. 3). This 
observation was independent of the presence 
of calcified plaque. In contrast, Mn-SOD ac- 
tivity was significantly higher in diseased aorta 
in comparison to controls, but only aneurys- 
mal Mn-SOD activity remained higher in aor- 
tic tissue without calcified plaque (Fig. 3). In 
aneurysmal tissue, the lowest Cu,Zn-SOD and 
highest Mn-SOD activity was observed in 
samples with a transverse diameter >9.9 cm. 

Discussion. Although atherosclerosis is 
common to both aortic aneurysms and occlu- 
sive disease, morphologically these two dis- 
eases are strikingly different. Whereas occlu- 
sive disease is associated with increased thick- 
ness of the arterial wall, calcification and 
atheromatous debris, the aneurysmal aorta 
shows fragmentation of elastic fibers and fi- 

Numerous observations have led to the 
concept that aortic aneurysms may be asso- 
ciated with, or a consequence of, copper de- 
ficiency. Copper is an important cofactor for 
lysyl oxidase, the enzyme essential for initi- 
ating elastin crosslinking (19, 20), and nutri- 
tional Cu deficiency can lead to decreased 
elastin levels and aneurysm formation in 
experimental and domestic animals (6, cf. 
20, 21). 

In addition, genetic Cu deficiency in mice 
(e.g., the Blotchy mouse) leads to aortic aneu- 
rysms (22). However, the results of the present 
study agree with the observations of Senapati 
et al. (1 2) that aortic aneurysmal tissue does 
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brosis of the arterial wall (1 8). in Fig. 1. 
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FIG. 2. Aortic iron, copper, zinc, zinc-to-copper ratio 
and manganese concentrations in control, occlusive dis- 
ease, and aneurysmal tissue. Figure legend is the same as 
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Transverse diameter 

Parameter: 
4.5-6 cm 
( n =  10) 

7-9 cm 
( n =  11) 

>9.9 cm 
(n = 5 )  

Iron (Pg/g) 101 k 2 0  118k23 156 f 32 
Copper (P.g/g) 0.8 1 k 0.10 1.06 f0.19 0.84 k 0.12 
Zinc (Pg/g) 13.3 f 2.0 12.4 f 1.9 10.0 f 1.3 
Manganese (Wg) 0.43 k 0.1 0.38 f 0.1 0.26 k 0.02 
Cu,Zn-SOD (U/g aorta) 24 k 7 (5) 19 f 7 (9) 7 f 2 (5)*  
Mn-SOD (U/g aorta) 131 k 18 (5)* 97 k 14 (5) 111 k 13 (9) 

' Data expressed as means f SE. Values are calculated on a tissue wet weight basis. 
* P < 0.05 from aneurysms <9.9 cm. 

not show lower Cu concentrations than occlu- 
sive disease. In contrast, the present results 
show that aneurysmal Cu concentrations were 
somewhat higher than the levels in control 
aortas. 

Zinc is another trace element linked to nor- 
mal lipid (cf. 13) and connective tissue me- 
tabolism (23). Abnormal zinc metabolism also 
may be associated with atherosclerotic disease 
(24). In the present study the Zn concentra- 
tions in aortic tissue from patients with occlu- 
sive disease and aneurysms were not signifi- 
cantly different from values in control aorta. 
However in aneurysmal aorta without calcified 
plaque, Zn concentrations were significantly 
lower than the levels in control aorta. This 
resulted in a lower Zn-to-Cu ratio in aneurys- 
mal aorta. A high Zn-to-Cu ratio has been 
proposed to predispose to cardiovascular dis- 
ease (5). Although this ratio was reversed in 
the present study, its importance in other pa- 
rameters of vascular disease remains to be de- 
termined. 

Aortic Fe concentrations in occlusive dis- 
ease and aneurysms were significantly higher 

TABLE 111. ASCORBIC ACID LEVELS IN AORTIC TISSUE' 

Controls 
Occlusive disease 
Aneurysms 

2.7 1 f 0.37 (7) 
0.86 k 0.12 (9)* 

All 1.34 k 0.18 (22)* 
<6cm 1.47k0.23 (11) 
>7cm 1.12k0.21 (10) 

' Data expressed as means f SE (n), 
* P -= 0.05 from control aorta. 

in comparison with control values, and Fe 
concentrations in aneurysmal aorta were 
higher than in occlusive disease. The signifi- 
cance of these observations to diseased aorta 
remains to be established. 

Despite the finding that Cu levels in diseased 
aorta were similar to control levels, the activity 
of the Cu-dependent enzyme Cu,Zn-SOD was 
markedly lower in these tissues compared with 
that of controls. Based on its antioxidant 
properties, it is reasonable to suggest that one 
consequence of low Cu,Zn-SOD activity in 
diseased aortic tissue would be an increased 
rate of tissue lipid peroxidation compared with 
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FIG. 3. Aortic Cu,Zn-, and Mn-superoxide dismutase 
activity in control (n = 8), occlusive disease (n = 11; n 
= 8 with plaque) and aneurysmal tissue (n = 18; n = 6 
with plaque). Figure legend is the same as in Fig. 1. 
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that of control tissue. Consistent with this idea 
is the observation that Mn-SOD activity is 
higher in the diseased tissue than in control 
tissue. Compensatory changes in the SODS 
have been previously documented under con- 
ditions of oxidative stress (25). If this hypoth- 
esis of increased lipid peroxidation in these 
tissues is correct, it is tempting to speculate 
that the higher Fe levels in diseased aorta con- 
tribute to the peroxidative process (26). It must 
be mentioned, however, that direct measure- 
ments of lipid peroxidation were not made in 
the present study. 

The observation of lower ascorbic acid levels 
in aneurysmal and occluded aorta compared 
with those of control aorta also supports this 
hypothesis. It is known that cigarette smoking 
is a major risk factor in the pathogenesis of 
atherosclerotic disease and particularly aortic 
aneurysms (1). Cigarette smokers have been 
shown to have lower serum ascorbic acid levels 
(27) and perhaps abnormal ascorbic acid me- 
tabolism (28). Abnormal ascorbic acid metab- 
olism could affect connective tissue metabo- 
lism in aorta (20, 29, 30) and contribute to 
the disease process. 

In conclusion, examination of ascorbic acid, 
trace elements, and SOD activity in aortic tis- 
sue from patients with atherosclerotic occlu- 
sive disease and abdominal aneurysms showed 
some marked differences in comparison with 
control aorta; only Fe levels differed between 
the two types of aortic disease. Although the 
control aortas obtained for the present study 
were from individuals slightly younger than 
patients in the two disease groups, no clear 
effect of age could be ascertained in this study. 
The data from the present study suggest that 
enhanced tissue lipid peroxidations may be 
one common factor underlying the pathologies 
of aortic aneurysms and occlusive disease. It 
remains to be established, however, whether 
the results observed are involved in the patho- 
genesis of vascular disease or whether they are 
secondary to the disease process. 
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