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Summary. D-glucose-U-l~C incorporation into arterial 
lipids in vitro was greater (p < 0.025) in control than in 
streptozotocin-treated (65 mg/kg) rats. A significant 
positive correlation between this effect and the plasma 
immunoreactive insulin levels was achieved, although 
there was no correlation with the blood glucose levels. I t  
is suggested that  the state of circulating insulin in the 
animal is important in modifying arterial lipid metabolism 
independent of changes in serum lipids. 

Mgtabolisme des lipides des artdres an relation avec le 
glucose sanguin et l'insuline du plasma chez le rat rendu 
diabgtiquc par la streptozotocine 

Rdsumg. L'incorporation du D-glucose-U-14C dans les 
lipides des art~res in vitro dtait plus grande (p < 0.025) 
ehez les tdmoins que chez les rats traitds ~ la streptozoto- 
eine (65 mg/kg). Une corr41ation positive et significative 
entre cet effet et les taux de l'insuline immunordaetive du 
plasma a 4td rdalisde, bien qu'il n ' y  ait aucune corrdlation 
avec les taux du glucose sanguin. On sugg@re que le 
taux de l'insuline circulant dans 1'animal est important  

par le fair qu'il modifie le mgtabolisme des lipides des 
att ires inddpendamment des changements darts les lipides 
du sdrum. 

Lipidmetabolismus der Arterien in Bezichung zu Blut- 
zucker und Plasmainsulin bei der Ratte mit Strcptozotozin- 
Diabetes 

Zusammenfassung. Die Inkorporation yon D-U-14C - 
Glucose in die Lipide der Arterien war in vitro bei den 
Kontrolltieren hSher (p < 0,025) als bei den mit Strepto- 
zotozin (65 mg/kg) behandelten Ratten. Eine signifikant 
positive Korrelation konnte zwischen diesem Effekt und 
dem immunologiseh reaktiven Plasmainsulin gefunden 
werden, obgleich keine Korrelation mit den Blutzucker- 
werten bestand. Es wird angenommen, dai3 die Menge des 
im Tier zirkulierenden Insulins wesentlich ist, um den 
arteriellen Lipidmetabolismus unabh~ngig yon den Ver- 
~nderungen der Serumlipide zu becinfiussen. 
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Indroduetion 

A number  of recent studies have shown t h a t  sub- 
jeers with premature  atherosclerotic vascular  disease 
have abnormally  high plasma insulin responses to bo th  
oral and intravenous glucose [1--7].These studies have 
included subjects with disease of coronary  [1--5],  
cerebral [6] and peripheral arteries [7]. I n  addition, 
several well-known risk factors in atherosclerosis, in- 
cluding obesity [8] with and wi thout  glucose intoler- 
ance [9], and hypertr iglyeeridemia [10] are also asso- 
ciated with abnormally  high levels of circulating in- 
sulin. I t  has been suggested tha t  hyperinsulinism m a y  
have an impor tan t  role in the pathogenesis of athero- 
sclerosis [11]. 

I t  is now recognized tha t  the ar tery  is no t  merely an 
inert  tube  conducting fluid, bu t  is a metabolically 
active tissue capable of synthesizing all the lipids 
found in the atherosclerotic plaque [12]. Evidence has 
been presented tha t  insulin can st imulate the incorpo- 
rat ion of both  glucose and acetate into the lipids of the 
arterial wall [13, 14]. However,  this evidence was ob- 
tained f rom experiments using fairly large doses of 
exogenous insulin in vivo. Insulin has such widespread 
effects on so m a n y  metabolic pa thways  th roughout  the 
body  t h a t  it is impossible to  be certain in the in vivo 

si tuation whether  insulin exerted its effect directly on 
the arterial wall itself, or indirectly by  way  of changes 
in circulating precursors or in serum lipids. The ex- 
periments described here were designed to solve this 
problem, and to test  the effect on arterial lipid metab-  
olism of variat ions of insulin secretion within the phy-  
siological range. 

Material and Methods 

Wistar rats weighing about 150 g were weighed and 
injected intravenously with streptozotoein in a dose of 
65 mg/kg (a dose known to produce diabetes) [15]. At the 
same time a similar group of rats were weighed and set 
aside as controls. Both groups of animals were fed com- 
mercial rat chow ad libitum and were not fasted prior to 
sacrifice. After two to four weeks the animals, both treat- 
ed and control, were weighed and killed by decapitation. 
Blood was taken, and the aortas from the origin to the 
bifurcation were removed and carefully dissected free of 
adventitious tissue with the aid of a dissecting microscope. 

The cleaned aortas were slit longitudinally and in- 
cubated for three hours in a Dubnoff shaker at 37~ at 
100 oscillations per minute. The incubation medium con- 
sisted of 2.5 ml Krebs Ringer bicarbonate buffer with 
250 rag% D-Glucose and 0.1 ~Ci/ml of D-glucose-U-laC 
(specific activity 3.0 mCi/mM); the gas phase was 5~o 
carbon dioxide ill oxygen. 
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At the end of the incubation the aortas were washed, 
and then refluxed for three hours in chloroform-methanol 
(2: 1). The lipid solution was washed by the method of 
Folch et al. [16] which removes 99.9 % of water-soluble 
contaminants, and made up to 2.5 ml with chloroform- 
methanol. Samples of 0.5 ml were placed in counting vials, 
the solvent evaporated, and the lipid redissolved in 10 ml 
of toluene containing 0.4% 2.5-dipheny]-oxazolc and 
0.04% 1-4-bis-(2-(5 phenyloxazoloyl)) benzene. :Radio- 
activity was assayed in a Packard TriCarb scintillation 
spectrometer. A known fraction of the incubation medium 
was also assayed for radioactivity, using as scintillation 
fluid a 4:1 mixture of 1.4 dioxan and toluene, each con- 
raining 0.4 ~o 2.5-diphenyloxazolc and 0.04 ~o 1-4-bis-(2-(5 
phenyl-oxazoloyl)) benzene. The aortas were allowed to 
dry in air, and were then weighed. 

In order to test for contamination of the aortas with 
fatty adventitious tissue, aortas from normal rats pre- 
pared as described above, were incubated under similar 
conditions in an incubation medium containing soluble 
insulin in a concentration 10000 izU/ml. Control incuba- 
tions were made in a medium containing no insulin. 
Extraction of lipids and estimation of radioactivity were 
as described above. When no effect of insulin on the 
aortas was found, epididymal fat pads from normal rats 
were incubated under identical conditions in insulin and 
control solutions, and the adequacy of the medium 
for showing an insulin effect on adipose tissue confirmed 
[17]. 

with 2.43 i 0.66 NM/mg/h in the control solution (t --~ 
2.11 p ~ 0 . 0 5 ) .  As it has been shown that  aortic 
adipose tissue is very sensitive to insulin [21], these 
results suggest that  the aortas used in this experiment 
were free of adipose tissue. Histological evidence that  
the adventitious tissue was completely removed has 
already been presented [22]. 

The results of the experiment are shown in Table 1. 
Blood glucose was considerably higher in the strepto- 
zotocin treated rats than the controls, while the plasma 
insulin was approximately half that  of the controls. 
Significantly more glucose was incorporated into the 
aortas of the control animals than the treated rats. 

Correlation coefficients between the measurements 
were calculated. There was a significant positive corre- 
lation between the plasma insulin level and the glucose 
incorporation into aortic lipids (Figure). Plasma insulin 
also correlated with the weight change (r ---- 0.436 p 
0.005) which also correlated weakly but significantly 
with the glucose incorporation into aortic lipids (r---- 
0.27 p ~ 0.05). There was a significant negative correla- 
tion between blood glucose and weight change ( r :  
--0.638 p~0.0005) .  There was, however, no associa- 

Table 1 

Control Streptozotocin 

Blood glucose (rag/100 ml) 
140 :k 5.43 a (14) 5434-25.76 

Weight change (g/24 hs) 
~4.67• (15) --1.274-0.48 

Plasma insulin (fzU/ml) 
29.084-6.16 (13) 14.004-3.30 

Glucose incorporated in 
aortic lipids (l~M/mg/h) 

(21) p < 0.0005 

(26) p < 0.0005 

(25) p<0.025 

0.3724-0.068 (16) 0.210q-0.026 (26) p<  0.025 

a Mean• standard error of the mean. (Numbers in parentheses refer to number 
of observations). 

The blood was taken into ice-cold tubes containing 
heparin and Trasylol 500 KIU/ml and the plasma im- 
mediately separated. Blood sugar was measured by a 
ferricyanide method on the autoanalyzer [18]. Plasma 
insulin was measured by radioimmunoassay using a 
charcoal method for separating free from bound insulin 
[19]. 

Student's "t"  test was used in the statistical analysis 
of the results, and correlation coefficients were calculated 
using the r to z transformation for small numbers [20]. 

Results 

The aortas incubated in the insulin-containing so- 
lution incorporated 0.498 ~= 0.039 NM/mg/h (mean 
S.E.M.; n ~ 2 4 )  glucose into lipid compared with 
0.543• NM/mg/hr (n----24) in the control solu- 
tion ( t=0.71 p ~ 0.20). Three fat pads incubated in 
the insulin-containing medium had an uptake of 
glucose into lipid of 20.78 ~ 8.68 NM/mg/h compared 

tion between blood glucose and plasma insulin or 
glucose incorporation into aortic lipid. 

Partial correlation coefficients between weight 
change and glucose incorporation into aortic lipid with 
plasma insulin held constant gave ri2.a=0.43 which 
was not significant (p > 0.40). Similar calculations be- 
tween weight change and plasma insulin with aortic 
lipid constant gave r12.3=0.580 (p<0.001)  and be- 
tween aortic lipid and insulin with weight constant 
gave rl~. 3 = 0.532 (p < 0.0025). Thus the association be- 
tween the weight change and the glucose incorporation 
into aortic lipids seems to be due to a common relation- 
ship to the plasma insulin level. 

The results suggest that  the incorporation of glu- 
cose into the lipids of the arterial wall is directly re- 
lated to the circulating insulin level in the animal. The 
blood glucose level is an indication of disordered meta- 
bolism but is not itself responsible for the metabolic 
changes that  occur. 
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Discussion 

These experiments show that  the incorporation of 
glucose into the lipids of the arterial wall is depressed 
in streptozotoein treated animals. The insulin defi- 
ciency which results from the action of streptozotocin 
on the pancreatic beta cells leads to hyperglycemia. 
However, only the serum insulin level correlated 
significantly with the uptake of glucose into aortic 
lipids. Thus it seems that  the state of circulating insulin 
in the animal is important  in the regulation of arterial 
lipid metabolism. The results also suggest that  the in- 
fluence of insulin on arterial lipids occurs in the arterial 

which have not been properly cleaned, and the adventi- 
tious tissue itself both show a marked stimulation of 
lipid synthesis by insulin [21]. The fact that  the aortas 
used in this experiment showed no insulin effect in  
vitro, together with the histological evidence that  has 
already been presented [21] suggest that  the vessels 
were free of fa t ty  adventitious tissue. In addition, the 
pattern of lipid radioactivity found in arteries prepared 
in this way is quite different from that  in the brown fat 
tha t  is usually present in animal adventitious tissue 
[24]. 

The discrepancy between the results of studies of 
the effect of insulin on arterial lipid metabolism in  vivo 
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Fig. I. Relation of glucose uptake into aortic lipids (Ao) in vitro with the plasma insulin concentration in vivo at the 
time the aorta was taken from the animal 

wall itself, and not by way of changes in circulating 
precursors, or circulating lipids which infiltrate the 
artery. 

Previous studies on the effect of insulin on arterial 
lipid metabolism have been criticized on the grounds 
that  the arterial lipids may have been contaminated 
with adipose tissue which had not been adequately re- 
moved, and that  the insulin effect was exerted on this 
tissue [23]. No effect on lipid metabolism occurs when 
arteries are incubated in insulin-containing solutions 
in  vitro if all the adventitious tissue has been meti- 
culonsly removed from the specimens [21]; arteries 

and in  vitro remains unresolved. A similar situation has 
been reported in tha t  insulin added in  vitro has no 
effect on the depressed glucose uptake into vessels of 
alloxanized animals [25]. Pretreatment el the animals 
with insulin for at least eighteen hours is required to 
return arterial metabolism towards normal. However, 
insulin does enhance the incorporation of glucose into 
lipid in arterial intimal cells grown in culture [26]. 

The arterial wall contains a hormone sensitive 
lipase which is inhibited by insulin [27]. The experi- 
ments reported here suggest tha t  arterial lipogenesis 
may also be regulated by insulin. Thus hyperinsulinism 
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may  promote l ipid deposi t ion in  the a r te ry  bo th  by  
enhanc ing  lipogenesis and  by  inh ib i t ing  lipolysis, an  
act ion similar  to its ac t iv i ty  on adipose t issue [28]. 
I n su l in  media ted  lipid synthesis  in  the ar ter ial  wall 
m a y  thus  be one way in  which insul in  and  a theroma 
are causally l inked [11]. 
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