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The process of lipid peroxidation (LPO) is widely distributed and takes place to some degree in all cells,
although not very rapidly. In diabetes (D) particular importance is attached to disturbances of lipid metabolism.
According to one hypothesis of the onset of D, involvement of blood vessels (observed whenever tolerance to glucose
is disturbed) arises as a result of hereditary traits of metabolism in the vascular wall and, in particular, accumulation
of Jow- and very low-density lipoproteins [3]. A definite role in this situation may perhaps be played by autooxidation
of polyunsaturated fatty acids of cell membranes. It has been shown, for instance, that the plasma LPO level is raised
in diabetics, and that concentrations of lipid peroxides were higher still on the appearance of retinopathies {13].

In the experiments described below concentrations of conjugated dienes (CD) and malonic dialdehyde
(MDA) were determined and the percentage of formation of Schiff’s bases in the aortic tissue of normotensive
(Wistar—Kyoto strain, MR) and spontaneously hypertensive (Okamoto—Aoki strain, SHR) rats was established during
the development of streptozotocin-induced diabetes in the animals.

EXPERIMENTAL METHOD

Insulin-dependent streptozotocin-induced diabetes was elicited by a single intraperitoneal injection of
streptozotocin, made up when required at the rate of 60 mg/kg body weight in 0.5 ml of citrate buffer, pH 4.2 [11].
This dose of streptozotocin caused a permanent rise of the blood glucose level, without any general toxic action on
the animals. Not all the animals developed D (rather more than 50%). In the group developing D they were rats
whose blood glucose level 1 week after injection of streptozotocin was not less than 250 mg/dl. The blood pressure
was measured in the caudal artery by means of an electrosphygmomanometer (Narco BioSystems, USA). The
experiment lasted 6 weeks. The rats were killed under superficial ether anesthesla, the aorta was isolated and washed
with ice-cold 0.85% NaCl solution to remove blood, dried with filter paper, and homogenized in a glass homogenizer
on ice. For every 10 mg tissue 1 ml of phosphate buffer, pH 7.6, was taken. MDA and CD in the homogenate were
determined by the method in [4], Schiff’s bases as in [7], and the total lipid content with the aid of ready-made kits
from Reanal. The results were subjected to statistical analysis by Student’s t test. The results were subjected to
correlation analysis with calculation of the coefficient of correlation "r."

EXPERIMENTAL RESULTS

The experiments showed that development of D leads to an increase in the total lipid content per milligram
tissue in the aorta by 109.4% in NR and by 38.4% in SHR (Table 1). Correlation was absent in the control NR
between the blood glucose level and the total lipid content in the aortic tissue. Meanwhile, in the control SHR,
positive correlation was found from the beginning between these parameters (r = +0.545). The development of D
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TABLE 1. Content of Lipid Peroxidation Products in Aorta of Normotensive and Spontaneously Hypertensive
Diabetic Rats (M * m)

Rats
Par o n

arameter normotensive spontaneously hypertensive
control - } diabetes control 1 diabetes

Content of total 11P1ds/mg tissue 0,0085+0,0009 0,01694-0,003** 0,0091 40,0009 0,0124-4-0,002
(n=14) (n=8) (n=17) (n=11)

) o 0,484-0,082 0,73:+0,7% 1,0740,22+ 0,8740,37
Ch, umoles/mg total iipids {n=15) {n==8) (n=11) (n=7)
. ] N 0,360,036 0,664-0,14* 0,63+0,12* 0,64--0,2
MDA, pmoles/mg total lipids (n=12) (n==7) (n=13) (n=7)
Pe;rcjént of Schiff bases/mg total. 18,1+1,5 22,6434 36,84:3,9%* 30,7443
lipids- (n=13) {(r.==8) (n=13) (n=10)

Legend. *p < 0.05 Compared with control; **p < 0.05 for comparison of NR and SHB.

and elevation of the blood pressure in MR to 145.5 = 5 mm Hg led to the appearance of definite correlation between
the blood glucose level and the total lipid content in the aorta (r = +0.23). In SHR, despite their generally severe
state caused by the development of D, no further rise of blood pressure was observed above 163.8 + 12.4 mm Hg; no
correlation was found between the blood glucose level and the total lipid content in the aorta.

There is evidence that after intravenous injection of glucose changes of diabetic type in the sugar curve are
observed in patients with essential hypertension [6], and that in members of hypertensive families an increase in the
total lipid content has been found in erythrocyte membranes on account of the cholesterol friction, and this may
increase the microviscosity of the membranes [1]. This is in agreement with our data showing correlation between the
total lipid level in the aortic tissues and the plasma glucose level in control SHR and NR with developed diabetes.
Meanwhile, the development of insulin-dependent diabetes, which includes streptozotocin diabetes of rats, is accom-
panied by increased flowability of the membranes [12], while at the same time, the total lipid content in the aorta
showed a smaller increase in SHR than in NR, i.e., SHR were already adapted to some extent to changes induced by
the development of diabetes compared with NR.

Judging by the formation of CD, MDA, and Schiff bases, LPO processes in the control SHR took place
much more actively than in NR. For instance, CD formation in SHR was increased by 2.2 times (p < 0.001) MDA
formation by 1.75 times (p < 0.05), and the percentage formation of Schiff bases was doubled (p < 0.001) compared
with the corresponding SHR group. The discovery of conjugated dienes in biological membranes is regarded as a
sensitive test for the appearance of hydroperoxides, and one of the most important functions of the latter is regula-
tion of the prostacycline:thromboxane ratio. In the normal aorta this ratio is 74:1, but with intensification of LPO it
changes to 10:1 [9, 14]. Low levels of peroxides, it is claimed, stimulate prostaglandin synthesis, whereas high levels
block it [10]. It has also been suggested [5] that activation of LPO, which we observed in the control SHR, may be
the chief cause of disturbance of the functions of the Ca-pump of the sarcoplasmic reticulum, which is usually
observed in long-lasting arterial hypertension. Negative correlation was found in the control NR between the CD
content and the percentage formation of Schiff bases in the aortic tissues (r = —0.48); no such correlation was
observed in SHR of the corresponding group.

The development of diabetes in spontaneously hypertensive and normotensive animals was accompanied by
opposite changes in the formation of LPO products. In NR, CD formation was increased by 1.5 times (p < 0.05) and
MDA formation by 1.7 times (p < 0.05); the formation of Schiff bases was increased, but not significantly. In diabetic
SHR there was actually a small decrease in CD and Schiff base formation, but this decrease likewise was not statisti-
cally significant.

In the group of NR with developed diabetes, definite correlation appeared between the blood sugar level and
concentrations of: MDA (r = +0.68, p < 0.01), CD (r = +0.76, p < 0.05), and percentage of Schiff bases (r =
+0.70, p < 0.05). Correlation also was established between CD and the percentage of Schiff bases (r = +0.79, p <
0.05) and between the MDA and CD levels (r = +0.77, p < 0.05). No correlation was found between the formation
of MDA and of Schiff bases. In diabetic SHR, by contrast with the corresponding group of MR, no correlation was
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found between MDA, CD, and Schiff bases, but an equal degree of correlation was found between the blood glucose
level and concentrations of MDA and Schiff bases (r = —0.64, p < 0.05). In SHR with an extreme degree of adapta-
tion 10 a permanently raised blood pressure (hereditarily determined) development of diabetes leads to failure of the
adaptive reactions [2]; this may perhaps account for the great sensitivity of SHR to streptozotocin [8] and to the
more severe course of diabetes as a whole.

The development of diabetes in normotensive and spontaneously hypertensive rats is thus accompanied by
opposite changes in the intensity of LPO, possible evidence of failure of adaptation of spontaneously hypertensive
animals during the development of diabetes.
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Potentiation of free-radical processes with an increase in the intensity of lipid peroxidation (LPO) is ob-
served in hypoxia [2], and this, in turn, may cause many structural and metabolic changes, including changes in
membrane permeability [12] and changes in activity of enzyme systems located in membranes [1]. Arginine has been
shown 10 have a protective action in many functional states [9]. We have demonstrated the antihypoxic effect of
arginine {12]. The influence of arginine on lipid metabolism has been demonstrated [3]. Its antiradical and antioxi-
dant effects have been established by experiments in vitro [10].
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