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ing from lumbosacral osteochondrosis pain ac- 
companied by ischialgia, although the anesthetic does 
not reach the pertinent sections of the spinal col- 
unto or roots. It may be assumed that in these cases 
the therapeutic effect has to do with disengagement 
of the intraosseous receptors and, consequently, with 
limitation of afferent influences, alleviating the exci- 
tation process which is associated with root compres- 
sion, muscle spasms, etc. Osteochondrous root syn- 
dromes are accompamied by changes of the bone 
tissue regional hemodyrmmics and an increase of the 
intraosseous pressure [4], which, as has been shown 
in this study, may promote a drop of the afferent 

reaction threshold for stimulation of nerve trunks and 
hence intensification of the pain syndrome. 
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Microangiopathy is known to be the ma in  cause 
of death and disability among patients suffering 
from diabetes mellitus. In the eighties several gro- 
ups of investigators put forward the hypothesis that 
the trigger factor causing microcirculatory disturban- 
ces in diabetes might be changes in the regional 
blood flow [9,12,15]. According to this hypothe-  
sis, the early increase in blood flow and capillary pre- 
ssure in some vascular regions results in the develop- 
ment  of microvascular sclerosis followed by a dec- 
rease in blood flow and weakened autoregulation. 

It should be noted that the early changes in 
blood flow observed in experimental diabetes meltitus 
are likely to be related to a rise in the blood sugar 

Department of Human and Animal Physiology, Biology Depa-  
rtment of M. V. Lomonosov University, Laboratory of Experimental 
Pharmacology, Institute of Experimental Cardiology, Cardiol-  
ogy Research Center, Moscow. (Presented by I. P. Ashmarin, 
Member of the Russian Academy of Medical Sciences) 

level, since the injection of insulin to rats 40 to 50 
hours after streptozotocin (STZ) injection normalized 
the blood sugar level and hemodynamic indexes [10]. 

Streptozotocine injection to rats was previuosly 
shown by us to result in marked changes in the 
systemic blood flow as early as 24 hours post-injec- 
tion: the total peripheral resistance dropped and the 
cardiac index rose [1] 

The aim of this study was to investigate the re- 
gional blood flow changes in alert rats 24 hours after 
STZ injection. The diabetic syndrome, manifested in a 
blood sugar level rise 24 hours following STZ injection, 
was referred to as acute streptozotocine-induced diabetes. 

MATERIALSAND METHODS 

The experiments were carried out on male Wistar 
rats weighing 300 to 400 g. Cardiac output and 
blood flow in 10 organs were determined by the 
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method of labeled microspheres, described in de- 
tail earlier [2]. Under light ether anesthesia cath- 
eters were implanted into the left ventricle of the 
heart (through the right carotid artery) for micro- 
sphere infusion, into the abdominal cavity (through 
the right femoral artery) for arterial pressure (AP) 
measurement  and blood sampling, and into the 
right jugular vein for STZ injection. The rats were 
then  placed in separate cages for 48 hours to re- 
cover. After recovery the a~imals were weighed 
and the baseline indexes of  the systemic and re- 
gional b lood flow were measured. The procedure 
was as follows: about 100,000 microspheres (with 
an average diameter of 15 g, NEN,  USA, volume 
0.15 ml) were slowly infused into the left ventricle 
of  the heart (over 25 to 30 sec). Blood sampling 
through the femoral catheter  was started 5 sec 
before the infusion and was cont inued 60 sec af- 
ter the infusion at the rate of 0.6 ml /min .  

Twenty-four hours after the first blood flow 
measurement, STZ dissolved in 0.9% NaC1 solution 
was injected through the venous catheter in a dose 
of 60 mg/kg. 

Twenty-four hours following the injection all the 
animals were divided into two groups (with and with- 
out ketonuria) according to the results of urine test- 
Jug for ketone bodies with the use of Multistix re- 
agent strips (Ames, Great Britain), whereupon the 
animals were weighed and the systemic and regional 
blood flow indexes were recorded. 

The blood sugar concentration was measured at 
the end of the experiment with a glucometer (Miles, 
USA). 

Upon completion of the experiment the  animals 
were sacrificed using a high dose of nembutal; the 

organs and tissues in which blood flow had been 
measured were weighed and placed in disposable test 
tubes. All the measurements  of the number  of 
microspheres were done with a Compugamma 1282 
gamma counter (LKB-Wallac, Finland). 

Cardiac output and regional blood flow values 
were calculated using the standard formulas [6]. The 
cardiac index was expressed as the cardiac output per 
100 g body weight. In addition, the following in- 
dexes were measured: 

TPVR-AP/CI, where TPVR=total peripheral vas- 
cular resistance (mm H g / m l / m i n  per  100 g), 
AP=mean arterial pressure (mm Hg), and CI=cardiac 
index (ml/min/100 g), and RVR=AP/RBF,  where 
RVR=regional vascular resistance (ram Hg/ml/g) and 
RBF=regional blood flow (ml/min/g); SO=CO/HR,  
where SO=systolic output (ml), CO=cardiac output 
(ml/min), and HR=heart rate (beats/min). The data 
are presented as M+_-m. For statistical analysis of the 
results Student's t test was used. The differences were 
considered to be significant with p<0.05. 

RESULTS 
Twenty-four hours after STZ injection all the am- 
reals (n=13) exhibited ghicosuria. Six animals 
showed ketone bodies in the urine (the group w i t h  
ketonuria). In addition, all the animals showed 
pronounced hyperglycemia, the glucose concentra- 
tion being the same in both experimental groups: 
in rats with ketonuria 408_+15 rag/100 ml, in rats 
without ketonuria 421+16 mg/ml .  

The systemic and regional blood flow indexes in 
alert rats with and without ketonuria before and 24 
hours after STZ injection are presented in Table 1. 

Twenty-four hours after STZ injec- 
Changes in RVR, % 

~t 

J J  j s  
Pig .  1. C h a n g e s  in  r eg iona l  v a s c u l a r  r e s i s t a n c e  i n  a l e r t  rats  w i th  and  w i t h o u t  
k e t o n u r i a  24 h o u r s  af ter  s t r e p t o z o t o c i n  i n j e c t i o n  in  c o m p a r i s o n  wi th  b a s e l i n e  
va lue s .  * - p<O.05, ** - p<O.Ol, *** - p<O.O01 in  c o m p a r i s o n  wi th  b a s e l i n e  
v a l u e s  ( S t u d e n t s ' s  t test) .  

tion all the animals showed a siLmifi- 
cant drop of the AP and TPVR and a 
marked increase in the CI as a result 
of a rise of SO. In addit ion,  both  
groups showed a significant rise of the 
blood flow in the small intestine, as 
well as of the cardiac, cerebral, and 
renal blood flow. 

Changes in the RVR in rats with 
and without ketonuria 24 hours after 
STZ injection in comparison to the 
baseline values are presented in Fig. 1. 
The factors implicated in the decrease 
of TPVR observed 24 hours following 
STZ injection include: 1) a nonspeciflc 
decrease in the contractility of the vas- 
cular smooth muscle cells due to intra- 
cellular impairment of glucose metabo- 
lism [8,13] and plasma hyperosmolarity 
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[4,7]; 2) an increase in the plasma level of endog- 
enous vasodilative substances in rats with STZ-induced 
short-term diabetes (such as giucagon, prostacycline) 
[6,10,14]; 3) a decrease in the vascular sympathetic 
tone [1]. 

The observed increase in the CI in rats with 
acute experimental diabetes is believed to be the 
consequence of increased sympathetic inotropic action 
on the heart [1]. 

It should be noted  that the severity of the he- 
modynamic changes depends on the degree of meta- 
bolic disturbances caused by STZ injection. Thus, the 
presence of ketone bodies in the urine suggests a 
more serious impairment in the metabolism and the 
development of diabetic ketoacidosis. The data pre- 
sented in Table 1 show that rats with ketonuria 
showed a greater increase in CI (102+18% versus 
41+8% in rats without ketonuria, p<0.05) and in SO 
(105+19% versus 32+10% in rats without ketonuria, 
p<0.05) and a greater decrease in TPVR (57+6% 
versus 38+4% in rats without ketonuria, p<0.05) The 
most significant differences in the blood flow and 
RVR were found in the skin and skeletal muscles: 
in rats with ketonuria the blood flow in these re- 
gions was significantly higher (in the skin by 
0.076+0.019 ml/min/g, and in the muscles by 
0.056+0.020 ml/mJn/g, p<0.05) and the vascular 
resistance was found to be lower, whereas in rats 
without ketonuria these indexes did not change (see 
Table 1 and Fig. 1). 

Thus, the data obtained suggest that alert rats with 
acute 24-hour-long STZ-induced diabetes developed a 
hyperkinetic type of circulation, manifested i_n an 
increase of CI and decrease of TPVR along with 
increased blood flow in some vascular regions. Dia- 
betic rats with ketoacidosis showed a higher plasma 
osmolarity level in comparison with the diabetic ani- 
mals without ketoacidosis [5]. The significantly more 
marked differences in the hemodynamic indexes in 
the an/mals with ketonuria could be accounted for by 
the higher plasma osmolarity in diabetic ketoacidosis. 

According to the concept of the hemodynamic 
genesis of diabetic microangiopathy [9,12,15], the 
initial hyperkinetic circulation could eventually result 
in morphological alterations in the microvessels, caus- 
ing vasoconstriction and hence an increase in vas- 
cular resistance and depression of the blood flow in 
some vascular regions. 

In Light of this, we thought it of interest to 
compare the data presented in this paper with ear- 
lier-obtained indexes o f  the systemic and regiona/ 
blood flow in alert rats with 13-week-long chronic 
STZ-induced diabetes [3]. 

Just as in acute diabetes, rats with chronic STZ- 
induced diabetes showed hypotension, systemic vasodi- 

lation, and a raised CI. However, despite the per- 
sisting hyperkinetic circulation, the regional blood 
flow in chronic diabetes is markedly different from 
that in acute diabetes. While in acute diabetes (24 
hours after STZ injection) alert rats showed decreased 
vascular resistance and increased blood flow in many 
organs (Table 1, Fig. 1), in chronic diabetes of 13 
weeks duration the increased blood flow and decreased 
vascular resistance were observed only in the skel- 
etal muscles; in the kidneys and testes the blood flow 
was found to be significantly lower, whereas the vas- 
cular resistance was increased, suggesting the devel- 
opment of microangiopathy; in the rest of the or- 
gans the blood flow and vascular resistance were no 
different from the control values. 

The data presented suggest that the development 
of microvascular lesions varies with the organ affected. 
According to the hypothesis of a hemodynamic gen- 
esis of diabetic microangiopathy, the major factor 
responsible for morphological alterations in the ves- 
sels is decreased vascular resistance of resistive arte- 
rioles and increased blood flow. The effect of 
hyperperfusion for different organs may be different 
depending on the vascular bed architectonics [11]. 
Thus, in the skeletal muscles decreased resistance of 
resistive arterioles may lead to additional capillaries 
becoming active again and changes in the capillary 
pressure will not be marked. In this case the devel- 
opment of microvascular changes will be more gradual 
than in the kidneys, where virtually all the capillar- 
ies are permanently active and where the increased 
resistance of resistive arterioles observed at the ini- 
tial stages of experimental diabetes (Fig.l) results in 
a marked increase in the capillary (glomerular) pres- 
sure, hyperffltration, and hence in a more rapid 
development of morphological microvascular alterations 
and decreased blood flow. 

Thus, the findings show that a hyperkinetic type 
of c i rculat ion is found  at the early stages of 
streptozotocin-induced diabetes and it is dependent on 
the metabolic disturbances developing in experimen- 
tal animals after STZ injection. As the disease 
progresses, these functional impairments are likely to 
result in structural microvascular alterations and the 
development of mJcroangiopathy. 
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Within populations of animals there exist intraspe- 
cific differences in the resistance to hypoxia that 
are determined by the totality of genotypic and 
phenotypic properties possessed by the organism 
[4,15]. These differences manifest themselves at 
the organismic and organic as well as tissue lev- 
els [5,11]. The importance of research into the 
mechanisms by which a high resistance to oxy- 
gen deficiency is assured stems from the fact that 
hypoxia is a major factor in the pathogenesis of 
all pulmonary and cardiovascular diseases and is 
usually the immediate cause of death under ex- 
tremely adverse conditions. 
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The purpose of this study was to examine how 
acute hypoxia affects the fattyacid composition and 
lipid peroxidation (LPO) in liver microsomal mem- 
branes and blood plasma of animals differing in their 
resistance to oxygen deficiency. 

MATERIALSAND METHODS 
The experiments were conducted  on 120 male 
Wistar rats weighing 190-220 g. Their resistance 
to hypoxia was assessed by noting the time at 
which the first agonal inspiration occurred during 
elevation to an "altitude" of 11,500 m at a rate 
of 50 m/sec in a pressure chamber [4]. The ani- 
mals were then divided into four groups: group 1 
comprised low-resistance intact animals (LR con- 
trol); group 2, high-resistance intact animals (HR 
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