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Pacult Yu. P, IE.'ntkw
y of Biochemistry of the Yaroslav Medical Institute

It was estadblished that a surplus concencration in the simple car-
bohydrats ration leads to aa increass in obesity and ian the number of
cases of atherosclerosis [10, 24, 25]). When glucoss snd saccharose
are added to the food of rate and rabbits, 2. increase in the concen-
tration of fatty acids, cholesterol, triglycerides and . »tdpoproteins
(7, 11-14]) is noted. Both in atherosclerosis patients and in experi-
ments with snimals which are kept on s surplus cerbohydrate ratiom for
a long time, the developing chromic hyperglycemia diiturbs metabolic

processes (1, 3, 12+14].

A life with restricted mobility is associated with an increase in
the cholesterol level in the blood and tissues and predisposes ome to
atherosclerosis (3, 8, 15, 17, 18]. In economically developed coun-
tries, along with an increase in the intake of simple carbohydraces
(three-fold since the beginning of the century), there has been a de-
crease in the number of professions which involve sufficient physical
activiey [3, 5, 10, 17, 20, 22, 24, 25].

The liver is the organ in which the synthesis of cholesterol, its
storage, and its conversion into lipoproteins and cholic acids occur
(4, 19, 20]. For this reason it is interesting to study changes in

* Numbers in the margin indicate paginatiou in the foreign text.
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the carbohydrate lipid exchange in the liver in congunction with the
effect of two risk factors, restricted mobility and excess saccharose

intake.

Mate l a d

Experiments were run omn 122 rabbits of hoth sexes of mass 2.5-3 kg.
The animals were kept in a single chamber on an ordinary autritional
ration (hay, oats, black bread, vegstables). The experimental rabbits
were divided into 2 groups. In the first group, restriction on move-
ment was achieved by placing the snimals in mrrow cages, in the second
group the restriction on movement was combined with the daily adminis-
tration of seccharose ghrough a probe in the stomach, at a rate of 3 g
per k kg of body mass. On days 3, 5, 10, 15, 25, 30, 45 end 60 of the
experiment, the (total,,freses ether bonded) cholesterol, phospholipid,
pre- and -lipoprotein amd glycosamimoglycane concentrations in the
blood serum were determined. The sugar cuxve was slso determined on
days 1, 5, 15, 30, and 60 of the experiment. After 10, 15, 30 and 60
days, 5-9 rabbits from the control and experimental groups were killed
and in the liver tissue we determined the glycogen concentratiom [233,
the level of preformed lactic acid and its increase during incubgiion
with glucose in a Krebs Ringer buffer, pH 7.35 at 37° C for 1 hour
[(21]), aad oxygen intake in a Varburg apparatus. A part of the oxgan
was dried to a constant mass and the total concentration of lipids
and cholesterol was determined in the dry residue. The amount of vesi-
:al bile, the levels of cholesterol, cholic acids and dry residue in
it were studied. Cholesterol in the blood and the tissues was deter-

mined by a Liberman Burkhard color reaction [2], phospholipids were



determined by the Fisk Subbaroi method in the A. Ye. Braunshteyn modi-
fication [2]), pre-: and /-lipoproteins were determined by the M. led-
vina method [6]), glycosaminoglycanes were determined by Remington's
method [9] and bile cholesterol, by the Sperxry Bredy method in P, Z.
Khasigov's modification [19), while cholic acids ware determined by the
Shire and Kubn method in the M. P. Skakun modificatiom [16].

Regults and Discussion

Restricted mobility caused the most rapid and significant changes
in the level of pre-; and ;-lipoproteins sn<d sugar in the blood. Even
30 minutes after the begioning of the experiment, their comcentration
had increased by 48 and 15%, respectively. After 60 minutes the in-
crease in glycemia was 20%, and after this we observed a gradual de-
crease (after 90 minutes, 147), after the second hour the incrsase be-
came unrsliable. Another increese in the level of pre-; and /-lipopro-
teins on the first day was noted from the 120th to the 180th minute
(on average, by 50%).

An investigation of the sugar concentrstiot in the dlood by the
type of sugar curve (every 30 minutes for 6 hours) om the 10th and
30th day of hypokinesia, did not cause substantisl differences from
the initial level. The increase in the concentration of pre-. and /-
lipoproteins in comparison to the initial concentration over the same
pericod of time was 95%.

The combined effect of hypokinesia and the administration of
saccharose was accompanied by a 3 1/2 hour hyperglycemic state with
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maximum increase in the blood sugar level after 30 minutes (by 66%).
Administering this quantity of saccharose to healthy rabbits was asso-
ciated with less pronounced hyperglycemia (after 30, 60 and 90 minutes,
by 40, 21 and 13%, respectively). Om the last days the hyperglycemia
peak was somewhat reduced, and we simultamecusly obsexrved a change in
the character of the sugar curve. From the fifth day of the combined
experiment the sugar curve became pathological, at first double peaked
and at the end of the experiment triple peaked: after 30-60 minutes,
by 43 and 38%, after 150 minutes, by 16% end aftes 210-270 minutes,

by 17, 15 and 9%.

Under conditioms of restricted mobility we observed an almost
totel disappearance of glycogen in the liver (Table 1). During the
first 2 weeks of the combined effect, the glycogen level im the liver
was also reduced; however, to a considerably smaller degres than in
rabbits in the first group; end by the 30th day they did mnot differ
from the control group.

During the first 2 weeks of restricted mobility, judging by the
reduced level of preformed lactate and its increase during incubation,
the rate of the glycolytic assimilation of cerbohydrates in the liver
was reduced. The introduction of saccharcse to a motionless snimal
led to restoration of both of these indices to normal.

A part of the glucose formed after saccharose hydrolysis evident-
ly consisted in glycossminoglycsnes (mucopolysaccharides), the concen-
tration of which in blood serum during the combined experiment in-
creased progressively after 3, 5, 10, 15, 30 and 60 days of the ex-



TABLE 1
THE EFFECT OF THE DURATION OF SACCHAROSE ADMINISTRATION ON CHANGES
IN THE GLYCOGEN LEVEL, THE RATE OF GLYCOLYSIS AND OXYGEN INTAKE IN
THE LIVER OF RABBITS WITH RKSTRICTED MOBILITY

Duration Eroup tatis- |Glyco- | Liztic acid, micro- Oxygen
of ex- 'of ical gen, mole per 106

ng intake,
periment |ani- dex ngk micro-
mals reformed| Increase liter/hr
: ctate to glu-
| , 0
Control
t !



periment by 32, 45, 61, 53, 65 and 72%. During hypokinesia the concen-
tration of mucopolysaccharides was reliably grester than the initial
index, but only after 15 and 30 days of the experiment (by 60 and 54%).
In additiom, some part of the saccharose administered was evideantly
transformed into lipid, while the cholestercol comcentration in the
blood serum in rabdbits in the secomd group from the fifth day was on
average 10% greater than in the first group. ZEvem more significant
changes were noted in the concentration of pre- and  -lipoproteins.
Only after three days of the combined experiment was their councentra-
tion lower (by 21%) than durimg hypokinesia, and ovor the other periods
(5, 10, 15, 30 and 50) days it was higher by 66, 59, 130, 156 and 65%,
respeatively. The concentratioa of phospholipids in the blood seruwm
was increased on the third and fifth days of hypokinesia, and with the
addition of saccharose, from the tenth day of the experiment; however,
in both eases, especially in the first group, to a smaller degree than
cholestexol. Thus, 3, 5, 10, 15, 25, 30, 45 end 60 days after the
beginning of the experiment the cholesterol concentration in the com-
bined experiment differed from the indices obtained during hypokinesia
by -0.8, + 22, -39, .26, +9, +17, +10, 8%, and the phospholipid concen-
tration over the same period differed dy -22, -13, .25, .19, .33, .15,
+5, +29%. Since the stability of cholesterol in a dissolved state
depends on the phospholipid levsl, an insufficient increase of it in
the blood and reduction in the tissues during hypokinesia [12, 14] was
perhaps one of the reasons for the increased accumulation of choles-
tercl in the tissues (Table 2). We should note that administering
saccharose in the combined experiment was associated with a smcother
rise in cholesterinemia; the gap between the level of cholesterol and
phospholipids did not attain such values as during hypokinesia.



TABLE 2

THE EFFECT OF THE PROLONGED ADMINISTRATION OF SACCHAROSE ON CHANGES
IN THE LEVEL OF WATER AND LIPIDS IN THE LIVER OF RABBITS WHOSE

MOBILITY 1S RESTRICTED

T
Duration |[Group [Statis-|Ratio of tis- |Total Cholesterol
of ex- of tical 'mass of re- W
periment |ani- |index livexr/mass sidue, of mass of dry
mals .of body tissue
Contxrel
i
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1 i |
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Normalization of the glycogen level in the liver under the effect
of saccharose loading ir evidemtly one of the factors leading to ar
improvement in metabolic processes in the liver. Glycolysis activity
was restored to normal and the protective secretory fumction of the
liver was increased. While in enimals whose mobility is restricted
cholesterol is basically secreted from the vesical bilse, in the com-
bined experiment, cholic acids were secreted primarily (see Figure,

A and B). During the entire course of restricted mobility the conceu-
tration of cholic acids in the vesical bile was greater than in the
control group by ¢ factor of 2, amd in the combined experiment, by a
factor of 3-3 1/2, Evidently, the less pronounced reductiom in the
colloidal stability of cholesterol in dissolved state and its more pro-
nounced transformation into cholic acids partially inhibits the deposit
of cholesterol in the livers of rabbits which bhave received additiomal
saccharose. From the second week of the combined experim¢nt the con-
centration of cholic acids in the vesical bile increased, while the
cholesterol level in the liver after the maximum increased had been
attained began to drop gradually (see Figure, B).

It is clear from the figure, A, that in rabbits whose mobility
is restricted while the cholesterol concemtration in the blood and
liver is increased, that the secretion of cholesterol from the bile
and its conversion to cholic acids is increased; this evidently leads
to a reduction in the cholesterol level in the blood (on the 15tk-25th
days) and in the liver (ou the 30th day). A Zsacresse in the concen-
tration of cholic acids and cholesterol in the vesical bile was asso-
ciated with another increass in its concentration in the blood snd

the liver.



T ‘ in the chélesterol level in t..
NN bl (1), the liver (2), the bile (3),
NN , cholic scids in the bladder bile (4) snd
A - in the amouat of bile (5) dur hypo-

—— T kinesia (A) and hypokinesia ined with

ey ssccharose administratiom (B).

. o ;“dly

Thus, both during hypokimesis and when it is combined with the
adainistration of saccharose, an attempt is made to normalise hyper-
cholesterinemia by increasing the secretion of cholesterol and cholic
aci.s from the bile. For this resson, in animals in both groups, the
increese in the cholasterol level in the blocd was vnduiating. At the
same time, despite the fact that more stherogenic agents (cholesterol,
pre- aand -lipoproteins, glycosaminoglycanee) circulate in the blood
duriag the cambinsed experiment, this did not lead to an increase in the
cholesterol deposits in the liver. By normslizing the level of gly-
cogsn and glycolysis which bad decressed during hypokinesia, the sac-
charose administersd was able to restors the reduced protective ssc-
ratory functionrns of the liver, which in turn inhibited the increase of
lipid infiltzrationa. However, the hyperprebata, hyperbetalipoproteinemia
and hypercholecterinemia were maimtained at a base higher than normal,
the cholesterol concentration in the organ did not preclude further
weakening of the protective secretory functione of the livsr.
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