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Prolonged adminis t rat ion of an excess  of glucose to rabbits  was accompanied by accumula-  
tion of lipids in the l iver  and heart  at the expense of cholesterol  and t r ig lycer ides  and by a 
simultaneous decrease  in the rate of glycolysis  and in the oxygen consumption. Succinate 
dehydrogenase act ivi ty a lso was low in the l iver  t i ssues  3 months af ter  glucose admin i s t r a -  
tion. In the aor ta  a reduced rate of glycolysis  and succinate dehydrogenase act ivi ty was 
accompanied by the formation of lipoid plaqueso The oxygen consumption and total lipid 
content of the brain were the same as in the control animals,  whereas  the rate of glycolysis  
was reduced af ter  the 1st month of the experiment~ 

Observations have shown an increase  in the incidence of a the rosc le ros i s  in persons  consuming large 
quantities of carbohydra tes  [6, 8, 10, 13], although in most  investigations the level of the blood lipids has 
been taken as the sole c r i te r ion  of atherogenicityo 

The object of this investigation was to study the ass imilat ion of carbohydrates  and distribution of 
lipids in the organs of rabbits during the prolonged and excessive intake of glucose.  

E X P E B I M E N T A L  M E T H O D  

Exper iments  were ca r r i ed  out on 40 rabbits weighing from 2.5 to 3~ kg. In addition to their  ordinary 
diet the experimental  rabbits received 3 g /kg body weight glucose daily by gastr ic  tube for 3 months.  All 
manipulations concerned with the taking of mater ia l  and preparat ion of homogenates were ca r r i ed  out at 0- 
2~ and the total t ime until precipi tat ion of the proteins in the last  sample did not exceed 20 rain. The tissue 
oxygen consumption was studied in a Warburg apparatus [11] at 37~ for  1 h in Krebs-Ringer  buffer, pH 
7.3. The level of p re fo rmed  lactic acid and its increase  were investigated under the same conditions but 
with the addition of 200 rag% glucose (the method of Barker  and Summerson [5]). The total eontentof e the r -  
and alcohol-soluable lipids in the t issues  was determined gravimetr ica l ly ,  their phosphatide content was 
est imated as phosphorus by the method of Fiske and Subbarow in Braunshtein 's  modification [2], the choles-  
terol  concentrat ion was determined by the color  react ion of Liebermann and Burchard  [1], and succinate 
dehydrogenase (SDH) activi ty was es t imated by Nachlas '  method. Only the rate of glycolysis  and the SDH 
activity were determined in the t issues of the aorta,  and they were examined histologically af ter  staining 
for  lipids with Sudan IH. 

E X P E R I M E N T A L  R E S U L T S  A N D  D I S C U S S I O N  

Administrat ion of glucose to the animals was followed by hyperglycemia ; the blood sugar  reached a 
maximum 30 min after  the beginning of administrat ion,  when it was 115% above the initial level (79.1• 1.37 
mg%). After I h the blood sugar  had re turned to normal~ After adminis t rat ion of glucose for 30 days the 

Department of Biochemistry ,  Yaros lavl '  Medical Institute. (Presented by Academician of the Academy 
of Medical Sciences of the USSR V~ So II'in.) Translated from Byulleten'  l~ksperimentat 'noi Biologii i 
Meditsiny, Vol. 75, No. 1, ppo 53-57, January,  1973o Original ar t icle  submitted December  28, 1971o 

�9 1973 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West I7th Street, New York, 
N Y 10011 All rights reserved. This article cannot be reproduced for any purpose whatsoever without 
permission of the publisher. /~ copy of this article is available from the publisher for $15.00. 

53 



T
A

B
L

E
 

1.
 

L
ip

id
 

C
o

n
te

n
t 

in
 H

ea
rt

 
T

is
su

es
 

(i
n 

p
er

ce
n

t 
of

 w
ei

g
h

t 
of

 d
ry

 t
is

su
e)

 
d

u
ri

n
g

 
P

ro
lo

n
g

ed
 

A
d

m
in

is
tr

at
io

n
 

o
f 

G
lu

co
se

 
(M

+
 m

) 

E
xp

er
im

en
ta

l c
on

di
- 

ti
on

s 

C
on

tr
ol

 
A

ft
er

 a
dm

in
is

tr
at

io
n 

of
 

gl
uc

os
e 

fo
r 

30
 d

ay
s.

. 

P 

C
on

tr
ol

 
A

ft
er

 a
dm

in
is

tr
at

io
n 

of
 

gl
uc

os
e 

fo
r 

60
 d

ay
s.

. 

P 

C
o

n
tr

o
l,

..
,,

, 
..

..
 

, ]
 i N

um
be

r 
of

 

ia
ni

m
al

s 

i 
6 

i 
5 

li
pi

ds
 

26
,4

1"
+0

,8
7 

31
,1

8"
+2

,1
0 

+
18

,0
%

 
>

0
,0

5
 

25
,3

0"
+0

,4
2 

29
, 8

0"
+0

, 7
9 

+
17

,8
%

 
<

0,
01

 

26
,0

1"
+0

,8
6 

32
,1

6"
+0

,7
7 

+
23

,6
%

 
<O

,O
I 

E
th

er
ea

l 
fr

ac
ti

on
 

ch
ol

es
te

ro
l 

in
 t

is
su

es
 

in
 l

ip
id

s 

0,
62

"+
0,

04
 

0,
81

-1
-0

,0
4 

+
26

,5
%

 
<0

,0
'1

 

2,
12

"+
0,

05
 

3,
04

"+
0,

 1
5 

+
43

,4
%

 
d

0
 0

l 

O
, 6

3"
+0

,0
2 

0,
79

"+
0,

01
 

+
25

,4
%

 
<

0,
O

l 

1.
.c

9"
+0

.0
3 

3,
30

"+
0,

12
 

+
65

,8
%

 
<

0,
01

 

0,
65

"+
0,

04
 

2,
 1

4"
+0

,0
4 

0,
77

"+
0,

02
 

3,
20

"+
0,

11
 

+
18

,4
%

 
+

49
,5

%
 

<
0,

05
 

<
0,

01
 

le
ci

th
in

 +
 

ce
ph

al
in

 

5,
15

"+
0,

05
 

6,
 1

6"
+0

,2
1 

+
19

,6
%

 
<

0,
01

 

�9
 5

, 
12

"
+

0,
 1

1 

5,
 6

3.
+0

, 1
7 

+l
O

,O
%

 
<
0,

05
 

5,
27

.+
0,

13
 

5,
97

.+
0,

26
 

+
13

,3
%

 
<

0
,0

5
 

A
lc

oh
ol

ic
 f

ra
ct

io
n 

lip
ld

s 

11
,1

6"
+0

,2
6 

14
,4

2_
__

+0
,4

0 
+

29
,2

%
 

<
0,

01
 

sp
hi

ng
om

ye
li

n 

5,
73

--t
--'

_0
,1

3 

5,
 7

2"
+0

,1
6 

--
0,

02
%

 
>

0
,9

 

11
,6

6.
+0

,3
1 

13
,7

4.
+0

,3
0 

+
17

,8
%

 
<
0,

01
 

11
,3

0.
+0

,4
6 

13
,0

4"
+0

,7
8 

+
23

,4
%

 
<
0,

02
 

5,
 7

6"
+0

,0
5 

5,
96

"+
0,

21
 

+
3

,5
%

 
>

0
,6

 

5,
78

• 

4,
49

.+
0,

 1
3 

--
22

,3
%

 
<
0,

01
 

T
ot

al
 c

on
te

nt
 

of
 l

ip
id

s 

37
,5

8+
0,

93
 

45
,6

0_
_.

+2
,0

1 
+

21
,3

%
 

<
0,

01
 

36
,8

6"
+0

,7
6 

43
,5

4"
+'

1,
10

 
+

18
,1

%
 

<
0,

01
 

37
,3

1•
 

46
,1

0-
4-

1,
30

 
+
23

,6
%

 
<
0,

01
 



b~ 

0 
0 

o 

cq 

< 

o-a 

o o o  
+la;+[~+l~ 
.. A,~ V~o V 

c:; o ~ c; 

~ ~ +1~+1~+1~ 
~0 A~-- A~.  A 

o 

+1 + l ~  +1r + l o  ~ 

+It; +l~: +1o" 
, ~ o  ~ I  ~ I ~ ~ - 

~ = d d  d 

~ ix3 c o  

+lc;+l~ +l~ 

i ~E o',~ c;00 
] ] - V ~ A ~ A  

V ~ V %  o~. ~ ~ ~A 

= ~ E ~ o o o ~ o o  

'~ ,~ ~ V ~ V g V  

sI~tu.m~ 
jo aaqmnN 

0 

,~ 

0 
o 

o 

�9 

A 

O 

O 

r 

r 

O 

O 

O 
O 

v 

o 

O 

O 

a 
O 

> 
O 

O 

increase  in the blood sugar  when investigated in the fasting 
state was 6.4% (84~177 3.06 rag%), while the maximum increase  
taking place during the next glucose loading, which also was 
observed af ter  30 min, was smal le r  ( increase 76~ The 
duration of hyperglycemia  was increased  up to 2 h. After 3 
months of administrat ion the maximal  increase  in blood sugar,  
observed after  30 min, was only 43.6% of the initial level, 
while the duration of hyperglycemia was 2 h. 

There was a significant increase  in the total and e the r -  
bound blood cholesterol  levels  af ter  the 10th day of the in- 
vestigation and in the free cholesterol  level after  the 50th day. 
The maximal increase  in total cholesterol  (by 61.0%) was ob- 
served af ter  90 days.  The cholesterol  concentrat ion in the 
l iver  t i ssues  was increased af ter  2 months by 33~ (1.45~ 
0.10% in the experiment,  1.09• of the weight of dry t i s -  
sue in the control), while after  3 months it was increased  by 
24.1% (1.34• 1.08• in the con-  
trol),  while in the hear t  t i ssues  the increases  were by 25.6, 
25.4, and 18.4% respect ively .  The content of total lipids, 
including both e the r -  and alcohol-soluble lipids, in the heart  
t i ssues  was increased  (Table 1). The rate of glycolysis  in 
the heart  was lowered after  the 1st month (Table 2) and the 
oxygen consumption was lowered af ter  the 2nd month (Table 
3) of the experiment~ The excess  carbohydrate  loads led to 
a decrease  in the rate of glycolysis  in the bra in  af ter  1 and 2 
months but had no significant effect on the oxygen consump-  
tion of this t issue (Table 2). The level of total lipids in the 
bra in  under these conditions also remained constant, except 
for the sphingomyelin concentration,  which was reduced by 
23.2~o af ter  2 months and by 46.7% after  3 months (P < 0.01). 
The rate of glycolysis  in the t issues  of the aor ta  was r e -  
duced after  2 months and increased toward the end of the in- 
vest igations (Table 2). The SDH activity, on the other hand, 
was 34.7% lower by the end of the experiment than in the con-  
trol  (0.052+0.003 and 0~177 0.001 mg t e t r azo l ium/g  f resh  
t issue) .  Histological investigation of the aor ta  revealed small  
plaques containing large quantities of lipids in the thoracic  
portion in two of the five rabbits receiving glucose for  3 
months.  

These resul ts  show that during prolonged admin i s t ra -  
tion of glucose the potential ability of the t i ssues  of the heart ,  
l iver,  brain, and aor ta  to ass imi la te  this carbohydrate  by 
giycolysis  was diminished and the oxygen consumption of the 
t issues  was reduced, thereby interfer ing with the convers ion 
of glucose in the Krebs '  cycle .  This is conf i rmed indirect ly 
by the resul ts  showing the decrease  in SDH activity in the 
l iver  a f t e r  3 months f rom 0o28• to 0.17~0.03 mg t e t r a -  
zolium. The excess  of glucose can be deposited as glycogen 
or converted into lipids. Increased  deposition of glycogen in 
the t issues  has not been observed du r ingexees s iveadmin i s -  
trat ion of sugars  [7]. On this type of diet the act ivi ty of the 
enzymes of the Krebs '  cycle was shown to be increased [3, 
4, 9], with a consequent accumulation of NADP "H z essent ial  
for  lipid synthesis .  It is also known [12] that hyperglycemia 
leads to crysta l l iza t ion of cholesterol  and to its deposition 
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TABLE 3. Oxygen Consumption of the Tissues  during Prolonged 
Glucose Adminis t ra t ion  (M• m) 

Experimental 
conditions 

PI jm . ~  
Liver ~ ~ Heart S ~ Brain 

zo l _ _ _  

I oxygen consumption (in pg/t00 g fresh tissue per hour) 

Control..... , . 

After admlnistra- 
tion of glucose 
for 30 days 

P 

36,43-+1,95 38,75-+2,71 6 75,15__.2,39 

6 172,80-+2,80>0,5 6 36,11-+1,49 6 36,43-+1,25 
~0,8  ~0 ,4  

Control . . . . . . .  6 36,03-+__0,85 6 38,00--+1,04 6 75,48-+__1,33 

After administra- 
tion of glucose 6 30,15+2,22 6 27,85-+__1,03 6 69,30-+2,97 
for 60 days <0,05 <0,01 ~0,05 

P 

Control . . . . . .  8 36,63_+1,87 8 38,51-+0,74 8 74,97___0,55 

After administra- 
tion of glucose 
for 90 days 

P 

26,56-+0,94 
<0,01 

32,47___0,76 
~0,05 

73,01• 
~0,3 

in the vesse l  wal ls .  All these cons idera t ions  suggest  that the inc reased  content of l ipids in the hear t  and 
l i ve r  t i s sues  of the rabbi t s  was due to the prolonged and excess ive  admin is t ra t ion  of ca rbohydra t e s .  
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