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T h e  r e s e a r c h  w o r k  on t h e  in f luence  of v a r i o u s  k i n d s  of  l i p ids  on e n e r g y  
exchange  b e g a n  a b o u t  f o u r t y  y e a r s  ago.  S ince  t h e n  s e v e r a l  p a p e r s  on t h a t  
sub j ec t  h a v e  b e e n  p u b l i s h e d  (Wesson a n d  Burr,  1931; Jacquot et  al., 1959; 
PetroviS, 1961, 1961a, 1964; Greco et al. ,  1962). E x c e p t  t he  f i rs t  m e n t i o n e d  
au tho r s ,  a l l  t h e  o t h e r s  e s t a b l i s h e d  a d e c r e a s e  of  o x y g e n  c o n s u m p t i o n  
w h e n  a n i m a l  fa t s  w e r e  t aken ,  a n d  an  i n c r e a s e  of  t he  c o n s u m p t i o n  of 
o x y g e n  w i t h  t h e  i n t a k e  of  v e g e t a b l e  oils.  

O u r  p u r p o s e  w a s  to s t u d y  t h e  inf luence  of s m a l l  q u a n t i t i e s  of  v a r i o u s  
food l i p id s  on  t h e  e n e r g y  e x c h a n g e  a n d  the  t i m e  i n t e r v a l  n e e d e d  fo r  t h e  
m a n i f e s t a t i o n  of  th i s  inf luence.  

Materials  und methods  

The s tudy was carr ied  out on four groups of male  albino rats,  weighing at  
the beginning of the exper iment  between 190 g and 262 g. Each group consisted 
of 5 animals.  

The first three  groups were  fed wi th  the diets whose composition is p re -  
sented in table  1. 

Table 1. Food  composition (g) 

Food composition Exper imental  groups 
I I I  I I I  

Whea t  flour 465 465 465 
Rough ground wheat  465 465 465 
Skimmed milk powder 450 450 450 
Pork fat  75 37.5 
Soyabean off 75 37.5 
Cod-liver oil 13.5 13.5 13.5 
Bone powder 30 30 30 
Wate r  350 350 350 
Lipids (percent) 5.9 5.9 5.9 
Energetic value (Cal[100 g) 340 340 340 
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Group IV (controls) received special laboratory rat cakes (Veterinary In -  
stitute, Zemun), in which lipid content was 1.7% and caloric value 370/100 g. 
In  those cakes vegetable fat was exclusively present. 

In  order to adapt the rats to the food, the first six days at the beginning 
of the experiment  rats of groups I, I I  and III  received food as shown on 
table 1. Group IV was given a special food for laboratory rats. 

After this preparation period, i.e. on the 7th day, basal energy turnover  was 
measured for the first time. One experimental  period consisted of six weeks, 
from the 7th day to the 49th day of the experiment,  

Seven weeks after the experiment  began, the second experimental  period 
was started. Rats receiving animal fat (group I) changed their diet to the food 
with vegetable oil, and the group which had been fed with vegetable oil 
(group II) received animal  fat. That period of the diet lasted 5 weeks. Through- 
out the whole experimentat ion group III  was kept on a diet containing the same 
quant i ty  of fat in which 50% of lipids were of vegetable origin and 50~ of 
animal origin. 

The rats were kept at a laboratory temperature of about 20 ~ C, and oxygen 
consumption was measured in the appapratus by Giaja (1955) once a week, 
at 30 ~ C. The rats were kept without food during about 20 hours before each 
measurement.  The results are presented in Cal/kg/24 h for each group. 

The daily food consumption was calculated by the difference between the 
given food and its remainder.  The results were presented as the means per 
one week and per one rat. Body weight was measured once a week, and the 
results presented in the same way. 

The data were statistically analysed by Gosset's (1908) method. 

Results 

The resul t s  p r e sen t ed  in  tab le  2 have  suggested,  in  the  1st e x p e r i m e n -  
tal  period,  a more  rap id  e n e r g y  exchange  in  ra ts  fed wi th  a n i m a l  fat, 
t h a n  in  ra ts  fed w i th  vege tab le  oil. The  difference p roved  to be h igh ly  
s igni f icant  (t ---- 3.587, p ~ 0.001). 

In  o rder  to conf i rm this  f inding,  the  n u t r i t i o n  was  changed,  so t ha t  
g roup  I rece ived  the  r a t ion  w i t h  oil, and  g roup  II  the  r a t i o n  w i th  a n i m a l  
fat.  Af te r  th is  change  in  n u t r i t i o n  the  basa l  me tabo l i c  ra te  a u g m e n t e d  in  
bo th  groups  for  a while ,  bu t  a l r e ady  on the  14th resp. 21st day  a f te r  the  
change of diets, a d i m i n u t i o n  of basa l  metabol ic  ra te  was  f ound  in  com- 
pa r i son  w i th  the  va lues  ob ta ined  seven  resp. f o u r t e e n  days  before.  T h r o u g h  
the  en t i r e  e x p e r i m e n t a l  per iod  the  l ower ing  of basa l  me tabo l i c  ra te  was  
sma l l e r  in  g roup  II  (9.32 Cal/kg/24 h) t h a n  in  the  group  I (10.34 Cal/kg/24 h). 
This  difference in  the  decrease  of basa l  me tabo l i c  ra te  was  no t  s ignif icant  
(t ---- 0.194; 0.8 ~ p ~ 0.9). These  resul ts ,  a l t hough  s ta t i s t i ca l ly  no t  signifi-  
cant ,  agreed  wel l  w i th  resul t s  of the  first pe r iod  of n u t r i t i o n ,  w h e n  the  
ra ts  of g roup  I had  a g rea te r  basa l  metabol ic  r a t e  t h a n  g roup  II. The  
p ro longa t i on  of the  second per iod  of n u t r i t i o n  p r o b a b l y  w ou l d  resu l t  in  
a s ta t i s t i ca l ly  s igni f icant  difference.  

In  groups  I I I  and  IV the  e n e r g y  exchange  decreased,  too, b e c a u s e  of 
the  g r o w t h  of the  an imals .  D u r i n g  the  e x p e r i m e n t  this  decrease  had  in  
bo th  groups  a p p r o x i m a t e l y  the  same  va lue  of abou t  11 Cal/kg/24 h. In  
groups  I and  I I  the  d i m i n u t i o n  of ene rgy  exchange  was  sma l l e r  t h a n  in  
g roups  I I I  and  IV. I n  g roup  II  the  r educ t ion  was  smallest ,  p r e s u m a b l y  
because  of the  s t i m u l a t i v e  effect of a n i m a l  fat  on ox ida t ion  a f te r  t h e  
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Table 2. Basal metabolic rate  of the rats  (Cal/kg/24 h) 

Days Group I Group I I  Group I I I  Group IV 
1st 2nd 1st 2rid 1st 2nd 1st 2nd 
period period period period period period period period 

7th 144.28 139.29 145.73 147.46 
14th 135.42 127.22 139.11 151.27 
21st 138.52 130.10 139.98 150.90 
28th 135.41 121.30 128.64 144.74 
35th 146.11 128.38 133.19 150.80 
42nd 135.04 128.36 126.97 139.89 
49th 133.40 127.50 132.26 
56th 144.47 129.85 125.64 144.45 
63rd 131.22 131.38 135.94 141.27 
70th 123.11 119.80 106.37 142.27 
77th 119.49 110.23 126.03 128.49 
84th 121.56 106.70 117.12 124.73 

138.31 127.97 128.91 119.59 135,12 123.59 147.51 136.24 
SE =L 1.89 23 .14  :j= 1.76 22 .88  22 .42  24 .34  22.41 22 .44  
Decrease 
of basal 
metabolic 
rate  10.34 9.32 11.53 11.27 
Difference 1.02 
t 0.194 
p >0 .8  

The ~ values were calculated without  using the mean values for each week, bu t  
using the values for each individual  rat .  

change  of t h e  r eg imen .  In  g r o u p  I t h e  d i m i n u t i o n  of e n e r g y  e x c h a n g e  
was  m o r e  m a r k e d  t h a n  in  g r o u p  II, b u t  b e l o w  the  v a l u e s  of g r o u p s  I I I  
and  IV. T h e  r e a s o n  cou ld  be  t he  e x t e n d e d  effect  of a n i m a l  fa t  f r o m  the  
p r e v i o u s  pe r iod .  

A f t e r  t he  change  of  t he  r eg imen ,  t h e  d i f fe rence  in  o x y g e n  c o n s u m p t i o n  
in g roups  I a n d  I I  cou ld  be  no t i c ed  a w e e k  l a t e r .  

The  g r e a t e s t  q u a n t i t y  of food  w a s  c o n s u m e d  b y  g r o u p  IV a n d  t h e  
b o d y  w e i g h t s  e x c e e d e d  ( t ab le  3) those  of  o t h e r  g roups .  T h e  food con-  
s u m p t i o n  in  g r o u p  I w a s  h i g h e r  t h a n  in  g r o u p  I I I  a n d  in  g r o u p  II.  The  
b o d y  w e i g h t s  in  g r o u p  I w e r e  h i g h e r  t h a n  in  g r o u p  I I  t h r o u g h o u t  t he  
w h o l e  e x p e r i m e n t .  The  s m a l l e s t  food c o n s u m p t i o n  in  bo th  e x p e r i m e n t a l  
pe r iods  c a u s e d  t h e  l o w e s t  b o d y  w e i g h t s  in  g r o u p  II.  

Discussion 

In  t h e  g r e a t e r  p a r t  of  p u b l i c a t i o n s  p r e s e n t e d  t i l l  now,  t h e r e  w a s  
e s t a b l i s h e d  a n  effect  oppos i t e  to  our  f indings :  a n i m a l  f a t s  d e c r e a s e d  a n d  
v e g e t a b l e  oi ls  i n c r e a s e d  t h e  e n e r g y  e x c h a n g e  in e x p e r i m e n t s  on a n i m a l s  
(Jacquot et  al., 1959; Petrovi6, 1960; Petrovid et  al., 1961, 1961a), on m e n  



D
ay

s 

1-
7 

8
-1

4
 

15
-2

1 
2

2
-2

8
 

2
9

-3
5

 
3

6
-4

2
 

4
3

-4
9

 
5

0
-5

6
 

5
7

-6
3

 
64

--
70

 
71

-7
7 

7
8

-8
4

 

T
ab

le
 3

. 
F

o
o

d
 c

o
n

su
m

p
ti

o
n

 a
n

d
 b

o
d

y
 w

ei
g

h
t 

o
f 

th
e 

ra
ts

 

F
o

o
d

 e
or

ts
un

ap
t;

io
n 

g
/2

4
h

 
G

ro
u

p
 I

 
G

ro
u

p
 I

I 
G

ro
u

p
 I

II
 

G
ro

u
p

 I
V

 
1s

t 
2n

d 
1s

t 
2

n
d

 
1s

t 
2n

d 
1s

t 
2

n
d

 
p

er
io

d
 

p
er

io
d

 
p

er
io

d
 

p
er

io
d

 

D
ay

s 
B

o
d

y
 w

ei
g

h
t 

(g
) 

G
ro

u
p

 I
 

G
ro

u
p

 I
I 

G
ro

u
p

 I
II

 
G

ro
u

p
 I

V
 

1s
t 

2
n

d
 

1s
t 

2
n

d
 

1s
t 

2
n

d
 

1s
t 

2
n

d
 

p
er

io
d

 
p

er
io

d
 

p
er

io
d

 
p

er
io

d
 

p
er

io
d

 
p

er
io

d
 

p
er

io
d

 
p

er
io

d
 

15
.0

 
15

.0
 

15
.0

 
16

.0
 

15
.0

 
15

.0
 

15
.0

 
16

.0
 

15
.0

 
15

.0
 

15
.0

 
16

.0
 

15
.0

 
15

.0
 

15
.0

 
16

.0
 

19
.5

 
14

.3
 

17
.9

 
22

.6
 

19
.4

 
14

.8
 

18
.3

 
21

.0
 

18
.3

 
16

.3
 

18
.9

 
21

.8
 

16
.5

 
15

.0
 

18
.1

 
16

.4
 

13
.2

 
16

.5
 

16
.2

 
13

.9
 

14
.5

 
17

.8
 

14
,1

 
16

.3
 

16
.9

 
14

.8
 

16
.5

 

7t
h 

14
th

 
21

st
 

2
8

th
 

3
5

th
 

42
nd

 
4

9
th

 
21

.5
 

5
6

th
 

20
.8

 
63

rd
 

19
.9

 
7O

th
 

2O
.O

 
7

7
th

 
2O

.8
 

84
th

 

22
8.

8 
23

3.
0 

22
1.

0 
18

3.
0 

22
8.

6 
23

6.
0 

22
4.

4 
20

6.
4 

22
1.

0 
23

2.
6 

22
1.

8 
21

6.
8 

22
0.

2 
23

1.
4 

22
2.

2 
22

3.
4 

22
5.

6 
21

8.
2 

22
9.

6 
23

5.
8 

23
8.

2 
22

2.
6 

23
8.

6 
25

5.
0 

24
6.

6 
23

7.
8 

24
7.

2 
- 

25
1.

4 
23

8.
0 

25
3.

2 
28

2.
0 

26
3.

2 
24

5.
8 

26
1.

8 
27

9.
8 

26
6.

2 
25

0.
0 

26
5.

2 
29

1.
4 

26
8.

4 
25

1.
8 

26
6.

4 
29

5.
2 

27
3.

2 
25

8.
0 

26
8.

6 
29

1.
4 

N
 

5.
 

ca
 



Markovi5-Giaja et al., The effect of Iipids 31 

(Petrovi5 et  al., 1960; PleSa~ et al., 1971), and in tissue cultures (Greco 
et al., 1962). Tha t  effect was expla ined b y  the s t imulat ion of iodine 
captat ion in the thyroid  (3tenberg and Plotn~kova, 1960; Petrovi5 et al., 
1961 a, 1964) and its increased function in the course of feeding with  oils. 
The epidemiological data  would be in accordance wi th  this explanation,  
because the children fed p redominan t ly  wi th  animal  fats  more  f requent ly  
showed goitre, in spite of iodine prophylaxis ,  than  the  children in whose 
nutr i t ion oils prevai led  (Petrovid, 1960; Petrovid et al., 1964; Ramzin, 
1959). The blocking of iodine fixation in the thyroid  could be induced by  
hypercholesterolaemia,  too (Dimitrijevi5 et al., 1968), which is regular ly  
caused by  an imal  fats  (Clarke et al., 1966). This could be the mechanism 
of their  effect on energy  exchange. 

I t  was establ ished tha t  in animals  depleted of essential  f a t ty  acids the 
s t ructure  and function of mitochondria were  altered. Cytochrome oxidase 
(Tulpule and Williams, 1955) and succinic dehydrogenase  (Hayashida and 
Portman, 1963) activit ies were  increased; the activit ies of DNP-ATP-ase ,  
ATP-ase,  MG-ATP-ase  were  decreased (Johnson, 1963). ATP-P1 exchange 
and oxidat ive phosphoryla t ion  were  also reduced (Johnson, 1963). Hence, 
the augmenta t ion  of energy  exchange in rats  fed with animal  fa t  in our 
exper iments  could be  the consequence of mitochondrial  al terations.  

Af ter  Wesson and Burr (1931) deficiency of vegetable  oils increased 
energy  exchange, which is in accordance with our  experiments .  ~tenberg 
and Plotnikova (1960) established that  an excessive quant i ty  of vegetable  
oils in food (54% of total  calories) slowed iodine fixation in the thyroid  
gland, and, consecutively,  the oxidations, too. In  our exper iments  only 
5 ~ of the  calories issued f rom the oil. However ,  it was  s ta ted in the 
ment ioned work  by  ~tenberg and Plotnikova (1960) tha t  just  wi th  this 
percentage of oil t h e  iodine fixation in the thyroid  reached its max imal  
value. Therefore,  it could not be  assumed tha t  in our exper iments  the 
diminution of ene rgy  exchange was caused by  this quant i ty  of oil in food. 

Jacquot and col laborators  (i959) found tha t  the act ive substances in 
oils were  not unsa tu ra ted  f a t ty  acids, bu t  the peroxides.  I t  could be pos- 
sible that  the content  of peroxides  in an imal  fa t  used in our  exper iments  
was grea te r  than  in the oil, hence the increase of energy  exchange when  
animal  fa t  was  given. The oils, because of the tocopherol present  in them, 
are more  stable than  the fats  towards  the oxidations. 

In  our  exper iments  soya-bean  oil was  used. As is well  known, this 
oil contains r  substances, which could also be the cause 
of decreasing energy  exchange when  oil was  given. 

The increased level of calories produced by  the rats  fed wi th  animal  
fa t  in our  exper iments  could be  the consequence of the presence of sa tu-  
ra ted fa t ty  acids. Sa tu ra ted  fa t ty  acids need more  oxygen in their  in te r -  
media ry  metabol i sm than  unsa tu ra ted  ones. 

There  is some evidence (Miller, 1967) tha t  unsa tura ted  fa t ty  acids 
re ta rd  prote in  synthesis.  Therefore  the decrease of energy  exchange 
under  the influence of oils could be expla ined  by  the inhibit ion of oxi-  
dative enzymes synthesis.  

The al terat ion of energy  expendi tu re  in our  exper iments  was noticed 
seven days  following the change of the regimen.  These results  were  in 
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a g r e e m e n t  w i t h  Hayashida's and  Port,nan's (1963} s t a t e m e n t  t h a t  a rachi -  
donic  acid  l eve l  in m i tochond r i a  was  dec reased  s even  days  a f t e r  t he  
essen t ia l  f a t t y  acid  def ic iency had  s ta r ted .  T h e  obse rva t ions  m a d e  on 
ch i ld ren  (Ple~a~ and  co l labora tors ,  1971) conf i rm this  r a t h e r  r ap id  a l t e r -  
a t ion  of  e n e r g y  exchange  f o l l o w i n g  the  r e v e r s a l  of  l ip ids  in t he  r eg imen .  
In  our  e x p e r i m e n t s  t h e  e n e r g y  exchange  was  m e a s u r e d  the  7th day  fo l -  
l o w i n g  the  change  of the  r eg imen .  I t  could  be  possible  t h a t  the  a l t e r a t i on  
of e n e r g y  e x p e n d i t u r e  h a p p e n e d  ear l ie r .  

Our  resu l t s  sugges t  r e t a r d a t i o n  of b a s a l  me tabo l i c  r a t e  of ra t s  fed  
w i t h  d ie t  con t a in ing  5 . 9 %  of v e g e t a b l e  oil, w h i l e  the  d ie t  con t a in ing  
5 . 9 %  of a n i m a l  fa t  has  an  oppos i te  effect. H o w e v e r ,  this  d i f fe rence  is no t  
s t a t i s t i ca l ly  s ignif icant .  This  effect  was  r a t h e r  rapid ,  and  could  be  no t i ced  
14-21 days  f r o m  the  b e g i n n i n g  of  the  t r e a t m e n t .  

Summary 

The changes of basal metabolic rate were investigated weekly in three 
groups of albino rats fed with 5.9% diets of animal lipids, vegetable lipids 
and both lipids of animal and vegetable origin, respectively. The fourth group, 
controls, w a s  fed with standard laboratory food with 1.7 % of lipids. After  six 
weeks the first two groups of rats al ternated their  diets and were fed in the 
same way five weeks more. The results have shown the diminution of basal 
metabolic rate  by oil, but  augmentat ion by the animal fat. This influence of 
the different sorts of lipids on basal metabolic rate became evident af ter  
2-3 weeks of such treatment.  

Zusammenfassung 

Einmal wSchentlich wurden  Ver~nderungen des Grundumsatzes bei v ier  
Gruppen der Albino-Rat ten untersucht;  eine Gruppe bekam Di~t, die pflanz- 
liche Fet te  enthielt, die Di~t der zweiten Gruppe enthielt  Schweineschmalz, die 
dritte Gruppe bekam Fut te r  mit  gleichen Teilen der pflanzlichen und tierischen 
Fette. Insgesamt bekam jede Gruppe 5,9% Fett. Die vier te  Gruppe (Kontroll-  
gruppe) wurde mit  der ftir Labort iere tiblichen Nahrung geffittert. Gesamt-  
fet tgehalt  war  1,7%. Nach sechs Wochen wurde die Ernfihrung der zwei ersten 
Gruppen gegenseitig gewechselt und so wurden sie ftinf wei tere  Wochen gefiit-  
tert. Die Resultate zeigten Verminderung des Grundumsatzes bei Ern~hrung 
mit  pflanzlichen Fetten, doch eine Steigerung des Grundumsatzes bei Ern~h- 
rung mit  Schweineschmalz. Der EinfluB verschiedener Arten der Lipide auf den 
Grundumsatz der Ratten wurde erst nach 2-3 Wochen einer solchen Behandlung 
offensichtlich. 
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