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Summary: The question addressed is whether  the amount of dietary fat rather 
than that of carbohydrates or protein affects esterase-1 (ES-1) activity in plasma of 
rats. For this purpose, the effects on plasma ES-1 activity of replacement of dietary 
fat, by isocaloric amounts of either carbohydrates or protein were studied in male 
rats. In rats fed high-fat diets, corn oil induced higher plasma ES-I activities than 
coconut fat. Plasma ES-1 activity was decreased by a decrease in fat intake. 
Replacement  of fat by carbohydrates produced a similar decrease of plasma ES-1 
activity as did replacement of  fat by protein. Replacement  of carbohydrates by 
protein did not significantly change plasma ES-1 activity. It is concluded that the 
amount  of fat in the diet specifically influences ES-1 activity in plasma. 

Zusammens Die Frage, die sich stellt, ist: Beeinflu6t die Zunahme von 
Nahrungsfett  die Esterase-l-AktivitAt (ES-1) im Plasma yon Ratten mehr  als Koh- 
lenhydrate oder Proteine? Es wurde daher bei m~nnliehen Ratten der Effekt auf die 
Esterase-l-Aktivit~it durch das Austauschen des Nahrungsfettes mit isokalorischen 
Mengen an Kohlenhydraten und Proteinen bestimmt. In hoch fetthaltigem Futter  
erreichte MaisS1 h6here Esterase-l-Aktivit~it im Plasma yon Ratten als Kokosnu661. 
Die Esterase-l-Aktivit~it war abnehmend bei erniedrigter Fettaufnahme. Das Aus- 
tauschen des Nahrungsfettes durch Kohlenhydrate oder Proteine produziert die 
gleiche Abnahme der Esterase-l-Aktivitfit im Plasma. Dagegen tritt keine nennens- 
werte Verfinderung der Esterase-l-Aktivitfit beim Austausch von Kohlenhydraten 
mit Proteinen auf. Daraus folgt, dab die H6he des Fettgehalts in der Nahrung die 
Esterase-l-Aktivit~t beeinfluBt. 
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I n t r o d u c t i o n  

T h e  p h y s i o l o g i c a l  f u n c t i o n  o f  c a r b o x y l e s t e r a s e s  (E.C. 3.1.1.1.), w h i c h  
f o r m  a c o m p l e x  s y s t e m  o f  non-speci f ic  e n z y m e s  p r e s e n t  in m o s t  l i v i n g  
o r g a n i s m s  (1), is st i l l  o b s c u r e ,  b u t  t h e r e  is s o m e  e v i d e n c e  t h a t  at  l eas t  o n e  
o f  t h e m  r e s p o n d s  to d i e t a r y  fats. R e p l a c e m e n t  o f  i soca lo r i c  a m o u n t s  o f  
c a r b o h y d r a t e s  by  e i t h e r  c o r n  oil  or  c o c o n u t  fat  in t he  d i e t  o f  rats  c a u s e d  a 
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p r o n o u n c e d  i n c r e a s e  o f  t he  so -ca l l ed  ES-1 i s o z y m e ,  an  anoda l ,  fas t  m o v i n g  
e s t e r a s e  z o n e  in t h e  p l a s m a  z y m o g r a m  (2). 

I t  c o u l d  be  a r g u e d  tha t  b o t h  the  o m i s s i o n  o f  c a r b o h y d r a t e s  f r o m  t h e  d i e t  
as w e l l  as t h e  a d d i t i o n  o f  fat  to t he  d i e t  a re  r e s p o n s i b l e  for  t he  o b s e r v e d  
e f fec t s  on  ES-1 in p l a sma .  T h u s  it c a n n o t  be  c o n c l u d e d  w h e t h e r  or  no t  t h e  
a m o u n t  o f  d i e t a ry  fat  r a t h e r  t h a n  t h a t  o f  c a r b o h y d r a t e s  has  a spec i f i c  e f f ec t  
on  ES-1.  Th i s  p r o m p t e d  us to p e r f o r m  an  e x p e r i m e n t  w i t h  ra ts  in w h i c h  
e i t h e r  d i e t a ry  c o c o n u t  fat  or  c o r n  oil  in  a h igh - fa t  d i e t  was  r e p l a c e d  by  
i soca lo r i c  a m o u n t s  o f  e i t h e r  c a r b o h y d r a t e s  or  p ro t e in .  I f  a n d  w h e n  car-  
b o h y d r a t e s  a n d  p r o t e i n  do n o t  a f fec t  ES-1 ac t iv i ty ,  t h e n  t h e  r e p l a c e m e n t  o f  
fat  by  e i t h e r  c a r b o h y d r a t e s  or  p r o t e i n  w o u l d  r e d u c e  ES-1 a c t i v i t y  to t h e  
s a m e  ex t en t .  I f  s u c h  an  o u t c o m e  w o u l d  be  o b t a i n e d ,  t h e n  it  c an  be  
c o n c l u d e d  t h a t  t he  a m o u n t  o f  fat  spec i f i c a l l y  i n f l u e n c e s  ES-1 ac t iv i ty ,  
p r o v i d e d  t h a t  the  a m o u n t s  o f  c a r b o h y d r a t e s  a n d  p r o t e i n  do  n o t  m o d u l a t e  
ES-1 ac t iv i ty  in an  i d e n t i c a l  f ash ion .  

Materials  and Methods 

Animals 

Male rats, aged 6 weeks, of an outbred Wistar colony (Cpb:WU), were used. The 
rats had been fed ad libitum a commercial,  pelleted, nonpurified diet (RMH-B | 
Hope Farms, Woerden, The Netherlands). The animals were housed individually as 
described previously (3). On day -2, blood samples of the non-fasted rats were taken 
by orbital puncture while under light diethyl-ether anesthesia for the determination 
of plasma cholesterol concentration. On day 0 of the experiment,  the rats were 
divided into 6 dietary groups of 6 animals each. The groups had similar distribu- 
tions of plasma cholesterol concentration and body weight. The mean values were 
2.63 mM and 101 g, respectively. 

Diets 

Rats were fed purified diets in meal form. The diets contained at least 2.75 % of 
energy as eorn oil, so as to provide sufficient linoleic acid. This implies that the diets 
to which coconut fat had been added actually contained 2.75 % of energy less in the 
form of this fat source than indicated. The diets were stored at 4 ~ until feeding. The 
rats had free access to food and tap water. 

Diets containing 22.0 % of energy as fat (either coconut fat or corn oil) and 19.6 % 
of energy from protein were used (Table 1). Of the fat source 16.5 % of energy was 
replaced by either corn starch plus dextrose in a 1:1 ratio or casein. In this way, 
5.5 % fat diets containing either 19.6 or 36.1 energy % of protein and 74.9 or 58.4 
energy % of carbohydrates were obtained. 

Blood sampling 

At the end of the experiment  (day 56), between 10.00 and 13.00 h, the rats were 
anesthetized in the nonfasting state by the intraperitoneal administration of 15 mg 
of pentobarbital  (Nembutal | Sanofi Sante Animale SA, Paris, France). Blood was 
taken by aortic puncture and 4.5 ml was mixed with 0.5 ml of distilled water 
containing 3.8 % (w/w) sodium citrate. Plasma was collected by low speed centrifu- 
gation and kept at -20 ~ until analysis. 

Analyses 

Plasma cholesterol was measured enzymatically using the kit (Monotest | sup- 
plied by Boehringer-Mannheim GmbH (Mannheim, F.R.G.). The triglyceride con- 
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Table  1. C o m p o s i t i o n  of t h e  diets .  

Fa t  t ype  a n d  m a c r o n u t r i e n t  c o n c e n t r a t i o n s  (% of energy)  

C o c o n u t  fa t  Corn  oil 

Fat:  5.5 % 22.0 % 5.5 % 5.5 % 22.0 % 5.5 % 
Casein :  19.6% 19.6% 36.1% 19.6% 19.6% 36.1% 

C a r b o h y d r a t e s :  74.9% 58.4 % 58.4 % 74.9 % 58.4% 58.4 % 

I n g r e d i e n t  (g) 
Case in  16 16 29.5 16 16 29.5 
Corn  s t a r c h  25.6 18.8 18.8 25.6 18.8 18.8 
D e x t r o s e  25.6 18.8 18.8 25.6 18.8 18.8 
C o c o n u t  fat  1 7 1 0 0 0 
Corn  oil 1 1 1 2 8 2 
C o n s t a n t  c o m p o n e n t s  ~) 30.8 30.8 30.8 30.8 30.8 30.8 
Total  (g) 100 92.4 99.9 100 92.4 99.9 

C h e m i c a l  ana lys i s  (g/100 g diet)  
C r u d e  fat  2.2 9.0 2.1 2.1 8.9 2.3 
C r u d e  p r o t e i n  15.0 16.3 28.0 15.3 16.3 27.3 

Fa t ty  ac ids  2) (g/100 g fa t ty  acids)  
C 12:0 18.2 36.1 17.0 0 0 0 
C 14:0 8.3 16.0 8.0 0.1 0 0.1 
C 16:0 11.0 10.9 11.2 10.4 10.2 10.4 
C 18:0 2.9 3.3 3.0 2.1 1.9 2.0 
C 18:1 21.0 12.7 21.8 29.8 29.3 29.6 
C 18:2 32.0 10.9 33.0 55.1 56.1 55,3 

Sat. to ta l  3) 46.2 76.0 44.3 13.6 13.1 13.5 
Mono.  to ta l  21.2 12.8 22.0 30.2 29.7 30.0 
Poly.  to ta l  32.6 11.1 33.5 56.0 57.0 56.2 

1) T h e  c o n s t a n t  c o m p o n e n t s  c o n s i s t e d  of (g): molasses ,  10; cel lulose ,  15; d i c a l c i u m  
p h o s p h a t e ,  0.61; c a l c i u m  c a r b o n a t e ,  0.62; m a g n e s i u m  c a r b o n a t e ,  0.07; m a g n e s i u m  
oxide,  0.03; p o s t a s s i u m  b i c a r b o n a t e ,  1.8; s o d i u m  chlor ide ,  0.5; v i t a m i n  p r e m i x ,  1.2; 
m i n e r a l  p r e m i x ,  1.0. T h e  c o m p o s i t i o n  of t he  m i n e r a l  a n d  v i t a m i n  p r e m i x e s  ha s  b e e n  
d e s c r i b e d  e l s e w h e r e  (4). 
2) Se l ec t ed  fat ty  ac ids  in  s h o r t h a n d  no ta t ion :  t he  n u m b e r  be fo re  a n d  af te r  t h e  co lon  
r e p r e s e n t s  t he  n u m b e r  of  c a r b o n  a t o m s  a n d  of  d o u b l e  b o u n d s ,  r espec t ive ly .  
3) Sat. = s a tu ra t ed ;  Mono.  = m o n o u n s a t u r a t e d ;  Poly.  = p o l y u n s a t u r a t e d .  

c e n t r a t i o n s  in  p l a s m a  were  m e a s u r e d  e n z y m a t i c a l l y  a c c o r d i n g  to Su l l i van  et  al. (5). 
C r u d e  fat  c o n c e n t r a t i o n s  a n d  fa t ty  ac id  c o m p o s i t i o n  of  t he  d ie t s  w e r e  d e t e r m i n e d  
a c c o r d i n g  to F o l c h  et  al. (6) a n d  Metca l fe  et  al. (7), r espec t ive ly .  P r o t e i n  c o n t e n t s  of  
t h e  d ie t s  we re  d e t e r m i n e d  as d e s c r i b e d  by  O s b o r n e  and  Voog t  (8). To ta l  e s t e r a se  
ac t iv i ty  in  p l a s m a  was  m e a s u r e d  w i t h  p - n i t r o p h e n y l a c e t a t e  as s u b s t r a t e  as 
d e s c r i b e d  p r e v i o u s l y  (2). P l a s m a  es t e rase  p a t t e r n s  were  d e t e r m i n e d  b y  ver t i ca l  
4.5-12.0 % (w/v) p o l y a c r y l a m i d e  g r a d i e n t  gel e l e c t r o p h o r e s i s  at  pH 9.0 a c c o r d i n g  to 
B e y n e n  et  al. (9). 10 ~l of  a m i x t u r e  c o n t a i n i n g  67.5 % (v/v) of  p l a sma ,  0.285 % (w/w) 
s o d i u m  c i t ra te  a n d  10 % (w/w) g lycero l  was  a d d e d  to t h e  slots.  On  e a c h  s lab  gel 
poo led  ra t  p l a s m a  was  r u n  as a p l a s m a  ES-1 s t a n d a r d .  Af te r  e l e c t r o p h o r e s i s  t h e  gels  
were  s t a i ned  w i t h  Fas t  B l u e  B B  a n d  a - n a p h t h y l b u t y r a t e  (2). T h e  i n t e n s i t y  of  t he  
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ES-1 band was measured by densitometric scanning of the stained gels at 530 nm 
and was expressed relative to the intensity of the ES-1 standard. 

Statistics 

Data were analysed with Scheff6's test for comparing group means. Analysis of 
variance was performed to disclose interactions between amount and type of fat or 
amount of protein and type of fat. Statistical analyses were carried out using a 
SPSS x computer program (10). 

Resul ts  and Discuss ion  

Final body  weight  and weight  gain were not  inf luenced significantly by 
the dietary variables (Table 2). Decreasing dietary fat concent ra t ions  
increased feed intake; there was no effect of fat type. When at a cons tant  
fat level the protein or ca rbohydra te  concent ra t ion  of the diets was 
increased, feed intake did not  change  significantly. Thus  caloric intake 
remained essentially similar in rats fed the various exper imenta l  diets. 

There was no significant effect of  the type  of  fat on plasma cholesterol  
levels. However,  corn oil p roduced  slightly higher  group mean  plasma 
cholesterol concentra t ions  than did coconut  fat. This corroborates  earlier 
work (2). Changing the macronu t r i en t  composi t ion  of the diet did not  
influence plasma cholesterol  concentrat ions.  

Decreasing the amoun t  of coconut  fat in the diet tended to lower p lasma 
triglyceride concentrat ions.  Decreasing the a m o u n t  of corn oil in the diet 
tended to cause an increase in p lasma triglycerides,  bu t  only if corn  oil was 
replaced by carbohydrates .  A triglyceride lowering act ion of  corn oil, 
when  compared  with coconut  fat, has been shown in earlier investigations 
(2, 11). When the a m o u n t  of dietary coconut  fat or corn  oil was kept  
constant  at 5.5 energy o/,,, an increase in the concentra t ion of protein in the 
diet, which  is associated with a decreased intake of carbohydrates ,  t ended  
to decrease plasma triglyceride concentrat ions.  This probably  relates to a 
specific effect of  dietary carbohydra te  concent ra t ion  (12). 

The omission of  fat from the diet slightly reduced plasma total esterase 
activity (Table 2). The magni tude  of this effect did not  depend  on whe ther  
fat was replaced by protein or carbohydrates .  Neither  did it depend  on the 
type  of  fat. In rats fed the diets conta ining 22 % energy from fat, signifi- 
cantly higher  activities of plasma ES-1 were seen if the fat source was corn 
oil instead of coconut  fat. Subst i tu t ion of corn starch plus dextrose  for 
isocaloric amounts  of fat in the diet p roduced  a decrease in the activity of 
ES-1 in plasma of male rats. This confirms earlier work  (2). However ,  the 
present  s tudy also demonst ra tes  that rep lacement  of fat by  carbohydra tes  
induces  a lowering of ES-1 activity that  is identical to that  seen after 
rep lacement  of fat by protein. Rep lacement  of  carbohydra tes  by protein 
did not significantly change plasma ES-1 activity. We therefore conclude  
that the amoun t  of fat in the diet rather than that  of  protein or carbohy-  
drates inf luences p lasma ES-1 activity. It  could be argued that  dietary 
protein and carbohydra tes  do affect ES-1 activity but  to the same extent. 
This would  also result  in an identical change in ES-1 activity after replace- 
ment  of fat by either carbohydra tes  or protein. We cannot  exclude this 
possibility but  feel that  it would  be highly coincidental.  Since the high fat 
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d i e t s  u s e d  in  th i s  s t u d y  c o n t a i n e d  t h e  r e c o m m e n d e d  a m o u n t  o f  p r o t e i n  
n e c e s s a r y  for  o p t i m u m  g r o w t h ,  t h e  c o n c e n t r a t i o n  of  p r o t e i n  in  t h e s e  d i e t s  
c o u l d  n o t  be  l o w e r e d  so as  to s t u d y  t h e  e f fec t  o f  s u b s t i t u t i o n  o f  fa t  for  
p r o t e i n .  

W a s s m e r  e t  al. (13) d e s c r i b e d  t h a t  a n  i n c r e a s e d  a c t i v i t y  o f  l y m p h  ES-2  
w a s  s e e n  in  m i c e  a f t e r  i n f u s i o n  o f  fa t  i n to  t h e  d u o d e n u m .  M o u s e  e s t e r a s e  
i s o z y m e  ES-1 is a s s u m e d  to b e  h o m o l o g o u s  w i t h  ra t  ES-1  (14, 15). W a s s m e r  
et  al. (13) h a v e  p u t  f o r w a r d  t h a t  m o u s e  ES-2  b e c o m e s  a s s o c i a t e d  w i t h  l i p i d  
d r o p l e t s  d u r i n g  fa t  r e s o r p t i o n  b y  t h e  e n t e r o c y t e  a n d  r e m a i n s  a s s o c i a t e d  
d u r i n g  t h e  f o r m a t i o n  o f  p r i m a r y  e h y l o m i c r o n s  a n d  t h e i r  e x t r u s i o n  in to  t h e  
l y m p h .  T h u s  i t  w o u l d  fo l l ow  t h a t  ES-1 m i g h t  be  i n v o l v e d  in  fa t  a b s o r p t i o n  
a n d  t h a t  i t  is r e l e a s e d  f r o m  t h e  i n t e s t i n e  d u r i n g  t h i s  p r o c e s s .  T h e  p r e s e n t  
s t u d y  s u p p o r t s  t h i s  h y p o t h e s i s  b e c a u s e  i t  s u g g e s t s  t h a t  t h e  a m o u n t  o f  
d i e t a r y  fa t  s p e c i f i c a l l y  i n f l u e n c e s  p l a s m a  ES-1 ac t iv i t i e s .  

Acknowledgements 

We thank G. Van Tintelen (Laboratory Animal Center, Agricultural University, 
The Netherlands) for taking care of the animals and for biotechnical assistance, and 
M. Den Bieman and M. J. A. Van der Wouw for expert analytical help. 

References 

1. Kriseh K (]971) In: Boyer PD (ed) The Enzymes. Academic  Press, New York 
London, 5:43 

2. Van Lith HA, Meijer GW, Van Zutphen LFM, Beynen AC (1989) Lipids 24:86 
3. Beynen AC (]987) Nutr  Rep Int 35:1327 
4. Hock AC, Lemmens  AG, Mull ink JWMA, Beynen AC 0988) J Nutr  118:1210 
5. Sullivan DR, Kruijswijk Z, West CE, Kohlmeijer  M, Katan MB (1985) Clin Chem 

3h1227 
6. Folch J, Lees M, Sloane-Stanley GH (1957) J Biol Chem 266:497 
7. Metcalfe LD, Schmitz AA, Pelka JR (1966) Anal Chem 18:514 
8. Osborne DR, Voogt P (1978) The Analysis of Nutrients  in Food. Academic  

Press, London 
9. Beynen AC, Lemmens  AG, Katan MB, De Bruijne J J, Van Zutphen LFM (1987) 

Comp Biochem Physiol  87B:41 
10. SPSSX User 's  Guide, 2nd edition (1986) SPSS  Inc., Chicago, USA 
11. Meijer GW, De Bruijne J J, Beynen AC (1987) Int J Vit Nutr Res 57:319 
12. Halpern M J, Mesquita MF (1986) In: Beynen AC (ed) Nutri t ional Effects on 

Cholesterol Metabolism. Transmondial ,  Voorthuizen, p 81 
13. Wassmer B, Augenstein U, Ronai A, De Looze S, Von Deimling O (1988) Comp 

Biochem Physiol  91B:179 
14. August insson KB, Henricson B (1966) Biochim Biophys Acta 124:323 
15. Van Zutphen LFM, Den Bieman MGCW (1988) In: Beynen AC, Solleveld HA 

(eds) New Developments  in Biosciences: Their Implicat ions for Laboratory  
Animal  Science. Martinus Nijhoff Publishers,  Dordrecht,  p 197 

Received February  28, 1990 

Authors '  address:  

H. A. Van Lith, M.Sc., Depar tment  of Laboratory  Animal  Science, State University, 
P.O. Box 80.166, 3508 TD Utrecht, The Netherlands 


