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Summary:  Dietary casein, compared to vegetable protein, causes hypercholes- 
terolemia in some animal species. This may be associated with a change of hor- 
monal  status. Among others, OH has an important  impact  on cholesterol metabol- 
ism; OH deficiency results in hypercholesterolemia. 

This paper shows that the rhythmic variation of GH levels in rats is differently 
affected by different dietary proteins. Within a 4-h observation period overall mean 
values and integrated areas under the GH levels plotted against t ime are higher with 
casein as compared to soy protein. Secretory OH peak values are lower than 
reported before for chow-fed rats. These observations support the idea that differ- 
ent dietary proteins cause a different endocrine response. 

As GH levels are higher with casein, while lower levels would be expected to be 
associated with hypercholesterolemia, the observed differences are obviously of 
less relevance for the expression of casein-induced hypercholesterolemia. 

Zusammenfassung:  Casein, im Gegensatz zu pflanzlichen Proteinen, ffihrt bet 
einigen Tierspezies zu Hypercholesterinfimie. Dies k6nnte mit einer Anderung des 
Hormonstatus einhergehen. Neben anderen Hormonen hat das Wachstumshormon 
(GH) eine wichtige Rolle in der Regulation des Cholesterinstoffwechsels. Ein GH- 
Mangel ffihrt zu Hypercholesterinfimie. 

Diese Untersuchung zeigt, dab die zyklischen Schwankungen der OH-Spiegel 
durch die Art des Nahrungsproteins beeinfluBt werden. Die GH-Mittelwerte und 
die errechnete Flfiche unter den GH-Spiegeln fiber 4 Stunden sind bet Casein- 
geffitterten Tieren h6her als bet Sojaprotein-geffitterten Tieren. Hbhere OH-Spiegel 
in Casein-geffitterten im Vergleich zu Gluten-geffitterten Tieren wurden bereits 
beobachtet.  Unsere Daten unterstfitzen also die These, dab verschiedene Nahrungs- 
proteine zu unterschiedlichen endokrinen Antworten ffihren. 

Da aber niedrige GH-Spiegel die Voraussetzung for die Ausbildung ether Hyper- 
cholesterinfimie sind, k6nnen die beobachteten Unterschiede nicht die Basis ffir die 
Auspr~gung einer Casein-induzierten Hypereholesterinfimie sein. 

K e y  words: growth hormone, c_asein, _soy protein, endocrine response, h_ypercho- 
lesterolemia 

Schl~sselwdrter: W achstumshormon, Casein, _Sojaprotein, endokrine Reaktion, 
_H_ypercholesterinfimie 
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Introduct ion  

C a s e i n  in  a s e m i s y n t h e t i c  d i e t  ha s  a h y p e r c h o l e s t e r o l e m i c  e f f ec t  in  s o m e  
a n i m a l  s p e c i e s  as  c o m p a r e d  to  s o y  p r o t e i n  o r  o t h e r  v e g e t a b l e  p r o t e i n s .  
Th i s  is  n o t  t h e  c a s e  in  h e a l t h y  m a n  (1). T h e  b i o c h e m i c a l  m e c h a n i s m  for  
th i s  e f f ec t  is  n o t  y e t  fu l l y  u n d e r s t o o d ,  t h o u g h  s e v e r a l  g a s t r o i n t e s t i n a l  a n d  
m e t a b o l i c  p a r a m e t e r s  a r e  i n f l u e n c e d  b y  d i e t a r y  p r o t e i n s  a n d  h a v e  b e e n  
p r o p o s e d  as  t h e  m a i n  c a u s e  (2). 

I t  m i g h t  a l so  b e  t h a t  h o r m o n e s  a r e  i n v o l v e d .  C a s e i n  in  c o m p a r i s o n  to  s o y  
p r o t e i n  (3-6) o r  g l u t e n  (7) h a s  b e e n  r e p o r t e d  to  r a i s e  p l a s m a  i n s u l i n  (3, 4) 
a n d  G H  c o n c e n t r a t i o n s  (7) a n d  to  l o w e r  g l u c a g o n  (4) a n d  t h y r o i d  h o r m o n e  
c o n c e n t r a t i o n s  (5, 6). A l l  t h e s e  h o r m o n e s  a f f ec t  l i p i d  m e t a b o l i s m  a n d  
p l a s m a  l i p id s .  H y p o p h y s e c t o m y  c a u s e s  h y p e r c h o l e s t e r o l e m i a  in  t h e  r a t  (8, 
9). G r o w t h  h o r m o n e  d e f i c i e n c y  in  m a n  is a l so  a s s o c i a t e d  w i t h  h y p e r -  
c h o l e s t e r o l e m i a  (10-13). I n  s o m e  (10, 11) - b u t  n o t  a l l  - c a s e s  p l a s m a  
c h o l e s t e r o l  c o n c e n t r a t i o n s  w e r e  l o w e r e d  f o l l o w i n g  p h y s i o l o g i c a l  d o s e s  o f  
GH.  O n e  s t u d y  s h o w e d  t h a t  s u p r a p h y s i o l o g i c a l  d o s e s  o f  G H  l o w e r e d  
p l a s m a  c h o l e s t e r o l  in  s u b j e c t s  w i t h  n o r m a l  G H  c o n c e n t r a t i o n s  (14). Sev -  
e ra l  c h a n g e s  in  l i p i d  m e t a b o l i s m  h a v e  b e e n  o b s e r v e d  w h i c h  m a y  c o n t r i b -  
u t e  to  th i s  e f fec t :  G H  s t i m u l a t e s  (15) a n d  G H  d e f i c i e n c y  d e c r e a s e s  c h o l e s -  
t e r o l  s y n t h e s i s  (9). A p p l i c a t i o n  o f  G H  r e d u c e s  l i p o p r o t e i n  l i p a s e  a n d  
h e p a t i c  l i p a s e  a c t i v i t i e s  (11) a n d  i n h i b i t s  l i p o g e n i c  e n z y m e s  (16). O n  t h e  
o t h e r  s i de  G H  s t i m u l a t e s  b i l e  a c i d  s y n t h e s i s  (12) a n d  e n h a n c e s  h e p a t i c  
c h o l e s t e r o l  7 a - m o n o x y g e n a s e  a c t i v i t y  (17). 

G H  e f fec t  m i g h t  as  we l l  b e  i n d i r e c t .  G H  i n d u c e s  b o t h  g l u c a g o n  a n d  
i n s u l i n  r e l e a s e  (18). T~ a n d  G H  ac t  s y n e r g i s t i c a l l y  in  l o w e r i n g  p l a s m a  
c h o l e s t e r o l  o f  e i t h e r  h y p o p h y s e c t o m i z e d  o r  t h y r o i d e c t o m i z e d  r a t s  (8, 9). 
T h e  c o m b i n e d  a c t i o n  o f  T3 a n d  G H  is n e c e s s a r y  for  m a i n t a i n i n g  n o r m a l  
l eve l s  o f  a s u b s e t  o f  T 3 - r e s p o n s i v e  m - R N A  s p e c i e s  (19). 

Th i s  w o r k  p r e s e n t s  p l a s m a  G H  d a t a  o b t a i n e d  f r o m  c a s e i n -  a n d  s o y  
p r o t e i n - f e d  r a t s  b y  r e p e t i t i v e  b l o o d  s a m p l i n g  o v e r  4 h in  f r e e - m o v i n g ,  
u n a n e s t h e t i z e d  a n i m a l s .  R e p e t i t i v e  d e t e r m i n a t i o n s  a r e  e s s e n t i a l  as  r a t  
p l a s m a  G H  c o n c e n t r a t i o n s  c h a n g e  in  a r h y t h m i c  p a t t e r n  (20). 

Methods  

Animals and diets 

Seventeen male Wistar rats (4 weeks old, mean body weight  41 g) were housed in 
wire-mesh stainless steel cages under  constant  tempera ture  (21~ and humidi ty  
(52 %) and a 12 h l ight-dark cycle. Light  period was from 0600 to 1800 hours. They 
were kept  in groups of four during the first four weeks and then one per  cage for a 
further f ive-seven weeks. They were fed ad l ibi tum a semisynthet ic  diet as detai led 
in Table 1 and as used before by Sugano et al. (3, 4) during the whole 9-11 weeks  
period. Dietary protein was either casein or soy protein isolate. Food  consumpt ion  
and weight gain were identical for the two groups. Body weights at the end of the 
feeding period were 334.0 + 6.2 g (casein) and 328.8 + 5.1 g (soy protein). 

Experimental design 

In the morning, 2 h before beginning the blood sampling, a silicon catheter  was 
inserted into the vena jugularis  of two to three animals under  l ight ether anesthesia 
(21). Blood sampling was performed in the animal house between 1035 and 1445 
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Table 1. Diet composition. 

Ingredient g/100 g 

Sucrose  69 
P ro t e in  1 20 
Corn oil 1 
Cel lulose 2 
Vi tamins  2 2 
Minera ls  3 6 

] P ro t e in  source  was  e i ther  case in  (ac id-prec ip i ta ted ,  Sero lac t  P 65 wi th  15 % N of  
dry  weight)  f rom Baye r i s che  M i l c h v e r s o r g u n g s b e t r i e b e ,  Nf i rnberg ,  FRG,  or soy- 
bean  p ro te in  isolate  (Pur ina  No 610 wi th  14.8 % N of d ry  weight )  f rom Ra l s ton  
Pur ina ,  St. Louis,  Mo., U S A  
2:3 Vi tamin  and  minera l  m i x  was  p r e p a r e d  by Al t romin  G m b H ,  Lage,  FRG.  Vi t amin  
mix  was  s u p p l e m e n t e d  wi th  0.35 % m e t h i o n i n e .  

hou r s  in non- fas ted ,  u n a n e s t h e t i z e d  an imal s  w i t h  free access  to food and  water .  
Care was  t aken  no t  to d i s tu rb  the  animals .  Eve ry  15 m i n  a 0.2 ml  hepa r in i zed  p l a s m a  
s amp le  was  d r a w n  f rom the  ca the t e r  and  was  cen t r i f uged  immed ia t e ly .  P l a s m a  
s a m p l e s  were  first  k e p t  on ice and  t h e n  s to red  at - 7 0  ~ E r y t h r o c y t e s  w e r e  resus-  
p e n d e d  in sal ine and  r e in jee ted  af ter  the  fo l lowing b lood  wi thdrawal .  

P ro lae t in  and  GH levels  were  d e t e r m i n e d  in p l a sma  s amp l e s  us ing  RIA tes ts  
k ind ly  p rov ided  by the  NIAMDD.  F r o m  the  first  and  last  b lood  s amp l e  an a l iquo t  
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Fig. 1. Circadian r h y t h m  of  GH levels  in case in- fed  ( 0  - �9 No. 5, x - -  • No. 9) and  
soy pro te in- fed  rats (Q - �9 No. 6, x - -  x No. 4) over  4 h. 
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was taken for hematocrit. Statistical calculations were done using Student 's  t-test 
Means + SEM are given throughout. 

R e s u l t s  

E r y t h r o c y t e s  w e r e  r e i n j e c t e d  d u r i n g  the  b l o o d  s a m p l i n g  p e r i o d  in o r d e r  
to  p r e v e n t  a n e m i a  and  h e m o d i l u t i o n .  I t  was ,  h o w e v e r ,  no t  p o s s i b l e  to 
a v o i d  b l o o d  loss  c o m p l e t e l y .  T h e  h e m a t o c r i t  a v e r a g e d  42.5 +_ 0.7 % at t h e  
b e g i n n i n g  and  38.3 + 0.9 % in t h e  e n d  of  the  b l o o d  s a m p l i n g  pe r iod .  

P r o l a c t i n  l eve l s  w e r e  m e a s u r e d  in  o r d e r  to e v a l u a t e  p o t e n t i a l  s t ress  o f  
t h e  an ima l s .  V a l u e s  w e r e  b e l o w  the  18.3 +_ 0.3 n g / m l  r e p o r t e d  in a n o t h e r  
s t u d y  (21). T h e r e  was  no  s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  d i e t a r y  g r o u p s  
w i t h  9 .75+0 .77  ( range  7.13-15.11) for  c a s e i n - f e d  and  8 .00+0 .33  ( r ange  
5.95-14.9) n g / m l  for  soy  p r o t e i n - f e d  an ima l s .  

T h e r e  w a s  a d i f f e r e n t  r e s p o n s e  of  t h e  r h y t h m i c  G H  s e c r e t o r y  p a t t e r n  
f o l l o w i n g  d i e t a r y  ca se in  or  soy  p ro te in .  F i g u r e  1 s h o w s  the  G H  p a t t e r n  in 
t w o  case in -  and  soy p r o t e i n - f e d  rats. G H  s e c r e t o r y  p e a k  v a l u e s  o v e r  200 ng/  
m l  h a v e  b e e n  r e p o r t e d  for  c h o w - f e d  rats  (20). In  t h e  p r e s e n t  s t u d y  sec re -  
t o r y  p e a k  v a l u e s  e x c e e d i n g  100 n g / m l  w e r e  o b s e r v e d  in t h e  c a s e i n  g r o u p  
only.  In  a f ew  cases ,  in  a n i m a l s  o f  b o t h  g roups ,  p u l s a t i l e  G H  s e c r e t i o n  w a s  
h a r d l y  o b s e r v e d  (data  n o t  shown) .  

Table 2. Mean GH levels over 4 h, GH maxima and integrated areas of GH levels 
plotted against t ime in casein- and soy protein-fed rats. 

Dietary group GH Area Mean GH GH Maxima 

Casein 

Soy 

ng/ml • 4 h ng/ml ng/ml 

1 101.1 6.2 10.6 
2 141.4 8.3 14.6 
3 397.3 24.5 72.2 
4 108.0 6.8 7.9 
5 317.1 19.3 71.7 
6 359.1 22.4 89.6 
7 328.7 19.9 201.4 
8 273.9 16.9 34.8 
9 353.5 21.4 178.8 

264.4 ~' 16.2 b 75.7 
SEM + 38.7 • 2.4 • 23.8 

1 140.2 8.5 22.3 
2 130.4 8.1 13.7 
3 168.9 10.5 13.8 
4 183.8 11.3 24.8 
5 204.4 13.2 26.1 
6 183.4 12.1 30.8 
7 130.6 8.1 9.7 
8 130.8 13.2 58.2 

159.0 ~ 10.ff ~ 28.3 
SEM + 10.5 • 0.8 • 8.5 

Mean values sharing common superscripts are significantly different at p < 0.05 
(a, b). 
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Typically, the length of a secretory cycle, as marked  by two sequential  
secretory peaks, amoun ted  to 2 h in both  groups.  As, however,  one of  the 
two sequential  secretory GH peaks was often m u c h  lower than the other, 
one might  wonder  whe ther  they did really mark  the beginning  of  a new 
cycle or whether  they  were just  weak  secretory pulses wi thin  a cycle 
lasting m u c h  longer  than 2 h. 

For  statistical evaluat ion of p ro te in -dependen t  differences of  GH levels 
the integrated area under  the GH levels over 4 h was calculated. Also the 
mean  values and the m a x i m u m  GH peak values of  casein- and soy protein- 
fed animals were compared  (Table 2). Mean GH values and GH areas of the 
t ime-concentra t ion curve were significantly h igher  in casein-fed as com- 
pared to soy protein-fed rats. Due to the high variabili ty of  GH secretory 
episodes in both  groups  GH max ima  were, however ,  not  significantly 
different. 

D i s c u s s i o n  

As cholesterol  levels are positively correlated with the risk of  athero- 
sclerosis and coronary  heart  disease, a t tent ion has been paid to the hyper-  
cholesterolemic effect of casein observed in some animal  species. Hor- 
monal  status may  be one of  the relevant factors by which  the prote in  effect 
is exerted. 

Chow-fed rats show a rhy thmic  GH secre tory  pat tern  with periods of  
3.3 h and with very high pulsatile GH secretory values (20). In  our  s tudy  
the interval be tween secretory episodes was about  2 h and pulsatile GH 
secretory values were lower, part icularly in the soy protein group.  

The data reported herein show that t ime-dependen t  variat ion of  GH 
levels is differently affected by dietary casein and soy protein and that 
values are higher  in casein-fed animals. Higher  GH levels have also been  
reported before for casein-fed as compared  to gluten-fed rats (7). Thus our  
data suppor t  fur ther  the idea that  different dietary proteins cause a diffe- 
rent endocr ine  response.  

The observat ion of higher  GH levels in casein-fed rats is difficult to 
reconcile with the fact that, t hough  hypercholes te ro lemia  is associated 
with low GH levels (8-14), casein is under  certain presuppos i t ions  hyper-  
cholesterolemic as compared  to soy protein. However ,  only hypophysec -  
t omy  but  not  G H  deficiency lead to a p r o n o u n c e d  hypercholes te ro lemia  
and the application of physiological  doses of  GH has only a l imited effect 
on plasma cholesterol,  if there is any at all. This may  explain w h y  
differences of GH levels like those in our s tudy  are of no relevance for 
plasma cholesterol. 
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