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Indications for adaptation to differently high vitamin C 
supplies in guinea pigs 
2. Development of hepatic amounts of microsomal protein 
and cytochromes (P-450, bs) after altered dosing 

E. D e g k w i t z  u n d  R.-H. B 6 d e k e r  

B i o c h e m i s c h e s  I n s t i t u t  d e r  U n i v e r s i t ~ t  G ie •en  
I n s t i t u t  ff ir  M e d i z i n i s c h e  I n f o r m a t i k  d e r  U n i v e r s i t a t  G i e B e n  

Summary: Guinea pigs longlastingly (6-8 weeks) suppl ied with 680 rag/100 g 
vi tamin in the food and for ten weeks thereafter exposed  to: 

5 rag/100 g: show no abil i ty to maintain the amounts  of hepatic microsomal  
cytochrome P-450 

20 mg/100 g: show the typical  symptom of an evolving adaptat ion by an overshoot  
of the amounts  of hepat ic  microsomal  cytochrome P-450. 

Zusammenfassung: Meerschweinchen,  die fiber lange Zeit  (6-8 Wochen) 680 rag/ 
100 g Vitamin C im Fut te r  erhalten hat ten und dann 10 Wochen lang subst i tuier t  
wurden mit  

5 mg/100 g, konnten  in der  Leber  nicht  die Gehalte an mikrosomalem Cytochrom 
P-450 aufrechterhal ten 

20 mg/100 g, zeigten in der Leber  das fiir eine Adapta t ion  typische Unterschwin- 
gen bei dem Gehalt  an mikrosomalem Cytochrom P-450. 

Key words: guinea pigs, adapta t ion of hepat ic  microsomal  proteins and c_yto- 
chromes P-450 and b5 to different vi tamin C supplies  

Schlf~sselw6rter: Meerschweinchen,  mikrosomales  Protein;  C_ytochrome P-450 
und bs; Vitamin-C-Substi tut ion 

I n t r o d u c t i o n  

I n  p r e c e d i n g  i n v e s t i g a t i o n s  (3, 4, 8, 9) w e  f o u n d  a d e c r e a s e  o f  t h e  h e p a t i c  
m i c r o s o m a l  p r o t e i n  a n d  c y t o c h r o m e s  P-450 a n d  b5 in  g u i n e a  p i g s  c o m -  
p l e t e l y  u n s u p p l i e d  w i t h  v i t a m i n  C. F u r t h e r  r e s e a r c h  on  t h e  c y t o c h r o m e s  
p o i n t e d  to  a l t e r a t i o n s  in  t h e  m e t a b o l i s m  o f  t h e  h e m e  p a r t  (8 a n d  9). B u t  in  
o u r  o p i n i o n  t h e  f r e q u e n t l y  u t i l i z e d  m o d e l  s y s t e m  o f  t o t a l  l a c k  o f  v i t a m i n  C 
s u p p l y  t u r n e d  o u t  u n s a t i s f a c o r y .  T h e  g u i n e a  p i g s  d i e  a f t e r  a b o u t  f o u r  
w e e k s  a n d  t h e  m e t a b o l i c  e q u i l i b r i u m  is p r o g r e s s i v e l y  d e r a n g e d  in  f a v o u r  
o f  t h e  c a t a b o l i c  r e a c t i o n s  w i t h o u t  a n y  p r o s p e c t  o f  a n e w  s t e a d y  s ta te ,  
e n a b l i n g  f a r - r e a c h i n g  i n v e s t i g a t i o n s .  I t  s e e m e d  m o r e  f a v o u r a b l e  to  
e x a m i n e  i f  t h e  m i c r o s o m a l  p r o t e i n  a n d  c y t o c h r o m e  d e c r e a s e s  a r e  
r e s t r i c t e d  to c o m p l e t e  l a c k  o f  v i t a m i n  C o r  i f  t h e y  o c c u r  as  w e l l  a f t e r  a 
r e d u c t i o n  o f  t h e  s u p p l y .  

960 
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The  e x p e r i m e n t a l  g u i n e a  p igs  we re  the  s a m e  as i n  n u m b e r  o n e  of  th i s  
ser ies  (5), B u t  we  r e n o u n c e d  e s t i m a t i o n s  a l r e ady  af ter  one  w e e k  af ter  the  
c h a n g e  of the  v i t a m i n  C s u p p l y  a n d  also a g u i n e a  pig  g r o u p  w i t h  the  
i nc r ea se  to 90 mg/100 g s u p p l y  af ter  a d a p t a t i o n  to 20 rag/100 g v i t a m i n  C in  
the  food.  

Materials and Methods 

For the guinea pigs see ref. 5, with the exception that no animals were already 
killed after one week. 

For the separation of liver microsomes and the determination of the cytochromes 
P-450 and b5 see ref. 3. 

Protein was determined by the method of Beisenherz et al. (I) but  turbidities were 
estimated by the method of Bode et al. (2) additionally. 

Statist ical  analysis  

F o r  t he  ser ia l  g u i n e a  p ig  g r o u p s  d e c r e a s e d  to 20 mg/100 g a n d  5 mg/100 g 
v i t a m i n  C i n  the  food  see ref. 5. 

F o r  the  ser ia l  g u i n e a  p ig  g r o u p s  ra i sed  to 680 mg/100 g see ref. 7. H0: 
t he re  is n o  i n f l u e n c e  of  t he  t i m e  a f te r  a l t e r ed  d o s i n g  o n  the  a m o u n t s  of  
h e p a t i c  m i c r o s o m a l  p r o t e i n  a n d  c y t o c h r o m e s .  

Results  

T h e  v a l u e s  the  g u i n e a  p ig  g r o u p s  h a d  s t a r t ed  w i t h  be fo re  t h e i r  s u p p l y  
w i t h  v i t a m i n  C was  c h a n g e d  w e r e  i n c l u d e d  in  the  f o l l ow i ng  t ab l e s  1-6 
(= zero weeks)  a n d  in  the  c o r r e s p o n d i n g  s ta t i s t ica l  e v a l u a t i o n s .  S i n c e  we  

Table 1. Amounts  of hepatic microsomal protein in guina pigs reduced to 
5 mg/100 g and 20 mg/100 g vitamin C in the food respectively from 680 rag/100 g (= 
starting value = zero weeks). 

Combination n [mg proteinlg liver] 
A B mean standard deviation 

5 0 6 21.57 1.611 
5 2 6 16.67 2.165 
5 4 6 16.68 2.715 
5 6 6 16.42 2.740 
5 8 6 20.27 2.329 
5 10 6 20.88 3.555 

20 0 6 21.57 1.611 
20 2 6 20.70 1.990 
20 4 6 17.58 2.549 
20 6 6 18.83 2.270 
20 8 6 18.95 3.140 
20 10 6 23.30 1.390 

Combination: 
A = [rag vitamin C/100 g food] 
B = [weeks] after reduction of the vitamin supply 
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Table 2. Amounts  of hepatic microsomal cytochrome 1='-450 in guinea pigs reduced 
to 5mg/100g and 20mg/100g vitamin C in the food respectively from 680mg/100g 
(= starting value = zero weeks). 

Combination n [n mol cyt. P-450/mg protein] 
A B mean standard deviation 

5 0 6 1.045 0,084 
5 2 6 0.851 0.084 
5 4 6 0.776 0.150 
5 6 6 0.713 0.064 
5 8 6 0.613 0,060 
5 10 6 0,676 0,064 

20 0 6 1,045 0.084 
20 2 6 0.851 0,039 
20 4 6 0.828 0.031 
20 6 6 1.057 0,096 
20 8 6 0.945 0.049 
20 10 6 0.935 0.044 

Combination: 
A = frog vi tamin C/100 g food] 
B = [weeks] after reduction of the vi tamin supply 

a l r e a d y  k n e w  (3) t h a t  t h e  t u r n o v e r  t i m e s  o f  t h e  m i c r o s o m a l  p r o t e i n  a n d  t h e  
t w o  c y t o c h r o m e s  a re  far  l o n g e r  t h a n  t h o s e  o f  t h e  a s c o r b i c  a c i d  l e v e l s  
i n v e s t i g a t e d  in  ref. 5 a n d  t h a t  t h e  m a r g i n  w i t h i n  t h e  v a l u e s  a re  m o d i f i e d  
are  r a t h e r  n a r r o w  it  s e e m e d  a d e q u a t e  to  i n c l u d e  t h e  s t a r t i n g  v a l u e s  (in 
o p p o s i t i o n  to  ref. 5). 

Table 3. Amounts  of  hepatic microsomal cytochrome b5 in guinea pigs reduced to 
5mg/100g and 20mg/100g vi tamin C in the food respectively from 680mg/100g 
(= starting value = zero weeks). 

Combination n [n mol cyt, b J m g  protein] 
A B mean standard deviation 

5 0 6 0.760 0.081 
5 2 6 0,743 0,055 
5 4 6 0.786 0.053 
5 6 6 0.643 0.038 
5 8 6 0.616 0,099 
5 10 6 0.623 0,101 

20 0 6 0.760 0,081 
20 2 6 0.685 0,060 
20 4 6 0,770 0,053 
20 6 6 0.881 0.123 
20 8 6 0.878 0.097 
20 10 6 0.823 0,041 

Combination: 
A = [mg vi tamin C/100 g food] 
B = [weeks] after reduct ion of the vi tamin supply 
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Table 4. Amounts of hepatic microsomal protein in guinea pigs increased to 
680 mg/100 g vitamin C in the food from 20 mg/100 g (= starting value = zero weeks). 

[weeks]* [mg proteirgg liver] 
n mean standard deviation 

0 6 18.89 2.205 
2 6 19.44 1.744 
4 6 18.20 2.511 
6 6 21.37 2.254 
8 6 21.04 2.254 

10 6 21.32 1,701 

* [weeks] after increase of the vitamin supply 

a) D e v e l o p m e n t  of  the  a m o u n t s  of  hepa t i c  m i c r o s o m a l  p r o t e i n  and  cyto-  
c h r o m e s  P-450 a n d  b5 af te r  c h a n g e  of  the  v i t a m i n  s u p p l y  f rom 680 mg/  
100 g to 20 mg/100 g and  5 mg/100 g v i t amin  C in the  food respec t ive ly .  

Tab le  1. A m o u n t s  of  hepa t i c  m i c r o s o m a l  prote in .  The  t ime  courses  of  the  
a m o u n t s  of  hepa t i c  m i c r o s o m a l  p ro t e in  in the  two ser ia l  gu inea  p ig  g roups  
show no ind ica t ion  of  in t e rac t ion  af ter  the  dec rease  in the  s u p p l y  (p > 0.1). 
The  a m o u n t s  are u n e q u a l  in the  course  of  t ime  (p < 0.001), showing  a s l ight  
t e n d e n c y  to a t r a n s i e n t  dec rease  and  a r ecove ry  af ter  a t  la tes t  t en  weeks ,  

Tab le  2. A m o u n t s  of hepa t i c  m i c r o s o m a l  c y t o c h r o m e  P-450. The  t ime  
courses  of  the  a m o u n t s  of  hepa t i c  m i c r o s o m a l  c y t o c h r o m e  P-450 in the  
two  ser ia l  gu inea  p ig  g roups  show no pa ra l l e l i sm af te r  t he  dec rea se  in t he  
v i t a m i n  s u p p l y  (p < 0,001). I n  the  gu inea  p igs  e x p o s e d  to 5 mg/100 g s u p p l y  
the  a m o u n t s  dec l ine  p rog re s s ive ly  a n d  do  no t  recover .  The  a dd i t i ona l  
Schef fe - tes t  y i e lds  p < 0.001 for  the  d e c r e a s e  af te r  e igh t  and  t en  w e e k s  
c o m p a r e d  w i th  the  in i t ia l  amoun t .  In  the  gu inea  p igs  e x p o s e d  to 20 mg/  
100 g s u p p l y  the  a m o u n t s  dec rease  wi th in  the  f irst  four  weeks  and  recover  
thereaf ter .  The  add i t i ona l  Schef fe - tes t  y ie lds  p<0 .001  as wel l  for the  
dec rease  af ter  four  w e e k s  c o m p a r e d  wi th  the  ini t ia l  a m o u n t  as for the  
inc rease  b e t w e e n  four  and  s ix  weeks .  

Table 5. Amounts of hepatic microsomal cytochrome P-450 in guinea pigs increased 
to 680mg/100g vitamin C in the food from 20mg]100g (= starting value = zero 
weeks). 

[weeks[* [n mol cyt. P-450/mg protein] 
n mean standard deviation 

0 6 1.001 0.093 
2 6 1.141 0.078 
4 6 1.088 0.141 
6 6 1.040 0.077 
8 6 1.020 0,111 

10 6 1.031 0.165 

* [weeks] after increase of the vitamin supply 
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Table 6. Amounts of hepatic microsomal cytochrome b5 in guinea pigs increased to 
680 mg/100 g vitamin C in the food from 20 mg/100 g (= starting value = zero weeks). 

[weeks]* [n mol cyt. P-450/mg Protein] 
n mean standard deviation 

0 6 0.825 0.095 
2 6 0.711 0.114 
4 6 0.685 0.089 
6 6 0.738 0.104 
8 6 0.760 0.060 

10 6 0.808 0.117 

* [weeks] after increase of the vitamin supply 

Table 3. Amoun t s  of  hepatic  microsomal  cy toch rome  bs. 
The t ime courses  of  the amoun t s  of  hepatic microsomal  cy toch rome  b5 

in the two serial guinea pig groups  show no parallelism after the decrease 
in the vi tamin supply  (p < 0.0001). In  the guinea pigs exposed  to 5 rag/100 g 
supply  the amoun t s  tend  to a decline. The addit ional  Scheffe-test  for the 
difference in the amoun t s  be tween  the groups  exposed  to 5 mg/100 g and 
20 mg/100 g v i tamin at ten weeks  C yields p < 0.001. In  the guinea  pigs 
exposed  to 20 mg/100 g supply  the amoun t s  tend  to a transient  decrease 
and a recovery  after six weeks.  The addit ional  Scheffe-test  yields p < 0.01 
for the increase be tween  two and six or ten weeks.  
b) Course  of  amoun t s  of  hepat ic  microsomal  protein and cy tochromes  

P-450 and b5 after change  of  the vi tamin supply  from 20 mg/100 g to 
680 mg/100 g vi tamin C in the food. 

Table 4. Amoun t s  of  hepat ic  microsomal  protein. 
The amoun t s  are not  equal  in the t ime invest igated (p = 0.04) but  do not  

show an evident  overshoot.  
Table 5. Amoun t s  of  hepat ic  microsomal  cy toch rome  P-450. 
The amoun t s  tend to no modif icat ions in the t ime investigated (p > 0.4). 
Table 6. Amoun t s  of  hepat ic  microsomal  cy toch rome  bs. 
The amoun t s  tend  to no modif icat ions  in the t ime invest igated (p > 0.3). 

Discussion 

The results in the guinea pigs reduced  to 5 mg/100 g vi tamin C in the 
food are analogous to the ou tcome  in the ascorbic levels (5) with except ion  
of  a rather  slight overshoot  in the microsomal  protein. These results 
conf i rm the impress ion that  such guinea pigs lost sufficient possibilities to 
adapt  to this low support .  Fur ther  investigations (6) demons t ra t ed  that  the 
decrease of  cy toch rome  P-450, which  is k n o w n  to play a role in the  
metabol i sm of exogenous  and endogenous  water-unsoluble  substances,  
causes e longated sleeping t imes after applicat ion of  evipane. 

The f inding that  5 rag/100 g in the food is an about  marginal  supply  for 
survival (see also ref. 5) is conf i rmed by  the ou tcome  that  the marginal  
suppor t  is dependen t  on the  m a n n e r  of  the supply.  The amoun t s  of  the 
hepat ic  microsomal  cy toch rome  P-450 are no t  decreased,  if the guinea pigs 
receive the summar ized  lot of  vi tamin C that  they  would  consume  in the 
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course  of  one  w e e k  in two single por t ions  app l i ca ted  via  s t o m a c h  t u b e  at  
an  in terval  o f  th ree  and  a ha l f  days  (6). 

The  guinea  pigs r educed  to 20 rag/100 g v i t amin  C in the  food show an  
ev iden t  ove r shoo t  in the  a m o u n t s  of  hepat ic  m i c r o s o m a l  c y t o c h r o m e  
P-450 and hence  a typica l  s y m p t o m  of  an evolv ing  adapta t ion .  In  the  
a m o u n t s  of  the  hepa t ic  m i c r o s o m a l  pro te in  and  c y t o c h r o m e  b5 there  is bu t  
a faint  overshoot .  Since the  marg ins  wi th in  the  values  are modi f ied  are 
ra ther  na r row it is difficult  to pe rce ive  a clear  ove r shoo t  of  these  amounts .  
The  resul ts  are in par t  con fo rm  wi th  our  f indings in the mode l  sys t em of  
to ta l  lack  of  v i t amin  C supply .  For  we  as wel l  found  a larger  and  faster  
decl ine of  the  hepa t ic  m i c r o s o m a l  c y t o c h r o m e  P-450 than  of the  micro-  
somal  p ro te in  and  c y t o c h r o m e  b5 u n d e r  these  condi t ions  (3) appa ren t l y  
due  to longer  half-life t imes  of  the  latter.  I t  s eems  sensible  tha t  it is easier  
to pe rce ive  an ove r shoo t  of  a subs t ance  wi th  a shor te r  ha l f  life and  wider  
ma rg in s  wi th in  the  va lues  are mod i f i ed  l ike c y t o c h r o m e  P-450. H e n c e  an 
ove r shoo t  of  the  a m o u n t s  of  m i c r o s o m a l  p ro te in  and  c y t o c h r o m e  b5 m a y  
c o m e  into ques t ion  as well. 

S ince  guinea  pigs a d a p t e d  to 20 rag/100 g v i t amin  C in the  food have  the  
same  a m o u n t s  of  hepa t ic  m i c r o s o m a l  c y t o c h r o m e s  P-450 and  b5 like such  
adap t ed  to 680 mg/100 g an ove r shoo t ing  m i g h t  only  be  expec t ed  in gu inea  
pigs at first  adap t e d  to 5 mg/100 g s upp l y  and  e x p o s e d  to h igher  levels 
thereaf ter .  Bu t  accord ing  to the  small  d i f ferences  b e t w e e n  the  a m o u n t s  
and  the  l imi ted  sensibi l i ty  of  the  de t e rmina t ion  of  the  c y t o c h r o m e s  we 
r e n o u n c e d  an inves t igat ion of  this  kind.  

As to the  m e c h a n i s m  of  the  decreases  in the  a m o u n t s  of  the  hepa t i c  
m i c r o s o m a l  c y t o c h r o m e s  p rev ious  inves t iga t ions  (8) especia l ly  on cyto- 
c h r o m e  P-450 in the m o d e l  s y s t e m  of  c o m p l e t e  lack  of  v i t amin  C supp ly  
a l ready had  shown,  tha t  the  low a m o u n t s  are  only  indirect ly  due  to the  
s u b o p t i m a l  ascorbic  acid levels, s ince the  a m o u n t s  could  be  ra ised by  
other  subs tances  t han  ascorb ic  acid, for e x a m p l e  by  6-aminolaevul in ic  
acid or by  phenobarb i ta l .  I f  it is t aken  into accoun t  tha t  the  two subs t ances  
s t imula te  qui te  di f ferent  me tabo l i c  pa t hways  m o r e  over  tha t  the  adap t ing  
needs  the  long per iod of  s ix-eight  weeks  and  tha t  long las t ing adap t ing  
t imes  usual ly  inc lude  an i nvo lvemen t  of  s lowly act ing h o r m o n e s  it could  
be  t aken  into cons idera t ion  tha t  the  r ema in ing  low a m o u n t s  of  cyto- 
c h r o m e  P-450 (and bs) and  the r ema in ing  low levels  of  ascorbic  acid in the  
guinea  pigs  adap t ed  to 5 mg/100 g v i t amin  C in the  food are the resul t  o f  a 
cer ta in  h o r m o n a l  conste l la t ion re ign ing  the  me tabo l i sm.  For  tha t  r eason  
we  c o m p a r e d  c o m m o n  clinical b iochemica l  p a r a m e t e r s  in gu inea  pig 
g roups  a d a p t e d  to a def ined  v i t amin  C s upp l y  in a suit  b e t w e e n  5 mg/100 g 
and  680 mg/100 g in the  food (7). 
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