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Indications for adaptation to differently high vitamin C 
supplies in guinea pigs 
1. Development of ascorbic acid levels after altered dosing 
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Summary: Guinea pigs suppl ied with 5 mg/100 g vi tamin in the food seem to be at 
the marginal  subst i tut ion for a survival and show no abil i ty to adapt  the ascorbic 
acid metabol ism to this low support .  

Guinea pigs longlastingly (6-8 weeks) suppl ied with 20 mg/100g or 680 mg/100 g 
vi tamin C in the food show the typical  symptoms  of an evolving adaptat ion by an 
overshooting in the course of  the ascorbic acid levels in several organs after a switch 
to an ext remely  different vi tamin C supply.  

Zusammenfassung: Eine Subst i tut ion mi t  5 mg/100g Vitamin C im Fut te r  stellt 
ffir Meerschweinchen anscheinend die  untere Grenze dar, um ein Uberleben zu 
ermSglichen. Sie scheinen keine Mbglichkeit  zu haben, den Stoffwechsel der  
Ascorbins~ure an diese niedrige Subst i tut ion zu adaptieren.  

Meerschweinchen,  die fiber lange Zeit (6-8 Wochen) 20 mg/100 g oder  680 rag/100 g 
Vitamin C im Fut te r  erhalten hatten, zeigen, nachdem der Vitamin-C-Gehalt  im 
Fut te r  drastisch ver~indert worden ist, bei den Ascorbins~iurespiegeln mehrerer  
Organe das ffir eine ablaufende Adaptat ion typische Ober- bzw. Unterschwingen.  

Schlf~sselw6rter: M eerschweinchen,  Ascorbins~iure, Adapt ion  im Stoffwechsel; 
Vitamin C 

Key words: guinea  pigs, adaptat ion in ascorbic  acid metabol ism,  _blood, _liver, 
_spleen, a_drenal glands 

Introduct ion 

T h e r e  is  a n u m b e r  o f  c o n t r a d i c t i o u s  p u b l i c a t i o n s  on  t h e  a s p e c t  o f  a n  
a d a p t a t i o n  in  t h e  m e t a b o l i s m  o f  a s c o r b i c  a c i d  to  r a t h e r  h i g h  v i t a m i n  C 
s u p p l y  in  g u i n e a  p i g s  (1, 8, 10). A c c o r d i n g  to  t h e  a c h i e v e m e n t s  in  
b i o c h e m i s t r y  o f  t h a t  t i m e  t h e r e  w a s  n e i t h e r  a v i e w  o f  t h e  p o s s i b i l i t y  o f  a 
g r a d u a l  a d a p t a t i o n  o f  a s c o r b i c  a c i d  m e t a b o l i s m  c o r r e s p o n d i n g  to  i n c r e a s -  
i n g  v i t a m i n  C s u p p l y  n o r  a v i e w  o f  t h e  p o s s i b i l i t y  o f  a n  a d a p t a t i o n  m a i n l y  
in  s p e c i f i c  o r g a n s  a n d  n o  i m a g i n a t i o n  o f  a n  a d a p t a t i o n  w h i c h  e x c e e d s  
a s c o r b i c  a c i d  m e t a b o l i s m  d r a w i n g  i n t o  t h e  g e n e r a l  m e t a b o l i c  e q u i l i b r i u m .  
I n  t h i s  s e r i e s  (2 + 3) a n d  in  a n o t h e r  (4 + 5) w e  wi l l  p r e s e n t  i n d i c a t i o n s  t h a t  
a l l  t h r e e  o f  t h e s e  p o t e n t i a l i t i e s  t a k e  p l ace .  A s c o r b i c  a c i d  l e v e l s  a s  w e l l  as  
t h e  a m o u n t s  o f  h e p a t i c  a n d  e x t r a h e p a t i c  m i c r o s o m a l  c y t o c h r o m e s  a n d  o f  
h e p a t i c  m i t o c h o n d r i a l  c y t o c h r o m e s  a f t e r  a l t e r e d  d o s i n g  o f  v i t a m i n  C m a y  
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s h o w  t r a n s i e n t  v a l u e s  d u r i n g  a p e r i o d  of  a b o u t  s ix -e igh t  w e e k s  be fo re  t h e y  
a d j u s t  to a n e w  a d a p t e d  s t e a d y  state.  I n  ref. 4 a n d  s u b s e q u e n t  p a p e r s  we  
d e s c r i b e  u n l i k e  c o n c e n t r a t i o n s  of d ive r se  b o d y  s u b s t a n c e s  in  g u i n e a  p igs  
a d a p t e d  to d i f f e r en t ly  h i g h  v i t a m i n  C supp l i e s .  

I n  th i s  p a p e r  w e  p r e s e n t  i n v e s t i g a t i o n s  o n  the  d e v e l o p m e n t  of  a sco rb i c  
ac id  levels  i n  b lood ,  l iver ,  s p l e e n  a n d  a d r e n a l s  o f  g u i n e a  p igs  w h i c h  w e r e  at  
f i rs t  l o n g l a s t i n g l y  (6-8 weeks)  a c c u s t o m e d  to a d e f i n e d  s u p p l y  w i t h  vi t -  
a m i n  C a n d  t h e r e a f t e r  e x p o s e d  to a n  e x t r e m e l y  d i f f e r e n t  l eve l  of  s u b s t i t u -  
t ion .  T h e r e  is a g r e e m e n t  t h a t  i n  the  case  of  a d a p t i n g  p r o c e e d i n g s  t he  
d e v e l o p m e n t  of  t h e  leve ls  s h o u l d  s h o w  a n  o v e r s h o o t  as we l l  a f ter  a 
d e c r e a s e  of  t he  s u b s t i t u t i o n  i n  c o m p a r i s o n  w i t h  the  in i t i a l  s u p p l y  as a f te r  
an  inc rease .  

As  e x a m p l e s  for  a d e c r e a s e  we  i n v e s t i g a t e d  c o m p a r a b l y  t h e  deve lop -  
m e n t  of  the  a sco rb ic  ac id  levels  of  two  g u i n e a  p ig  g roups .  B o t h  were  at  
f irst  a c c u s t o m e d  to t he  v e r y  h i g h  s u p p l y  w i t h  680 mg / 100g  v i t a m i n  C in  
the  food. T h e  o n e  g r o u p  was  e x p o s e d  to 5 mg/100 g thereaf te r ,  t he  o t he r  to 
20 mg/100 g. As e x a m p l e s  for a n  i n c r e a s e  we  as wel l  i n v e s t i g a t e d  c o m p a r a -  
b ly  two  g u i n e a  p ig  g roups .  B o t h  were  at  f i rs t  a c c u s t o m e d  to the  r a t h e r  l ow  
s u p p l y  w i t h  20 mg/100 g v i t a m i n  C in  the  food.  T h e  o n e  g r o u p  was  e x p o s e d  
to 90 rag/100 g thereaf te r ,  t h e  o the r  to 680 mg/100 g. 

Materials  and Methods  

The experiments were carried out in short- and smooth-haired yellow guinea pigs 
of own rearing. All animals were kept at 20 ~ and at about 60 % humidity of the 
atmosphere in air conditioned rooms and were ad l ibi tum provided with water. The 
guinea pigs breeding and their youngsters were kept in large cages and fed ad 
l ibi tum the standard diet C 3012 from "Altromin" and supplementary hay and grass 
(summertime) or pieces of apples, powdered with vitamin C (wintertime). 

The experimental guinea pigs had an initial body weight of about 400 g (i.e. an age 
of about six weeks) and were kept in makrolon cages M4 with insert-floors out of 
stainless steel. They were accustomed to the semisynthetic diet C 3015 (without 
vi tamin C) from "Attromin" for two weeks by a supply with a mixture (1:1) of the 
standard diet C 3011 and of the semisynthetic diet which was adjusted to 20 mg/ 
100 g or 680 mgll00 g vi tamin C in the food respectively. Thereafter the animals were 
fed with the sole supplemented semisynthetic diet for six - eight weeks, in  order to 
bring out a possible adaptation to this supply. After this t ime the vitamin C content  
of the semisynthetic diet was altered as indicated. All guinea pigs investigated had 
gained body weight continuously. The animals were killed after one, two, four, six, 
eight or ten weeks after the supply with vitamin C had been changed. Therefore we 
obtained the values from every guinea pig only at one single point of time: ascorbic 
acid levels in four compartments,  the amounts  of hepatic microsomal protein of 
cytochrome P-450 and cytochrome b5 (results published in 2) and the amounts  of 
stored iron in the liver and in the spleen (results published in 3). The organs were 
dissected immediately and all materials were iced. 

Ascorbic acid was determined by the method of Roe (9). It  thereby was taken into 
account that the standard curves mostly do not cross the zero point. 

Stat is t ica l  analys i s  

T h e  da t a  o b s e r v e d  w e r e  e v a l u a t e d  i n  the  s e n s e  of  e x p l o r a t o r y  d a t a  a n a l y s i s  
u n d e r  t he  a s s u m p t i o n  t h a t  t he  o b s e r v e d  v a r i a b l e s  w e r e  n o r m a l l y  or  log- 
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n o r m a l l y  d i s t r ibu ted .  In  o r d e r  to tes t  the  in f luence  of  the  factors  [v i tamin 
supply]  or [ t ime af ter  a l t e red  dosing]  two-fac tor ia l  ana lys i s  of  va r i ance  was 
used.  I f  the  Ho-hypothes i s  was  re jec ted ,  g roups  of  in te res t  were  c o m p a r e d  
by  Schef fe ' s  p rocedure .  

R e s u l t s  

The va lues  the  gu inea  p ig  g r o u p s  had  s t a r t ed  wi th  before  the i r  s u p p l y  
wi th  v i t amin  C was  c h a n g e d  are  no t  i n c l u d e d  in the  fo l lowing tab les  1-8 
a n d  the  c o r r e s p o n d i n g  s ta t i s t ica l  eva lua t ions .  We a l r e a dy  k n e w  tha t  the  
a sco rb ic  ac id  levels  of  the  l iver  and  the  ad r ena l  g l ands  dec l ine  qu i c k l y  and  
c o n s i d e r a b l y  af ter  w i t h d r a w a l  of  the  v i t amin  (6) and  tha t  the re  is a corre-  
s p o n d i n g  recovery  in the  l iver  levels  af ter  r e n e w e d  s u p p l y  (7). There fore  
tha t  we cou ld  go in search  of  a pos s ib l e  a d a p t i n g  p rocess  a l r eady  one  w e e k  
af ter  a change  in the  subs t i t u t i on  wi th  v i t amin  C. The s ta r t ing  va lues  are  
r e c o r d e d  in the  l egends  of the  c o r r e s p o n d i n g  tables .  
a) D e v e l o p m e n t  of  a scorb ic  ac id  levels  af ter  a dec rease  in s u p p l y  f rom 680 

mg/100g to 20 mg/100g and  5 mg/100g v i t am i n  C in the  food respec-  
t ively.  

Tab le  1. A s c o r b i c  ac id  levels  in the  b lood.  The  t ime  courses  of  the  
a scorb ic  ac id  levels  in the  b l o o d  in the  two ser ia l  gu inea  p ig  g roups  show 
no p a r a l l e h s m  wi th in  the  t ime  inves t iga t ed  (p < 0.0001). The  levels  
d e c l i n e d  af ter  t he  dec rea se  in  the  s u p p l y  in bo th  g r o u p s  d i s t i nc t ly  d u r i n g  
the  f irst  week  and  to an equa l ly  low range.  In  the  gu inea  p igs  d e c r e a s e d  to 
5 rag/100 g the  levels  do no t  t end  to fu r the r  mod i f i ca t i ons  thereaf te r .  Bu t  
they  t end  to an inc rease  in the  g roup  d e c r e a s e d  to 20 mg/100 g v i t a m i n  C in 
the  food. The  add i t i ona l  Schef fe- tes t  y ie lds  p < 0.0001 b e t w e e n  six and  
e igh t  weeks .  

Table 1. Ascorbic acid levels in the blood of guinea pigs reduced to 5 mg/100 g and 
20 rag/100 g vitamin C in the food respectively from 680 mg/100 g (= starting value, 
mean: 1210 _+ 140 [~tg ascorbic acid/100 ml blood], n = 6). 

Combination n [ug ascorbic acid/100 ml blood] 
A B mean standard deviation 

5 1 6 162.7 34.37 
5 2 6 213.0 10.24 
5 4 6 191,3 25.97 
5 6 6 196.8 15.84 
5 8 6 199,3 35.15 
5 10 6 190.5 21.12 

20 1 6 158.0 29.78 
20 2 6 181.0 16.63 
20 4 6 218.5 60.00 
20 6 6 193.5 19.95 
20 8 6 318.0 25.29 
20 10 6 309.8 39.87 

Combination: 
A = [mg vitamin C/100 g food] 
B = [weeks] after reduction of the vitamin supply 
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T a b l e  2. A s c o r b i c  ac id  leve ls  in  t h e  l ive r  of  g u i n e a  p igs  r e d u c e d  to 5 mg/100 g a n d  
20 mg/100 g v i t a m i n  C in  t he  food r e s p e c t i v e l y  f rom 680 rag/100 g (= s t a r t i ng  value,  
m e a n :  434 _ 34 [~tg a sco rb i c  acicYg liver], n = 6). 

C o m b i n a t i o n  n [~tg a sco rb i c  ac id /g  l iver] 
A B m e a n  s t a n d a r d  d e v i a t i o n  

5 1 6 14.03 3.249 
5 2 6 14.45 1.268 
5 4 6 12.38 2.577 
5 6 6 13.00 2.399 
5 8 6 16.22 2.249 
5 10 6 17.07 2.261 

20 1 6 15.63 2.505 
20 2 6 23.17 10.020 
20 4 6 54.17 12.350 
20 6 6 53.17 11.530 
20 8 6 76.67 13.080 
20 10 6 81.50 6.317 

C o m b i n a t i o n :  
A = [mg v i t a m i n  C/100 g food] 
B = [weeks]  a f te r  r e d u c t i o n  of  t h e  v i t a m i n  s u p p l y  

1 0 0  

8 ( ]  

60  

4 (  

2 (  

[/~Lg ascorbic acid / g  liver 

itljlll ..... I- 2 
! I '  j l  

i 
I !' 

1 I 

:-~r- ~ "  .T ~. 

1 

~ r " " ' "  ' i . . . .  f ~ i I ~ i i 

1 2 4 6 8 

Eweeks after decrease in 
vitamin supply] 

I 

10 

A s c o r b i c  ac id  leve ls  in  t h e  
l iver  o f  g u i n e a  p igs  de-  
c r ea sed  f r o m  [680 m g  vit-  
a m i n  C/100g food] to 5 rag/  
100 g (= 1) a n d  to 20 rag/100 g 
(=2).  



Degkwitz und B6deker, Adaptation to differently high vitamin C supplies, 1 331 

T a b l e  2. A s c o r b i c  ac id  l e v e l s  in  t h e  l iver .  T h e  t i m e  c o u r s e s  o f  t h e  
a s c o r b i c  ac id  l eve l s  in  t h e  l i ve r  in t h e  t w o  ser ia l  g u i n e a  p ig  g r o u p s  s h o w  
no  p a r a l l e l i s m  w i t h i n  t h e  t i m e  i n v e s t i g a t e d  (p < 0.0001). T h e  l eve l s  
d e c l i n e d  af te r  t h e  d e c r e a s e  in t he  s u p p l y  in  b o t h  g r o u p s  d r a m a t i c a l l y  
d u r i n g  t h e  f i rs t  w e e k  a n d  to an  e q u a l l y  l o w  range .  In  t h e  g u i n e a  p igs  
d e c r e a s e d  to 5 rag/100 g t h e  l e v e l s  do  n o t  t e n d  to f u r t h e r  m o d i f i c a t i o n s  

Table 3. Ascorbic acid levels in the spleen of guinea pigs reduced to 5 mg/100 g and 
20 rag/100 g vitamin C in the food respectively from 680 mg/100 g (= starting value, 
mean: 510 _+ 18 [~,g ascorbic acid/g spleen], n = 6). 

Combination n [~g ascorbic acid/g spleen] 
A B mean standard deviation 

5 1 6 66.42 9.178 
5 2 6 55.53 12.280 
5 4 6 57.35 11.870 
5 6 6 58.93 6.041 
5 8 6 66.17 7.404 
5 10 6 59.77 6.519 

20 1 6 92.33 23.050 
20 2 6 95.18 28.010 
20 4 6 177.00 32.980 
20 6 6 147.70 30.240 
20 8 6 230.80 21.530 
20 10 6 225.30 20.800 

Combination: 
A = [mg vitamin C/100 g food] 
B = [weeks] after reduction of the vitamin supply 

Table 4. Ascorbic acid levels in the adrenal glands of guinea pigs reduced to 5 mg! 
100 g and 20 rag/100 g vi tamin C in the food respectively from 680 mg/100 g 
(= starting value, mean: 1825 _+ 130 [pg ascorbic acid/g adrenal], n = 6). 

Combination n [~g ascorbic acid/g adrenal gland] 
A B mean standard deviation 

5 1 6 183.3 21.72 
5 2 6 200.2 11.82 
5 4 6 184.3 11.04 
5 6 6 183.0 12.10 
5 8 6 197.0 7.58 
5 10 6 188.2 17.10 

20 1 6 242.2 43.44 
20 2 6 240.5 37.73 
20 4 6 568.0 56.97 
20 6 6 407.3 62.76 
20 8 6 457.0 43.06 
20 10 6 445.3 38.75 

Combination: 
A = [mg vitamin C/IO0 g food] 
B = [weeks] after reduction of the vitamin supply 
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thereaf te r ,  B u t  in  t he  g r o u p  d e c r e a s e d  to  20 rag/100 g v i t a m i n  C in  the  
food t hey  t e n d  to  a r e la t ive ly  h igh  increase ,  t h e r e w i t h  s h o w i n g  a d e e p  
ove r shoo t  (see fig,). The  a d d i t i o n a l  Schef fe - tes t  y ie lds  p < 0.0001 b e t w e e n  
one  and  e igh t  weeks .  

Table  3, A s c o r b i c  ac id  leve ls  in  the  spleen.  Tab le  4. Asco rb i c  ac id  leve ls  
in  the  ad rena l  glands.  The  t ime  courses  of  the  ascorb ic  ac id  levels  bo th  in 
the  sp leen  and  in the  ad rena l  g lands  in the  two serial  gu inea  p ig  g roups  
show no pa ra l l e l i sm wi th in  the  t ime  inves t i ga t ed  (p < 0.0001). The  levels  
dec l i ned  af ter  the  dec rease  in the  s u p p l y  d i s t inc t ly  in bo th  g roups  du r ing  
the  f irst  w e e k  a n d  to an a b o u t  s imi la r  low range.  In  the  gu inea  p igs  
d e c r e a s e d  to  5 mg/100g the  levels  do not  t e n d  to fu r the r  mod i f i ca t i ons  
thereaf te r .  B u t  t h e y  t end  to inc rease  in  the  g r o u p  r e d u c e d  to  20 mg/100g 
v i t a m i n  C in  the  food. The  r i ses  m a y  s t a r t  l a t e r  t h a n  in  t he  c o r r e s p o n d i n g  
leve ls  in  b l o o d  a n d  liver,  The  add i t i ona l  Schef fe - tes t s  y i e ld  p < 0.0001 
b e t w e e n  one  a n d  e igh t  w e e k s  as wel l  for  the  a scorb ic  ac id  leve ls  in  sp l een  
as in  a d r e n a l  g lands .  
b) D e v e l o p m e n t  of  a sco rb i c  ac id  levels  af ter  an  inc rease  in  s u p p l y  f rom 20 

mg/100g to 90 mg/100 g a n d  680 mg/100g v i t amin  C in the  food respec-  
t ively.  

Table  5. Asco rb i c  acid  levels  in the  b lood,  The t ime  courses  of  the  
a scorb ic  ac id  levels  in the  b lood  in the  two serial  gu inea  pig  g roups  
show no pa ra l l e l i sm wi th in  the  t ime  i nves t i ga t e d  (p = 0.006). The  levels  
rose  d i s t i nc t ly  af ter  the  inc rease  in the  s u p p l y  in b o t h  g roups  du r ing  t h e  
f i rs t  week,  In  t he  gu inea  p igs  r a i sed  to  90 mg/100g the  levels  do no t  
t end  to fu r the r  mod i f i ca t ions  thereaf te r ,  B u t  t h e  leve ls  p o i n t  to an  over-  
shoo t  in the  f i rs t  w e e k s  in t he  g r o u p  ra i sed  to 680 mgl l00  g v i t a m i n  C in  
t he  food. The  a d d i t i o n a l  Schef fe - tes t  y i e lds  p = 0.001 b e t w e e n  one  a n d  
e igh t  weeks .  

Table 5, Ascorbic acid levels in the blood of guinea pigs increased to 90 rag/100 g 
and 680 rag/100 g vitamin C in the food respectively from 20 mg/100 g (= starting 
value, mean: 310 + 22 [~g ascorbic acid/100 ml blood] n = 6) 

Combination n [~g ascorbic acicYl00 ml blood] 
A B mean standard deviation 

90 1 5 852.6 171.2 
90 2 5 802.0 63.1 
90 4 5 813,4 120.2 
90 6 5 708,0 34.1 
90 8 5 782,8 62,5 
90 10 5 786.8 55.2 

680 1 5 1422.0 129.2 
680 2 5 1178,0 176.7 
680 4 5 1344.0 161.9 
680 6 5 1339.0 126.6 
680 8 5 1046.0 123.2 
680 l0 5 1120.0 98.4 

Combination: 
A = [mg vitamin C/100 g food] 
B = [weeks] after increase of the vitamin supply 
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Table 6. Ascorbic acid levels in the liver of guinea pigs increased to 90 mg/100 g and 
680 rag/100 g vitamin C in the food respectively from 20 mg/100 g (= starting value, 
mean: 77 _+ 12 [~g ascorbic acid/g liver] n -- 6) 

Combination n [~tg ascorbic acid/g liver] 
A B mean standard deviation 

90 1 5 251.0 36.18 
90 2 5 279.2 24.08 
90 4 5 268.4 30.99 
90 6 5 250.0 25.42 
90 8 5 259.8 29.13 
90 10 5 255.0 13.42 

680 1 5 403.6 49.92 
680 2 5 406.0 29.73 
680 4 5 450.4 58.59 
680 6 5 424.6 41.31 
680 8 5 439.2 40.93 
680 10 5 412.6 48.98 

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

T a b l e  6. A s c o r b i c  a c i d  l e v e l s  in t h e  l iver .  T h e  t i m e  c o u r s e s  o f  t h e  
a s c o r b i c  a c i d  l e v e l s  in t h e  t w o  ser ia l  g u i n e a  p i g  g r o u p s  in  t h e  l i v e r  s h o w  no  
t e n d e n c y  to  i n t e r a c t i o n  ( p > 0 . 6 )  w i t h i n  t h e  t i m e  i n v e s t i g a t e d .  B u t  t h e  
l e v e l s  a re  a t  d i f f e r e n t  r a n g e s  (p < 0.0001). T h e y  are  l o w e r  in  t h e  g u i n e a  p igs  
i n c r e a s e d  to  90 rag/100 g supp ly .  

Table 7. Ascorbic acid levels in the spleen of  guinea pigs increased to 90 mg/10O g 
and 680 mg/100 g vitamin C in the food respectively from 20 mg/100 g (= starting 
value, mean: 230 _+ 20 [~g ascorbic acid]g spleen] n --- 6) 

Combination n [~g ascorbic acid/g spleen] 
A B mean standard deviation 

90 1 5 493.4 30.00 
90 2 5 504.6 16.68 
90 4 5 470.2 20,71 
90 6 5 483.6 24.76 
90 8 5 463.2 30.49 
90 19 5 462.8 46.75 

680 1 5 515.0 23.05 
680 2 5 598.6 43.43 
680 4 5 539.0 27.54 
680 6 5 552.8 30.95 
680 8 5 506.2 24.26 
680 10 5 508.0 31.50 

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



334 Zeitschrift ffir Ern~hrungswissenschaft, Band 28, Heft  4 (1989) 

Table  7. A s c o r b i c  acid  leve ls  in  the  spleen.  The  t ime  courses  of  the  
a scorb ic  ac id  levels  in the  sp leen  in the  two ser ia l  gu inea  pig  g roups  do not  
t end  to in t e rac t ions  (p = 0.14) wi th in  the  t ime  inves t iga ted .  The  levels  are  
at  d i f fe ren t  r anges  (p < 0.0001). They  are  lower  in  the  gu inea  p igs  i nc r ea sed  
to  90 mg/100 g supp ly .  Moreove r  the  levels  are  in b o t h  g roups  u n e q u a l  in 
the  cour se  of  t ime  (p = 0.0001). There  is a s l ight  overshoot .  

Tab le  8. A s c o r b i c  ac id  levels  in the  ad rena l  g lands .  The  t ime  courses  of  
the  a scorb ic  levels  in the  ad rena l  g lands  in the  two serial  gu inea  p ig  g roups  
show no pa ra l l e l i sm wi th in  the  t ime  inves t iga t ed  (p < 0.0001). In  the  gu inea  
pigs  r a i sed  to 90 mg/100 g the  levels  t end  to an ove r shoo t  in the  f irst  t h ree  
weeks .  In  the  g roup  r a i sed  to 680 mg/100 g they  t e n d  to a fu r the r  r ise  
d u r i n g  the  m i d d l e  of  the  a d a p t i n g  per iod .  The  add i t i ona l  Schef fe- tes t  
y i e lds  p < 0.001 b e t w e e n  one  and  e igh t  weeks  for  the  90 m g  % gu inea  p igs  
and  p = 0.005 b e t w e e n  six and  t en  w e e k s  for the  gu inea  p igs  wi th  680 rag/  
100 g supply .  

D i s c u s s i o n  

I t  is no t i c eab l e  t ha t  the  e x t e n t  of  the  dec rea se  of  the  a sco rb lc  ac id  levels  
af ter  a dec rea se  in the  s u p p l y  f rom 680 mg/100g to 5 mg/100g or 20 mg/  
100 g v i t amin  C in the  food are ve ry  d i f ferent  in the  organs  inves t iga ted .  
This  po in t s  to r a the r  d i f ferent  t u r n o v e r  ra tes  for  ascorb ic  ac id  wi th in  the  
o rgan ism.  The  e x t r e m e l y  h igh  losses  in the  l iver  sugges t  tha t  th is  o rgan  
has  a k e y  func t ion  in  a scorb ic  ac id  m e t a b o l i s m .  This  s eems  p l aus ib l e  s ince  
the  l iver  is the  on ly  organ  tha t  is e q u i p p e d  for  b i o s y n t h e s i s  in  t h o s e  
m a m m a l i a n  spec ies  t ha t  do  no t  suffer  the  speci f ic  ma l  m u t a t i o n  of  the  5- 
g u l o n o l a c t o n - o x i d a s e  w h i c h  leaves  the  spec ies  of  man,  gu inea  p ig  and  a 

Table 8. Ascorbic acid levels in the adrenal glands of guinea pigs increased to 90 rag! 
100 g and 680 mg/100 g vitamin C in the food respectively from 20 mg!100 g 
(= starting value, mean: 450 _+ 24 [~tg ascorbic acid/g adrenal gland] n = 6) 

Combination n [~g ascorbic acid/g adrenal gland] 
A B mean standard deviation 

90 1 5 1763 97.3 
90 2 5 1724 122.1 
90 4 5 1657 77.0 
90 6 5 1487 107.2 
90 8 5 1342 123.8 
90 10 5 1414 156.3 

680 1 5 1790 57.0 
680 2 5 1790 77.1 
680 4 5 1856 91.8 
680 6 5 1948 150.5 
680 8 5 1785 70.7 
680 10 5 1650 110.5 

Combination: 
A = [mg vitamin C/100 g food] 
B = [weeks] after increase of the vitamin supply 
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few fur ther  m a m m a l i a n  and  avian species  to the  need  of  subs t i tu t ion  wi th  
exogenous  ascorbic  acid: "v i tamin  C". 

S ince  guinea  pigs are ra ther  del icately m i n d e d  and  f requen t ly  e q u i p p e d  
wi th  a kamikaze- l ike  menta l i ty  leading to a sudden  refuse  of  food for 
several  days,  it s eems  wor th  whi le  to check  the  course  of  the b o d y  we igh t  
of  the  an imals  before  s tar t ing  to invest igate.  The  very  qu ick  fall of  the  
ascorbic  acid levels after  a decrease  in the  s upp ly  will r ender  at  least  for 
the  ascorbic  acid levels in the  l iver  unphys io log ica l  m e a n  values  and  
devia t ions  wi th  regard  to the  def ined  s upp l y  wi th  v i t amin  C if  some  of  the  
guinea  pigs had  refused  food in the  last  days.  Ascorb ic  acid levels in the  
l iver  are on the  o ther  side a good charac ter iza t ion  of  the  ac tual  v i t amin  C 
s ta tus  of  the  guinea  pigs invest igated.  The  f r equen t  hab i t  no t  to bo ther  
abou t  the  actual  v i t amin  C s ta tus  of  the  e x p e r i m e n t a l  gu inea  pigs very  
often lessens  the  val idi ty  of  the results.  The  long adap t ing  t ime  as well  is a 
warn ing  tha t  it is no t  suff icient  to r ende r  guinea  pigs wi th  u n k n o w n  
prev ious  v i t amin  C s upp l y  only to a shor t  per iod of  t ime  for a c c u s t o m i n g  
to an e x p e r i m e n t a l  diet. 

The  guinea  pigs at first  adap t ed  to ve ry  high v i t amin  C supp ly  (680 mg/  
100g in the  food) and  then  r educed  to 5 mg/100g thereaf te r  appa ren t ly  
have  no suff icient  poss ibi l i ty  to adap t  the i r  ascorbic  acid m e t a b o l i s m  to 
this low suppor t ,  since the  ascorbic  acid levels s lope d o w n  and  r ema in  at  
the  low range.  This  v iew is s u p p o r t e d  by  the  nonpara l l e l i sm of  the  ascor- 
bic acid courses  b e t ween  the  two g roups  r educed  to low v i t amin  C 
suppl ies  and  is conf i rmed  by  addi t ional  inves t iga t ions  (2, 4 and  subse-  
quen t  papers) .  

A supp ly  wi th  5 mg/100 g v i t am i n  C in the  food appa ren t l y  is marg ina l  
for survival.  We found  no longlas t ing survival  suppor t ing  gu inea  pigs wi th  
still lower  a m o u n t s  in the  food. 

The  guinea  pigs at  first adap t ed  to ve ry  h igh  v i t amin  C supp ly  (680 rag! 
100 g in the  food) and  then  r educed  to 20 mg/100 g thereaf te r  show by  the  
ove r shoo t  in the  course  of  thei r  ascorbic  acid levels a typica l  s y m p t o m  of  
an evolving adapta t ion .  As to the adap ta t ion  m e c h a n i s m  the resul ts  m i g h t  
be  p r o d u c e d  mult i factual ly .  The  rela t ively h igh  incl ine of  the  l iver levels 
sugges t  a r educed  degrada t ion  of  the  v i tamin .  The  increase  of  ascorbic  
acid levels in the  b lood  migh t  in par t  be  due  to an  i m p r o v e d  absorp t ion  in 
the intestine.  

Addi t ional  inves t igat ions  (2-4 and  s u b s e q u e n t  papers)  will give evi- 
dence  tha t  the  evolv ing  adap ta t ion  is not  res t r ic ted to ascorbic  acid 
me tabo l i sm.  

The  guinea  pigs wh ich  were  at first adap t ed  to the low v i t amin  supp ly  
wi th  20 mg/100 g and  then  e x p o s e d  to the  h igher  a m o u n t s  as well  showed  
the  t e n d e n c y  to an  over shoo t  of  the  ascorb ic  acid levels  in several  organs  
which  is unde r s tood  as a typica l  sign for an evolv ing  adapta t ion.  These  
resul ts  comple t e  the  indicat ions  for an abi l i ty of  gu inea  pigs to adap t  the i r  
ascorbic  acid m e t a b o l i s m  to the  ex ten t  of  the  v i t amin  C supply.  The  lack of  
an adap ta t ion  s y m p t o m  in the  l iver  m i g h t  be  incidental ,  due  to a p lay ing  
toge the r  of  an increas ing  degrada t ion  of  ascorbic  acid in the  l iver and  a 
reduc t ion  of  the  e l iminat ion  of ascorbic  acid in the  urin. Fo r  we  found  a 
r educed  e l iminat ion  of ascorbic  acid in the  urin in guinea  pigs adap t ed  to 
high v i t amin  supp ly  (5). 
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T h e  a b i l i t y  to  a d a p t a t i o n  o f  t h e  a s c o r b i c  a c i d  m e t a b o l i s m  in  g u i n e a  p i g s  
s e e m s  n o t  t o o  g r e a t  a s u r p r i s e  a f t e r  p a r t i c u l a r  c o n s i d e r a t i o n .  T h e  g u i n e a  
p i g  h a s  a m a l  m u t a t i o n ,  s u f f e r i n g  t h e  d e f e c t i v e n e s s  o f  o n e  s i n g l e  e n z y m e .  
T h e r e  is  no  r e a s o n  to  e x p e c t  t h a t  t h i s  m a y  i m p a i r  t h e  k e y  f u n c t i o n s  for  t h e  
r e g u l a t i o n  o f  t h e  a s c o r b i c  a c i d  m e t a b o l i s m .  A l l  t h e  o t h e r  s p e c i e s ,  e q u i p p e d  
for  b i o s y n t h e s i s  o f  a s c o r b i c  a c i d  a s  w e l l  t a k e  u p  e x o g e n o u s  a s c o r b i c  a c i d  
w i t h  t h e  f o o d  a n d  h e n c e  o u g h t  to  b e  d i s p o s e d  to  p r o t e c t  t h e i r  o r g a n i s m  in  
t h e  c a s e  o f  a n  e x c e s s  f r o m  t h e  e x o g e n o u s  s o u r c e s  b y  a d a p t a t i o n  o f  i t s  
m e t a b o l i s m .  I n  t h i s  p l a u s i b l e  c a s e  g u i n e a  p i g s  w o u l d  b u t  m a k e  u s e  o f  t h e  
t r a d i t i o n a l  m a m m a l i a n  p r o t e c t i o n .  

T h e  v e r y  l o n g  a d a p t a t i n g  p e r i o d  p r o b a b l y  e x p l a i n s  w h y  m a n y  i n v e s t i g a -  
t i o n s  w e r e  n o t  s u c c e s s f u l ,  m o s t  i n v e s t i g a t o r s  d i d  n o t  e x a m i n e  a l o n g e r  
c o u r s e  o f  t i m e  t h a n  t w o - t h r e e  w e e k s  a f t e r  a s w i t c h  o f  t h e  v i t a m i n  C s u p p l y .  
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