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

The activity of the alkaline phospha tase  in the serum is t hough t  to be 
general ly decreased in guinea  pigs depr ived of ascorbic  acid (1). This 
concep t  is based on research in guinea pigs comple te ly  depr ived of vit- 
amin  C for 2 weeks  (2-6), i.e., in an acute def ic iency system. But  Ginter  et 
al. (7) and we as well did not  find decreased enzyme  levels in guinea pigs 
slowly reduced  in v i tamin  C by  restr ict ion in ascorbic-acid supply.  This is 
a contradict ion.  If ascorbic-acid def ic iency is essentially connec ted  with a 
decrease  of the activity of the alkaline phospha tase  in the serum, this 

s y m p t o m  should  be independen t  f rom the p rocedure  induc ing  lack of 
ascorbic  acid. 

With regard to this contradic t ion we carried out  the following investiga- 
tions: 
1. We s tudied the relat ionship be tween the activi ty of alkaline phosphat -  

ase in the serum and  the age in guinea  pigs. It  is well k n o w n  that  the 
alkaline phospha tase  main ly  originates f rom the bones and that its 
se rum levels are a direct  reflection of the  osteoblast ic activity and hence  
of g rowth  intensity. Accordingly ,  se rum enzyme  levels decrease phys-  
iologically wi th  increasing age. In  this respect,  enzyme  levels of the 
ascorbic-acid-deficient  guinea  pigs were compared  with those in normal  
animals  of the same age. 

2. We induced  equal ly low ascorbic-acid levels in guinea pigs by two 
different procedures :  a) comple te  deprivat ion of the vi tamin for 2 
weeks;  b) restr ict ion to 50 mg vi tamin C/kg diet for 6-8 weeks. 
A compar i son  of the se rum enzyme levels in guinea pigs made  deficient  
in ascorbic  acid by  different procedures  seems necessary.  

3. We es t imated the se rum activity of the alkaline phospha tase  in guinea  
pigs well suppl ied with ascorbic acid but  restricted in food for two 
weeks,  since a previous  paper  (5) repor ted  a decrease of the enzyme  level 
in guinea pigs l imited in food and not  supp lemented  with ascorbic  acid. 

M e t h o d s  

Estimation of  alkaline phosphatase 

The enzyme activity was estimated by the optimated standard method of the 
"Deutsche Gesellschaft fiir Klinische Chemie" (8, 9). The activity is expressed in U/1 
(25 ~ 
662 
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Blood specimens were collected from the guinea pigs between 8 and 9 hrs. a.m. 
The animals were not fasted in order to avoid alterations in the endocrinological 
regimen. 

Estimation of  ascorbic acid 

Ascorbic acid was determined by the method of Roe as "total ascorbic acid" (10). 

Guinea pigs 

a) Supply with ascorbic acid 
Guinea pigs well supplied with vi tamin C were fed ad l ibi tum with standard diet 
VM 3012 from Altromin, supplemented by hay and grass. In order to obtain high 
ascorbic-acid levels, the guinea pigs restricted in food were fed by stomach tube 
3 t imes per day with 200 mg Na-ascorbate per kg body weight. 
Guinea pigs were made deficient in ascorbie acid by feeding ad l ibitum the 
semisynthetic diet C 30353 from Altromin. The one group received the diet free 
of ascorbic acid, the other with 50 mg vi tamin C/kg diet. Both groups were 
adapted to the semisynthetic diet  by two steps. First step: Supply with a mixture  
of the standard and the semisynthetic diet (1 : 1) completed to 3.5 g vi tamin C/kg 
diet for two weeks. Second step: supply with the semisynthetic diet completed 
to 6.7 g vitamin C/kg diet for 2-3 weeks. 

b) Ascorbic-acid levels 
Guinea pigs well supplied with ascorbic acid showed levels of 300 _ 30 mg 
ascorbic acid/kg liver fresh weight. 
Guinea pigs deficient in ascorbic acid showed levels of 20 _+ 10 mg ascorbic acid/ 
kg liver fresh weight. 

c) Increases in body weight  
Guinea pigs well supplied with ascorbic acid and fed ad l ibi tum gained weight  
continuously until the t ime of killir~g. Animals restricted in food intake for 2 
weeks lost 15 __. 2 % of body weight  in this time. 
Guinea pigs completeley deprived of vi tamin C for 2 weeks either maintained 
constant body weight  or lost 8 _ 2 % in this time. 
Most guinea pigs restricted in ascorbic acid stopped weight  increase for about  
one week during the adaptation to the diet, the four smallest animals for about 
four weeks. 

R e s u l t s  

T h e  d e c l i n i n g  s t r a i g h t  l i ne  in  t h e  f i g u r e  is a f i t t e d  c u r v e  p r e s e n t i n g  t h e  
r e l a t i o n  b e t w e e n  t h e  a c t i v i t y  of  t h e  a l k a l i n e  p h o s p h a t a s e  in  t h e  s e r u m  a n d  
t h e  b o d y  w e i g h t  of  u n t r e a t e d  g u i n e a  p igs  w e l l  s u p p l i e d  w i t h  a s c o r b i c  ac id .  
T h e  b o d y  w e i g h t  w a s  u s e d  as t h e  i n d e x  of  a g e  a n d  h e n c e  of  g r o w t h  
i n t ens i t y .  T h e  h a t c h e d  a rea  r e p r e s e n t s  t h e  s t a n d a r d  d e v i a t i o n .  

A l l  t h e  m a r k s  i n  t h e  f i g u r e  a r e  d a t a  of i n d i v i d u a l  g u i n e a  p i g s  t r e a t e d  as 
i n d i c a t e d .  S i n c e  b o d y  w e i g h t  is no  m o r e  a v a l i d  i n d e x  of  age  in  a n i m a l s  
w h i c h  s u f f e r e d  a fal l  in  w e i g h t ,  t h e  d a t a  of  s u c h  g u i n e a  p i g s  h a d  to  b e  
a d j u s t e d  a n d  h e n c e  a r e  e s p e c i a l l y  m a r k e d .  T h e  s e r u m - e n z y m e  a c t i v i t y  is 
c o r r e l a t e d  w i t h  t h e  m a x i m u m  w e i g h t  of  t h e  a n i m a l s  d u r i n g  e x p e r i m e n t a -  
t ion .  

Guinea  p i g s  re s t r i c t ed  in  v i t a m i n  C 

M o s t  of  t h e  e n z y m e  l e v e l s  w e r e  w i t h i n  t h e  d e v i a t i o n  of t h e  l e v e l s  in  
u n t r e a t e d  a n i m a l s .  T h r e e  a n i m a l s  h a d  h i g h e r  l e v e l s  t h a n  n o r m a l .  
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Fig. 1. Ac t iv i ty  of a lka l ine  p h o s p h a t a s e  in  t h e  s e r u m  of g u i n e a  p igs  w i t h  r e f e r e n c e  to 
t h e i r  b o d y  we igh t s .  T h e  da t a  of 45 n o r m a l  a n i m a l s  w i t h  b o d y  w e i g h t s  r a n g i n g  f rom 
325 to 1175 g ( u n i f o r m l y  d i s t r i b u t e d  in  th i s  r ange)  a re  p r e s e n t e d  b y  a f i t ted  c u r v e  

y = 446.65 - 0.36 x - 5.90 x 2 
c o r r e l a t i o n  coe f f i c i en t  -- 0.90 

T h e  h a t c h e d  a r ea  r e p r e s e n t s  t h e  2 Sy. x d e v i a t i o n  of t he  y-axis  (88.2 U/I). 
T h e  da t a  of t h e  fo l l owing  a n i m a l s  are  m a r k e d  ind iv idua l ly :  
O G u i n e a  p igs  r e s t r i c t e d  to 50 m g  v i t a m i n  C/kg  d ie t  for  6-8 w e e k s  ( n u m b e r  of 

an ima l s :  10) 
• G u i n e a  p igs  c o m p l e t e l y  d e p r i v e d  of v i t a m i n  C for  2 w e e k s  b u t  w i t h  c o n s t a n t  

b o d y  w e i g h t s  ( n u m b e r  of an ima l s :  6) 
$ G u i n e a  p igs  c o m p l e t e l y  d e p r i v e d  of v i t a m i n  C for  2 w e e k s  b u t  w i t h  falls in  b o d y  

w e i g h t s  ( n u m b e r  of a n i m a l s :  6) 
Q G u i n e a  p igs  r e s t r i c t e d  in  food  i n t a k e  ( n u m b e r  of an ima l s :  10) a n d  c o n s e q u e n t l y  

w i t h  falls in  b o d y  we igh t s .  
E n z y m e  leve ls  of a n i m a l s  w h i c h  los t  w e i g h t  d u r i n g  e x p e r i m e n t a t i o n  w e r e  a d j u s t e d  

(see text) .  

Guinea pigs  comple t e l y  depr ived  o f  vi tamin C 

S o m e  a n i m a l s  s h o w e d  e n z y m e  a c t i v i t i e s  w i t h i n  t h e  l i m i t s  o f  t h e  u n -  
t r e a t e d  g r o u p ,  s o m e  c o n s i d e r a b l y  l o w e r  v a l u e s .  B u t  a l l  e x c e p t  o n e  o f  t h e  
a n i m a l s  w i t h  d e c r e a s e d  s e r u m  a l k a l i n e  p h o s p h a t a s e  l e v e l s  h a d  s u f f e r e d  a 
f a l l  i n  b o d y  w e i g h t .  
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Guinea  p i g s  we l l  s u p p l i e d  w i th  ascorb ic  acid  b u t  res t r i c ted  in  f o o d  

All except  two ra ther  old animals  showed enzyme activities below the  
s tandard  deviat ion of un t rea ted  animals. 

D i s c u s s i o n  

Because  of the steep linear relat ionship be tween  the alkaline phosphat -  
ase activity in the se rum and  g rowth  intensi ty in guinea pigs, the habi t  of 
compar ing  enzyme levels in animals of different ages is inappropriate .  The  
steep incline m a y  afford an  ad jus tmen t  of the data  of t reated guinea pigs. 
E.g. reference of the se rum enzyme  level to the b o d y  weight  at the t ime of 
es t imat ion will be misleading in guinea  pigs which  had  suffered a fall in 
weight .The deve lopment  preceding  the exper imenta l  period may  have to 
be t aken  into considera t ion as well. The increase of the enzyme  level in the 
three smallest  guinea pigs restr icted in ascorbic  acid m a y  not  reflect t rue 
condit ions.  These  animals s topped  weight  increases for about  four  weeks  
dur ing  adaptation.  Hence  the correlat ion be tween  b o d y  weight,  age, and 
expectable  g rowth  intensi ty  was  altered. Repor ts  on increased se rum 
levels of alkaline phospha tase  in guinea pigs restr icted in ascorbic  acid (7) 
p robab ly  result  f rom such  condit ions.  Other  previous reports  m a y  be as 
well not  always based on appropr ia te  controls.  

The  data demons t ra te  tha t  the serum alkaline phospha tase  is no t  
generally, i.e. essentially, decreased  in guinea pigs with low ascorbic-acid 
levels. Declines of the enzyme  levels seem to take place only in special  
c i rcumstances .  The m e c h a n i s m  causing the decl ine has not  yet  been  
investigated. Since the osteoblast  activity is control led by  g rowth  hor- 
mone,  the effect of ascorbic-acid def ic iency may  be indirect, by  the cir- 
cums tance  that  the p rocedure  of induc ing  ascorbic-acid def ic iency coinci- 
dental ly induces  a metabol ic  state that  inhibits the secret ion of g rowth  
hormone .  The  results  in guinea pigs well suppl ied with ascorbic  acid bu t  
l imited in food show that  the enzyme  level even m a y  be decreased by falls 
in weight  in spite of a h igh v i tamin  C status. 

I t  has to be taken  into considera t ion that  the condi t ions  induc ing  
ascorbic-acid def ic iency contr ibute  to the disease course:  

Guinea  pigs comple te ly  depr ived of v i tamin C suffer the k n o w n  scor- 
but ic  hemor rhages  wi th in  3 weeks  (11). They  lose weight  and  die abou t  1 
week  later. Their  ascorbic-acid levels decline con t inuous ly  dur ing  
exper imenta t ion  (12). 

Guinea  pigs restr icted to 50 mg  vi tamin C/kg diet suffer scorbut ic  
hemor rhages  bu t  no t  before about  20 weeks.  They  may  not  gain weight  
dur ing the first week  of exper imenta t ion  bu t  will do so con t inuous ly  
thereafter.  They  survive the restr ict ion of the v i tamin  for more  than  25 
weeks  (unpubl ished results). Their  ascorbic-acid levels decline in t h e  
beginning but  become  cons tan t  after about  5-6 weeks.  They  adapt  to low 
ascorbic-acid levels in this per iod of t ime (13). 

The dissimilari ty be tween  the two disease courses  suggests  tha t  the 
s y m p t o m s  in guinea  pigs comple te ly  depr ived of v i tamin  C are mult ifacto-  
rial. Since this animal  species is k n o w n  to be very  sensitive to changes  in 
diet, it is t empt ing  to speculate  tha t  stress react ions cont r ibute  to the  
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d i s e a s e ,  w h i c h  d e v e l o p s  a f t e r  c o m p l e t e  o m i s s i o n  of  t h e  v i t a m i n ,  i.e. in  
a c u t e  d e f i c i e n c y ,  a n d  t h a t  t h e y  m a y  d e c r e a s e  s e r u m  l e v e l s  of  a l k a l i n e  
p h o s p h a t a s e .  I t  is  w e l l  k n o w n  t h a t  s t r e s s  s y n d r o m e  is  i n i t i a t e d  b y  
i n c r e a s e d  s e c r e t i o n  of  g l u c o c o r t i c o i d s .  A d e c r e a s e  of  s o m a t o m e d i n e  l e v e l s  
a n d  c o n s e q u e n t l y  c e s s a t i o n  of  g r o w t h  h a v e  b e e n  c l a i m e d  to  o c c u r  in  s t a t u s  
of  h i g h  g l u c o c o r t i c o i d  l eve l s  (14). 

E v e n  t h e  m a n n e r  of  a p p h c a t i o n  of  v i t a m i n  C s e e m s  to  p l a y  a r o l e  in  
m i n i m a l  s u p p l y .  O u r  g u i n e a  p i g s  d i d  n o t  s u r v i v e  a d i e t  r e s t r i c t e d  to  20 m g  
a s c o r b i c  a c i d / k g  d i e t  ( a d e q u a t e  to  0.5-0.6 m g  a s c o r b i c  a c i d  p e r  day ,  
d e p e n d e n t  o n  b o d y  w e i g h t ,  u n p u b l i s h e d  r e su l t s ) .  B u t  G i n t e r  e t  al. (7) 
r e p o r t e d  a s u r v i v a l  of  g u i n e a  p i g s  o n  a d o s a g e  of 0.5 m g  p e r  d a y ,  a d m i n i s -  
t e r e d  o r a l l y  e v e r y  o t h e r  d a y .  

T h e  f i n a n c i a l  s u p p o r t  of  t h e  D e u t s c h e  F o r s c h u n g s g e m e i n s c h a f t  a n d  
t h e  e s t i m a t i o n  of  a l k a l i n e  p h o s p h a t a s e  b y  t h e  I n s t i t u t e  fo r  C l in i ca l  
C h e m i s t r y  a n d  P a t h o b i o c h e m i s t r y  of  t h e  U n i v e r s i t y  of  G i e B e n  a r e  g r a t e -  
f u l l y  a c k n o w l e d g e d .  

Summary 

Guinea pigs well supplied with vitamin C show a linear relation between serum 
alkaline phosphatase activity and body weight. Investigations in guinea pigs 
induced to low ascorbic-acid levels by two different procedures (complete and 
partial deprivation of vitamin C) demonstrated that the activity of the alkaline 
phosphatase is not generally decreased in the serum of ascorbic-aeid-deficient 
guinea pigs. Decreases of the serum enzyme levels reported in guinea pigs com- 
pletely deprived of vitamin C, i.e. in acute deficiency, may be due to stress factors. 

Zusammenfassung 

Bei Meersehweinehen,  die gut  mit  Vitamin C versorgt  sind, findet sich eine 
l ineare Beziehung zwischen der  AktivitAt der  a lkal ischen Phosphatase  im Serum 
und dem K6rpergewieht.  Untersuehungen bei Meerschweinchen,  in denen durch 
zwei versehiedene Verfahren (vSlliger und part iel ler  Entzug) niedrige Ascorbins~iu- 
respiegel  herbeigefi ihrt  worden waren, zeigten, dab die Aktivit~it der  alkalisehen 
Phosphatase  im Serum nicht  generell  bei  Vitamin-C-Mangel erniedrigt  ist. Abnah- 
men der Enzymspiegel  im Serum, die sich bei Meersehweinchen nach v611igem 
Entzug von Vitamin C l inden, d. h. bei  akutem Mangel, s ind vermutl ich die Folge 
yon StreBfaktoren. 

Enzyme: Alkal ine phosphatase,  or thophosphoric  monoes ter  phosphohydrolase  
(EC 3.1.3.1.) 

Key  words: serum alkaline phosphatase,  aseorbic-aeid deficiency, guinea pigs 
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