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Summary:  Like other simian primates, the New World monkey Callithrix jae- 
chus, marmoset,  and Saguinus fuscicollis, tamarin, require ascorbic acid as an 
essential nutrient. For adult marmosets,  a daily intake of 15 mg/kg metabolic body 
weight was found to be necessary to obtain a serum level above the kidney 
threshold. A survey of the serum ascorbic acid level of marmosets and tamarins in a 
breeding colony resulted in a vast divergence between the two species, indicating a 
higher ascorbic acid requirement  for tamarins. Unaccustomed trial conditions or 
additional stressors resulted in a higher catabolism of ascorbic acid to CO2 in both 
species, measured with 14C labeled material, compared to a higher rate of renal 
excretion when the animals were accustomed to the metabolic cage. These isotope 
excretion studies suggest a different metabolic behavior of ascorbic acid in the two 
species. This is supposedly caused by a higher sensitivity of the tamarins when 
subjected to the same conditions as marmosets. 

Zusammenfassung:  Die Neuweltaffen Callithrixjaechus, Marmosets, und Sagui- 
nus  fuscicollis, Tamarine, sind, wie andere Affen auch, auf die externe Zufuhr yon 
Aseorbins~iure angewiesen. Um bei Marmosets einen Serumspiegel  oberhalb der 
Nierenschwelle zu erreiehen, m~issen ihnen t~iglich 15 mg/kg metabolisehem K6r- 
pergewicht zugeffihrt werden. Die Nierenschwelle liegt bei ihnen im gleichen 
Bereieh wie beim Menschen. Ein Vergleich des Ascorbins/iurespiegels zwischen 
den beiden Spezies aus einer Zuehtkolonie ergab einen gravierend niedrigeren 
Wert bei den Tamarinen. Bei beiden Spezies wurde Ascorbins~ure durch unge- 
wohnte Versuchsbedingungen oder zus~itzliche StreBfaktoren zu einem h6heren 
Prozentsatz zu CO2 abgebaut, als wenn die Tiere an den Stoffwechselkfifig gew6hnt 
waren. Diese Isotopenexkret ionsversuche mit  14C-markierter Ascorbins~iure wei- 
sen. auf ein untersehiedliches Stoffweehselverhalten yon Ascorbins~iure zwischen 
den beiden Spezies hin, was vermutl ich durch die h6here StreBanf~illigkeit der 
Tamarine bei vergleichbaren Bedingungen verursacht ist. 

K e y  words: ascorbic acid metabolism, vi tamin C serum level, stress, C allitri- 
chidae 
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Introduct ion  

S o m e  spec ies  of  New World  m o n k e y s  are  u sed  in b i o c h e m i c a l  research ,  
such  as the  Aotus, Saimiri, and  m a i n l y  Callithrix and  Saguinus. The la t te r  
two be long  to the  fami ly  Ca111trichidae, and  only  those  wil l  be dea l t  w i th  in  
this  paper ,  spec i f ica l ly  Callithrixjacchus, the  wh i t e - ea r ed  m a r m o s e t ,  and  
Saguinus fuscicollls, the  b l a c k - h e a d e d  t amar in .  

Ca111trichidae are smal l  m o n k e y s  wi th  a b o d y  we igh t  of r o u g h l y  400 g. 
The i r  hab i t a t  is the  t rop ica l  ra in  forest  in S o u t h  Amer ica ,  w h e r e  t hey  
ut i l ize  mos t ly  the  lower  ra in  fores t  l aye r  b e t w e e n  2 and  10 m, bu t  t hey  can  
be  seen  as h igh  up  as 20 m. They  are day-ac t ive  m o n k e y s  and  l ive in f ami ly  
g roups  of 4-8 m e m b e r s ,  j o in ing  loose ly  wi th  o ther  r e l a t ed  spec ies  to bu i ld  
g roups  of a b o u t  20 ind iv idua l s .  The females  cycle  r egu la r ly  af ter  28 days  
(Callithrix jacchus) or 22 days  (Saguinus fuscicollis), respec t ive ly .  When  
h o u s e d  wi th  o ther  adu l t  females ,  only  the  a - i nd i v i dua l  wil l  be fert i le.  
Ges t a t i on  pe r iod  las ts  for a l m o s t  5 months .  U n i q u e l y  w i th in  the  s imian  
pr imates ,  Callitrichidae often give b i r th  to twins,  w h i c h  are h igh ly  ch imer -  
ical. In  case  of  a h e t e r o s e x u a l  pair ,  bo th  s ib l ings  r e m a i n  ferti le.  At  the  age 
of  a b o u t  24 m o n t h s  they  are ful ly  grown.  The i r  ma in  food in t ake  cons i s t s  
of  fruits,  insec ts  and  o ther  an th ropods ,  leaves,  buds ,  and  nuts .  A grea t  pa r t  
of  the  f eed ing  t ime  is spen t  wi th  the  l i ck ing  of  t ree sap,  wh ich  seems  to be  
an i m p o r t a n t  ca l c ium source,  or w i th  the  chewing  of resin.  

L ike  o ther  New Wor ld  m o n k e y s ,  m a r m o s e t s  and  t a m a r i n s  canno t  ut i l ize  
v i t amin  D2, b u t  need  v i t a m i n  D3 (5). Add i t i ona l l y ,  t he  m a r m o s e t s  have  
b e e n  found to have  an  u n u s u a l l y  h igh  s e r u m  level  of 1,25(OH)D3, the  ac t ive  
fo rm of  the  v i tamin ,  w i thou t  d e v e l o p i n g  h y p e r c a l c e m i a ,  due  to an abnor -  
mal  r ecep to r  s y s t e m  (11). In  our  own t h e r a p e u t i c a l  t r ia ls  c lear  c l in ica l  
s y m p t o m s  of o s t eomalac i a  in m a r m o s e t s  d i s a p p e a r e d  or we re  r e d u c e d  
af ter  the  app l i ca t ion  of  25(OH)D3, p r o b a b l y  due  to the  fo rma t ion  of 
24,25(OH)D3. No i m p r o v e m e n t  r e su l t ed  f rom the  t r e a t m e n t  wi th  
1,25(OH)aD3 (14). In  r e spec t  to pu r ine  m e t a b o l i s m ,  we  found  tha t  Callitri- 
chidae and o ther  New Wor ld  m o n k e y s  are  s o m e w h e r e  b e t w e e n  
Hominoidea and  Cercopithecoidea, in tha t  the  e n z y m e  u r i ca se  is ce r t a in ly  
exis ten t ,  bu t  does  not  work  as e f fec t ive ly  as in Hominoidea (9). 

This  p a p e r  gives the  mos t  cha rac te r i s t i c  fea tures  of  a ser ies  of  exper i -  
men ts ,  w h i c h  were  car r ied  out  to f ind the  o p t i m a l  a sco rb ic  ac id  (AA) 
s u p p l y  for Callitrichidae he ld  in capt iv i ty .  

Material  and Methods  

For the determination of the AA requirement of C. jacchus varying degrees of AA 
were incorporated in the pelleted diet (4 000, 2 000, 500 and 250 ppm; see (4)). AA was 
analyzed in serum and urine of six trial and two control animals. Blood samples of 
colony animals for the analysis of AA in serum were taken over a longer period of 
time on several occasions, when the animals had been on the staple diet with 2 000 
or 4 000 ppm AA, respectively, for at least 12 months. Studies on the AA metabolism 
with the isotope excretion method were performed with the oral application of 
single doses (58 kBq/100 g body weight; on an average 400 g) of 1-~4C-AA (Amer- 
sham, Braunschweig). One animal of each species was given the labeled AA when 
fed a high (4 000 ppm) or a low (250 ppm) level of AA in diet, and under conditions of 
stress (eigher unfamiliar circumstances or additional disturbances or accidental 
body weight loss) or when more or less used to the trial conditions. The exhaled 
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14CO2 was analyzed continuously for radioactivi ty by a modif ied tr i t ium monitor  
during the first 8 h. Addit ionally,  '4CO2 was captured by ethanolamine (1) for 
al together 48 h and activity was measured  in aliquots taken from there at definite 
intervals. The first two days after appl icat ion the trial animals were placed in a 
special gas-proof metabolic chamber  and were moved thereafter to a larger 
metabolic  cage. Urine and feces were collected periodical ly during 12 or 4 days, 
1-espectively, and analyzed for radioact ivi ty by  a l iquid scintil lation counter  (Tri- 
Carb, Model 3385; Packard).  Ascorbic acid was analyzed by the dini trophenylhy- 
drazine method by HPLC (10). Only young adul t  males were used for the experi- 
ments with the except ion of the serum testing of adul t  colony animals of both  sexes. 

R e s u l t s  

T h e  m i n i m a l  A A  r e q u i r e m e n t  o f  a d u l t  C. jacchus  in  c a p t i v i t y  is  15 m g / k g  
m e t a b o l i c  b o d y  w e i g h t  da i ly ,  w h i c h  w a s  p r o v i d e d  b y  t h e  d i e t  w i t h  500 
p p m  A A .  Th i s  i n t a k e  wi l l  s u s t a i n  t h e  s e r u m  l e v e l  a b o v e  t h e  k i d n e y  
t h r e s h o l d ,  w h i c h  is b e t w e e n  0.76 a n d  1.06 m g  AA/100 m l  s e r u m .  T h e s e  
v a l u e s  w e r e  o b t a i n e d  on  t h e  d i e t s  w i t h  250 p p m  a n d  500 p p m ,  r e s p e c t i v e l y .  
T h e  e x c r e t i o n  o f  A A  in  u r i n e  r e l a t i v e  to  i n t a k e  w a s  r o u g h l y  t h e  s a m e  w h e n  
t h e  d i e t s  w i t h  4 000, 2 000 a n d  500 p p m  w e r e  f e d  (see  F ig .  1), b u t  o n  t h e  d i e t  
w i t h  250 p p m  t h e  r e l a t i v e  a n d  t h e  a b s o l u t e  a m o u n t  o f  A A  in  u r i n e  w a s  
r e d u c e d  to  a m i n i m u m .  A s i n g l e  o ra l  d o s e  o f  A A  r e s u l t e d  in  r a p i d  u r i n a r y  
e x c r e t i o n ,  w h e r e b y  t w o - t h i r d s  w e r e  e l i m i n a t e d  w i t h i n  t h e  f i r s t  6 h a f t e r  
a p p l i c a t i o n .  

A c o m p a r i s o n  o f  t h e  s e r u m  A A  l e v e l  b e t w e e n  t h e  t w o  s p e c i e s  C. jacchus  
a n d  S. fuscicollis, h o u s e d  a n d  f e d  i d e n t i c a l l y  in  a b r e e d i n g  c o l o n y  ( d e t a i l s  
in (3)), r e s u l t e d  in  a r e m a r k a b l y  l a r g e  d i f f e r e n c e  (Tab l e  1). T h e  a v e r a g e  
v a l u e  o f  S. fuscicollis w a s  b e l o w  t h e  k i d n e y  t h r e s h o l d  w h e n  f ed  t h e  2 000 
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Fig. 1. Ascorbic acid excret ion in urine of Callithrix jacchus, in percent  of intake, 
when fed diets with varying ascorbic acid content  and after a single oral dose. 
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Table  1. Asco rb ic  acid con t en t  in s e r u m  (mg/100 ml) of  two  spec ies  of  Callitrichidae 
w h e n  the  s tap le  feed  c o n t a i n e d  e i ther  2 000 or 4 000 p p m  asce rb ic  acid. 

Asco rb ic  acid in die t  Call i thric j a c c h u s  S a n g u i n u s  fuscicol l is  

2 000 p p m  hea l thy  n -- 19 n = 21 

2.56 _ 1.07 0.54 + 0.29 

s ick n = 5 n = 2 

0.47 + 0.66 0.13 (0.08; 0.18) 

4 000 p p m  hea l thy  n = 26 n = 16 

2.43 + 0.54 2.06 + 0.55 

s ick n = 18 n = 10 
2.20 + 0.37 1.77 _ 0.45 

The  total  d ie ta ry  ascorb ic  acid c o n t e n t  was  a b o u t  ha l f  t he  a m o u n t  i nd i ca t ed  w h e n  
the  loss  d u e  to pe l le t ing  is c o n s i d e r e d  as well  as t he  lower  c o n t e n t  in t he  b a n a n a  a n d  
b a b y  pap  s u p p l e m e n t .  
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Fig. 2. Cumula t ive  exc re t ion  of  14C in p e r c e n t  o f  a s ingle  oral dose  of  1-14C-ascorbic 
acid  in a male  Calll thrixjacchus u n d e r  no rma l  cond i t ions  (2a) and  w h e n  phys ica l ly  
s t r e s s ed  by  a t rans i tory ,  un iden t i f i ed  s i ckness  (2b) w i th  a b o d y  w e i g h t  loss  of  23 % 
as t h e  only  s y m p t o m .  The  feed  con t a ined  250 p p m  ascorb ic  acid. Sy mb o l s :  14C 
exc re t i on  in exha l ed  air (circles), u r ine  (triangles), and  feces  (asterisk). 
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ppm-die t .  The  e n o r m o u s  d ive rgence  b e t w e e n  the  two species  d imin i shed  
after  the d ie tary  AA was  doubled ,  bu t  was  still evident .  Animals  s ick for  
var ious  reasons,  e i ther  shor t  t e r m  surgical ly  or  long  t e rm  "metabol ica l ly"  
ill pa t ients  (also females  wi th  recent  abor t ion)  had  m u c h  less AA in s e r u m  
than  hea l thy  animals ,  w h e n  fed the  2 000 ppm-die t .  With a h igh  AA supply ,  
the  effect  of  s ickness  was  obv ious  only  in S. fuscico111s this  t ime.  

The  trials wi th  labeled AA exh ib i t ed  a d i f ference  b e t w e e n  the  two  
animals  of  the  two species.  In  trials u n d e r  c o m p a r a b l e  condi t ions,  S. 
fuscicollis exhaled about double the amount of 14C0 2 than C. jacchus, 
with, however, the urinary portion of 14C being less for S. fuscicollis. When 
the AA supply was high, both animals eliminated most of the recovered 
14C in urine (between 24 % and 67 %). About two-thirds of the activity 
eliminated via urine consisted of unmetabolized AA, for C. jacchus in the 
first 8 h and for S. fuscicollis only in the first 3 h, the rest were metabolites. 
On the diet with a low AA content, 14CO2 was the main excretion pathway 
in most trials (10 %-25 %). This dietary AA content resulted in a lower total 
14C recovery (30 %-41%) within 12 days than the high AA diet (51%-72 %). 
Stress, as judged by behavioral criteria, increased the metabolization of 
AA to CO2 at the expense of the renal excretion of AA or its metabolites. 
The speed of total 14C excretion, however, was not correlated to the state of 
stress. An example for the 14C excretion pattern during physical stress 
caused by a disease, in comparison to that under normal conditions, is 
illustrated in Fig. 2. 

D i s c u s s i o n  

The p a r a m e t e r  wh ich  actual ly  def ines  the  AA r e q u i r e m e n t  is not  ye t  
set t led and  the  ex ten t  of  the me tabo l i c  act ions of  AA is not  fully under -  
stood. Therefore ,  it is difficult  to d e t e r m i n e  the  m i n i m a l  r e q u i r e m e n t  of  
v i t amin  C. I t  s eems  advisable  to take  the  h ighes t  a m o u n t  of  AA wh ich  still 
is used  by  the  body.  P rov ided  there  is a con t inuous  supply ,  this  va lue  is 
indicated by  the  first  a p p e a r a n c e  of  unm e t abo l i z ed  AA in urine.  AA is 
f i l tered into the  p r i m a r y  ur ine  and is r e a b s o r b e d  unt i l  it r eaches  the  
k idney  threshold .  In  C. jacchus  this  th resho ld  is s imilar  to tha t  in m a n  
(0.8-0.9 mg/100 ml  serum;  (6)). Da ta  f rom other  an imals  are not  known.  The  
requi red  a m o u n t  m u s t  be incorpora ted  in the  ma in  feed or g iven severa l  
t imes  a day, s ince a s ingle oral  dose  will be  e l imina ted  wi th in  a few hours  
in the urine.  As a c o n s e q u e n c e  a grea ter  need  for a single oral s u p p l e m e n t  
as c o m p a r e d  to a cons tan t  s upp l y  had  been  found  in m a c a q u e s  (12). The  
r e q u i r e m e n t  of  C. jacchus,  as resul ted  f rom our  trial (15 mg/kg  me tabo l i c  
body  weight)  co r r e sponds  to the  va lue  g iven for ano the r  smal l  N e w  World 
monkey ,  the  Saimiri  sciureus (7, 2), bu t  is m u c h  h igher  t han  the  va lue  
given for m a n  wi th  100 mg/day  (= 4 mg/kg  metabo l i c  b o d y  weight ;  (6)). The  
unusua l  h igh  r e q u i r e m e n t  for  v i t amin  C m a y  well  be  due  to the  lack of  
evo lu t ionary  p ressure  towards  a low r e q u i r e m e n t  in a b io top  wi th  con- 
s tant  y e a r r o u n d  h igh  s upp l y  of AA. R e q u i r e m e n t  da ta  for Old World 
m o n k e y s  va ry  b e t w e e n  3 mg /kg  b o d y  weigh t  (= 4.5 mg /kg  me tabo l i c  BW; 
(12)) and  10 mg/kg  (= 15 mg/kg  metabo l ic  BW; (8)). 

Al though  not  ye t  p r o v e n  by  expe r imen t ,  it is obv ious  f rom the  da ta  of  
AA in the sera of colony animals that S. fuscicollis have a higher AA 
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r e q u i r e m e n t  t han  C. jacchus.  When  the  s tap le  feed c o n t a i n e d  2 000 ppm,  
wh ich  in fact  seems  to be  an a d e q u a t e  amoun t ,  the  average  s e r u m  level  in 
this  spec ies  was be low the  k i d n e y  t h r e sho ld  and  was  on ly  one- four th  tha t  
of  marmose t s ,  a l t hough  bo th  spec ies  were  he ld  and  fed ident ica l ly .  The  
2 000 p p m  AA were  a d d e d  to the  feed m i x t u r e  p r io r  to pe l le t ing ,  a loss  of  
one- four th  to one- th i rd  can  be  ca lcu la t ed  as due  to p r o c e s s i n g  and  shor t  
t ime  s torage.  I t  is genera l ly  a c c e p t e d  tha t  s t ress  of  all k i n d s  inc reases  the  
AA requ i r emen t .  This fact  p r o b a b l y  is the  key  in u n d e r s t a n d i n g  the  
d i f fer ing  AA m e t a b o l i s m  b e t w e e n  the two  species .  This  d i f fe r ing  excre-  
t ion  pa t t e rn  is the  same  as is the  case  in m a r m o s e t s ,  t ha t  is r e g a r d i n g  the  
i nd iv idua l  s ta tes  of s t ress  and  "normal"  behavior .  Rhesus  m o n k e y s  also 
had  an e n o r m o u s l y  i nc reased  ra te  of  CO2 fo rma t ion  w h e n  s u b m i t t e d  to 
conf ined  cond i t ions  (13). The e x a m p l e  i l l u s t r a t ed  in Fig.  2 shows  an 
e x t r e m e  e x p r e s s i o n  of the  in f luence  of s t ress  on the  AA m e t a b o l i s m .  I t  is 
obv ious  tha t  the  ra te  of  A A  d e g r a d a t i o n  to CO2 d i r ec t ly  ref lec ts  the  s ta te  of  
stress.  Due  to the  c o n t i n u o u s  d i sp l ay  of  the  14CO2 ra te  wi th in  the  f i rs t  8 h, i t  
cou ld  be  d e m o n s t r a t e d  in ano the r  t r ia l  t ha t  shor t  t e r m  d i s t u r b a n c e s  l ike  
annoyance ,  a ser ies  of  f lash ing  l ight  or the  no ise  of  a n e a r b y  p u m p ,  
inc reased  the  14CO2 exc re t i on  in one  an ima l  b y  a b o u t  twice  as m u c h  wi th in  
a m a x i m u m  of  10 min.  With in  a few m i n u t e s  af ter  the  s t r e s s ing  fac tors  had  
s t o p p e d  the  14CO2 level  had  r e t u r n e d  to a lmos t  the  fo rmer  level.  We 
the re fo re  c o n c l u d e  tha t  s t ressors  i nc rease  t he  A A  m e t a b o l i z a t i o n  to  CO2 
dras t ica l ly ,  thus  ind ica t ing  a h igher  A A  requ i r emen t .  
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