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Avidin has been shown to be the protein responsible for the ability of raw egg 
white to bind biotin and thus render dietary biotin unavailable 1, 2. In contrast to the 
effectiveness of avidin to cause egg white injury upon oral administration, its injection 
was shown to have a curative effect on the same deficiency disease s. This was explained 
on the basis of the fact that  avidin always contains some biotin (corresponding to 
lO-2O% of its capacity) and that  this bound biotin was presumably available to the 
mammalian organism when given parenterally. All a t tempts  to elucidate the mode of 
liberation of biotin from the complex, however, were unsuccessfuP. The complex ap- 
peared remarkably resistant to all crude or purified enzyme systems studied, as well 
as to wide variations of PH; only oxidative agents seemed to liberate small amounts 
of biotin. 

The availability to us of avidin-biotin complex containing radioactive biotin 5 ap- 
peared to supply a new tool to investigate this problem. Since a tracing of the metabolic 
fate of biotin could hope to be successful only if relatively large amounts of radioactivity 
and thus of biotin were given (at least o.oi mg or 0.04 microcurie), pilot experiments 
with similar amounts of nonradioactive biotin were first conducted. I t  appeared that  
in the rat,  as in man 6, administration of superphysiological doses led to marked increases 
in urinary excretion of biotin within the first 24 hours. The same was true for radioactive 
biotin, about 40% of which appeared unchanged in the first day's  urine; most of the 
residual radioactivity was also largely excreted at that  time, although not as intact 
biotin. In contrast, biotin administered in the form of the avidin complex appeared in 
the urine at a more protracted rate, a total of about 50-60% being excreted within 
5 days. No evidence for protein-bound biotin was found. The liver contained approxi- 
mately 7% of the administered dose at the time of autopsy, but the residual radio- 
activity was not concentrated to such an extent in any of the other tissues or excreta 
investigated that  it could be determined quantitatively. 

This study has supplied the first incontrovertible evidence that  biotin bound to 
avidin is released under physiological conditions and then follows a path  similar to that  
of free injected biotin. This finding lends independent support to the seemingly para- 
doxical finding of GY6RGY AND ROSE that  avidin, or rather the complex, upon parenteral 
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administration may cure the symptoms of egg white iniury. The present study unfortu- 
nately has not revealed any clear evidence concerning the site or mechanism of release 
of the biotin. 

EXPERIMENTAL MATERIALS AND METHODS 

Radiobiotin, labelled with C 14 in the  ureido group, was kindly supplied by Dr D. B. MELVILLE 
of Cornell University.  The avidin-biotin complex was material  which had been used for equilibrium 
studies 5. I t  was prepared from about  9o% pure avidin NA~, s sa turated with radioactive biotin of 
varying specific ac t iv i ty  and dialyzed for protracted periods of t ime so tha t  it  was free from excess 
biotin or radioactivity.  

Approximately  300 g rats  were injected intraperi toneally with 4-5 ml solution containing 
13.5 /~g radioactive biotin (equivalent to o.o63 /~c) or radiobiotin-avidin complex containing about  
2 mg avidin and 13.o--15. 4 /~g radioactive biotin (equivalent to o.o38-o.o62 /~c) and immediate ly  
placed in a glass resp=ration chamber  supplied with CO2-free air. The urine was collected under 
toluene, feces in a wire trap, and expired CO 2 in 2 N sodium hydroxide. 

Radioact ivi ty  was measured in a Geiger-Miiller counter with th in  mica window. Aluminum 
discs were employed in the  preparation of plates from aliquots of urine or fractions thereof, of 
fractions obtained from liver, or of acetone slurries of homogenized t issues or feces. Small glass 
cylinders with ground edges were coated inside with a th in  film of Dow Coming Silicone, then  were 
rigidly held in place over the  a luminum discs while the  aliquots of urine (or other samples) were 
dried under an infra-red heat  lamp. Bar ium carbonate precipitates from the alkali containing the 
expired CO 2 were plated from alcohol suspensions according to s tandard  technique. 

Aliquots of 3-5 ml urine were used in the preparation of plates. Since much  of the  radiation 
was expected to be absorbed by the  bulky  residue of the  urine and since the  specific ac t iv i ty  of 
the 3 and 5 ml al iquots  did not  agree, exper iments  were carried out  to determine the  amoun t  of 
self-absorption incurred by 3 and 5 ml nonradioactive urine containing known amoun t s  of added 
radiobiotin. The necessary correction values were thus  obtained: 3.o and 1.9 for 5 and  3 ml urine 
samples respectively, independent  of the  biotin concentration. These were so high t ha t  the corrected 
values l is ted in Table I mus t  be considered only as approximations.  A similarly high correction 
value (2.5) had to be used in the  case of acid hydrolysates  of t issue which were neutralized directly 
on the  plate with ammonia.  In  order to avoid this  correction, the sulfuric acid was neutralized with 
baryta  and the bar ium sulfate removed by centrifugation before the  aliquots were taken for determi- 
nation of radioactivity.  Skepticism should also be entertained in the evaluation of the  plates obtained 
from acetone slurries of whole t issue or feces, a l though no a t t empt  was made to determine the amount  
of self-absorption in these cases due to the wide range in weight  of the  samples and  the scarity of 
radiobiotin. 

Biotin assays were kindly  performed by Miss N. SHELL of the  Western Regional Research 
Laboratory, using Saccharomyces cerevisiae F.B.,  in principle by the  method of HERTZ 9. 

RESULTS 

Excretion o/radioactive material 

Urine analyses (see Table I). Microbiological assays indicated that the daily ex- 
cretion of biotin was increased from a control value of 2 /~g to 9 ~g during the first 
24 hour period after administration of 16 tzg free biotin and then dropped back to the 
control value. The ,~xcretion of radioactivity during the first 24 hours corresponded to 
about 13 ~g of radiobiotin, although the accuracy of this value is somewhat doubtful 
owing to the great corrections for self-absorption that  had to be applied. To ascertain 
how much of this excreted radioactive material was unchanged biotin, excess avidin 
was added to aliquots of the urine which were then dialyzed. These experiments indi- 
cated that about half of the total radioactivity contained in the urine was in the form 
of avidin-combinable, and thus unchanged, biotin, in agreement with the microbiological 
assay value*. 

* The radiobiotin as available to us contained about  2 ~o nonbiotin materialS; this  insignificant 
contaminat ion could not  appreciably affect the present  results. 
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TABLE I 

FATE OF RADIOBIOTIN AND RADIOBIOTIN-AVIDIN COMPLEX UPON PARENTERAL ADMINISTRATION 

Dose #c 
administered #gl 

Biotin 

0 . 0 6 3  
15.6  

Biotin-avidin complex 

0.062 
15.4 

II 

0.038 
13.o 

PERCENTAGES OF ADMINISTERED RADIOACTIVITY 2 

U r i n e  D a y  i 
2 

3 
4 
5 
6 

Total s 

85 (3) 
I (2) 
I (I) 

87 

B i ° t i n  4 

39 (7) 

Total ~ 

20 (1) 
22 (2) 
4 (2) 
2 (i) 

I 2 ( i )  
I i ( i )  

51 

Biotin 4 

23 (I) 

Total 3 

14 2) 
I8  (3) 
13 (2) 

6 ( I )  
7 (  1 ) 

58 

Biotin 4 

I O ( I )  
I 9  (4) 
14 (I) 

Total Biotin Total Biotin Total Biotin 

Liver 4 (1) 5 7 (2) 7 7 (2) 5 IO (1) 5 9 ( I )  ? 
5 (I) s 6 (3) ¢ 8 (2) 6 

I. Expressed as biotin. 
2. Number o1 determinatious in parentheses. 
3. Total count expressed as percent of administered dose, obtained by plating urine directly and 

correcting for selfabsorption of 5 and 3 ml samples. 
4- Amount of radiobiotin in urine capable of combining with avidin, expressed as percent of ad- 

ministered dose. 
5- Total count expressed as percent of administered dose, obtained by plating acetone homogenates, 

thus only rough approximations. 
6. Total count expressed as percent of administered dose, obtained by plating sulfuric acid digest. 
7. Amount of radiobiotin in liver liberated by sulfuric acid and capable of combining with avidin, 

expressed as percent of administered dose. 

After  the adminis t ra t ion of similar amounts  of biot in  complex-bound to avidin,  

rises in to ta l  biot in excret ion above the control  va lue  of 2 /,g per day  were observed 
for 2-3 days. Three /zg per day was the m a x i m u m  observed.  The  excret ion of radio- 

ac t iv i ty  similarly ex tended  over  several days and amoun ted  to 51-58 % of the dose. 
In  contrast  to the results described above for the amoun t  of t rue  biot in compared  with 
to ta l  rad ioac t iv i ty  excreted by  the rat  receiving radiobiot in,  the results obta ined with 

the rats  receiving avidin-radiobiot in  complex would indicate  tha t  the to ta l  excret ion of 

radioact ive  mater ia l  was in the form of t rue  biotin. Thus at  least 50% of the radio- 
ac t iv i ty  was dialyzable prior to the addi t ion of avidin,  but  none after. The to ta l  amount  
of radiobiot in  excreted by these ra ts  was considerably more than  the " e x t r a "  biotin 
excreted,  as measured by  microbiological  assay, compared  with  the pre- inject ion control  
level, but  was less than  the to ta l  biot in appearing in the  urine. Thus  it would appear  
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that  the injection of a large dose of biotin (an eight-fold of the daily excretion value) 
depresses the normal mechanism of resorption from the intestine. 

Preliminary studies of the effect of nonradioactive biotin (II/zg) and complex on 
the excretion of biotin by fasted rats indicated the same facts. Free biotin produced 
a markedly increased biotin excretion during the first day (the fasted control level of 
i.o/~g per day was raised to 3.0 ~g) ; whereas the complex effected an increase extending 
over 3 days (1.8, 2.2, and 1.4/~g per day respectively). 

Expired CO s . No count was obtained on the barium carbonate plates; it was there- 
fore concluded that  the injected biotin was not oxidized, or only to such a small extent 
as to be undetected in the Geiger-Mfiller counter. 

Feces. Plates of acetone slurries of feces would indicate that approximately 7 % of 
the total count was excreted in 3 days following the injection of radiobiotin and about 
3% of the total count was excreted in the same time following the injection of avidin- 
radiobiotin complex. 

Distribution o] radioactivity in the body. 

A qualitative search for radioactivity in various organs by direct plating of acetone 
suspensions of tissue homogenates indicated appreciable count only in the liver and con- 
siderably less in the kidney and spleen, with no radioactivity being observed in adrenal, 
mesentery, lung, blood, thyroid, and muscle. Acid extracts of the skin seemed to indicate 
a small amount of radioactivity to be present; however, the values obtained were so 
low and erratic that  no definite conclusions could be drawn. 

The nature and amounts of the radioactive material in the liver was investigated 
further after acid hydrolysis of samples of the tissue. The most reliable analyses were 
probably those in which the sulfuric acid was removed by neutralization with baryta. 
These indicated that 5-8 % of the administered radioactivity was in the liver after 3-6 
days, apparently largely as biotin, since most of it was rendered nondialyzable upon 
the addition of avidin (see Table I). 

Liver tissue was also fractionated by the method of HOFFMANN 1°, a s  well as by an 
ammonium sulfate fractionation procedure designed to reveal the presence of radiobiotin 
in a fraction corresponding in solubility to avidin or complex (see Table II). The former 

T A B L E  II  

FRACTIONATION OF LIVER 

E x p e r i m e n t a l  
cond i t ions  

H o f f m a n n  t e chn i que  
Acid  e x t r a c t  
Alka l ine  e x t r a c t  

A m m o n i u m  su l fa te  
0. 5 sa td .  AS 
I.O sa td .  AS 
Satd .  AS s u p e r n a t a n t  

Free  rad iob io t in  

~o of dose 1 #g  b io t in  
per  g l iver  2 

0.9 x.3 3 
3.4 2.14 

Avid in- rad iob io t in  
complex  

% of dose 1 

0.7, 1.5 
3.2, 2.6 

4.6 
o 

0.6 

I. As  ca lcu la ted  f rom rad ioac t iv i ty .  
2. B y  microbiological  assay.  
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method yielded results concerning the fractionation of liver biotin which confirmed 
HOFFMANN well. The liver contained 3 .4-4  ~g biotin per g dry tissue, which was about 
IO times its content of radiobiotin. The radioactivity appeared in both the acid and 
alkaline extracts, approximately in proportion to their total biotin contents. 

The ammonium sulfate fractionation yielded the highest count in the globulin 
fraction, and no detectable amount in the fraction precipitated above 2.o M ammonium 
sulfate, which would contain any avidin or complex. There was a small amount of non- 
dialyzable activity not precipitated with ammonium sulfate. 
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S U M M A R Y  

I. The  pa r en t e r a l  a d m i n i s t r a t i o n  of O.Ol-O.O2 m g  b io t in  to fed or f as ted  r a t s  caused  a m a r k e d  
increase  in  b io t in  excre t ion  for one day,  a ccoun t i ng  for up  to 4 o %  of t he  dose. 

2. The  use  of label led  b io t in  in  a s imi la r  e x p e r i m e n t  i nd i ca t ed  t h a t  m o s t  of t he  res idua l  b io t in  
was also excre ted  wi th in  one day  a l t h o u g h  no t  in  microbiological ly  ac t ive  form.  

3. Of s imi la r  a m o u n t s  of r ad iob io t in  a d m i n i s t e r e d  in  complex  fo rm w i t h  av id in ,  a b o u t  one hal f  
was excre ted  over  a 3-5 d a y  period,  a p p a r e n t l y  la rge ly  as  free b io t in .  

4. I n  each  expe r imen t ,  a sma l l  f rac t ion  of t h e  a d m i n i s t e r e d  r ad iob io t in  was  found  in  t he  l iver,  
b u t  no apprec iab le  a m o u n t  in  t h e  o the r  o rgans  tes ted .  

R~SUM~ 
I. L ' a d m i n i s t r a t i o n  paren t6ra le  de O.Ol--O.O2 m g  de b io t ine  ~, des r a t s  a l imen t4s  ou ~ jefln c ausa  

une  a u g m e n t a t i o n  consid4rable  de l ' excr6 t ion  de b io t ine  p e n d a n t  u n  jour,  a t t e i g n a n t  4 o %  de la  dose: 
2. L ' emp lo i  de b io t ine  marqu4e  mon t r a ,  dans  une  exp6r ience  semblable ,  que  la  ma j eu re  pa r t i e  

de la  b io t ine  r4siduel le  4taf t  4ga l emen t  excr4t4e p e n d a n t  u n  jour,  quo ique  non  sous  une  fo rme  micro-  
b io log iquemen t  act ive .  

3- E n v i r o n  la  moi t i6  de  q u a n t i t 4 s  s emblab l e s  dc rad iob io t ine  admin i s t r4es  sous  forme de com-  
p lexe  avec  l ' av id ine ,  ru t  excret4e p e n d a n t  une  p4riode de 3 a 5 jours ,  a p p a r e m m e n t  en  ma jeu re  
pa r t i e  sous  fo rme  de b io t ine  libre. 

4. Darts c h a q u e  exp6r ience  une  pe t i t e  f rac t ion  de la  r ad iob io t ine  admin i s t r4e  fu t  t rouv6e  dans  
le foie ; a u c u n e  q u a n t i t 4  appr6ciable  ne  f u t  t rouv6e  d a n s  les au t r e s  organes  6tudi4s.  

Z U S A M M E N F A S S U N G  
i. Die  pa r en t e r a l e  Ve rab re i chung  yon  o .o i -o .o2  m g  Bio t in  a n  gef i i t ter te  u n d  n ich t  gef i i t ter te  

R a t t e n  v e r u r s a c h t e  e ine b e d e u t e n d e  Z u n a h m e  der B i o t i n a u s s c h e i d u n g  wAhrend e ines  Tages ,  welche 
bis  zu 4 o %  der  Dos is  en t sp rach .  

2. Die  A n w e n d u n g  yon  m a r k i e r t e m  Bio t in  in  e i nem i thnl ichen Versuche  zeigte, dass  der gr6ss te  
Tel l  des res t l i chen  Bio t ins  a u c h  w~hrend  e ines  Tages  ausgesch ieden  wurde,  a l le rd ings  n i ch t  in mikro-  
biologisch ak t ive r  Form.  

3. W u r d e n  ~hnl iche  Mengen  von  R ad i ob i o t i n  in F o r m  eines  K o m p l e x e s  m i t  Av id in  verabre icht ,  
so wurde  ungef~hr  die  H~klfte w~hrend  e iner  Ze i t spanne  yon  3 bis  5 Tagen  ausgeschieden ,  a n s c h e i n e n d  
in F o r m  von  f re iem Biot in.  

4. I n  j e d e m  Ver suc h  wurde  eine k le ine  Menge  des  ve r ab re i ch t en  Rad iob io t i n s  in  der  Leber  
g e f u n d e n ;  in den  ande ren  u n t e r s u c h t e n  Organen  w u r d e n  ke ine  merk l i chen  Mengen  nachgewiesen .  
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