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k n o w n  h i s tone  f ract ions .  Tab le  I compares  t he  q u a n t i t a t i v e  
d i s t r i b u t i o n  of t h e  3 m a j o r  h i s tone  f rac t ions  of embryo ,  
p r i m a r y  and  seconda ry  cells a long  w i th  h i s tones  of r a t  
l iver  and  bra in .  No s ign i f ican t  q u a n t i t a t i v e  differences of 
h i s tone  d i s t r i b u t i o n  are found  in t he  var ious  cell t ypes  
examined .  Thus ,  the  d a t a  ind ica te  a regular  q u a n t i t a t i v e  
d i s t r i bu t ion  a n d  q u a l i t a t i v e  s imi la r i ty  of nuc lea r  h i s tones  
f rom ch ick  e m b r y o s  a nd  t h e i r  p r i m a r y  and  seconda ry  cell 
cul tures .  The  obse rved  s imi la r i ty  of h i s tones  der ived  f rom 
var ious  cell t ypes  conf i rms  the  k n o w n  charac te r i s t i c  of 
h i s tones  which  in genera l  h a v e  been  found  to be ne i t he r  
t i ssue  nor  species specific4 ~. 

Similar ly ,  t he re  are no e lec t rophore t i ca l ly  d iscern ib le  
q u a l i t a t i v e  differences of nuc lea r  acidic  p ro te ins  f rom 
ch ick  embryo ,  a n d  f rom p r i m a r y  and  seconda ry  ch ick  
e m b r y o  cell cu l tu res  (Figure 2). However ,  t h e  q u a n t i t a t i v e  
d i s t r i bu t i on  of several  acidic p ro te ins  f rom embryo ;  
p r i m a r y  a n d  seconda ry  ceils differs. The  differences  are 
i l lus t ra ted  in Tab le  I I  where  t he  re la t ive  q u a n t i t a t i o n  of 
t he  p ro te ins  in  peak  A and  p e a k  ]3 is given.  There  is a 
s ign i f ican t  increase  of e lec t rophore t i ca l ly  fas te r  m o v i n g  
p ro t e in  and  a decrease  of s lower m o v i n g  p r o t e i n  f rom 
b o t h  p r i m a r y  and  seconda ry  cells w h e n  c o m p a r e d  to ch ick  
e m b r y o  nuc lea r  prote ins .  R e c e n t l y  i t  has  been  found  t h a t  
p ro l i fe ra t ion  of ch ick  f ib rob las t s  is s t i m u l a t e d  b y  folic 
acid or s e rum fac tors  in  a p l a s m a  c o n t a i n i n g  m e d i u m  L The  
s t i m u l a t i o n  of p ro l i f e ra t ion  seemed to  requi re  ear ly  
p ro t e in  synthes is ,  poss ib ly  nuc lea r  acidic p ro t e in  bio- 
syn thes i s  8. Since t he  m a j o r  d i f ference be t w een  e m b r y o  
and  p r i m a r y  (or secondary)  cells is t h e  cu l tu r ing  of t he  
l a t t e r  in a g r o w t h  med ium,  i t  could be t h i s  n u t r i t i o n a l  
t r e a t m e n t  of t he  cu l tu red  cell wh ich  causes  t he  obse rved  
effects. 

I n  conclusion,  nuc lea r  p ro t e in s  f rom ch ick  embryos ,  and  
f rom p r i m a r y  a n d  seconda ry  chick  e m b r y o  f ib rob las t s  

exh ib i t  ident ica l  e lec t rophore t i c  mobil i t ies .  Based  on  t h i s  
s imi lar i ty ,  ch ick  e m b r y o  nuc lea r  p ro te ins  can  serve as 
car r ier  p ro te ins  for t he  i so la t ion  of pulse- labe led  nuc lea r  
p ro t e in s  f rom p r i m a r y  a n d  seconda ry  ch ick  e m b r y o  
f ib rob las t s  ~0. 

Zusammen/assung. Das e l ek t rophore t i s che  Mus te r  v o n  
H i s t o n e n  u n d  sau ren  Ze l lke rnp ro t e inen  yon  Hi ihner -  
e m b r y o n e n  u n d  de ren  p r i m ~ r e n  u n d  sekund~tren Fibro-  
b las tze l len  wurde  q u a l i t a t i v  u n d  q u a n t i t a t i v  vergl ichen.  
Die Ze l lke rnpro te ine  der  ve r sch i edenen  Ze l l typen  er- 
wiesen sich q u a l i t a t i v  als ident isch ,  die re la t ive  q u a n t i t a -  
t i ve  Ver te i lung  der  K e r n p r o t e i n e  war  j edoch  le icht  ver-  
schieden.  
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R i b o f l a v i n  E n h a n c e m e n t  of  B i l i r u b i n  P h o t o c a t a b o l i s m  in  v i v o  1 

P h o t o t h e r a p y  has  become  a c o m m o n  t h e r a p e u t i c  
p rocedure  in n e o n a t a l  hype rb i l i rub inemia~-% Desp i te  t h e  
wel t -es tab l i shed  eff icacy of l igh t  t h e r a p y  in  r educ ing  
b i l i rub in  levels,  t he re  h a v e  been  r e se rva t ions  expressed 
w i t h  respec t  to  expos ing  i n f an t s  to  l igh t  in tens i t i es  of 300 
to 500 foot  candles,  o f ten  c o n t i n u o u s l y  for per iods  of 
severa l  daysL  W e  h a v e  been  e x a m i n i n g  t he  poss ib i l i ty  
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Fig. 1. Plot showing effect of FMN on rate of bilirubin photodecom- 
position by visible light in aqueous solution of 1% BSA, pH 7.4, 
under aerobic conditions. 

of a d m i n i s t e r i n g  agen ts  which  would p r o m o t e  t he  p h o t o -  
chemica l  decompos i t ion  of b i l i rub in  in vivo,  a n d  m i g h t  
t h u s  reduce  e i t he r  t he  exposure  t i m e  or t h e  l igh t  i n t ens i t y  
necessa ry  to  reduce  p l a s m a  b i l i rub in  levels. 

Experimental. P r e l i m i n a r y  in v i t ro  e x p e r i m e n t s  ind ica ted  
t h a t  m o n o s o d i u m  sal t  of r i bo f l av in  Y - p h o s p h a t e  (FMN) 
increases  t he  r a t e  of p h o t o c h e m i c a l  decompos i t ion  of 
b i l i rub in .  B i l i r ub in  so lu t ions  (3.36 x 10-5M) were p r e p a r e d  
in 0.05 M p h o s p h a t e  buffer ,  p H  7.4, c o n t a i n i n g  1% w/v  
bov ine  se rum a l b u m i n  (Armour  f r ac t ion  V), w i t h  and  
w i t h o u t  0 . 9 7 •  .5 2!4r FMN. These  so lu t ions  were 
i r r ad i a t ed  i n t e r m i t t a n t l y  in 1 cm q u a r t z  s p e c t r o p h o t o m e t e r  
ceils loca ted  24 in. f rom a p ro jec to r  equ ipped  w i t h  a 5 0 0 W  
t u n g s t e n  lamp.  A b s o r b a n c e  spec t ra  were recorded,  ve rsus  
a buf fe r  b lank ,  on  a Cary  15 s p e c t r o p h o t o m e t e r  a t  
a p p r o p r i a t e  t i m e  in terva ls .  S tudies  were  conduc t ed  a t  
room t e m p e r a t u r e  of 22-25 ~ w i t h  so lu t ions  exposed to  
air. I n i t i a l  b i l i r ub in  a b s o r b a n c e  a t  460 n m  was approxi -  
m a t e l y  40 t imes  t h a t  of FMN, a n d  t he  e n h a n c e d  in i t ia l  
r a t e  of decl ine in a b s o r b a n c e  a t  460 n m  in presence  of 
FMN, as i l l u s t r a t ed  in F igure  1, ind ica tes  acce le ra t ion  of 
b i l i rub in  p h o t o d e c o m p o s i t i o n  b y  FMN.  

P o t a s s i u m  iodide a t  a c o n c e n t r a t i o n  of 10 -~ M reduced  
t he  F M N  e n h a n c e m e n t  of b i l i rub in  pho todecompos i t ion ,  
whi le  showing  no effect  on ra t e  of b i l i rub in  pho todecom-  
pos i t ion  in absence  of FMN. Th i s  o b s e r v a t i o n  impl ica tes  
t he  F M N  t r ip le t  in the  e n h a n c e d  b i l i rub in  pho todecompo-  
si t ion.  A f u r t h e r  obse rva t i on  t h a t  t he  p h o t o f a d i n g  of F M N  
is i n h i b i t e d  b y  the  presence  of b i l i rub in  is compa t ib l e  w i t h  
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a mechan i sm whereby  bi l i rubin quenches  the  F M N  triplet .  
Deta i led  s tudies  of th is  pho tochemica l  process  will be 
considered in a separa te  repor t  8. 

Adul t  male j aund iced  Gunn ra ts  9 weighing 275-400 g 
were dosed wi th  75 mg/kg  of FMN admin i s te red  in 0.7 to 
1.0 ml  of normal  saline solut ion via  the  penis  vein every  
9 h up to 36 h and  then  every  12 h for the  dura t ion  of the  
exper iment .  Control  animals  were in jec ted  at  the  same 
t ime  in tervals  wi th  normal  saline solu t ion . -The backs of 
b o t h  the  contro l  and the  FMN t rea ted  ra ts  were shaved  
and  the  animals  were placed in indiv idual  cages under  a 
l ight  canopy  conta in ing  four 60 W dayl igh t  f luorescent  
l amps  (Sylvania).  Cons tan t  l ight  in t ens i ty  was ma in t a ined  
t h r o u g h o u t  the  expe r imen t  by  dai ly moni to r ing  of l ight  
in t ens i ty  wi th  a l ight  me te r  and  a d j u s t m e n t  of the  lamp-  
to -an imal  d is tance  as required.  Blood sampl ing  was per- 
fo rmed prior  to and  dur ing the  exposure  per iod by  a 
t echn ique  s imilar  to t h a t  descr ibed by  HURWlTZ 1~ 
P la sma  bi l i rubin  concen t ra t ion  was de t e rmined  by  a 
modif ied  Mal loy-Evelyn  colorimetr ic  m e t h o d  n. Ribo-  
f lavin p lasma  levels encounte red  at  the  selected sampl ing  
t imes  did not  in terfere  wi th  the  assay for bil irubin.  

Results and discussion. Both  the  albino and  the  hooded 
s t ra ins  of Gunn  ra ts  r esponded  to pho to the r apy .  Prel imi-  
na ry  s tudies  conduc ted  wi th  l ight  of 750-1100 foot  candles  
in t ens i ty  showed a rapid  decline in p lasma bi l i rubin  levels, 
w i th  no difference de tec tab le  for control  and FMN t r ea t ed  
rats.  However ,  when  ra ts  were exposed to  l ight  of 300 
foot  candles,  marked  differences in ra te  of decline of 
p la sma  bi l i rubin levels were observed for the  control  and 
FMN t r ea t ed  animals,  as i l lus t ra ted in Figure  2. No change 
in p lasma  bi l i rubin was observed for FMN t rea ted  animals  
kept  in the  dark.  In  v i t ro  s tudies  have  shown no compet i t i -  
ve d i sp lacement  of a lbumin -bound  bi l i rubin by  FMN at  
FMN concen t ra t ions  up to 50 mg/100 ml. 
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Fig. 2. FMN enhancement of rate of plasma bilirubin decline in both 
albino and hooded Gunn rats exposed to daylight fluorescent lights 
at 300 foot candles intensity. FMN dosing of 75 mg/kg i.v., indicated 
by markings on the time axis. 

Ribof lav in  in jec ted  i.v. at  a dose of 75 mg/kg  can be 
observed  to  color the  skin of e i ther  j aund iced  or normal  
rats,  suggest ing t h a t  a t  th is  dosage level r iboflavin,  like 
bilirubin, is d i s t r ibu ted  to superficial  t issues in appreciable  
concent ra t ion .  

As shown in Figure 2, p l a sma  bi l i rubin levels in j aund iced  
Gunn  ra ts  exposed to l ight  of 300 foot  candles  in tens i ty ,  
in absence of FMN admin is t ra t ion ,  decline a t  an ap p a ren t  
zero order  ra te  to a new pla teau  level. Animals  t r ea t ed  
wi th  FMN and  exposed to the  same l ight  i n t ens i ty  
exhib i t  v i r tua l ly  the  same pla teau p lasma  bi l i rubin as 
n o n - F M N - t r e a t e d  animals,  b u t  the  p la teau  is achieved 
more  rap id ly  in the  FMN t r ea t ed  animals  and a t  an 
ap p a ren t  f i rs t  o rde r  rate.  

The results  of these  s tudies  suggest  t h a t  there  is po ten-  
t ial  for improv ing  the  efficiency of bi l i rubin p h o t o t h e r a p y  
th rough  sys temic  admin i s t r a t ion  of an appropr ia te  agent .  
An improved  efficiency of p h o t o t h e r a p y  which  would 
e i ther  decrease the  exposure  t ime  of in fan ts  to b i l i rubin  
l ights  or p e rmi t  use of lower in t ens i ty  l ight  (perhaps even 
normal  room lighting) would e l iminate  reserva t ions  wi th  
respect  to some of the  po ten t i a l  hazards  ci ted for photo-  
therapy*.  I t  is no t  suggested t h a t  FMN at  the  a d m i t t e d l y  
ex t r ao rd ina ry  dose level used in this  s tudy,  nor  a t  any  
o ther  dose level, is sui table  for th is  purpose  on the  basis 
of p resen t  knowledge.  Current ly  an FMN dose-response 
s t u d y  is being conduc ted  in the  Gunn ra t  model ,  and  
s tudies  are in progress  to  de te rmine  w h e t h e r  FMN 
admin i s t r a t ion  resul ts  in pho to -p roduc t s  which  differ 
f rom those  p roduced  by  l ight  exposure  w i t h o u t  FMN 
t r ea tmen t .  

Zusammen/assung. In t r aven6s  verabre ich tes  Ribo-  
f l av in -5 ' -Monosod ium-Phospha t -Sa lz  (FMN) bewirk t  eine 
beschleunigte  Senkung des Plasma-Bi l i rubin-Spiegels  bei 
Gunn-Ra t t en ,  wenn  diese vorhe r  f luoreszierendem Tages- 
l icht  (300 Kerzen) ausgese tz t  waren.  FMN beschleunigt  
ausserdem den Photozerfa l l  in vitro.  Die Bil i rubin-  
Ph o t o t h e r ap i e  durch  Inj ekt ion eines gee igneten  K a t a l y s a -  
tors  wird  diskut ier t .  
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