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Inhibition of Ultraviolet-Induced Hydroxyprol ine Formation in Human Dermal Collagen 

I n  p rev ious  s tudies  1,2 i t  has  been  d e m o n s t r a t e d  t h a t  
U V - i r r a d i a t i o n  p rovokes  an  increase  in h y d r o x y p r o l i n e  
c o n t e n t  of h u m a n  d e r m a l  collagen. I n  a d d i t i o n  to th i s  
U V - i n d u c e d  h y d r o x y l a t i o n  of prol ine,  v i scos i ty  of col- 
l agen  so lu t ion  is r educed  p r opo r t i ona l l y  to  t he  i r r ad i a t i on  
t ime.  A l t h o u g h  col lagen research  - so far  - Supplies n o  
d a t a  wh ich  p e r m i t  us to  assume a d i rec t  connex ion  be tween  
these  two effects descr ibed  above ,  i nves t iga t ions  seemed 
w a r r a n t e d  to rule  ou t  such  connexion .  Therefore,  i r radia-  
t i on  e x p e r i m e n t s  h a v e  been  pe r fo rmed  in vi t ro ,  u n d e r  
t he  inf luence  of an  i n h i b i t o r  of h y d r o x y p r o l i n e  fo rmat ion ,  
i.e. d ipy r idy l  a, 4. 

Material and methods. D e r m a l  t i ssue  of h u m a n  abdomi -  
na l  sk in  was s epa ra t ed  f rom a d h e r e n t  subcu t i s  a n d  
epidermis ,  minced,  washed  a n d  e x t r a c t e d  w i t h  0 . 0 5 M  
p h o s p h a t e  buffer  p H  7.2; thus ,  a so lu t ion  of ' n eu t r a l  
sa l t  soluble  col lagen '  was o b t a i n e d  5. I n t o  p a r t s  of th i s  
col lagen so lu t ion  ( 'control ' ) ,  d ipy r idy l  (2, 2 ' -d ipyr idyl  = 
2 ,2 ' -b ipyr id in ,  C~0HsH2, M =  156.19) was i n t r o d u c e d  in 
c o n c e n t r a t i o n s  of 10 -a and  10-5M.  A 10 a M  s o l u t i o n  
of d ipy r idy l  con ta ins  156.19 ~.g/ml. All 3 solut ions  were 
i r r ad i a t ed  w i t h  a H a n a u  S 200 f rom a d i s t ance  of 20 cm 
u n d e r  s t e a d y  s t i r r ing  and  cooling. For  30 min,  samples  
were w i t h d r a w n  every  5 min.  Changes  in h y d r o x y p r o l i n e  
c o n t e n t  (me thod  of STEGEMANN 6) and  changes  in v i scos i ty  
(Ostwald  v iscos imeter)  were regis tered.  All  va lues  col- 
lected are g iven  as t he  m e a n  of t r ip le  inves t iga t ions ,  
o b t a i n e d  in 5 i r r ad i a t i on  exper imen t s .  

Results. 7. Hydroxyproline content: The  in i t ia l  va lue  of 
h y d r o x y p r o l i n e  m e a s u r e d  36.5 ~g/ml  a n d  was s l ight ly  
h igher  t h a n  in t h e  p rev ious  series 1. U V - i r r a d i a t i o n  caused  
a s t a t i s t i ca l ly  s ign i f ican t  increase  in h y d r o x y p r o l i n e  
c o n t e n t  to  47.4 ~zg/ml (q- 33% of con t ro l  value,  _P < 0.05 !). 
I n  t he  presence  of 1 0 - a M  dipyr idyl ,  U V - i r r ad i a t i on  
p rovoked  a w e a k  a u g m e n t a t i o n  in h y d r o x y p r o l i n e  con- 
t en t ,  on ly  (39.7 b~g/ml a f t e r  30 m i n  i r rad ia t ion) .  The  
va lues  o b t a i n e d  in the  expe r i m en t s  w i t h  10 -5 2/// d ipyr idy l  
d id  n o t  differ  s ign i f ican t ly  f rom t he  cont ro l s :  a f te r  an  
i r r ad i a t i on  of 30 min,  h y d r o x y p r o l i n e  c o n t e n t  m e a s u r e d  
45.8 b~g/ml. I n  F igure  1, t he  increase  in h y d r o x y p r o l i n e  
c o n t e n t  is dep ic ted  over  t he  30 ra in  of t h e  expe r imen t s .  

2. Viscosity: Viscosi ty  of t he  n e u t r a l  sa l t  soluble  col- 
lagen so lu t ion  m e a s u r e d  3.3 sec; a n  i r r ad i a t i on  for 30 ra in  
decreased  th i s  va lue  to  0.6 sec. T he  presence  of d ipy r idy l  

10 -a or 10 5 M  did  no t  h a v e  a n y  s ign i f ican t  inf luence  o n  
t h i s  U V - i n d u c e d  decrease  in viscosi ty.  The  d i m i n u i t i o n  
of v iscos i ty  of de rma l  col lagen so lu t ion  u n d e r  t he  inf lu-  
ence of UV- l igh t  is dep ic ted  in F igure  2. 

Discussion. The  resul t s  d e m o n s t r a t e  c lear ly  t h a t  
h y d r o x y l a t i o n  of pro l ine  (pep t ide -bound  prol ine)  u n d e r  
t he  inf luence  of UV- l igh t  is i n h i b i t e d  b y  d ipy r idy l ;  a 
s imi la r  effect  has  a l r eady  been  e n c o u n t e r e d  b y  o the r  
autorsa,4.  I n  vivo,  h y d r o x y p r o l i n e  m a y  be fo rmed  e i the r  
d i rec t ly  v ia  h y d r o g e n  peroxide  or e n z y m a t i c a l l y  v,8. I n  
h u m a n  d e r m a l  col lagen b o t h  m e c h a n i s m s  m a y  occur, 
s ince UV- i r r ad i a t i on  is capab le  of p r o v o k i n g  t he  f o r m a t i o n  
of rad ica l  s t ruc tu res  in t he  d e r m a l  l aye r s9  a n d  i t  seems 
reasonab le  to  a s sume  t h a t  such  ene rgy  m a y  elici t  t h e  
f o r m a t i o n  of peroxides,  too. I n  t he  presence  of s t rong ly  
ac t ive  che la t ing  agents ,  UV- l igh t  p rovokes  a weak  increase  
in h y d r o x y p r o l i n e  c o n t e n t  of n e u t r a l  sa l t  soluble  collagen. 
I t  sti l l  r ema ins  to  be e luc ida ted  over  wh ich  m e c h a n i s m s  
th i s  ' r es idua l '  increase  occurs. 

U V - i r r a d i a t i o n  p rovokes  a d e g r a d a t i o n  of t he  p r i m a r y  
collagen cha ins ;  thus ,  v i scos i ty  of c0Ilagen solut ions  is 
r educed  1~ I n  t he  presence  of d ipyr idyl ,  v i scos i ty  is 
r educed  as read i ly  as in  the  e x p e r i m e n t s  w i t h o u t  che la t ing  
agent .  

I t  m a y  be conc luded  f rom the  resu l t s  col lected in th i s  
s t u d y  t h a t  o x y d a t i o n  of pro l ine  a n d  d e g r a d a t i o n  of t he  
p r i m a r y  col lagen cha ins  - wh ich  b o t h  occur  u n d e r  t he  
inf luence  of UV- rays  - are no t  d i rec t ly  connec ted .  
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Fig. 1. The increase in hydroxyproline content of human dermal 
collagen following irradiation in vitro, as inhibited by dipyridyI. 
Q--O, ulltreated control; O--�9 with dipyridyl 10 aM. 
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Fig. 2. The decrease in viscosity of neutral salt soluble collagen 
from human dermis following irradiation in vitro. 0--O, control; 
• ..... • dipyrid-y-I I0 aM. 
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Zusammen/assueg. In  G e g e n w a r t  des Che la tb i ldne r s  
D i p y r i d y l  is t  die u n t e r  der  E i n w i r k u n g  von  U V - B e s t r a h -  
lung  e i n t r e t e n d e  O x y d a t i o n  v o n  Pro l in  zu H y d r o x y p r o l i n  
gehemmt ,  wie b ie r  a m  Beispiel  yon  neu t ra l sa l z lhs l i chem 
d e r m a l e m  Kol lagen  des Menschen  gezeigt  werden  k o n n t e .  
Die u n t e r  den  gle ichen B e d i n g u n g e n  e inse tzende  Degra-  
da t ion  der  prim~tren X o l l a g e n k e t t e n  wi rd  j edoch  d u r c h  

die G e g e n w a r t  von  D ipy r idg l  n i c h t  gest6r t ,  so dass  e in  
d i r ek t e r  Z u s a m m e n h a n g  zwischen den  be iden  E f f e k t e n  
ausgeschlossen  werden  kann .  

W. P. RAAB 
Department ol Medical Chemistry, 
Vienna University Medical School, Waehringerstrasse 70, 
A-7090 Vienna (Austria), 20 April  1970. 

The Effect of Anaerobic Incubation Upon 2,3-Diphosphoglycerate Synthesis in vitro 

I t  has  been  obse rved  t h a t  2 ,3 -d iphosphog lyce ra t e  
(2 ,3-DPG) b inds  w i t h  g r ea t e r  a f f in i ty  to  reduced  t h a n  
to o x y g e n a t e d  a d u l t  h u m a n  h e m o g l o b i n  ~-~. The  b i n d i n g  
of 2, 3 -DPG b y  d e o x y h e m o g l o b i n  w i t h i n  t he  a d u l t  h u m a n  
e r y t h r o c y t e  rel ieves 2 ,3 -d iphosphog lyce ra t e  m u t a s e  
(D-l, 3-diphosphoglycer ic  acid : D-3-phosphoglycerate  phos-  
pho t rans fe rase ,  E C  2.7.5.4) f rom i n h i b i t i o n  b y  i ts  p r o d u c t  
a n d  fac i l i t a tes  f u r t h e r  syn thes i s  of 2 , 3 - D P G  5. Whi l e  
s t u d y i n g  t h e  effects of added  deoxy-  a n d  ca rboxy-  
h e m o g l o b i n  u p o n  2, 3 -DPG synthes is ,  i t  was n o t e d  t h a t  
t he  gene ra t ion  of 2, 3 -DPG f rom fructose-I ,  6 -d iphospha t e  
was acce le ra ted  u n d e r  n i t r ogen  even  in t he  absence  of 
a d d e d  reduced  hemoglob in% I t  is t h e  purpose  of t h i s  
c o m m u n i c a t i o n  to descr ibe t he  m e c h a n i s m  of th i s  effect. 

Hemoglob in - f ree  e n z y m e  m i x t u r e  which  c o n t a i n e d  red  
ceil 2, 3 -DPG m u t a s e  and  was free of 2, 3 -DPG p h o s p h a t a s e  
(D- 2, 3 - d iphosphog lyce ra t e  2 - p h o s p h o h y d r o l a s e ,  EC 
3.1.3.13), was  p r epa red  accord ing  to  t he  m e t h o d  descr ibed  
e lsewhere  5. Syn thes i s  of 2 , 3 - D P G  was s tud ied  in a n  
i n c u b a t i o n  m e d i u m  c o n t a i n i n g  red  cell 2, 3 -DPG m u t a s e ;  
I r u c t o s e - l , 6 - d i p h o s p h a t e ,  100 F, moles ;  NAD, 20 b~moles; 
3 -phosphoglycera te ,  10 btmoles; E D T A ,  35 ~zmoles; t r i -  
e t h a n o l a m i n e  buffer ,  p H  7.6, 360 btmoles; p o t a s s i u m  
d i sod ium p h o s p h a t e ,  70 bLmoles; a ldolase (ke tose - l -phos-  
p h a t e  a ldehyde- lyase ,  EC4.1 .2 .7) ,  9 u n i t s ;  and  glycer-  
a l d e h y d e - 3 - p h o s p h a t e  dehyd rogenase  (D-glycera tdehyde-  
3 -phospha te  : N A D  oxidoreduc tase ,  EC 1.2.1.12, G-3-PD),  
36 un i t s ;  in  a t o t a l  vo lume  of 10.5 ml.  The  gene ra t ion  of 
2 , 3 - D P G  was s tud ied  in air, 100% n i t rogen  and  100% 
c a r b o n  monox ide .  I n c u b a t i o n  m i x t u r e s  were al lowed to  
equ i l ib ra te  w i t h  the  a p p r o p r i a t e  a t m o s p h e r e  for 30 ra in  
pr ior  to  t he  in i t i a t ion  of the  r eac t ion  b y  t he  a d d i t i o n  of 
I r u c t o s e - l , 6 - d i p h o s p h a t e .  Compressed  air, n i t rogen  and  
c a r b o n  m o n o x i d e  were washed  v ia  a f r i t t ed  glass disper-  
sion t u b e  i m m e r s e d  in dis t i l led w a t e r  p r io r  to  de l ivery  

in to  t he  reac t ion  mix tu re .  One ml  samples  were r e m o v e d  
per iod ica l ly  and  depro te in ized  b y  immers ion  in boi l ing  
water .  The  s u p e r n a t a n t s  were assayed  for 2, 3 -DPG us ing  
t he  SCHROTE~ and  HEYDEN 7 mod i f i ca t ion  of the  m e t h o d  
devised  b y  KRIMSKY 8. 

The  ra t e s  of syn thes i s  of 2, 3 -DPG in i n c u b a t i o n  mix-  
tu res  s u p p l e m e n t e d  w i t h  e n z y m e  p ro te in  c o n t a i n i n g  
a d u l t  red cell 2 , 3 - D P G  m u t a s e  are shown in F igure  1. 
The  t o t a l  syn thes i s  of 2, 3 -DPG was a p p r o x i m a t e l y  18% 
grea te r  in anae rob ic  i n c u b a t i o n  mix tu res ,  m a i n t a i n e d  
u n d e r  e i the r  n i t rogen  or c a r b o n  monoxide ,  t h a n  in mix-  
tu res  i n c u b a t e d  in air.  The  increase  in 2, 3 -DPG syn thes i s  
i nduced  b y  a n a e r o b i c  i n c u b a t i o n  was  be s t  obse rved  a t  
p h o s p h a t e  concen t r a t i ons  of 7 m M  or greater .  W h e n  
p h o s p h a t e  was o m i t t e d  f rom the  r eac t ion  m i x t u r e  on ly  
a p p r o x i m a t e l y  15% as m u c h  2 , 3 - D P G  was syn thes ized  
and  t he  d i f fe ren t ia l  effect  of anae rob ic  i n c u b a t i o n  was 
no t  observed.  

Whi le  2, 3 -DPG syn thes i s  appea r s  to  be  a func t ion  of 
p h o s p h a t e  concen t r a t i on ,  2, 3 -DPG m u t a s e  is n o t  k n o w n  
to be  p h o s p h a t e  d e p e n d e n t  9. However ,  G-3-PD is sen- 
s tr ive to  p h o s p h a t e  concen t r a t i ons  9,10. G-3-PD a c t i v i t y  

Effect of phosphate concentration upon glyeeraldehyde-3-phosphate 
dehydrogenase activity 
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Fig. 1. The rate of 2,3-DPG synthesis in incubation mixtures 
maintained under air, carbon monoxide and nitrogen. Each point 
represents the average value of 5 experiments. See text for experi- 
mental details. In these experiments phosphate final concentration 
was 7 mM. 
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