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Biological Effects of UV-Radiation Generated Within the Living Organism 

I r r ad ia t ion  by  the  e lec t romagnet ic  rad ia t ion  of wave-  
length  )L = 1850-3800 A (i.e. the  UV-radia t ion)  produces  
wel l -known 1-3 biological  effects on microorganisms,  cell 
and tissue cultures,  as well  as on m a m m a l i a n  skin. Since, 
con t ra ry  to  the  X-rays ,  the  UV-rad ia t ion  is absorbed 
a l ready  by  the  skin or subdermal  connec t ive  tissues, i ts 
effect is observable  d i rec t ly  only on the  surface area  where  
the  absorp t ion  takes  place. H a r d l y  any  in format ion  is 
avai lable ,  therefore,  on  the  di rect  effect of UV-rad ia t ion  
on the  in te rna l  organs.  

Fo r  the  inves t iga t ion  of this  effect,  the  possible means  
of genera t ing  UV- l igh t  wi th in  the  l iving organism, organ  
or  t issue were studied.  Considering the  tac t  t h a t  upon 
i r radia t ion  wi th  X-  or  fl-rays some solids and l iquids are 
known to emi t  e lec t romagnet ic  rad ia t ion  wi th  wave-  
lengths  lying in the  UV-range,  exper iments  were per- 
formed wi th  the  a im to uti l ize this  physical  phenomenon  
for producing  UV-rad ia t ion  in organs and cavi t ies  of the  
l iv ing body.  

Tests  on a large number  of l iquid  and solid ta rge ts  for 
the  p roduc t ion  of UV-rad ia t ion  have  shown t h a t  one of 
the  conven ien t  me thods  to  produce  a rad ia t ion  in the  
biological ly most  effect ive  range of wave- lengths  ()t = 2300 
to 2800 A) is the  i r radia t ion  wi th  ex te rna l ly  produced  
X-rays  of calcium fluoride (CaF2) crystals  sealed in qua r t z  
ampules .  The  wave- leng th  spec t rum of the  radia t ion  thus  
produced,  shown in F igure  1, is seen to lie in the  range 
;t = 2400-3500 ~_. 

I t  has  been observed in microbiological  and cytological  
s tudies  t h a t  D N A  synthesis  is inhibi ted  by  UV-radia t ion .  
Thus,  t h e  mos t  useful biological  t a rge t  for the  s tudy  of 
t he  effect  of UV-rad ia t ion  seemed to  be  an  organ where 
the  D N A  synthesis  is well apprec iable  and where  the  
emi t t e r  of UV-l igh t  can  be conven ien t ly  in t roduced.  For  
this  reason the  small  in tes t ine  of rats  was chosen for the  
first  exper iments .  

M a t e r i a l s  a n d  methods .  The  cyl indrical  CaF~ t a rge t  
sealed in 3 m m  diameter ,  6 m m  long quar t z  tube  was 
in t roduced  into  the  intest ine of the  expe r imen ta l  an imal  
(Figure  2). Fo r  i r radia t ion  Super  Li l iput  200 t y p e  X- ray  
tube  wi th  a pe r fo rmance  of 180 kV, tube  cur ren t  4 m A  
was used, p laced a t  a d is tance  of 50 cm f rom the  t a rge t  
w i th  0.5 m m  th ick  Cu fi l ter  be tween  tube  and  target .  

The  to t a l  in tens i ty  of the  UV-rad ia t ion  em i t t ed  f rom 
the  CaF ,  crys ta l  could no t  be de te rmined  by  direct  
m e a s u r e m e n t  since no appropr ia te  de tec tor  wi th  known 
wave- leng th  dependence  and ca l ibra ted  sens i t iv i ty  is 
avai lable  for the  t ime  being which would  be needed for 
measur ing  the  low in tens i ty  UV-rad ia t ion  in the  presence 
of h igh  X- ray  background.  

Es t ima t ions  were therefore  made  by mak ing  use of the  
known efficiency d a t a  on CaF, - i ike  scinti l lators,  The  out -  
pu t  power  of the  X- ray  tube  in erg/sec uni ts  could be 
eva lua ted  for the  g iven exper imenta l  condi t ions  f rom the  
t a b u l a t e d  da t a  of JAEGER*. Calculat ing wi th  the  absorp-  
t ion of this o u t p u t  power  and the  averaged  a tomic  number  
of the  CaF  2 crystal ,  the  energy absorbed per  uni t  mass of 
the  C a F ,  t a rge t  can be es t ima ted  as being of the  order  of 
102-10 s erg/sec. Knowing  the  convers ion efficiency of 
CaF, ,  i.e. t he  ra t io  of the  X- ray  power  inpu t  absorbed to  
the  UV- l igh t  emi t t ed  per  uni t  t ime,  to  be of the  order  of 
10-*, t he  UV-l igh t  o u t p u t  f rom the  CaF ,  t a rge t  is esti-  
m a t e d  to be 1 erg/sec. 

All exper iments  were per formed on the  co lumnar  
ep i the l ium cover ing  the  je juna l  villi  of ra ts  of e i ther  sex 
weighing 200-300 g. Anaes the t ized  wi th  pen toba rb i tone  
(4 rag/100 g; Nembuta l ,  Rh6ne-Poulenc ,  Paris), the  ani- 
mals  were laparo tomized ,  the  j e j unum was exposed,  and 
j e j uno tomy  done abou t  2 cm dis ta l  to  the  duodenum.  The  
gu t  was washed tho rough ly  wi th  Ty rode ' s  solut ion a t  
37 °C, and  the  washing  fluid al lowed to  f low into  the  colon. 
Through  the  opening into the  j e j u n u m  1 q u a r t z  t ube  con-  
ta in ing  CaF  2 crys ta l  and 1 e m p t y  tube  were placed into  
the  je juna l  lumen  and each was f ixed in the  gut  using 
minu te  tweezers.  The  guts  were p laced back into  the  
abdomina l  cav i ty  and the  animals  subjec ted  to i r radia-  
t ion wi th  120 R (air dose). I r rad ia t ion  completed ,  the  
sites of the  tubules  were marked  wi th  fine seroserous 
su tures  and  the  tubules  themselves  l i f ted ou t  t h rough  the  
opening establ ished by  j e j u n o t o m y  now closed. Penici l l in 
(100,000 I .U.)  was placed into  the  abdomina l  cav i ty  to  
p r even t  peri toni t is ,  and the  abdomina l  walt was closed. 
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Fig. 1. Range of wave-lengths of UV-radiation emitted by Cal: 2 
crystals. 
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Fig. 2. One empty quartz tube and one containing CaF~. 
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A t  3, 6, 12 and 24 h af ter  i r rad ia t ion  the  animals  were 
decapi ta ted ,  the  marked  pieces of gut  removed,  f ixed in 
4% formalin,  embedded  in paraffin,  and sections of 10 # 
thickness,  cu t  paral lel  to the  longi tudinal  axis of the  
f ragments ,  were s ta ined wi th  Azan. 

Results. The  intes t inal  f ragments  i r rad ia ted  wi th  X- rays  
only, i.e. the  places in t he  gu t  of the  e m p t y  qua r t z  tubules  
or  no tubules,  showed bu t  modera t e  histological  damage  
(Figure 3b). Shr inkage of the  ep i the l ium cover ing  the  villi, 
pykno t i c  cell nuclei and, at  places, loss of ep i the l ium were 
observed.  The  in tes t inal  mucosa  was conspicuous for 
h y p e raemia  ex tend ing  to bo th  the  villi  and the  submucosa.  
The  muscu la r  layer  r emained  unaffected,  excep t  for t he  
occasional  presence of vas t  P leyer ' s  pa tches  wi th  lympho-  
cyt ic  inf i l t ra t ion  of the  surrounding intest inal  mucous  
membrane .  The  c rypts  of Lieberki ihn  were intact .  

Fig. 3. Rat jejunum, Azan staining. × 10 and × 80, respectively. 
(a) Control (not irradiated). (b) The effect of X-ray irradiation on 
the jejunum, with an empty tube placed into it (120 R). (e) The 
effect of X-ray irradiation on the jejunum, with a tube in it contain- 
ing CaFe crystals (120 R + UV). 

I n  those  par t s  of the  small  in tes t ine  which had been 
exposed to the  combined  act ion of X- rays  and UV-l ight ,  
i.e. in the  places of the  tubules  wi th  CaF,  crystals  wi th in  
them,  far  more severe damage  was observed (Figure 3c). 
Shr inkage and  desquamat ion  of the  ep i the l ium cover ing  
the  vil l i  was m u c h  more  p ronounced ;  here  and there  t he  
in tes t ina l  mucosa  too  was d e s q u a m a t i v e ;  and  only  the  
c rypts  remained,  bu t  these were h ighly  hyperaemic .  The  
in tes t inal  wall  was ulcerated.  The  muscular  layer  showed 
no sign of damage.  

The  exper iments  descr ibed appear  to be evidence t h a t  
UV i r radia t ion  of in terna l  organs in v i v o  is possible by  the  
appl ica t ion  of an  ex te rna l  source of radiat ion.  

Zusammen]assung. Eine  Methode  wird beschrieben,  die 
es erm6glicht ,  UV-S t r ah lung  innerhalb  des Dt inndarms  
in v ivo  zu erzeugen. Die induzier te  S t rah lung  ve ru r sach t  
a m  Zot tenepi the l  des R a t t e n j e j u n u m s  eine wesent l ich  
s t~rkere Sch/~digung als die zur  I n d u k t i o n  ve rwende t e  
R6ntgens t rah lung .  
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