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Fig.  1. Genera l  view of the uv m i c r o -  
scope with the M-9 image conver t e r .  

By means  of u l t r av io le t  (uv) m i c r o s c o p y  a h igh -con t r a s t  image may be obtained of l iving unsta ined 
ce l l s ,  and the degree  of con t ras t  depends on the se lec t ive  absorp t ion  of the uv r a y s  by the cel l  components  
containing nucleic  ac ids  and p ro te ins .  

However, the uv image cannot be observed  d i r e c t l y  in the mic roscope .  To conver t  it  into a v i s ib le  
image s e v e r a l  methods have been used:  photography on nonsens i t i zed  photographic  m a t e r i a l s ,  f luorescen t  
s c r e e n s  made  of u ran ium g lass ,  and the use of image conve r t e r s  and te lev i s ion  methods .  

The image conver t e r  method is the mos t  p romis ing ,  for  it  has ce r t a in  advantages over  the o thers .  

When pho tomicrography  is c a r r i e d  out in uv r ays  using a nonachromat ic  opt ical  sy s t em diff icul t ies  
a r i s e  in focusing. F u r t h e r m o r e ,  the p h o t o g r a p h i c p r o c e s s  is  pro longed and the image  cannot be obse rved  
at  once. On a uran ium g la s s  f luorescen t  s c r e e n  a br ight  enough image cannot be obtained.  Te lev is ion  
methods a r e  much too compl ica ted  and cumber some .  

Only b r i e f  accounts  of the use  of image conve r t e r s  with e l e c t r o s t a t i c  focusing for  v isua l  uv m i c r o -  
scopy a r e  to be found in the l i t e r a t u r e  [3, 4]. However, although image c o n v e r t e r s  with e l e c t r o s t a t i c  focus -  

ing a r e  smal l  in s ize  and can y ie ld  a b r igh t  image with good 
reso lu t ion  in the center ,  they have not been widely used in uv 
mic roscopy .  The r eason  p r e s u m a b l y  is that  they provide  an 
image on a compara t ive ly  sma l l  sc reen ,  and the quali ty of the 
image fa l l s  off sharp ly  as the d i s tance  f rom the cen te r  of the 
sc reen  i n c r e a s e s .  Accord ingly  these  c onve r t e r s  a re  used 
mainly  for  focusing and for  choosing the a r e a  to be photographed,  
and not for  the actual  study of the fine s t ruc tu re  of the object  [4]. 

The object  of this  inves t igat ion was to study the p o s s i b i l -  
ity for  using image conve r t e r s  with magnet ic  focusing (M-9) 
and an uviol window in conjunction with a type MUF-3 uv m i c r o -  
scope for  the visual  study of the changes a r i s i ng  in t i s sue  cul -  
ture  ce l l s  under  the influence of uv i r r ad ia t ion .  

The image conve r t e r  with magnet ic  focusing used in the 
p re sen t  invest igat ion has impor tan t  advantages ove r  c on ve r t e r s  
with e l e c t r o s t a t i c  focusing. It can produce  an image on a s c r een  
45 em in d i a m e t e r  with good reso lu t ion  in the cen te r  and over  
the f ie ld of the s c r een  {from 40-50 to 100 l ines / ram).  

The genera l  appearance  of the ins t rument  is  shown in 
Fig .  1. A m o r e  de ta i led  account of the appara tus  used is  given 
e l sewhere  [2]. 

A s t r a i n  of human amnion ce l l s  (A1) was  cul t ivated on 
quartz  s l ides  in medium No. 199 with 10% bovine s e r u m  and 
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Fig.  2. T i s s u e  cu l tu re  ce l l s  ( s t r a in  of h u m a n  a m n i o n  ce l l s ) ,  a - -  
U n i r r a d i a t e d  b - -  i r r a d i a t e d  with uv l ight  f o r  2 ra in;  c - -  for  3 rain;  
d - -  for  5 ra in .  Photographed  f rom the c o n v e r t e r  s c r e e n  by a r e p r o -  
duct ion  a t t a c h m e n t  with " I n d u s t a r - 5 0 "  ob jec t ive  to a sca le  of 1 : 1 
on R F - 3  f i lm.  M U F - 3  m i c r o s c o p e ,  objec t ive  58 x 0.8 (water  i m m e r -  
sion), o c u l a r  8. Exposu re  2-4 sec .  

an t ib io t i c s  for  3 -7  days .  The s l ides  w e r e  then taken  f rom the m e d i u m  and i r r a d i a t e d  with u n f i l t e r e d  uv 
r a y s  f rom a type P R K - 4  m e r c u r y - q u a r t z  b u r n e r .  The r ad i a t i on  f r o m  this  m e r c u r y - q u a r t z  b u r n e r  has a 
m a x i m u m  at 253 m # .  

In the f i r s t  e x p e r i m e n t s  one half  of the qua r t z  s l ide  with the cu l tu re  was covered  by an o r d i n a r y  
g l a s s  cove r  s l ip  and the o ther  half  wi th  a quar tz  cove r  s l ip .  In this  way half  the ce l l s  of the cu l tu re  w e r e  
p ro t ec t ed  f r o m  the uv r ad i a t i on .  The d u r a t i o n  of i r r a d i a t i o n  was 1 and 3 ra in  and the d i s t ance  f rom the 
l amp to the p r e p a r a t i o n  20 cm.  In subsequen t  e x p e r i m e n t s ,  in o r d e r  to e l i m i n a t e  any ac t ion  of heat  on the 
ce l l s ,  the d i s t ance  f r o m  the l amp to the p r e p a r a t i o n  was  i n c r e a s e d  to 40 cm and the i r r a d i a t i o n  t i m e  was 
a l so  i n c r e a s e d  to 2 and 5 ra in .  In the next  e x p e r i m e n t  two quar tz  s l ides  we re  i r r a d i a t e d  s i m u l t a n e o u s l y :  
one was  cove red  wi th  a qua r t z  s l ip  and the o the r  with an  o r d i n a r y  g l a s s  s l ip .  

Af te r  i r r a d i a t i o n  (in s t e r i l e  condi t ions)  the qua r t z  s l ides  with the c u l t u r e s  we re  r ep l aced  for  18-24 h 
in  the s a m e  n u t r i e n t  m e d i u m  as  that  in which they had b e e n  cul t iva ted  be fo re  i r r a d i a t i o n .  The s l ides  w e r e  
then r emoved ,  covered  with a qua r t z  cove r  s l ip,  and quickly  examined  by m e a n s  of the M U F - 3  m i c r o s c o p e  
in  uv l ight:  with UFS-1  f i l t e r s  and a ch lo r ine  + b r o m i n e  gas  m i x t u r e ,  a 58 x 0.8 uv ob jec t ive  (water i m -  
m e r s i o n  0.8), and a qua r t z  o c u l a r  8x.  

F o r  v i sua l  uv m i c r o s c o p y ,  the M-9  image  c o n v e r t e r  was  p l aced  above the MUF-3  m i c r o s c o p e .  The 
i nv i s i b l e  uv image  obta ined  in the m i c r o s c o p e  was  p ro j ec t ed  by the o c u l a r  of the m i c r o s c o p e  on to the 
photocathode of the c o n v e r t e r ,  where  it was  conver t ed  into a s t r e a m  of e l e c t r o n s  which was a c c e l e r a t e d  
by  an e l e c t r i c  field, focused  by a m a g n e t i c  f ield,  and fel l  on a f l u o r e s c e n t  s c r e e n ,  where  a v i s ib le  image  
c o r r e s p o n d i n g  to the uv  image  was  obta ined.  

This  image  m a y  a lso  be photographed  f rom the s c r e e n  of the c o n v e r t e r  by m e a n s  of a spec i a l  f i lm 
r e p r o d u c t i o n  a t t achmen t .  

The i nves t i ga t i ons  showed that  by the use  of the M-9 image  c o n v e r t e r  with m a g n e t i c  focus ing  in con -  
junction with the MUF-3 uv microscope, it is possible to observe a sufficiently bright visible image of 

tissue culture cells, obtained in the uv region of the spectrum (250-285 rap), on the fluorescent screen of 
the converter 45 mm in diameter. However, the image of the tissue culture cells was of lower contrast 
than the image of unstained, fixed sections at the same magnification. 

Comparison of tissue culture cells exposed and not exposed to uv irradiation showed that as a result 
of this  p r o c e d u r e  the vo lume  of the nuc le i  was  r educed  and the degree  to which they a b s o r b e d  uv r a y s  was 
i n c r e a s e d .  The nuc le i  w e r e  m o r e  c l e a r l y  out l ined.  The ce l l s  w e r e  rounded  and reduced  in  s ize ,  and t he i r  
cy top lasm was m o r e  t r a n s p a r e n t  (Fig. 2). 
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With an increase  in the t ime of i rradiat ion the degenerative changes in the cells were intensified. 

In the control  prepara t ions  most  cells  were elongated and only a few were round. Their  nuclei were 
less  c lear ly  outlined and their  cytoplasm was denser.  The contras t  between nucleus and cytoplasm was 
less  marked.  

Similar resul ts  were  obtained by photomicrography in uv light [1]. 

On visual observat ion the s t ructure  of the cells could be discerned more  c lear ly  than on photographs 
taken f rom the screen  of the image conver ter .  

These investigations show that the use of image conver ters  with magnetic focusing, enabling a suf-  
f iciently c lear  and bright  image to be obtained on the screen,  will extend the scope of uv mic roscopy  as a 
method of Studying the p rocesses  taking place in living cells.  

1. 
2. 

3. 
4. 

L I T E R A T U R E  C I T E D  

E. M. Brumberg,  I. Ya. Barskii ,  N. M. Vargina, et al., Tsitologiya, No. 1, 85 (1961). 
M. M. Butslov, M. Ya. Koyan, and N. N. Solov'ev, Optiko-Mechanicheskaya Promyshlennos t ' ,  No. 4, 
24 (1967). 
D. J. Smith, Elect r .  Engng., 7__88 (1959), p. 395. 
G. Williams, J.  Roy. Micr. Soc., 8_.33 {1964), p. 69. 

796 


