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Apparatus for measur ing  f luorescence of r e sp i ra to ry  c a r r i e r s  (NAD. H 2 and flavoprotein) 
in functioning organs (spleen and heart) of animals is descr ibed.  By means of a portable 
unit the organs of l a rge r  animals (dog's heart ,  rabbi t ' s  brain) can be investigated without 
being placed in a l ightproof chamber .  To abolish effects due to displacement  of the hear t  
and instability of the light flux, a differential c i rcui t  and a device with interchangeable fil- 
t e r s  were used.  The resul ts  of measurement  of the NAD "H 2 level of the working hea r t  dur-  
ing changes in the gas composition of the inspired air  and of investigation of the effect of Ca 
ions demonstra te  the possibil i t ies of file f luorescence method as a means of studying the 
r e sp i r a to ry  metabol ism of working organs.  

Modern optical methods can be used to investigate the r e sp i r a to ry  metabol ism of t issues and organs 
in vivo even without d i rec t  mechanical  contact  [1, 2, 4]. These methods include measurement  of the level 
of the reduced form of nicotinamide-adenine dinucleotide (NAD. H 2) and the oxidized fo rm of flavoprotein by 
means of their  f luorescence [3, 6]. Measurement  of the f luorescence of one form of the r e sp i r a to ry  ca r -  
r i e r s  shows changes in oxidation-reduction p rocesses  in the terminal  oxidation sys tem.  During excitation 
of NAD-H 2 in the ul traviolet  region (absorption maximum about 340 nm) the reduced form of NAD flour-  
esees  in the region 467 nm [5], whereas the oxidized form does not. Only the oxidized form of the f lavo-  
proteins f luoresces  in the region of 570 nm when excited at about 450 nm [6]. 

Since quantitative changes in the rat io between the oxidized and reduced forms of the r e sp i r a to ry  
c a r r i e r s  usually do not exceed a few percent ,  this makes par t icular ly  high demands on the sensitivity and 
accuracy  of recording  of the f luorescence.  It is made more difficult to meet  these demands because the 
intensity of the exciting light must  not exceed the threshold at which injury to the cells or  photochemical 
changes in the substances investigated can take place. 

The object of the investigation descr ibed below was to develop a suitable method of f luorometr ic  mea-  
surement  of NAD .H 2 in the isolated hear t  and in the various organs  of animals after  laparotemy or  thora-  
cotomy (spleen, l iver ,  heart) .  

The single-beam f luorometer  is shown schematical ly  in Fig.  1o The apparatus is based on a source  
of exciting light with absorpt ion and interference fi l ters (the spect ra l  region of 330 nm was selected),  a 
chamber  for the object, interference f i l ters  (selecting f luorescence with a maximum at  467 nm, half-width 
6-8 nm), and a low-noise photomultiplier with a photocathode of large a rea  (FI~U-38). The LPU-01 pH- 
mete r  was used as amplif ier .  The signal was recorded  continuously by a self-recording ]~PP-09poteut iom- 
e ter  or by a type USCh 8-03 8-channel automatic wri ter .  The chambers  for the objects were made in 
severa l  modifications suitable for investigation of the isolated part  and other organs of different species of 
animals .  
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Fig. 1. Block d i a g r a m  of f luorescence  appara tus  for  invest i -  
gating working organs  of smal l  an imals  by placing them in the 
chamber  (a) and por table  unit of the appara tus  for  invest igat-  
ing the organs  of l a rge  an imals  without placing them in the 
chamber  (b). Arrow indicates  di rect ion to measu r ing  unit: 1) 
sou rce  of excit ing light; 2) f i l t e r s  se lect ing exciting light; 3) 
l ightproof  chamber ;  4) biological  object;  5) f i l te rs  se lec t ing 
f luorescence  f r o m  object;  6) phetoelec t ronic  mult ipl ier ;  7) 
high-voltage r ec t i f i e r - s t ab i l i ze r ;  8) ampl i f ie r ;  9) au tomat ic  
wr i t e r ;  10) a r t i f i c ia l  r e sp i r a t i on  appara tus ;  11) gas mixer ;  12) 
r e s p i r a t o r y  chamber ;  13) constant  t e m p e r a t u r e  chamber .  

The f luorescence  appara tus  with the chamber  designed for  invest igat ion of the organs  of smal l  ani-  
mals  is shown schemat ica l ly  in Fig. lao The animal  is fixed to a movable bench in the chamber  so that  the 
exciting light fails  on the pa r t  of the o rgan  to be  tes ted .  ~ne gas composi t ion of the a i r  in the chamber  and 
b rea thed  by the an imal  can be changed during the expe r imen t ,  an impor tan t  fact  if it is intended to study 
how oxidative p r o c e s s e s  depend on d i r ec t  contact  between the cel ls  of the tes ted organ and the a t m o s p h e r e .  
Pa ra l l e l  with the f luorescence ,  the ECG and r e sp i r a t i on  a re  r eco rded .  The modificat ion of this appara tus  
with the portable  unit, including a source  of light, photomult ip l ier ,  f i l te rs ,  and l ightproof hood (Fig. lb) can 
be used to m e a s u r e  f luorescence  of individual organs  of l a r g e r  an imals  (the dog's  hea r t  or  r abb i t ' s  brain)  
without placing them in the l ightproof  chamber .  The a c c u r a c y  of the method in the case  of the s ing le -beam 
design is l imited chiefly by instabi l i ty  of the light flux of the exci tat ion source  and by movements  of the ob -  
ject  (in the case  of the working hear t ) .  To e l iminate  these d i s tu rbances ,  it is bes t  to use a two-beam method.  

In the appara tus  developed by the w r i t e r s ,  one of the two photomul t ip l iers  r e c o r d s  the f luorescence  
of the object  while the other  r e c o r d s  the excit ing light r e f l ec ted  by the object  (or light d i rec t ly  f rom the 
source  of excitat ion).  The b e a m s  fall on the photocathodes of the two photomul t ip l iers ,  the s ignals  f rom 
which are amplified by two LPU-01 instruments and led to a differential dc amplifier. The differential sig- 
nal from the output of the dc amplifier is led to an eight-channel USCh8-03 automatic writer. Instability of 
the exciting light is largely abolished by the use of an incandescent lamp with iodine cycle (KIM-9-75) as 
the source of light. Instability of the light flux of this lamp, when powered from a rectifier through a bat- 
tery, does not exceed i-1.5%. 

To minimize effects connected with movement of the object,the isolated heart is placed in a quartz 
chamber so that the area of myocardium for study is pressed against the anterior wall of the cell through 
which the fluorescence is measured. For work on the organs of larger animals using the portable measur- 
ing unit, the organ is immobilized by covering it with a thin quartz slab. 

To record the reduced form of NAD and the oxidized form of fiavoprotein simultaneously [6] a method 
of recording several signals phased in time was used. The filters in front of the objective and photomulti- 
plier were fixed to a rotating disk. Interchange of the filters was carried out automatically; in this way 
signals proportional to the intensity of fluorescence of the two carriers and to the intensity of the exciting 
and scattered light falling on the photocathode because of incomplete crossing of the filters could be re- 
corded alternately. After analyses of the data the true signal of fluorescence of ~he two carriers from the 
same area of the tested organ could be assessed. 

By way of illustration of the potential usefulness of the method the results of a number of preliminary 
investigations of various objects using the instrument described above are given. 
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In an invest igat ion of the effect  of t e m p o r a r y  interrupt ion of a r t i f i c ia l  r e sp i r a t i on  (for between 20 and 
50 sec) on the intensi ty of f luorescence  of the r a t  hea r t  in situ it was found that the NAD -H 2 concentra t ion 
is reduced  for  a sho r t  t ime by 13-15%. This indicates an inc rease  in the concentra t ion of the oxidized f o r m  
of NAD and, cor respondingly ,  an i nc rea se  in the re la t ive  veloci ty of oxidative p r o c e s s e s .  A s i m i l a r  i n -  
c r e a s e  in the re la t ive  veloci ty  of oxidative p r o c e s s e s  is also observed  in the spleen if the a i r  is t empora r i l y  
rep laced  by ni t rogen (containing t r a ce s  of oxygen). The NAD.H 2 concentrat ion fell  under these c i r cum-  
s tances  on the ave r age  by 11%. Changes in the level  of f luorescence  were  invest igated in the same  organ  
during local heating of the spleen.  Raising the t e m p e r a t u r e  of the spleen by 10~ caused a dec r ea se  in the 
NAD "H 2 concentra t ion by 60-70%. In expe r imen t s  with the isolated f rog ' s  hear t ,  the act ion of ca lc ium ions 
led to a dec r ea se  of 10-12% in the NAD "H 2 concentrat ion.  

The r e su l t s  of these  and other  expe r imen t s  conf i rm the potential  value of the f luorescence  method in 
the invest igat ion of r e s p i r a t o r y  me tabo l i sm in exper iments  on whole an imals  and on individual functioning 
organs ,  including the working hear t .  It  is cons idered  that fur ther  development  of the technique will enable 
sma l l  changes in the level  of me tabo l i sm  in physiological  exper imen t s  and, perhaps ,  during opera t ions  on 
an imals  and human subjec ts  to be r eco rded  quanti tat ively.  

1. 
2. 

3. 

4. 

5. 

6. 

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

A. D. Vinogradov and Yu. V. Evtodienko, Vopr. Med. Khimii ,  No. 4, 99 (1965). 
Yu. A. Vladimirova  and F. F. Litvin,  Biofizika,  No. 5 ,606 (1958). 
V. N. Karnaukhov,  V. I. Kulakov, E. V. Mel 'nikova,  et  al . ,  Tsi tologiya,  No. 5 ,654  (1968). 
B. Chance and V. Lega l la i s ,  IEEE Trans . ,  10,  40 (1963). 
B. Chance, J .  R. Will iamson,  D. Jamison ,  et  a l . ,  Biochem. Z., 341,357 {1965). 
R. Scholz, R. G. Thurman,  J. R. Will iamson,  et  al . ,  J .  Biol. Chem.,  244, 2317 (1969). 

858 


