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The effect iveness of trypan blue, acridine orange , tetracycline,  and oxytetracycl ine for the de-  
tection of tumor  cells  injected into the bloodstream was investigated in experiments  on ra ts .  
Cells were detected in the mic rovesse l s  of the mesen te ry  by intravital microscopy.  Lumi-  
nescence of the f luorochromed cells  was observed in blue-violet  (Xmax 400 nm) and ultraviolet  
(Xmax 365 nm) r ays  of a me rcu ry  vapor lamp and in l ase r  radiation (X 337 nm). The intensity 
of luminescence of cells  stained with acridine orange was higher, and their s t ructure  could be 
distinguished better,  than in cells containing te t racycl ines .  Identification of the cells  by t r y -  
pan blue was difficult. The luminescence method is sufficiently simple, and i t  can be used to 
discover  neoplastic cel ls  actually in the bloodstream. 
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An important  place in the development of a metas tas is  is occupied by the stage of settling and survival 
of the tumor cells giving r i se  to growth of the new tumor node [5, 15, 16]. In the investigation of cancer  
cel ls  circulat ing in the bloodstream, the problem of distinguishing them from normal  blood cel ls  r emains  
acute [9-11]. Luminescence methods for the detection of tumor cel ls  have been extensively used [2, 6, 13]. 
By means of acridine orange they can be detected by vital f luorochroming [4]. The proper ty  of luminescence 
in UV light is also possessed  by a number of therapeutic substances ( tetracyclines and cer ta in  carcinosta t ic  
agents [8]). The te t racycl ines  accumulate in tumor t issue and remain  in it for a long time [12]. To excite 
luminescence in biological investigations m e r c u r y  vapor lamps and l a se r s  are used [14]. 

The object of this investigation was to assess  the effectiveness of var ious dyes and sources  of exci ta-  
tion of luminescence for the identification of tumor cells  in microvesse l s  of r a t s  by intravital microscopy.  

EXPERIMENTAL METHOD 

Experiments were carried out on noninbred albino rats weighing 180-200 g. The ML-2 luminescence 
microscope, equipped with a special heated stage for intravital microscopy of the rat mesentery, was used. 
Luminescence of the fluorochromed cells was studied in the blue-violet region of the spectrum (FS-I filter, 
Xmax 400 nm) and in the ultraviolet region (UFS-3 filter, Xmax 365 nm), as well as in laser radiation. The 
LGI-21 molecular nitrogen laser (A 337 nm, pulse duration i0 nsec), with a mean output power of 1.4 to 

2 roW, emits pulses at frequencies of i0, 25, 50, and 100/sec. 

Ascites fluid containing Zajdela's hepatoma cells was treated with heparin (50 i.u./ml) and the appro- 
priate dye (to 1 ml fluid) - trypan blue (I ml of 0.i % solution), tetracycline or oxytetracycline chloride 
(i000 units), or acridine orange (0.5 ml in a dilution of 1 : I0,000), and incubated for 30 min at 38 ~ C, after 
which it was centrifuged for 1 rain at i000 rpm. Samples with acridine orange were centrifuged Without in- 
cubation. The cell residue was diluted with Earle's solution to a volume corresponding to that of the ascites 
fluid taken originally. The viability of the cells in the suspension was tested by intraperitoneal injection of 
0.5 ml of a suspension into control  ra ts .  
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Fig. 1 Fig. 2 

Fig. 1. Zajde la ' s  asci tes  hepatoma cell in a suspension (100 • 
a) ordinary  light microscope;  b) luminescence microscope  (ac- 
ridine orange); E) e ry throcytes .  

Fig. 2. Zajde la ' s  asci tes  hepatoma cell  (K) settling in ar ter io le  
of r a t  mesentery  (100 • a) light microscope;  b) luminescence 
microscope  (acridine orange). Blood flow maintained in a rea  A, 
s tasis  in a rea  B. Broken lines in Fig. 2b indicate line of lumen 
of ar ter iole .  

The anesthetized ra t  (urethane 1 g/kg body weight, intramuscularly)  was placed on the heated stage of 
the microscope.  A loop of small  intestine was brought out through an incision in the abdominal wall so that 
the mesen te ry  lay on the light guide. A suspension of stained tumor cel ls  was injected from a microinjec tor  
into the carot id a r t e ry  through a cannula. The dimensions of the cells and mic rovesse l s  were determined 
by the image-spl i t t ing method [1]. The resul t s  were displayed by a video r eco rde r  [7]. 

E X P E R I M E N T A L  R E S U L T S  

Living tumor cel ls  in the suspension, stained with trypan blue, had a bluish hue and their  outlines and 
s t ruc tura l  details were more  c lear ly  visible than in unstained cells  (Fig. la). The cytoplasm of cells  stained 
with acridine orange gave green luminescence in UV rays  and o range - red  inclusions could be seen in it. The 
nuclei of most  tumor  cel ls  were bright  green,  but a few were  yellow or  orange. Leukocytes present  in the 
suspension gave green f luorescence and their nuclei were c lear ly  visible. The e ry throcytes  did not fluo- 
r e sce .  When the cells  were i rradiated with blue-violet  light the pattern of luminescence was br ighter  (Fig. 
lb). The cytoplasm of the tumor cel ls  stained with tetracycl ine or oxytetracycline gave a diffuse bluish- 
green luminescence in UV and blue-violet  light, against the background of which the nucleus appeared the 
same color  but br ighter .  Granules s imi lar  in the cha rac te r  of their  f luorescence to the substance of the nuclei 
could be seen in the cytoplasm of some cells.  In cells  in a state of mitosis  bright  f luorescence was ob-  
served in the zone of division. No difference was observed in the charac te r  of luminescence of tumor cel ls  
and leukocytes containing te t racycl ines .  Cells stained with the te t racycl ines  emitted luminescence faster  
than those stained with acridine orange.  The intensity of luminescence after staining with te t racycl ines  was 
lower than when acridine orange was used, and the s t ructural  details were less  c lear ly  seen. 

After the introduction of 0.1-0.3 ml of a suspension of f luorochromed tumor cells  (about 5- 105 cells) 
into the b loodst ream of the rat ,  they appeared in the vesse l s  of the mesentery .  Under the luminescence 
microscope  brightly shining cel ls  could be seen against the dark background, moving rapidly along with the 
bloodstream. Clumps of three to five cel ls  were held up in vesse ls  15-20 ~ in dimaeter ,  causing s tas is  or  
to -and- f ro  movement  of the blood. Some of these cell  emboli (on the average one of five) were broken up 
by the thrust  of the blood into single cel ls  and the blood flow was res tored ,  ca r ry ing  them out of sight. In- 
dividual tumor cells  were r a r e l y  held up (Fig. 1), even in small vesse ls ,  but changed their shape as they 
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passed  along the cap i l l a r i e s  or  found a way out through the a r t e r i o l o - v e n u l a r  shunts. The behavior  of tu-  
m o r  ce l l s ,  leukocytes ,  and p la te le t s  sett l ing in the blood v e s s e l  and the state of the surrounding t i s sues  could 
be obse rved  by changing to the o rd inary  light mic roscope .  

During observa t ion  in t r ansmi t t ed  light it was  difficult to de te rmine  the outl ines of the cell  while in the 
blood ves se l  (and, consequently,  to de te rmine  its size) exact ly  because  of the identical  optical  dens i t ies  of 
the cell  and the surrounding t i ssues .  By luminescence  m i c r o s c o p y  the outl ines of a single cel l  could be 
c l ea r ly  dist inguished, changes  in them could be studied, and m e a s u r e m e n t s  made.  The d i a m e t e r s  of ce l l s  
sett l ing in the m i c r o v e s s e l s  of the m e s e n t e r y  were  f rom 15 to 27 ~. 

During exposure  to the l a s e r  both f luorochromed and unstained tumor  ce l l s  gave weak g reen i sh-b lue  
luminescence .  The cy top lasmic  inclusions detected during i r radia t ion  with b lue-vio le t  and UV light (?,max 
365 nm) acquired a g reen  color .  In the t i s sues  of the m e s e n t e r y  the l a s e r  also exci ted a g reen i sh-b lue  
luminescence ,  which made it difficult  to identify the injected ce l l s  among the surrounding t i s sues .  This  was 
evidently because  of the cons iderable  d i f ference  between the max ima  of the absorpt ion spec t r a  of acr idine  
orange (~max 475-504 nm [3]), t e t racyc l ine ,  and oxyte t racycl ine  (;~max 390 nm [8]) and the wavelength of 
the radia t ion of the l a s e r  used. In both c a s e s  (stained and unstained cells)  autof luorescence  and not induced 
f luorescence  was the re fo re  observed .  An inc rease  in the output power of the l a s e r  o r  in the f requency of 
the pulses  in o rder  to obtain br ighter  luminescence  led to des t ruct ion of the wal ls  of the m i c r o v e s s e l s .  

Of the dyes  used  to detect  tumor  ce l l s  and to r evea l  their  s t ruc ture ,  acr idine orange was the mos t  e f -  
fective.  Trypan  blue did not give sufficient staining for identification of tumor  ce l l s  in the m a s s  of blood. 
The life spans of the an imals  af ter  in t raper i tonea l  injection of suspensions  of stained hepa toma ce l l s  was 2- 
3 days  longer  than those of an imals  injected with intact a sc i t e s  fluid. This  points to p r e se rva t i on  of the v i -  
abili ty of the main m a s s  of stained cel ls .  

The luminescence  method of detection of tumor  ce l l s  is s imple and can locate tumor  cel ls  d i rec t ly  in 
the b loods t ream.  This  method can be used to study the ro le  of d i s tu rbances  of the mic roc i rcu la t ion  in m e t a -  
s tas izat ion,  and in invest igat ions of pathways of spread  of ce l l s  and the mechan i sms  of their  survival  and 
des t ruc t ion  within the ves se l s .  
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