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Responses  of venules ,  cap i l l a r i e s ,  a r t e r i o l e s ,  and mas t  cel ls  of the r a t  m e s e n t e r y  to i r r a -  
d i a t ionby the  LGI -2 t  pulsed u l t rav io le t  l a s e r  (X = 337 nm) was studied by in t rav i ta l  m i c r o s -  
copy. The d i a m e t e r  of the l a s e r  b e a m  var ied  f r o m  2 to 100#. The  p r o c e s s e s  studied w e r e  
r eco rded  and analyzed by a photographic  and v ideorecord ing  method.  Depending on the in- 
tensi ty  and durat ion,  i r rad ia t ion  caused e i ther  an i nc r ea se  in pe rmeab i l i t y  of the v e s s e l  
wal ls ,  o r  th rombus  format ion ,  o r  hemorrhage~  Bes ides  in jury to the v e s s e l  wall,  an impor tan t  
role  in th rombus  fo rmat ion  was played by f ac to r s  appear ing  on des t ruc t ion  of e ry th rocy t e s  
and o the r  blood ce l l s .  The  change in d i a m e t e r  and pe rmeab i l i t y  of the v e s s e l s  during l a s e r  
i r rad ia t ion  of the m a s t  cel ls  could be assoc ia ted  with l iberat ion of the h i s t amine  and serotonin 
contained in them.  

KEY WORDS: mic roc i rcu la t ion ,  v a s c u l a r  pe rmeab i l i ty ;  h e m m o r r h a g e ;  th rombus  formation;  
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L a s e r  techniques a re  playing an increas ingly  i m p o r t a n t  ro le  in the study of m e c h a n i s m s  of h e m o a g g r e -  
gation and th rombus  format ion [6, 8]. The use  of l a s e r s  to i r r ad i a t e  mas t  cel ls  [2] in o r d e r  to shed fu r the r  
light on the i r  ro le  in the regulat ion of the s tate  of the mic roc i r cu la t ion  is a p romis ing  development .  

The object  of this invest igat ion was to a s s e s s  the poss ib i l i ty  of using l a s e r s  for  s imulat ing and ana lyz-  
ing typical  f o r m s  of m i c r o c i r c u l a t o r y  d i s tu rbances .  

EXPERIMENTAL METHOD 

Experiments were carried out on nonibred albino rats weighing 250-270 g. The anesthetized rat was 
placed on the constant-temperature stage of the microscope. Through an incision in the abdominal wall a 
loop of small intestine was brought out and its mesentery was placed on the light guide of an intravital mi- 
croscope. To prevent the mesentery from drying it was covered with a layer of PMS-500 (polylnethylsi- 
loxane). Observations on the mesenterie microvessels were made under different powers of magnification 
(I0, 58, UV, and 90x objectives)~ The apparatus described previously [3], consisting of an intravital micro- 
scope and coupled laser, was used~ The LGI-21 molecular nitrogen ultraviolet laser with a wavelength of 
337 nm and a mean output power of 2 mW was used (output pulsed power 1600 W for a pulse duration of 
i0 nsec). The optical coupling system ensured that the laser beam passed through the center of the objective. 
The diameter of the injuring beam could be smoothly controlled within the range 2-100 # by means of a 
special diaphragm. The structure chosen to be irradiated was placed opposite the laser sight, built into the 
ocular of the microscope~ Vessel walls in different parts of the microcirculation were injured: venules, 
arterioles, and capillaries; individual erythroeytes in the lumen of the vessels and mast cells were destroyed~ 
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Fig. 1. u  of rat  mesentery  after  laser  i r radiat ion.  Television b i o m i e r o s -  
copy. Photographs f rom monitor  screen during reproduct ion of videorecording.  
T1 and T2) Thrombi;  L) leukocytes.  Arrow points in direction of blood flow. 
Explanation in text. 

The degree  of sensit ivity of the i r radia ted  object was est imated f rom the number  of pulses of radiation 
required to obtain a given effect in different par t s .  Increased permeabil i ty  in the a rea  of i r radiat ion was 
judged f rom the settling of par t ic les  of ink injected into the blood s t ream (2 ml /kg  body weight) immediately 
before i r radiat ion in the vesse l  wall.  The intravital  microscopic  picture observed was recorded  by a 
videorecording method [4] and photographed. The source of light for photomicrography was the ISS~-500 
flash tube, giving flashes with a durat ion of 10-6-10 -7 sec.  Because of the short duration of the flash, an 
effect of "stopping the blood flow" could be obtained, so that individual moving blood cells could be dist in-  
guished on the photograph. 

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

Injuries to components of the microci rcula t ion  of different intensity and charac te r  could be obtained 
by the method descr ibed.  With high intensities of i r radia t ion local dis turbance of integrity of the vesse l  
wall (ar ter ioles ,  venules,  capil laries) was observed and it led either to profuse bleeding or  (irradiation at 
lower intensity) to extravasat ion of single blood cells. During the development of these dis turbances int ra-  
and ext ravascular  coagulation of blood was observed in the region of injury. 

Laser  i r radiat ion of the wall of a venule caused dis turbances the charac te r  of which depended on the 
cal iber  of the vesse l  and the time of i r radiat ion.  An increase  in permeabi l i ty  could be observed at the site 
of injury with the formation of a mural  thrombus o r  hemorrhage  followed by thrombus formation.  Irradiat ion 
with the l a se r  at low intensit ies,  aimed at an a rea  of local constr ict ion of the venule, led to marked dilatation 
of the vesse l .  I r radiat ion not disturbing the integrity of the vesse l  wall led most  frequently to thrombus for -  
mation. Rapdily developing p roces se s  of thrombus formation and destruction were analyzed by repeated re-  
production of the videorecording.  In Fig. 1A a thrombus formed after  injury to the wall of a venule by the 
laser  beam (5 sec,  10 pu lses / sec) ,  and consist ing mainly of e ry throcytes ,  can be seen in the lumen of a 
venule. P a r t  of  the thrombus is detached after 3 sec (Fig. IB) and is car r ied  away by the blood flow. The 
thrombus is quickly re formed by the addition of new blood cells,  and 2 sec later  it is  the same size as before,  
and it remained so for  40 sec.  After  a fur ther  detachment,  the thrombus was not res tored .  In this experi-  
ment, 5 min after  the f i rs t  i r radiat ion,  a second injury was inflicted on the opposite side of the vesse l ,  lead- 
ing to the appearance of a red thrombus at that site (Fig. 1C), including also leukocytes.  Whenth i s th rombus  
was detached 13 sec later ,  the leukocytes remained in situ, some of them were  washed away by the blood 
s t ream,  whereas  o thers  were removed f rom the lumen of the vesse l  by diapedesis  (Fig. 1D). In some ex- 
per iments ,  af ter  a single injury to the wall of a yenule, a repeated success ion of formation and and detach- 
ment of thrombi  could be observed.  Most frequently the p roce s s  ended with the formation of a mural  throm-  
bus, but in some cases  by total thrombosis  of the vess le  lumen. 
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Fig.  2. Microvessels  of ra t  mesen te ry  
after l a s e r  i r radiat ion.  Biomicroscopy.  
A) Arter iole  1 min after  i r radiat ion (10 
sec,  10 pu l ses / sec ) :  formation of th rom-  
bus (r) f rom ery throcytes  and platelets ,  
deposition of ink (M) in the Injured area;  
B) capillary (c) 10 min after l a se r  injury 
(7 equal pulses) to the wall and ery throeytes  
in its lumen: deposition of ink at site of 
injury (I) and around it, with s tasis ;  C) 
aggregation of e ry throcytes  and platelets  
in capi l lary (c) and s tas is  after des t ruct ion 
of one erythrocyte  by the l a se r  beam (one 
pulse). Broken arrow shows direct ion of 
blood flow before  irradiat ion;  ordinary 
a r row shows direct ion of blood flow after 
i r radiat ion,  580•176 

At the site of  l a se r  i r radiat ion of the wall 'of an 
a r te r io le ,  as a rule blood cells  escaped f rom the lumen 
through its wall and an in t ravaseu la r  thrombus was 
formed,  with consequent slowing of the blood flow in the 
large (60-100 #) a r te r io les  and s tas is  in the smal le r  
a r te r io les .  The depar ture  of the blood cells soon stopped 
but the increased  fil tration of p lasma  contInued, as shown 
by the accumulation of  ink in the injured par t  of the wall 
(Fig. 2A)o The vesse l  wall became thickened at the site 
of injury, the zone of deposition of ink in it gradually" 
widened, and lysis  of the e ry throcy tes  which had left 
the vesse l  were observed~ 

A few single pulses  of l a se r  i r radiat ion were suf- 
ficient to des t roy  the capil lary wall and subsequently to 
cause hemorrhage .  If the intensity of the radiation was 
low, dis turbance of the permeabi l i ty  of the capi l lary 
walls was observed.  If the e ry throcy tes  were  not des t royed 
in this case,  the blood flow in the capi l lary continued, 
although accumulation of ink in its wall was observed.  
If the capil lary wall and e ry throcy tes  in its lumen were 
injured simultaneously,  e ry throcytes  and platelets were 
concentrated around the injured cel ls .  The result ing con- 
g lomerate  closed the lumen of the capi l lary and led to 
the development of i r r eve r s ib l e  s tas is  (Fig. 2B). In 
some experiments  one o r  two single pulses  were sufficient 
to des t roy  separa te  e ry throcytes  in the capi l lary lumen 
without disturbing the permeabi l i ty  of its walls. Des t ruc -  
tion of an ery throcyte  led to aggregation of surrounding 
ery throcytes  and platelets ,  and then to stoppage of the 
blood flow (Fig. 2C). Gradually this conglomerate  could 
be shifted along the capil lary by the impact  of the blood, 
and in this case the blood flow was res to red .  

In a special  ser ies  of experiments  an attempt was 
made to obtain standard changes in the microc i rcula t ion  
by direct ing the l a se r  beam on to mas t  cells.  If the mas t  
cell was in the immediate  vicinity of a mic rovesse l ,  a f ter  
its i r radiat ion increased permeabi l i ty  of the vessel  walls 
was observed,  somet imes  accompanied by thrombus 
formation (Fig. 3). No visible changes in the velocity 
of the blood flow could be detected. In the case of consec-  
utive injuries  to the mas t  cell and the wail of an adjacent 
microvesse l ,  instantaneous aggregation of e ry throcytes  

and platelets took place at the site of injury to the wall. The cells adhered to each other to form a band 
attached at one end to the wall at the site of injury and with the other end stretching in the direct ion of the 
blood flow. As a rule e ry throcytes  adhered to the wall at the site of injury.  

The exper iments  showed that by means of the laser  different fo rms  of dis turbances of the mic roe i r cu -  
lation can be obtained, so that the opportunities for investigation into the experimental  t reatment  of these 
dis turbances are widened. The use of ultraviolet  radiation enables not only the intensity of the beam but also 
its charac te r  to be controlled smoothly.  Evidently the harmful  action of the ul t raviolet  laser  is based not 
only on the thermal-- and photoeffect, but also on t he spec i f i c  wave charac te r i s t i c s .  The fact that the wave- 
length of the radiation lies in the region of the absorption spec t ra  of the most  important  biologically active 
substances points to the specifici ty of its action. 

Because of t hena tu re  of the biological object used and of the na r row localization and low intensity 
of the i r radiat ion given in this  investigation, the energy charac te r i s t i c s  could not be determined.  

Injury to the Vessel wall is evidently not the only cause of thrombus formation in the ru l e r ,ves se l s .  
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Fig.  3. Format ion  of m u r a l  th rombus  (T) in 
a venule  (V) af ter  l a s e r  injury to a m a s t  cell  
(MC) by  single pulses :  A) before  i r rad ia t ion ,  
B) a f te r  i r rad ia t ion .  Arrow indicates  d i rec t ion  
of blood flow. 580x. 

Dest ruc t ion  of e ry th rocy te s ,  which i s  accompanied by the l iberat ion of ADP, s t imulat ing adhesion of the 
p la te le t s  and the i r  subsequent  aggregat ion [8], p lays  an impor tant  role  in this p r o c e s s .  The  c h a r a c t e r  of  
the blood flow [7] and, poss ib ly ,  the p r e sence  of leukocytes  in the thrombus [5], a lso play a role  in th rombus  
format ion.  

The obse rved  d is turbance  of pe rmeab i l i t y  of the m i c r o v e s s e l s  a f te r  des t ruct ion of m a s t  cel ls  is 
evidently connected with l ibera t ion of the h is tamine  and serotonin contained in them [3 ]. However,  there  is 
evidence of the dual role  of the m a s t  cel ls  in changes in va scu l a r  p e r m e a b i l i t y  [1]. 

The use  of l a s e r s  in m i c r o c i r e u l a t o r y  r e s e a r c h  p rov ides  a fine and p r e c i s e l y  control lable  tool with 
which to act upon different  pa r t s  of the mic roe i r cu l a to ry  sys t em.  
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