
" ]46  Bulletin of Experimental Biology and Medicine, N ~ 7, 1998 MORPHOLOGY AND PATHOMORPHOLOGY 

Reaction of Myocardial Mast Cells during 
Neoangiogenesis Induced by YAG:Nd Laser 
A. I. Kozel', G. K. Popov, E. S. Golovneva, and M. S. Bel'skii 

Translated from Byulleten' Eksperimental'noi Biologii i Meditsiny, Vol. 126, No. 7, pp. 116-118, July, 1998 
Original article submitted October 30, 1997 

Time course of morphofunctional changes in myocardial mast cells of Wistar rats 
irradiated with a YAG:Nd laser is studied. Mast cells were detected on serial sections by 
toluidine blue staining. A drastic increase in mast cell degranulation around the laser 
channel was observed on days 1-20 of experiment. Mast cell degranulation may be the 
first stage in neoangiogenesis in the myocardium in response to laser injury. 
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Laser transmyocardial revascularization of the heart 
(TMR) used in distal coronary insufficiency is a 
prospective surgical method for treating coronary 
disease. This short intervention rapidly improves 
blood supply to ischemic myocardium due to forma- 
tion of new capillaries in it. Clinical effectiveness 
of TMR is well established; however, the mech- 
anism of neoangiogenesis is unknown. The recovery 
of myocardial blood supply after TMR may be as- 
sociated with additional blood supply to ischemic 
myocardium: blood ejected from left-ventricular 
cavity is delivered into the channels produced by a 
laser [1,3,5,12,13]. The probability of neoangio- 
genesis in response to laser radiation has been ne- 
glected [2,81. 

We studied the process of stimulated neoangio- 
genesis in response to TMR and tried to explain this 
phenomenon from the viewpoint of cell-to-cell in- 
teractions in surgical damage to the myocardium. 

MATERIALS AND METHODS 

Experiment was carried out on 50 adult Wistar rats 
weighing 150-180 g. The myocardium was irradiated 
with a YAG:Nd laser (%=1.06 gm, 10 Wt, light 
guide diameter 0.3 mm, duration 1-2 sec). The rats 
were anesthetized with calypsol. After skin incision 
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and preparation of the chest, 1 or maximally 2 
channels through the entire thickness of left-ven- 
tricular myocardium were formed with laser light 
guide oriented to the apical pulse. 

For morphological analysis of the myocardium 
and mast cells (MC), the animals were sacrificed 1 
h, 1, 3, 5, 7, 10, and 20 days after the operation. 

Heart tissue was fixed in 10% neutral formalin 
infused through the abdominal aorta. Serial lnyo- 
cardial sections were stained with hematoxylin and 
eosin to visualize the injury and characterize the 
processes in the laser channel and in adjacent lnyo- 
cardium. Mast cells were stained with toluidine blue 
at pH 2.0. The number of MC and the ratio of 
intact to degranulated MC were determined along 
the entire new channel and in the adjacent intact 
zones of the myocardium. 

RESULTS 

Morphological study of transmyocardial channel and 
adjacent zones of injured and intact myocardimn 
showed that the channel was ilnmediately fdled with 
blood. Then fibrin threads formed and neutrophilic 
leukocytes accumulated in the adjacent zones of the 
myocardium. After 2-3 weeks the new channel was 
obliterated and replaced with granulation tissue. The 
bulk of the cells were fibroblasts of different shape. 
In general, the reaction of the myocardium to high- 
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performance YAG:Nd laser can be regarded as an 
inflammatory process with slightly expressed exu- 
dative and pronounced proliferative phase. 

Examinat ion o f  the myocard ium at different 
periods revealed formation o f  capillaries by days 5- 
7. By day 30, new small arteries o f  muscular type 
were seen in the damaged zone. 

Comparison of  morphological  changes in the 
myocardium and lnorphofunctional characteristics of  
mast cells it showed degranulation of  MC adjacent 
to the new channel, starting from the first hours 
after TMR. On days 1-21 after TMR, the number 
of degranulated MC decreased at sites distant from 
the focus of  injury. 

Formation of  new blood vessels in laser channel 
is an element of  adaptive reaction improving blood 
supply to the ischemic zone. 

Mast cells were located along capillaries in the 
thickness of  the lnyocardium and subepiendocar-  
dially. Laser light destroys MC and activates their 
degranulation. This creates the prerequisites for sti- 
lnulation of  local neoangiogenesis:  production of  
proteases, arachidonic acid derivatives active toward 
vascular endothelium, heparin and heparan sulfate 
[4,6,7], and stem factors (basic fibroblast stem factor 
and platelet stem factor) from MC granules [10,11]. 
Stimulation of  MC degranulation was observed in 
zones adjacent to the channel formed by a laser. We 
think that this phenomenon  develops and is main- 
tained due to local thermal effect created by a laser 
beam. This is confirmed by  the presence of  num- 
erous degranulating MC in the area adjacent to the 
transmyocardial channel. A similar effect was ob- 
seJ~ed in rat mesentery.  Mast  cell degranulation 
occurred in a 3-5 lnm laser and mechanical wound 
of the root  of  the tongue in rats [9]. Laser produced 
the most  p ronounced  effect.  Cooling o f  the rat 
tongue surface before  laser irradiation inhibited 
degranulation of  MC. This fact demonstrates the 

significance of  thermal tZactor in laser-induced MC 
degranulation. It should be stressed that MC de- 
granulation lasts 20-21 days after TMR. This pheno- 
menon is long-lasting, because local laser exposure 
triggers an inflammatory process with strong pro- 
liferative phase. We believe that the inflammatmsz 
process induces local product ion o f  intefleukin-1 
that induces MC and causes their degranulation 
[10]. Long duration of  MC degranulation can be ex- 
plained by slowly fading local inflammation, main- 
taining degranulation of  these cells. 

Therefore, activation of  MC degranulation by 
local laser exposure is a factor stimulating neoangio- 
genesis in the myocardium in TMR.  Degranulation 
of  MC and subsequent  st imulation of  neoangio-  
genesis can be regarded as a component  of  adaptive 
reaction of  the lnyocardium to laser-induced injm37. 

REFERENCES 
1. O. K. Skobelkina, ed., Lasers in SmgeTy [in Russian], Moscow 

(1989), PP. 230-238. 
2. D. A. Cooley, O. H. Frazier, and K. A. Kadipasaoglu, Tex. 

Heart Inst. J., 21, 220-224 (1994). 
3. J. R. Crew, M. Thuener, R. Jones, et al., J. Am. Co~l: Car- 

diol., 23, 151-152 (1994). 
4. C. J. Meininger and B. R. Letter, Semin. Cancer Biol., 3, 73- 

79 (1992). 
5. M. Mirhoseini, M. M. Cayton, and S. Shelgikar, J. Am. Coll. 

Cardiol., 23, 416-418 (1994). 
6. K. Norrby, A. Jacobsson, and J. Sorbo, P71vhows Arch. [BI, 

57, 251-256 (1989). 
7. K. Norrby, A. Jacobsson, and J. Sorbo, Miclvvasc. Res., 39, 

314-348 (1990). 
8. E. R. Owen, P. Canfield, K. Briant, et al., Microsu~gery, 5, 

140-143 (1984). 
9. A. L. Pinheiro, R. M. Browne, J. Frame, et al., Braz.. Dent. 

J., 6, No. 1, 11-16 (1995). 
10. Z. Qu, J. M. Liebler, M. R. Rowels, et al., Am. J. Pathol., 

147, No. 3, 564-573 (1995). 
11. J. A. Reed and A. P. Albino, Lab. Invest., 70, 48 (1994). 
12. P. Whittaker, K. Rakusan, and R. A. Kloner, Circulation, 93, 

143-152 (1996). 
13. O. Yano, M. Bielfeld, V. Leevanandam, et al., Ann. ?horac. 

Surg., 56, 46-53 (1993). 


