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Stone fragmentation in extracorporeal shock wave lithotripsy as 
well as accompanying tissue damage are attributed to cavitation. 
We attempted to demonstrate and localize the occurrence of 
cavitation in cell-free solutions and MGH-UI cells using sensitive 
dyes for the detection of cavitation-generated free radicals. 
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INTRODUCTION 

Extracorporeal shock wave lithotripsy of urinary stones has replaced open surgery 
nearly completely. However, side effects like hemorrhages and hematomas occur in 
vivo (I, 2) which are mainly attributed to cavitation, i.e. the growth and collapse of 
bubbles in liquids exposed to tensile stresses. In vitro, eukaryotic cells were damaged 
or destroyed in a dose dependent manner when treated in suspension (3). Since this 
damage is not related to the origin of cells, and is similiar for normal and malignant 
cells (4), it probably will have a physical and not a biological reason. Intracellular 
damage of cellular organelles after shock wave treatment (5, 6) may be caused by 
cavitation. During the adiabatic collapse of cavitation bubbles, temperature rises up 
to several thousand K, causing the formation of free radicals. We investigated the 
occurrence of cavitation using radical sensitive dyes, suitable for extra- and 
intracellular measurements, as indirect indicators for cavitation. 

MATERIAL & ME1HODS 

As a control, we used fluorescein diacetate (FDA, Sigma), which becomes fluorescent 
after de acetylation and is insensitive to oxidation by free radicals. Sensitive dyes were 
dichlorofluorescin diacetate (7) (DCFH-DA, Serva) and hydroethidine (8) (Poly
science), which become fluorescent after oxidation. DCFH-DA accumulates 
intracellularly after deacetylation to dichlorofluorescin (DCFH) and becomes 
fluorescent after oxidation to dichlorofluorescein (DCF). Hydroethidine is trapped 
inside the cells after oxidation to the intercalating dye ethidium. To investigate the 
appearance of extracellular cavitation and radicals, 1 /-1M DCFH-DA or FDA was 
hydrolyzed to DCFH or fluorescein by incubation for 30 min with carboxyl esterases 
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(Sigma; final activity approx. I unit/m1) and then tr~ated with shock. w:'ves. 
Hydroethidine was treated with shock waves at a concentratIOn of ~60 I'M: ThIs hl~er 
concentration was necessary because of the weak fluorescence WIthout intercalatIOn 
in DNA (9). For intracellular investigations, we used a human bladder carcinoma line, 
MGH-Ut (10, II), growing as monolayers at 37"C and 8% CO2 in RPMI 1640 medium 
(Boehringer Mannheim), supplemented with 10% fetal calf serum, 24 mM NaHCO. 
and antibiotics. Single cell suspensions (2-3.10' cells/mI), obtained by trypsinization 
and mechanical dispersion in phosphate buffered saline, were transferred into 45 ml 
polyethylene pipettes (Brand) and treated with shock waves. The pipette ball was 
submerged in the partially degassed (2.1-3.3 mg OJl) waterbatb of an experimental 
spark gap lithotripter XL-I (Domier Medizintechnik) and positioned into tbe target 
focus of tbe brass semi-ellipsoid. Suspended MGH-UI cells and dye solutions were 
kept at 21°C and exposed to shock waves (125-750) at a pulse repetition frequency 
(PRF) of t or 8 Hz and a generator voltage setting of 18 kV. Controls were kept at 
21°C for tbe time necessary for shock wave treatment. Electrodes were not used prior 
to the first 50 and after 1500 shock waves. The final dye concentration in cell 
suspensions was I I'M for DCFH-DA (stock solution 10 mM in dimetbylforrnamid 
[DMF, Sigma]) and for FDA (stock solution 05 mM in acetone) or 16 I'M for 
hydroetbidine (stock solution 63.5 roM in DMF). For shock wave treatment, cell 
suspensions stained witb DCFH-DA or FDA were incubated for 30 min at 37"C in the 
dark, hydroetbidine-stained cells were treated 10 min after addition of the dye. The 
fluorescence of shock wave treated cells and controls was determined by flow 
cytometry (FACS-Analyzer, Becton-Dickinson). The fluorescence of dye solutions was 
detected with a spectrofluorometer (LS-3B, Perkin-Elmer). For each experiment, a 
relative fluorescence is given by comparing tbe shock wave treated sample with the 
untreated control. 

RESULTS 

In cell-free dye solutions, the radical insensitive fluorescein showed no change in 
fluorescence (0.99 ± 0.01) even after 500 shock waves at a PRF of 8 Hz. Using 
DCFH, we ~ound an increase in fluorescence of the oxidation product DCF (fig. I) 
Wlt~ mcreasmg number of shock waves and PRF, indicating cavitation-generated free 
radlcats. The same results were found using solutions of hydroethidine (fig. 2), 
however, less fluorescence was observed depending on the lack of intercalation in cell
fre~ solutions. On the basis of these results, we treated DCFH-DA- and hydroethidine
stamed MGH-Ut cells with different numbers of shock waves at PRFs of I or 8 Hz. 
For the dye. DCFH-DA, we. found a decrease in fluorescence at both PRFs (data not 
shown), whIch mus~ be attnbuted to a dye leakage through transient ruptures of the 
cell membran~. Thl~ problem was bypassed using hydroethidine, where the oxidation 
product eth~dlum bmds to the DNA: in spite of the leakage, a slight but significant 
mcrease 10 mtraceUular fluorescence was found (fig. 3). 
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fig. 1: Cell-free investigation using 
dichlorofluorescin (DCFH): dose 
and frequency dependent in
crease in fluorescence of the oxi
dation product dichlorofluores
cein (DCF) after shock wave 
treatment, indicating cavitation
generated free radicals. Mean :!: 

standard error of the mean. 
• a < 0.05 vs. 500 swJ 1 Hz 
(two-sided U-test). 

fig. 2: Cell-free investigation using 
hydroethidine: dose and fre
quency dependent increase in 
fluorescence of the oxidation 
product ethidium after shock 
wave treatment, indicating cavi
tation-generated free radicals. 
Mean :!: standard error of the 
mean. 

fig. 3: Generation of intracellular free 
radicals after shock wave treat
ment of hydroethidine-stained 
MGH-U1 cells: dose dependent 
increase in intracellular fluores
cence of the oxidation product 
ethidium. Mean :!: standard 
error of the mean. 
'a<O.OS'*a<O.02 
••• a < 0.01 vs. control 
(two-sided U-test). 
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DISCUSSION 

The appearance of cavitation (12) as well as the generation of free radicals in water 
(13, 14) during extracorporeal shock wa~e lithotripsy is not que.stioned. A1th?Ugh 
cavitation was often assumed as a mecharusm for stone fragmentation (15) and tissue 
damage (16), shock wave generated intracellular cavitation has not been demonstrated, 
but would explain the intracellular damages in otherwise intact shock wave treated 
cells which were observed after treatment of cell suspensions (5, 6). Using fluorescent 
dyes, we now successfully prove the production of cavitation generated free radicals 
not only in cell·free solutions but also intracellularly. 
Both, hydroethidine and DCFH detect free radicals which must be attributed to shock 
wave induced cavitation, whereas the fluorescence of radical insensitive fluorescein 
remains unaffected by shock waves. The decrease in cellular fluorescence after shock 
wave treatment with both sensitive and insensitive dyes was caused by a transient 
permeabilization of the cell membrane. The decrease was similiar for both dyes at 
I Hz but differed at 8 Hz (data not shown), indicating a partially compensation of the 
dye loss through additional formation of the oxidation product of the sensitive dye by 
free radicals. Because these changes in membrane permeability made the results 
difficult to interprete, we focussed on hydroethidine, where the oxidation product 
ethidium intercalates into the DNA and is thus trapped within the cell. Indeed, using 
hydroethidine we were able to detect an increase in intracellular fluorescence, 
indicating cavitation·generated intracellular free radicals, which may be caused by 
intracellular cavitation. 
There is no doubt that free radicals occur after shock wave treatment both extra· and 
intracellularly. Free radicals cause severe tissue damage leading to a release of 
cytoplasmic proteins, e.g. Tamm·Horsfall·protein (17), which was also measured after 
shock wave lithotripsy (18). Therefore, the effect of scavengers of free radicals, e.g. 
ascorbic acid will be investigated. 
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