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Abstract. This study evaluated the effects of  electrochemotherapy (ECT) with 
in t ra tumoral  injection of  bleomycin (BLM) on the chemically induced tongue 
cancer model  in the hamster. In t ra tumoral  injection of  B L M  followed by high- 
voltage electrical t reatment  induced rapid necrosis of  the tumor  within 48 hours 
and subsequent rapid tumor  volume reduction. Three weeks after the E C T  with 
BLM, 3 of  the 6 animals showed no palpable tumor,  while no ant i tumor effects 
were observed in the control  groups. Because of  the remarkable ant i tumor effect 
with no major  observed side effects, we concluded that  E C T  combined with 
in t ra tumoral  injection of  B L M  has the potential  to enhance t reatment  results for 
tongue cancer. 
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When a cell is exposed to high-voltage, 
short electric pulses, the cell membrane  
can be opened transiently without  caus- 
ing permanent  cell damage 16,2°. This 
process is referred to as electroporation. 
Electroporat ion has been used to intro- 
duce genes, proteins, metabolites and 
antibodies into living cells 4,13,18. This 
process has also been applied to deliver 
the anticancer drug, BLM, which dem- 
onstrates low permeabil i ty through the 
cell membrane  under normal  conditions 
due to its hydrophilic character  21,22. This 
method  of  cancer t reatment  that  com- 
bines electroporat ion and a chemothera-  
peutic agent has been named electro- 
chemotherapy (ECT)2,13,17. 

In the present study, we observed the 
effects of  E C T  with in t ra tumoral  injec- 
t ion of  B L M  on the hamster  tongue 

cancer model  in order to evaluate its ef- 
ficacy for tongue cancer. 

Material and methods 
Electric pulse delivery 

Electric pulses were generated by a BTX 
T820FE generator (Genetronics Inc., San Di- 
ego, CA, USA) and electrical energy was 
transmitted through a pair of gold-plated 
stainless steel, round, parallel plate electrodes. 
The electrodes were 10 mm in diameter and 
mounted on a slide caliper in order to measure 
the distance between the electrodes (Fig. 1). 
Each electrical treatment regimen consisted of 
eight triangular direct current pulses with a 
width of 99/zs and a frequency of 1 Hz. The 
electric field strength was defined as the volt- 
age applied to the electrodes divided by the 
distance between the electrodes placed on 
either side of the tumor (voltage to electrode 

distance ratio). A ratio of 130 V/mm was used 
as the standard in this study and the voltage 
of each pulse was monitored using a graphic 
pulse analyzer BTX500 (Genetronics Inc., San 
Diego, CA, USA). 

Carcinogenesis of tongue squamous 
cell carcinoma in hamster 

Fifty male Syrian golden hamsters aged 5 
weeks and weighing 50-60 g were obtained 
from SLC Hamamatu, Japan. They were 
maintained under standard laboratory con- 
ditions with access to both food and water 
ad libitum. A 0.5% 9,10-demethyl-1, 2- 
benzanthracene (DMBA)-acetone solution 
was used as the carcinogen. The DMBA 
solution was applied to the left lateral border 
of the middle third of the tongue after 
scratching the area with a pulp canal cleaner, 
also referred to as a barbed broach, three 
times a week under ether anesthesia. The 
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Fig. 1. A pair of  parallel plate electrodes mounted  on 
a slide caliper. Gold-plated stainless steel electrodes are 
round with a diameter o f  10 mm.  

Fig. 2. Electric field strength was defined as the voltage 
applied to the electrodes divided by the distance between 
the electrodes on either side o f  the tumor.  A ratio o f  130 
V/mm was used as the standard. 

Fig. 4. Despite BLM administration, tumors  in the 
E - D +  group increased in size. A) Pre-administration 
of  BLM. B) Two weeks after administration. 



lesions gradually increased in size and 
formed protruding tumors measuring ap- 
proximately 8-12 mm in maximum diameter 
by the end of 20 weeks in 42 of the 60 ani- 
mals. These 42 animals were used in this 
study. The details of the procedure and the 
histological characteristics of this tongue 
cancer model have been reported previously 5. 

Tumor volume reduction 

Twenty-four animals with established tumors 
were divided into four experimental groups 
designated E - D - ,  E + D - ,  E - D +  and 
E+D+. The E - D -  group received neither 
BLM nor electric pulses. The E + D -  group 
received only electric pulses to the tumor with- 
out BLM injection. Electrical energy was 
transmitted directly to the tumors through a 
pair of parallel plate electrodes placed on 
either side of the protruding tumor (Fig. 2). 
The E-D+ and E+D+ groups received a di- 
rect intratumoral injection of 10 #g BLM in 
0.2 ml saline, with the E+D+ group receiving 
the electric pulses to the tumor immediately 
after direct intratumoral injection of BLM. 

Treatment results were assessed based on 
tumor volume, which was measured immedi- 
ately before the ECT and 4, 7, 14 and 21 days 
after the ECT. The volume was calculated 
using the longest diameter (L; mm) and the 
shortest diameter perpendicular to L (W; 
mm) in accordance with GIAVAZZI et al.'s for- 
mula6: V=L*WZ/2. Relative tumor volume 
was defined as the tumor volume n days after 
the ECT session divided by the tumor vol- 
ume immediately prior to treatment. The 
mean relative tumor volume was calculated 
for each treatment group at periodic inter- 
vals during the follow-up period. 

Statistical analysis 

Significant differences in the mean tumor 
volume among the experimental groups were 
determined by a one-way analysis of variance 
(one-way ANOVA) followed by the Games- 
Howell procedure for multiple comparisons. 
A level of P<0.01 was taken as indicative of 
significant differences. Analysis was per- 
formed using the SPSS software package. 

Histological examination 

For histological observation, 18 animals with 
established tumors were divided into three 
experimental groups designated E + D - ,  
E - D +  and E+D+. Each group received the 
same electrical treatment and BLM adminis- 
tration as in the experiment for observation 
of the tumor volume reduction, respectively. 
Two animals in each experimental group 
were killed by a lethal dose of ether six hours, 
one and two days after the treatment. The 
tongue specimens excised for histological ex- 
amination were fixed overnight in 10% form- 
alin saline. The specimens were dehydrated 
through a sequence of 50%, 70%, 95% and 
100% ethanol, cleared in xylene, and then 
embedded in paraffin wax. Haematoxylin 
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and eosin staining was performed on 4/tm % 
sections cut using a microtome. 300- 

Results 
Tumor volume reduction 

Changes in mean relative tumor volume 
of the four experimental groups during 
the experimental period are summar- 
ized in Fig. 3. Before treatment, there 
were no significant differences in the 
mean tumor volume among the 4 ex- 
perimental groups (F value=0.223, df = 
3, P=0.88). The tumors in the E - D +  
(Figs. 4A, 4B), E + D -  and E - D -  
groups progressively increased in size. 
Two weeks after treatment, the tumors 
showed excessive growth and the mean 
relative tumor volume increased to over 
200% in these groups (Fig. 3). In con- 
trast, the E + D +  group showed con- 
tinuous tumor volume reduction. One 
week after treatment, the color of the 
tumor changed from light reddish 
brown to whitish yellow and the pro- 
truding tumor became a necrotic, flac- 
cid mass (Figs. 5A, 5B, 5C). Three 
weeks after treatment, the necrotic tu- 
mor mass had been demarcated from 
the surrounding normal tissue and the 
ulcerative surface of the tongue gradu- 
ally healed with epithelization (Figs. 
5D, 5E). The Games-Howell procedure 
for multiple comparison after one-way 
ANOVA showed that there were sig- 
nificant differences in the mean tumor 
volume between the E + D +  group and 
each of the other three groups ( E -  D - ,  
E + D - ,  E - D + )  2 weeks after treat- 
ment (F value=32.096, df=3, 
P<0.001). Three weeks after treatment, 
3 animals showed no palpable tumor, 
but the remaining 3 animals showed re- 
growth of the tumors in the E + D +  
group. Therefore, the minimum mean 
tumor volume was recorded 2 weeks 
after treatment (Fig. 3). Edematous 
swelling in the anterior half of the 
tongue was observed in the E + D +  
group one day after ECT with BLM, 
and gradually diminished within seven 
to ten days of  treatment (Figs. 5B, 5C). 

Histological observation 

Six hours after intratumoral injection 
of BLM, no remarkable changes were 
observed in the E - D +  group. Severe 
interstitial bleeding was observed in the 
E + D -  and E + D +  groups which re- 
ceived the high-voltage electrical treat- 
ment (Figs. 6A, 6B). However, destruc- 
tion of  the tumor nest structure or 
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Fig. 3. Changes in mean relative tumor vol- 
ume of the four experimental groups during 
the experimental period. The E+D+ group 
showed continuous tumor volume reduction 
while the E - D + ,  E + D -  and E - D -  
groups showed progressive growth. 

changes indicating cellular damage were 
not evident in either group. 

One day after electrical treatment, 
the E + D -  group showed residual in- 
terstitial bleeding caused by electrical 
treatment, but the tumor nest consisted 
of living cancer cells with no cellular 
damage (Fig. 7A). However, in the 
E + D +  group, all of the cancer cell 
nests lost their original structure. The 
nests consisted predominantly of kera- 
tin flakes derived from the degenerated 
cancer cells. Intercellular boundaries of 
the tumor nests became less evident and 
the remnants of cancer cells often 
showed enlargement or blebbing of the 
cytoplasm, suggesting severe damage to 
the cells (Fig. 7B). 

Two days after treatment, residual 
signs of interstitial bleeding had almost 
disappeared, and neither cellular dam- 
age nor structural decay of the tumor 
nest could be observed in the E - D +  
and E + D -  groups. In the E + D +  
group, the tumor predominantly con- 
sisted of necrotic tissue with inflamma- 
tory cell infiltration and dense fibrous 
tissue, in which keratin flakes and kera- 
tin peals, lacking the surrounding living 
cancer cells, were scattered (Figs. 8A, 8B, 
8C). However, a few small cancer cell 
nests were observed in the severely de- 
generated cancer tissue in one of  the six 
animals of the E + D +  group (Fig. 8D). 

Discussion 

The antitumor effect of ECT using 
BLM (ECT with BLM) has been pre- 
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Fig. 5. Example of complete response in E+D+ group. 
One week after treatment, tumor color changed from 
light reddish brown to whitish yellow, and the protrud- 
ing tumors became a necrotic, flaccid mass. After 3 
weeks, the necrotic tumor mass was demarcated from 
the surrounding normal tissue and the ulcerative surface 
of the tongue gradually healed with epithelization. 
Edematous swelling within the anterior half of the 
tongue was evident one week after ECT. A) Pre-ECT, B) 
Two days after ECT, C) One week after ECT, D) Two 
weeks after ECT, E) Three weeks after ECT. 
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Fig. 6. Histological findings six hours after high-voltage electrical treatment. A) E + D -  group, B) E + D +  group. Severe interstitial bleeding 
was observed in both groups. Cellular damage or destruction of tumor nest structure not yet visible. (HE ×200). 

Fig. 7. Histological findings one day after electrical treatment. A) In the E + D -  group, residual severe interstitial bleeding was still noticeable, 
but no remarkable changes in tumor nests were visible. B) In the E + D +  group, most of the cancer cell nests lost their original structure and 
consisted predominantly of keratin flakes derived from degenerated cancer cells. Intercellular boundaries within the nests became less evident 
and many cells showed enlargement or blebbing of the cytoplasm. (HE ×200). 

viously evaluated in a variety of  tumor  
types including me lanoma 7,a°,14, hepa- 
tocellular carcinoma 9,15, m a m m a r y  tu- 
mors  2, sarcoma 17, fibrosarcoma24, 25, 

26 colorectal carcinoma , cervical squam- 
ous cell carcinoma 27 and glioma 23. 
Based on the remarkable ant i tumor ef- 
fects in these animal studies, clinical 
studies are now in progress and the pre- 
l iminary outcomes have been encour- 
aging 1,s,11. In most  animal studies, 
however, the evaluation has been per- 
formed on subcutaneously induced tu- 
mor, and current clinical trials are 
limited to skin lesions including meta-  

static lesions from head and neck can- 
cer a'8'll. This is because the direct cur- 
rent pulses o f  E C T  are generally ad- 
ministered through two parallel plate 
electrodes that  are placed on either side 
of  the tumor  on the body surface, typic- 
ally the skin. In 1998, HASEGAWA et al. 9 
reported an E C T  model  for rat tongue 
carcinoma. However, this tongue cancer 
pathologically originates f rom hepato-  
cellular carcinoma and squamous cell 
carcinoma of  the external acoustic me- 
atus, which were inoculated into the 
submucosa of  the tongue. Methodolo-  
gically and biologically this tumor  

seems to be very close to subcutane- 
ously induced tumor  models that have 
been often used in the previous E C T  
studies. In the present study, ant i tumor 
effects o f  E C T  with int ra tumoral  injec- 
tion of  B L M  were evaluated in chemic- 
ally induced pr imary  tongue cancer in 
hamsters. 

In 1991, M1R et al. 17 reported that 
the min imum efficient field strength re- 
quired for treatment o f  subcutaneously 
induced LPB sarcoma was 1100-1300 v/ 
cm through 8 pulses of  100 ps. These 
parameters  have been widely applied to 
a variety o f  subcutaneously induced tu- 
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Fig. 8. Histological finding two days after electrical treatment in the E+D+ group. A) Low magnification view of the tumor predominantly 
consisting of necrotic tissue with inflammatory cell infiltration and dense fibrous tissue (Tu: tumor, Tn: tongue, HE ?<20). B) Keratin flakes 
derived from the degenerated cancer cells. (HE × 100). C) Keratin peals lacking the surrounding living cancer cell nests. (HE × 100). D) A few 
small cancer cell nests observed in the severely degenerated cancer tissue. (HE ×200). 

mors. In both clinical and animal 
studies, the reported side effects include 
electric burns to the skin under the elec- 
trode or local edema of the normal 
tissue surrounding the tumor 1'8"11'17'27. 
In the present study, the electrical treat- 
ment applied to the tongue tumors was 
the same as that administered to subcu- 
taneous tumors in previous studies. 
Transient diffuse swelling of the tongue 
was observed in the E + D +  group, 
however it was hardly observed in the 
E+ D -  group that received similar elec- 
trical treatment. These results suggest 
that local interstitial edema cannot be 
attributed only to electric burns. Mm et 
al. 17 reported that the antitumor effect 
of ECT with 500/lg BLM in immuno- 
logically reactive C57B1/6 mice bearing 
LPB sarcomas is apparently greater 
than that found in immunodeficient 
nude mice and that more severe local 

edema was always detected in the im- 
munologically reactive C57B1/6 mice 
than in the nude mice. This difference 
in response suggests that local edema is 
associated with the host immune re- 
sponse after massive cell lysis following 
ECT with BLM. 

In most previous studies including 
clinical trials, BLM has been system- 
ically administered through intramus- 
cular, intravenous or intraperitoneal in- 
jection. HELLER et al. 1° reported ap- 
proximately equal efficacy for ECT 
treatment with intratumoral local ad- 
ministration routes for BLM and intra- 
venous systemic administration in a 
murine B16 melanoma model. In con- 
trast, CEMAZAR et al. 3 reported mark- 
edly better results in animals treated 
with intratumor injection of cisplatin 
compared to intravenous injection in 
the mice EAT tumor model. Previous 

studies also showed that ECT with 100 
/~g of intraperitoneal administration of 
BLM had considerable antitumor ef- 

19 fects on hamster tongue cancer . In the 
ECT procedure, effective drug delivery 
into the cell is restricted to the region 
that receives the physical effects of elec- 
trical treatment and consequently the 
antitumor effect of ECT depends pri- 
marily on the local concentration of 
drugs within the tissue between the elec- 
trodes. Thus, systemic administration is 
not considered to be essential for the 
ECT protocol. In the present study, 
BLM was administered through direct 
intratumoral injection and the dose was 
reduced to one-tenth of the intraperito- 
heal injection of BLM. Through the di- 
rect intratumoral injection, ECT with a 
lesser dose of BLM showed remarkable 
antitumor effects in the hamster tongue 
cancer model. Direct intratumoral in- 
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j ec t ion  is beneficial  due to the  reduct ion  
of  the d rug  dose, leading to the  reduc- 
t ion  of  any  subsequen t  drug-re la ted  
side effects 12. 

His tological  changes  in the  cancer  
tissue after  E C T  wi th  B L M  have no t  
been  well studied. In  the  present  study, 
his tological  obse rva t ion  revealed rapid  
necrosis of  the t u m o r  in the E + D +  
group  wi th in  two days, while no  ant i tu-  
m o r  effects were observed in the  E - D +  
or E + D -  groups.  Severe interst i t ial  
bleeding was c o m m o n l y  observed in 
b o t h  the E + D +  and  E + D -  groups.  
Thus,  interst i t ia l  bleeding was likely 
caused by the  high-vol tage electrical 
t rea tment .  R a p i d  necrosis of  the t u m o r  
wi th in  two days of  t r ea tmen t  and  the 
consequen t  r emarkab le  reduc t ion  in tu- 
m o r  volume indicate  effective delivery o f  
B L M  into  the  cancer  ceils t h r o u g h  elec- 
t ropora t ion .  This  is consis tent  wi th  re- 
por t s  t ha t  the  cytotoxici ty of  B L M  in- 
creases a b o u t  700-fold in the presence of  
e lec t ropora t ion  compared  to n o r m a l  
condi t ions  2°. 

Three  of  the  six an imals  in the  E + D + 
g roup  showed t u m o r  regrowth three 
weeks af ter  E C T  wi th  BLM.  Histolog- 
ically, a few nests  of  viable cells were ob- 
served wi th in  the  severely degenera ted  
t u m o r  mass  two days af ter  ECT. Rem- 
nan t s  of  the  viable cells could be the 
cause of  t u m o r  regrowth,  so all residual  
cancer  cells shou ld  be e l iminated to pre- 
vent  t u m o r  regrowth.  JAROZESKI et a1.14 
invest igated the  efficacy of  a three E C T  
t r ea tmen t  p ro tocol  adminis te red  at  1- 
week intervals  on  B 16 m e l a n o m a  tumors  
induced in mice. They repor ted  a 75.8% 
C R  rate, which  was 12 t imes h igher  t h a n  
tha t  for  the single t r ea tmen t  m e t h o d  TM. 
Thus ,  a mult iple  E C T  t r ea tmen t  regimen 
may  be effective for  e l iminat ing residual 
cancer  cells. 

Results of  the present  s tudy suggest 
the efficacy of  E C T  wi th  B L M  in the 
t r ea tmen t  o f  p r i m a r y  tongue  cancer. 
The  electrical field can  be  delivered wi th  
ease t h r o u g h  a pair  of  parallel  plate  
stainless steel electrodes p laced on  
ei ther  side of  the t u m o r  of  the  tongue,  
wi th  an  electrical field s t rength  similar 
to tha t  of  E C T  in previous  studies of  
skin lesions, to enhance  the a n t i t u m o r  
effects of  BLM.  D u e  to the h igh re- 
sponse ra te  wi th  no  m a j o r  observed side 
effects, we conclude t ha t  E C T  wi th  
i n t r a t u m o r a l  inject ion o f  B L M  has  the 
po ten t ia l  to become a novel  t r ea tmen t  
m e t h o d  for tongue  cancer. 
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