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ABSTRACT

Objective: Cavitation and coagulation necrosis due to high temperature caused by application of the high intensity focused ultrasound 
(HIFU) to a focal area occurs. This feature makes HIFU possible to use in the destruction of cancerous tissue. In this study, it was aimed 
to determine the effect of HIFU on Balb/c mice with Ehrlich ascites tumor model to reach effective usage of HIFU with its clinical and 
experimental applications in various types of cancer. 
Methods: Ehrlich ascites tumor cells were obtained from the intraperitoneal region of a donor mouse. Fresh ehrlich ascites tumor cells 
were injected into 24 mice that were randomly distributed after tumor formation as a control (Group 1), sham treatment (Group 2) 
and HIFU treatment (Group 3). HIFU application was performed under ultrasound image until conversion of the hypoechoic tumor 
tissues to hyperechoic appearances. Tumor size and volumes were measured 
Results: Tumor sizes and volumes in all groups showed an increase after the treatment. Pathologically all tumors were solid carcinoma 
with an expansive growth pattern. Necrosis percentages in Group 1, Group 2 and Group 3 were 70±9.6, 70±9.4 and 75.6±4.17, respec-
tively. With regard to Volume 2, there were significant differences between Group 2 and both Group 1 and 3 (p=0.004 and p=0.0001, 
respectively). 
Concluison: High intensity focused ultrasound is an effective method in Ehrlich ascites tumor model via prevention of tumor growth 
and production of necrosis. To achieve a reduction in tumor volume, increasing the duration of HIFU treatment and/or repeatedly 
application of the treatment is thought to be effective.
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Introduction

The mechanism of action of high-intensity focused ultrasonography (HIFU) is coagulation necrosis and cavitation that is 
caused by high heat resulting from high-energy and low-frequency ultrasound (USG) waves applied in a small focal area. 
The externally applied HIFU produces cigar-shaped ablation zones in the tissues reaching the focal length area of the USG 
waves without any effect on the skin (3). The formation of cavitation increases the size of air droplets. The increase in tem-
perature as well as large stress pressures with explosion and rupture are observed (2). It is sufficient to raise the live tissue 
temperature above 56°C in 1 s for rapid cell death depending on coagulation necrosis, and the increases in temperature 
up to 80°C–90°C in the tissues are observed with HIFU (1, 4). These pathological events are lethal for cells, and therefore 
they are used for the destruction of cancerous tissues.



In recent years, HIFU has been used in the treatment of 
many benign and malignant diseases. The use of HIFU has 
become increasingly common because of the improvements 
in focusing and treatment time in the development process 
of the technique (1). It was transrectally used at a frequency 
of 3 MHz in the treatment of patients with locally advanced 
prostate cancer, and successful results were reported (5). In 
a study conducted by Maestroni et al., 84% success rate 
with the local control of prostate cancer was achieved. Blana 
et al. demonstrated that treatment with HIFU provided a 
66% disease-free survival in patients with prostate cancer 
(6). Post-procedural pathological examinations also revealed 
that coagulation necrosis developed in patients with breast 
cancer who were treated with HIFU (7, 8). Studies have 
demonstrated that HIFU is effective on hepatocellular carci-
noma, renal cell carcinoma, benign thyroid nodules, uterine 
myomas, and locally advanced rectum and pancreatic can-
cers (1, 9-13).

A limited number of experimental studies have been per-
formed in animal models with colon and pancreatic cancer 
to evaluate the efficacy of HIFU in various types of cancer 
and to obtain technical data on its clinical application (2, 14). 
HIFU, which has widespread clinical use in the non-surgical 
treatment of early prostate cancer, warrants more experimen-
tal studies to find an application area in gastrointestinal sys-
tem cancers.

There is a limited number of experimental studies in which 
therapeutic USG was used in Ehrlich acid tumor model (15-
17). It has been shown that an increase in permeability with 
cell membrane damage caused by cutting force and oxygen 
radicals occurs, and the resulting acoustic cavitation inhibits 
tumor development (16). Although experimental studies have 
demonstrated that USG enhances the effectiveness of chemo-
therapeutic agents, the effect of therapeutic USG alone on the 
Ehrlich acid model has not been studied (15, 17).

In this study, we aimed to determine the effect of HIFU us-
ing the Ehrlich acid tumor model established in Balb/c mice.

Methods

The study was approved by the Local Ethics Committee of 
Experimental Animal Experiments of the Bezmialem Foun-
dation University with the project number 2013/205. Experi-
mental animals were obtained from the Bezmialem Founda-
tion University Scientific Research Center Laboratory and 
were monitored during the experiment in the same labora-
tory at 23°C and in a 12-h day–night cycle. Twenty-four male 
Balb/c mice weighing 25–30 g and aged 5–7 weeks were used 
in the study.

To obtain Ehrlich tumor cell, 1 ml containing approximately 
1.5´107 Ehrlich acid tumor cells were injected into the perito-
neal cavity of the donor mice (Figure 1-a). Every four days, it 
was observed to check whether or not swelling occurred in the 
abdominal region. The acidic fluid comprising Ehrlich acid 

tumor cells was taken from the donor mouse with abdominal 
swelling at the end of the days 7–10 (Figure 1-b), and 0.5 ml 
containing approximately 1.5×105 tumor cells were subcuta-
neously injected into the left-side region of the mice in the 
experimental group. The animals in which swelling and red-
ness started to develop at the injection sites within 7–10 days 
following the inoculation were included in the study after 
their tumor size, measured with digital caliper, reached 5–6 
mm (tumor diameter, approximately 1 cm3) after an average 
of 2–3 weeks (Figure 2). 

When the tumor diameter reached 5–6 mm, the tumor vol-
ume was measured with USG (frequency, 3.5 MHz).

A total of 24 randomly selected experimental animals, 8 in 
each group, were used in the study. Groups were determined 
as control (Group 1), sham treatment (Group 2), and HIFU 
treatment (Group 3).

Group 1: Control Group
In this group, mass formation was observed after tumor in-
jection, and no intervention was performed for the diagnosis 
and treatment afterwards.

Group 2: Sham Treatment Group
After tumor cell injection, only diagnostic USG (frequency, 
3.5 MHz) was performed.

Group 3: HIFU Treatment Group
Prior the procedure, the subjects were anesthetized with in-
traperitoneal ketamine hydrochloride (35 mg/kg; Ketalar®, 
Pfizer, NY, USA) and 2% xylazine (5 mg/kg; Rompun®, 
Bayer, Leverkusen, Germany). The doses were repeated when 
necessary. After sufficient sedation was achieved, the area 
was trimmed, and protective gel was applied to prevent air 
between the probe and subject. Subsequently, subjects were 
laid in a lateral decubitus position and HIFU application (fre-
quency, 1.5 MHz; Wuxi Haiying Techonology, China) was 
carried out under USG image for 1000 ms in every 10 s until 
hypoechoic tumor tissue became hyperechoic (Figure 3).

Figure 1. a, b. Ehrlich acid tumor solution injection in 
the peritoneum (a); percutaneous extraction of the so-
lution comprising intraperitoneal tumor in a rat with 
significant distension in the abdomen (b)
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USG screen images were recorded before and after the pro-
cedure. The HIFU device used was developed as a processor 
unit and a USG unit for clinical use in the treatment of 
prostate masses. The head of the USG device was ellipsoidal 
and 20 mm in the radial axis and 1,9 mm in the transverse 
direction. The duration of treatment was recorded in sec-
onds.

Following the treatment procedure, tumor volumes were 
measured with USG over a 1-week period. For the deter-
mination of the treatment efficacy, pre- and post-treatment 
tumor diameter measurements (Diameter 1 and Diameter 
1 2 for pre-treatment period and Diameter 2 1 and Diam-
eter 2 2 for post-treatment period) and tumor volume cal-
culations (Volume 1 for pre-treatment period and Volume 
2 for post-treatment period) were made. For this, the two 
largest tumor diameters (cm) were measured using a digital 
caliper. Using these values, calculations were made for pre- 
and post-treatment tumor volume [(diameter×diameter)/2 
cm3]. At the end of the second week, the remaining tumor 
tissue was removed with at least 2 mm of the surrounding 
intact tissue immediately after the sacrification (70 mg/kg 
ketamine), and it was transferred in formol to the pathol-
ogy laboratory for histopathological examination. After 
paraffin blocks were prepared, the specimens transferred 
were evaluated under light microscopy using hemotoxy-
lin–eosin dye to observe the presence and percentage of 
necrosis, tumor size, histological grade, growth type, and 
other features.

Statistical Evaluation
The data were processed using the Statistical Pack-
age for Social Sciences 12.0 (SPSS Inc., Chicago, IL, 
USA) program. Continuous variables were given as 
mean±standard deviation, and non-continuous vari-
ables as frequency and percentage. The Levene test was 

used to determine the homogeneity of group variances. 
In each group, t-test was performed to compare Volume 
1 and Volume 2, which were two different variables in 
the group. For each group, significance between Volume 
1 and Volume 2, intergroup significance for Volume 1,  
and intergroup significance for Volume 2 were specified. 
One-way ANOVA was used to compare the three groups in 
terms of Volume 1 and Volume 2 variables, and when a dif-
ference was detected, multiple comparisons were made with 
the post-hoc Tukey test to find out which group difference 
caused it. Comparisons were considered significant when 
p values were less than 0.05 with 95% confidence interval.

Results

After tumor formation in the subjects, the tumor diameters 
and volumes during the pre-treatment period and post-treat-
ment changes of these tumors are summarized in Table 1. In 
the high-energy and low-frequency ultrasound group (Group 
3), the mean duration of treatment was 26±2.82 s.

All the excised tumors in all groups exhibited a macroscopi-
cally expansive growth pattern. Similarly, they were micro-
scopically solid carcinoma with high histological grade (Fig-
ure 4). Tumor sizes and necrosis percentages are summarized 
in Table 2. There was no intergroup differences in terms of 
necrosis percentages (p>0,05). In the high-energy and low-
frequency ultrasound group, sarcomatoid fusiform cell devel-
opment was detected in one subject and partial connective 
tissue formation in five subjects.

For each group, the changes between Volume 2 and Volume 1 
[Δ(Volume 2−Volume 1)] were observed to be statistically sig-
nificant (p=0.0001, p=0.0001, and p=0.006 for each group, 
respectively). A significant difference was also found between 
Volume 2 and Volume 1 changes (Table 3).

Figure 3. Positioning of the mice and treatment appli-
cation during HIFU treatment

Figure 2. Image of experimental rat with tumor in sub-
cutaneous region
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When Group 1 was considered as an independent variable 
for Volume 2, a statistically significant difference between the 
Volume 2 values of Groups 2 and 3 and those of Group 1 
(p=0.004 and p=0.0001, respectively; Table 4) was detected. 
When Group 2 was considered as an independent variable 
for Δ(Volume 2−Volume 1), statistically significant differenc-
es (p=0.005) between the Group 3 Δ(Volume 2−Volume 1) 
and Group 1 Δ(Volume 2−Volume 1) values were observed; 
similarly, when Group 1 was considered as an independent 
variable for Δ(Volume 2−Volume 1), statistically significant 
differences between the Group 2 and Group 3 Δ(Volume 
2−Volume 1) and Group 1 Δ(Volume 2−Volume 1) values 
(p=0.003 and p=0.0001, respectively).

Discussion

In this study, we aimed to determine the effect of HIFU in a 
Balb/c mice model in which subcutaneous tumor was formed 
with the Ehrlich acid tumor model. The results of this study 
revealed that HIFU treatment slowed down the growth of tu-
mor and pathologic necrosis developed.

The models of colon and pancreatic adenocarcinoma cells 
were especially used in the experimental studies conducted 
on HIFU in the literature (2, 14, 18). However, in this study, 
it was not possible to obtain a solid tumor as a result of the 
inoculation performed using the colon cancer cell line [HT-
29 (HTB-38™)]. Therefore, the study was performed with 
the Ehrlich acid tumor model. To the best of our knowledge, 
there is no study about the use of HIFU in the Ehrlich acid 
tumor model. Therefore, this is the first report demonstrating 
the use of HIFU based on this cell model.

In recent years, in addition to diagnostic procedures, USG 
technology has become increasingly widespread for use in 

Table 1. Tumor diameter and volume values before and 
after treatment

 Diameter Diameter Volume 1 Diameter Diameter Volume 2 
Group  1 1 (cm)  1 2 (cm) (cm3)  2 1(cm)  2 2 (cm) (cm3)

Group 1 1.22±0.19 0.54±0.06 0.16±0.02 1.47±0.18 0.75±0.07 0.30±0.05

Group 2 1.37±0.06 0.48±0.04 0.18±0.03 1.58±0.06 0.61±0.05 0.40±0.06

Group 3 1.24±0.18 0.51±0.07 0.17±0.04 1.33±0.04 0.6±0.08 0.23±0.06

Table 2. Histopathological evaluation results

 Size (cm) Necrosis (%)

Group 1 2.38±0.35 70±9.4

Group 2 2.44±0.56 70±9.6

Group 3 2.13±0.51 75.6±4.17

Table 3. ANOVA analysis

 F p

Volume 1 0.819 0.454

Volume 2 19.126 0.0001

∆(Volume 2−Volume 1) 26.572 0.0001

ANOVA: analysis of variance

Table 4. Intergroup significance analysis with post-hoc 
Tukey HSD test

Parameter Independent variable  p

Volume 2 Group 1 Group 2 0.004

  Group 3 0.051

 Group 2 Group 1 0.004

  Group 3 0.0001

∆(volume  Group 1 Group 2 0.003

2−volume 1)  Group 3 0.005

 Group 2 Group 1 0.003

  Group 3 0.0001

HSD: honest significant difference

Figure 4. a, b. High-grade solid carcinoma and necrosis area (H & E400×) (a); on the top-left, diffuse necrosis area (H & 
E 100×) with connective tissue formation in the center (b)

a b
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the treatment of tumors with various pathological features. 
Within this context, there are experimental and clinical 
applications in which HIFU has been used, especially in 
small solid tumors (2). Such treatments can be used as part 
of radical surgery as well as for palliative purposes. Never-
theless, the biological effects of USG waves on malignant 
tissues remain under investigation. Although the biologi-
cal responses of non-malignant tissues to USG energy may 
differ, studies have demonstrated that cancerous tissues 
and cells are relatively more sensitive, that cell prolifera-
tion and colon tumor formation can be inhibited with 
treatment, and that the effect of chemotherapeutic drugs 
can be increased (19, 20). In this study; however, the effect 
of HIFU on normal tissues was not studied; its effect was 
studied only on cancerous tissues. Therefore, it was not 
possible to make a comparison between the effect of HIFU 
on normal and cancerous tissues with the data obtained 
from the study.

Heat, mechanical interaction, and acoustic cavitation are 
among the biological effects that are observed when can-
cerous tissues are confronted with USG energy (2); among 
these, acoustic cavitation is considered the most effective 
(21). Short-time high temperature and high pressure, which 
are liberated in the collapsed tissues, lead to the formation of 
air droplets and continuous increase in pressure. The patho-
logical events that occur during this time period results in 
the conversion of sound energy to light energy, which is de-
fined as “sonoluminescence,” and this phenomenon can be 
observed under USG. When HIFU was used in the study, 
the continuation of treatment until tumorous tissues be-
came hyperechoic is based on this mechanism (18). Dur-
ing the experiment, a characteristic appearance under USG 
was obtained in subjects who underwent HIFU treatment. 
Therefore, the use of diagnostic USG during the procedure 
is an important adjunct (22, 23).

Studies in the literature demonstrated that significant de-
creases in tumor volume were detected in groups treated 
with HIFU whereas tumor growth continued in control 
and sham groups (15, 24, 25). In this study, tumor growth 
continued in control, sham, and HIFU treatment groups. 
The statistically significant difference between Volume 
1 and Volume 2 values in control (Group 1) and sham 
(Group 2) groups suggests that tumors continue to grow, if 
not treated. There was no statistically significant difference 
between the pre-treatment (Volume 1) and post-treatment 
(Volume 2) values in the HIFU treatment group (Group 
3). Considering Group 1 and Group 2, although there is 
an increase in Volume 2 in comparison to Volume 1 for 
Group 3, it can be inferred that there is a significant ef-
fect as a numerical value. There is an increase of 87.5% 
and 122.2% for Group 1 and Group 2, respectively, in the 
tumor volume considering the average value, whereas this 
increase rate is 35.3% for Group 3. Previous studies have 
demonstrated that the combined use of therapeutic USG 

reduced tumor growth in the Ehrlich acid model (15, 17). 
Therefore, it may be possible to effectively decrease tumor 
volume or to completely remove the tumor tissue using ap-
propriate technical features. 

In the triple analysis performed with ANOVA variance 
analysis, it was concluded that there are significant differ-
ences in the change of Volume 2 and Δ(Volume 2−Volume 
1) values. In the post-hoc Tukey test conducted to deter-
mine which group difference caused this, it was concluded 
that the Volume 2 value of Group 3 was significantly lower 
than that of Group 2. However, no statistical difference 
was found between the Volume 2 values of Group 1 and 
Group 3. Therefore, the effect of HIFU treatment on tumor 
volume was significant only according to the sham group. 
However, when Δ(Volume 2−Volume 1) is examined, and 
when Group 1 and Group 2 are considered as independent 
variables, Δ(Volume 2−Volume 1), which is valid for Group 
3, is statistically significant. According to this Δ(Volume 
2−Volume 1) value, a significant effect of HIFU on tumor 
volume change was demonstrated compared with that for 
sham and control groups. Therefore, it was concluded that 
HIFU had a reducing effect on the increase in tumor vol-
ume. To provide a reduction in tumor volume, technical 
regulations related to the duration of HIFU may be con-
sidered necessary. Experimental models are needed to dem-
onstrate that there are technical differences associated with 
this duration.

Some studies suggest that light microscopy may not be suf-
ficient in determining necrosis, so electron microscopy may 
be required (18). Although it is shown that HIFU-induced 
cell death is mostly caused by necrosis resulting from heat, 
apoptosis is considered to be the primary mechanism re-
sponsible for cell death in necrosis due to hyperthermia 
(26). In the study, only necrosis was concentrated on in the 
subjects, and detailed pathologic examination including 
apoptosis could not be performed because necrotic tissue 
covered most of the specimens. It is considered that waiting 
until the tumor diameter reaches 5–6 mm is effective on 
necrosis development, which was observed in the subjects of 
control, sham, and HIFU treatment groups. In cases where 
tumor growth continues, necrotic areas may be expected to 
develop due to the lack of sufficient vascularization. When 
the treatment group was compared with other groups to 
find the cause of necrosis, the formation of connective tis-
sue was observed only in the treatment group. Hence, such 
pathological changes being only in the treatment group were 
considered to be in favor of the fact that HIFU had a patho-
logical effect. The connective tissue formation observed in 
the treatment group is evaluated to be mostly related to the 
necrotic tissue being resorbed, abscess formation, calcifica-
tion development, and regeneration process. Therefore, it 
can be inferred that such changes in the treatment group are 
secondary to the necrosis caused by the thermal or mechani-
cal effect of HIFU.
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Conclusion

In the light of the data obtained in the study, considering 
tumor volume and histopathological features, it can be con-
sidered that partial response to HIFU treatment was obtained 
in Balb/c mice in which Ehrlich tumor was established. It is 
considered that increasing the duration of treatment, repeated 
treatment within a few days, or starting the treatment early in 
the course of tumor formation is effective in obtaining com-
plete response to HIFU treatment.
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