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Abstract: Globally, cancer is the second most common cause of death, with 70% of deaths due to cancer occurring in low and
middleincome people in the countries. Many treatments have been reported for their anticancer potential but most of the
treatment options for cancer are not completely effective. Ultrasound is emerging as a novel treatment agent, though the trials
are still in their infancy. The advantage of using ultrasound is that it is not an electromagnetic radiation; hence it does not
produce the undesired harmful effects encountered through the repeated use of electromagnetic radiation. The present study was
aimed to evaluate the chemotherapeutic potential of ultrasound in 7, 12-dimethyl benz(a)anthracene(DMBA) induced sarcoma
in rats. Application of the rapeutical (low intensity 1IMHz) ultrasound to sarcoma tumor bearing rats for 10 min (continuous
mode)was foundtobe effective against DMBA induced sarcoma in female Wistar rats. There were significant increases in the
body weight and tumor weight of treated rats. Theincreased activities of lipid peroxidation(MDA), serum and liver path
physiological enzymes AST, ALT, ALP, ACP, and LDH in serum and liver of ultrasound treated rats were significantly higher
than normal levels indicating loss of redox homeostasis. This has implications for cell death and apoptosis. The levels
ofenzymatic antioxidants such as CAT, GPx, SOD, and non-enzymatic antioxidantssuch as GSH, Vitamin C, and Vitamin E
weredecreased significantly by administration of DMBA. The levels of antioxidants were further decreased by the application of
ultrasound therapy indicating that the tumor cells were unable to counteract the oxidative stress produced due to ultrasound
therapy. The histopathological analysis of sarcoma tissues indicated evidence of the anti-tumorigenic nature of ultrasound by
showing extensive hemorrhage and necrosis. The results of the present study indicate thatultrasoundsignificantly suppresses
DMBA induced sarcoma in rats.
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L. INTRODUCTION
Cancer is the second leading cause of death globallyand was responsible for 8.8 million deaths in 2015. Globally 1 in 6 deaths is due
to cancer. Approximately 70% of deaths from cancer occur in low- and middle-income people of countries’.Cancer is the name
given to a collection of related diseases. In all types of cancer, some of the bodycells begin to divide without stopping and spread
into surrounding tissues. There are more than 100 types of cancer. Which are usually named for the organs or tissues where the
cancers form.Soft tissue sarcomas can develop from soft tissues like fat, muscle, nerves, fibrous tissues, blood vessels, or deep skin
tissues>. The American Cancer Society estimates that in 2017 in the United States 12,390 new soft tissue sarcomas will be diagnosed
and 4,990 Americans are expected to die of soft tissue sarcomas>*. The analysis of large SEER database shows that the age adjusted
incidence of sarcomas arising in soft tissues is 3.1/100,000 irrespective of gender. There are no large scale studies in India however
an ICMR study finds that among all cancer patients in India, the incidence in children varies between 3.6% at Delhi to 14.8% at
Barshi (Maharashtra) among males and 3.7% at Bangalore to 9.5% at Bhopal among females®.Most of the treatment options
available for cancer are not completely effective i.e. the chances of a relapse of tumor or the inability to treat the tumor exist. Most
of the options are very costly and a vast majority of the population especially in the Indian context cannot afford them.
Consequently there is a need for developing alternative strategies in the fight against cancer. Ultrasound is one of the modalities
which is emerging as a novel treatment agent, though the trials are still in their infancy. The advantages of using Ultrasound are that
this modality is not an electromagnetic radiation; hence it does not produce the undesired harmful effects encountered through the
repeated use of electromagnetic radiation. The mechanisms of ultrasound action on biological material can thus be divided into
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thermal and non-thermal. Thermal effects occur when acoustic energy is absorbed and transformed to heat. Production of heat
depends on the absorption and dissipation of ultrasound energy. Cavitation leading to the formation of reactive oxygen species and
its consequences are of primary interest®.Recent clinical studies have demonstrated that cancer cells can be targeted and destroyed
by a single blast of ultrasound’.However the extent to which ultrasound affects cancerous tissue is an area of ongoing research and
needs to be explored further®#'%**2 To a large extent, the biophysical effects of therapeutic ultrasound have been examined through
in vitro studies. There is relatively little evidence that these changes occur in vivo, and extrapolation of these results to humans is
therefore conjectural™®. The potential of ultrasound to provide local tumor control and to enhance other therapy modes has motivated
the current efforts by several groups to further study and understand it actions on malignancies.

Our study aimed to study the effect of ultrasound therapy on morphological, biochemical and histopathological changes in sarcoma
cancer.

Il. MATERIALS AND METHODS
A. Chemicals
7,12-Dimethyl benz (a) anthracene is a known carcinogen which produces mammary and sarcomas in rats. 7, 12-DMBA was
purchased from Sigma chemical company (St. Louis MO, USA). All other chemicals used were of analytical grade procured from
local commercial sources. The carcinogen mixture was prepared in bio-safety level 11 lab conditions.

B. Experimental animals

Virgin female Wistarrats,7 weeks of age were purchased from Central Animal House AIIMS New Delhi and were used in the
experiment. They were housed spaciously in individual cages and maintained under standard experimental conditions: temperature
25+1°C, relative humidity 60+5% and 12+1 h (light/dark cycle) and fed with a balanced diet of commercially available pellet diet
laboratory grade and water ad libitum. The animals were acclimatized for 2 days prior to the start of experiments. The experimental
design was performed in accordance with the current ethical norms approved by the CPCEAGovernment of India and Institutional
Animal Ethics Committee Guidelines and approved by Institutional Ethics Committee vide approval No. IAEC No:
ITS/0L/1AEC/2013.

C. Group Allocations

The rats were divided into four groups of ten rats each as follows:

Group 1: Normal control rats.

Group 2: Control rats administered with ultrasound therapy (2.6W/cm?) Frequency also.

Group 3: DMBA induced sarcoma cancer rats with sham treatment.

Group 4: DMBA induced sarcoma cancer rats administered with ultrasound therapy (2.6W/cm?)Frequency.

D. Carcinogen treatment

Abdominal sarcoma tumors were induced by DMBA using the “airpouch technique” as described by Arunet al. (1984)"with slight
modifications. Briefly, the air pouch was produced using a 10ml capacity glass syringe in the abdominal region. About 2-3ml of air
was drawn into the syringe, and a rubber cork was fixed to the needle tip in such a way that the plugging was airtight. The whole set
was wrapped with aluminum foil and autoclaved at 15 psi for 20 min. The sterile air (1-2 ml) was carefully injected subcutaneously
just beneath the abdominal fat pad so as to produce a pouch containing sterile air. The air inside was allowed to remain for a day to
form a pouch. A single dose of 7, 12-DMBA (25 mg/kg BW/rat) in 0.5 ml of corn oil was vortexed to obtain a uniform emulsion
and carefully injected into the air pouch.

E. Ultrasound Therapy

1) Preparation: Before ultrasonic therapy application in rats a tail vein is catheterizedand general anaesthesia is induced and
maintained with 2% is of lurane and air. A depilatory cream was used to remove the hair coat from the tumor site and US coupling
gel is applied to the skin.

2) Tumor insonation: After the tumor has grown (over 3 to 4 weeks) to a minimum size of 1 cm in at least one dimension, the tumor
was insonated with a physiotherapy ultrasound machine (1-MHz , continuous output, power level = 2; Chattanooga Corp, USA). In
the experimental group the tumor was insonated at 2.6 W cm—2, 1 MHz, continuous duty cycle) for a total of 10 minutes with
cooling allowed after each 5 minutes. There will be a gap of 5 min between each 5-min period of insonation, during which the face
of the probe will be cooled in tap water at room temperature. In a further group of animals (sham group); the ultrasonic probe will
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be applied to the tumor for a total of 10 min, with 5-min intervals between each 5 min of application, as described above, but the

machine will not be switched on.

3) Optimum Dose Fixation: Graded doses (2.2W/cm?®2.6W/cm?%3.0 W/cm?Frequency of ultrasound therapy was

administeredtotumor bearing rats to fix the optimum dosage of ultrasound therapy. It was observed that ultrasound treatment at

doses of 2.6W/cm? and 3.0 W/cm 2significantly altered the levels of tumor markers as well as activities of liver marker enzymes.

However, there was no significant difference in the levels of tumor markers and liver marker enzymes activity in rats treated with

2.2 W/cm ? of ultrasound therapy. Hence, a minimum dose of 2.6 W/cm? was fixed as the optimum dose for the study.

4) Blood Sample Collection: All rats were palpated every week to monitor the onset of tumor genesis z. Tumor yield and size were

stabilized 90 days after the initiation with DMBA. After the experimental period, all animals were fasted overnight and sacrificed by

sodium pentothal anesthesia followed by cardiac puncture. Blood was collected with and without anticoagulant (EDTA) and the
serum was centrifuged at 5000 rpm for 15 min to obtain a clear supernatant and stored at -80° C until its use for further biochemical
analysis. Liver tissues from control and experimental groups of rats were immediately excised, washed in ice-cold PBS to remove

the blood stains, blotted, weighed and homogenized in Tris-HCI buffer (0.1 M, pH 7.4) using a Teflon homogenizer to prepare 10%

(w/v) tissue homogenate. This homogenate was centrifuged at 12,000 g for 30 min at 4° C to obtain a clear supernatant. This

supernatant was pooled and used for further analysis.

5) Body and tumor weight; The total body weight gain of the control and experimental animals was recorded periodically

throughout the experimental period. The tumor volume was estimated according to the method of Geranet al. (1972)*. Briefly, the

resultant solid tumor was considered to be prelate ellipsoid with one long axis and two short axes. The two short axes were
measured with verniercalipers. The tumor volume was calculated using the formula:

Tumor volume = [length (cms) x width’cms] / 2

6) Biochemical analysis

a) Estimation of liver marker enzymes: The products of lipid peroxidation, lipid hydroperoxides, and aldehydes, such as MDA,
were measured via a thiobarbituric acid reactive substances (TBARS)assay. In thisassay, performed on in cell
lysate, MDA combines with thiobarbituric acid (TBA) to form a fluorescent adduct that can be detected at an excitation
wavelength of 530 nm and an emission wavelength of 550 nm. The results are then expressed as MDA equivalents, normalized
to total cellular protein (determined by Bradford assay)'’. The activity of cytosolic marker enzymes such as AST and ALT were
assayed by the method of Bergmeyeret al. (1978)'.Alkaline phosphatase and Acid phosphatase activities were estimated by the
method of King (1965a)° as described by Balasubramanianet al. (1983)%using disodium phenyl phosphate as substrate. Lactate
dehydrogenase (LDH) was assayed by the method of King (1965b)*!using lithium lactate as substrate.

b) Assay for liver and serum enzymatic and non-enzymatic antioxidants: The enzymatic antioxidant, superoxide dismutase (SOD)
activity was measured spectrophotometrically as the degree of inhibition of autoxidation of pyrogallol in an alkaline pH at an
absorbance of 420 nm?. In the catalase (CAT) activity assay, dichromate in acetic acid was reduced to chromic acetate when
heated in the presence of hydrogen peroxide (H,O,) with the formation of perchloric acid as unstable intermediate and chronic
acetate thus formed was measured spectrophotometrically at 570 nm. The results were expressedin terms of pmol H,0,
liberated/min/mg protein®. For the glutathione peroxidase (GPx) activity assay, the reaction mixture containing 0.2 ml of
EDTA (0.8 mM pH 7.0), 0.4 ml of phosphate buffer (10 mM) and 0.2 ml of enzyme source were incubated with 0.1 M of H,0,
and 0.2 ml of glutathione for 10 min. Oxidation of glutathione by the enzyme was measured spectrophotometrically at 420 nm.
The activity of GPx, was expressed asmmol glutathione oxidized/mg protein®. The non-enzymatic antioxidants Vitamin C,
Vitamin E and reduced glutathione (GSH) were also estimated. In the reduced glutathione (GSH) assay, 1 ml of the sample was
precipitated with 1 ml of TCA and centrifuged at 1200 g for 20 min. To 0.5 ml of supernatant, 2 ml of 5, 5’-dithiobis-(2-
nitrobenzoic acid) (DTNB) was added and the color developed was read immediately at 412 nm using a spectrophotometer®.
Vitamin E (a-tocopherol) assay estimated the levels of ferric ions which were reduced to ferrous ions in the presence of
tocopherol and bathophenanthroline to form a pink colored substance, which was read at 520 nm using a spectrophotometer?.
In the Vitamin C (ascorbic acid) assay, 1 ml of ethanol was added to 1 ml of sample and then mixed thoroughly after which 3
ml of petroleum ether was added and the reaction mixture was centrifuged. The supernatant was evaporated to dryness and 0.2
ml each of bathophenanthroline, ferric chloride and O-phosphoric acid were added to reach a total volume of 3 ml with ethanol.
The color developed was measured at 530 nm?’.

7) Histopathology: The tumor tissue was immediately fixed in 10% neutral buffered formalin, embedded in paraffin, 5 um section

was cut using a microtome and then rehydrated with xylene and graded series of ethanol. The specimens were then stained with
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Hematoxylin and Eosin. The H & E stained breast specimens were examined by apathologist to histopathologically classify the
tumors as described by Russo et al. (1990)%.

8) Statistical analysis: Statistical analysis was performed using SPSS (SPSS Inc.,Chicago) statistical package. The results were
expressed as Mean, Standard Error Mean (SEM). One-way analysis of variance (ANOVA) followed by post hoc test least
significant difference (LSD) was used to correlate the difference between the variables. Values were considered statistically
significant if p < 0.05.

1.
A. Analysis of Body Weight and Tumor weight of Rats
Table 1 Effect of Ultrasound therapy treatment on total body weight and tumor weight of control and DMBA treated rats.

RESULTS

Groups Body Weight (g) Tumor Weight (g)
Control 219.46 +4.18 -

Control + US 211.82+ 6.35° -

DMBA 154.33+4.87°¢ 15.45+1.11
DMBA + US 176.21+3.12 %¢ 11.28+1.32°

Results are expressed as Mean+ S.E.M (n=10). ®P>0.05 compared with control group of rats. "P<0.05 compared with control group
of rats, °P<0.05 compared with Control+US group of rats, P<0.05 compared with Control+US group of rats, °P<0.05 compared
with DMBA induced group of rats.

Table 1 shows the body weight of control and experimental rats. The body weight of control Group | rats (219.46 g) was
significantly higher as compared to Group Il rats (154.33 g) following DMBA treatment (P<0.05). The body weight of DMBA
induced Group IV rats following ultrasound therapy treatment was significantly higher (176.21 g) as compared to Group Il
rats(P<0.05). But, no statistically significant changes could be observed in the body weight of Group 11 rats treated with Ultrasound
therapy (211.82 g) as compared to Control Group I rats (219.46 g) (P>0.05).

Table 2 Effect of ultrasound therapy on plasma malondialdehyde level

Group/Enzyme (U/L) Control | Control + Ultrasound DMBA DMBA +Ultrasound

MDA 0.8+0.02 | 2.87+0.06° 1.82+0.03" ¢ | 4.13+0.02%¢

Results are expressed as Mean+ S.E.M (n=10). ®P<0.05 compared with control group of rats. "P<0.05 compared with control group
of rats, °P<0.05 compared with Control+US group of rats, P<0.05 compared with Control+US group of rats, °P<0.05 compared
with DMBA induced group of rats.

Table 2 shows the plasma malondialdehyde (MDA) level of control and experimental rats. The serum MDA level of control Group |
rats (0.8 nmol/mg of protein) significantly increased to 2.87 nmol/mg of protein in group Il rats following ultrasound therapy
treatment (P<0.05). Ultrasound therapy treatment to DMBA induced Group IV rats following ultrasound therapy treatment
significantly increased the MDA level to 4.13 nmol/mg of protein as compared to Group Il rats where the MDA level was 1.82
nmol/mg of protein (P<0.05).
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Figurel: Comparison of Serum Enzyme Activity Levels in Control and Experimental rats,Results are expressed as Mean+ S.E.M
(n=10). ®P<0.05 compared with control group of rats. "P<0.05 compared with control group of rats, °P<0.05 compared with
Control+US group of rats, “P<0.05 compared with Control+US group of rats, °P<0.05 compared with DMBA induced group of rats.

Figure 1 shows the serum level of pathophysiological enzymes AST, ALP, ALT, LDH in control and experimental rats. The serum
level of pathophysiological enzymes in control Group |1 rats following ultrasound therapy treatment was significantly increased as
compared to control Group I rats (P<0.05). Ultrasound therapy treatment to DMBA induced Group IV rats following ultrasound
therapy treatment significantly increased the level of pathophysiological enzymes as compared to Group Il rats(P<0.05). The
treatment of DMBA induced rats with ultrasound therapy significantly increased the level of serum pathophysiological enzymes
viz.,AST from 395.41 to 686.87 U/L, ALT from 95.65 to 422.22 U/L, ALP from 285.64 to 1242 U/L, LDH from 179.90 to 501.48
U/L (P<0.05).
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Fig. 2:Comparison of Liver Malondialdehyde Activity Levels in Control and Experimental rats, Resultsare expressed as Mean+
S.E.M (n=10). P<0.05 compared with control group of rats. "P<0.05 compared with control group of rats, °P<0.05 compared with
Control+US group of rats, “P<0.05 compared with Control+US group of rats, °P<0.05 compared with DMBA induced group of rats.

Figure 2 shows the liver Malondialdenyde (MDA) level of control and experimental rats. The liver MDA level of control Group |
rats (2.5 nmol/mg of protein) was significantly increased to 12.73 nmol/mg of protein in group Il rats following ultrasound therapy
treatment(P<0.05). Ultrasound therapy treatment to DMBA induced Group IV rats following ultrasound therapy
treatmentsignificantly increased the MDA level to 23.03 nmol/mg of protein as compared to Group Il1 rats where the MDA level
was 4.61 nmol/mg of protein(P<0.05).
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Fig. 3:Comparison of Liver Enzyme Activity Levels in Control and Experimental rats, Resultsare expressed as Mean+ S.E.M
(n=10). ®P<0.05 compared with control group of rats. "P<0.05 compared with control group of rats, °P<0.05 compared with
Control+US group of rats, “P<0.05 compared with Control+US group of rats, °P<0.05 compared with DMBA induced group of rats.

Figure 3 shows the level of pathophysiological enzymesAST,ALP,ALT,LDH in control and experimental rats in the liver. The level
of pathophysiological enzymes in liver of control Group Il rats following ultrasound therapy treatment was significantly higher as
compared to control Group | rats (P<0.05). Ultrasound therapy treatment to DMBA induced Group 1V rats significantly increased
the level of pathophysiological enzymes as compared to Group Ill rats. The treatment of DMBA induced rats with ultrasound
therapy significantly increased the level of liver pathophysiological enzymes viz.,AST from 280.48 U/L to 1328 U/L, ALT from
190.46 U/L to 703.30 U/L, ALP from 242.28 to 1309 U/L, LDH from 231.35 U/L to 2269 U/L (P<0.05).
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Fig. 4:Comparison of Serum Antioxidant Enzyme Activity in Control and Experimental rats, Results are expressed as Meant S.E.M
(n=10). ®P<0.05 compared with control group of rats. "P<0.05 compared with control group of rats, °P<0.05 compared with
Control+US group of rats, “P<0.05 compared with Control+US group of rats, °P<0.05 compared with DMBA induced group of rats.

In the present study, changes in the activities of Catalase (CAT), Glutathione peroxidase (GPx), Superoxide dismutase (SOD) were
investigated. Fig. 4 shows the level of anti-oxidant enzymes CAT,GPx,SOD in control and experimental rats in serum. The serum
level of anti-oxidant enzymes in control Group II rats following ultrasound therapy treatmentwas significantly lower as compared to
control group | rats (P<0.05). Ultrasound therapy treatment to DMBA induced Group IV rats lowered the level of anti-oxidant
enzymes as compared to Group 11 rats (P<0.05). The treatment of DMBA induced rats with ultrasound therapy lowered the level of
serum anti-oxidant enzymes CAT from 2.31 U/L to 0.36 U/L, GPx from 54.70 U/L to 1.99 U/L, SOD from 3.70 U/L to 0.10 U/L
(P<0.05).

Figure 5 shows the level of anti-oxidant enzymes CAT,GPx,SOD in control and experimental rats in liver. The liver level of anti-
oxidant enzymes in control Group Il rats following ultrasound therapy treatmentwas significantly lower as compared to control
group | rats (P<0.05).
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Fig. 5: Comparison of Liver Antioxidant Enzyme Activity levels in Control and Experimental rats

Results are expressed as Mean+ S.E.M (n=10). ®P<0.05 compared with control group of rats. "P<0.05 compared with control group
of rats, °P<0.05 compared with Control+US group of rats, “P<0.05 compared with Control+US group of rats, °P<0.05 compared
with DMBA induced group of rats.

Ultrasound therapy treatment to DMBA induced Group IV rats lowered the level of anti-oxidant

enzymes as compared to Group IlI rats (P<0.05).The treatment of DMBA induced Group 4 rats with ultrasound therapy lowered the
level of serum anti-oxidant enzymes CAT from 13.39 U/L to 1.47 U/L, GPx from 262.93 U/L to 8.44 U/L, SOD from 270.72 U/L to
7.03 U/L (P<0.05).

B. Effect of ultrasound therapy on serum non-enzymatic antioxidants
The levels of serum non-enzymatic antioxidants namely total glutathione (GSH), vitamin C and vitamin E are presented in figure 8.
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Fig. 6: Comparison of Serum Non-Enzymatic Antioxidant Activity Levels in Control and Experimental rats, Results are expressed
as Meanz S.E.M (n=10). ?P<0.05 compared with control group of rats. "P<0.05 compared with control group of rats, P<0.05
compared with Control+US group of rats, “P<0.05 compared with Control+US group of rats, ®P<0.05 compared with DMBA

induced group of rats.

Figure 6 shows the level of non-enzymatic anti-oxidants GSH, Vit C, Vit E in control and experimental rats in serum. The serum
level of non-enzymatic anti-oxidants in control Group Il rats following ultrasound therapy treatment was significantly lower as
compared to control group | rats (p<0.05). Ultrasound therapy treatment to DMBA induced Group 1V rats significantly lowered the
level of non-enzymatic anti-oxidants as compared to Group 111 rats (p<0.05).The treatment of DMBA induced rats with ultrasound
therapy significantly lowered the level of serum non-enzymatic anti-oxidants namely GSH from 7.42 U/L to 0.43 U/L, Vit C from
3.54 U/L t0 0.08 U/L, Vit E from 1.2 U/L to 0.05 U/L (p<0.05).
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Fig. 7: Comparison of Liver Non-Enzymatic Activity levels in Control and Experimental rats

Results are expressed as Mean+ S.E.M (n=10). ®P<0.05 compared with control group of rats. "P<0.05 compared with control group
of rats, °P<0.05 compared with Control+US group of rats, “P<0.05 compared with Control+US group of rats, °P<0.05 compared
with DMBA induced group of rats.

Figure 7 shows the level of non-enzymatic anti-oxidants GSH,Vit C, Vit E in control and experimental rats in liver. The serum level
of non-enzymatic anti-oxidants in control Group Il rats following ultrasound therapy treatment was significantly lower as compared
to control group | rats (p<0.05).. Ultrasound therapy treatment to DMBA induced Group IV rats significantly lowered the level of
non-enzymatic anti-oxidants as compared to Group Il rats. The treatment of DMBA induced rats with ultrasound therapy
significantly lowered the level of liver non-enzymatic anti-oxidants namely GSH from 2.41 U/L to 0.82 U/L, Vit C from 0.50 U/L to
0.24 U/L, Vit E from 1.3 U/L to 0.06 U/L.

C. Histopathology analysis of Sarcoma

Fig. 8: Histological analysis of sarcoma tissue in control and experimental group of rats,
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(A)Control rats showed normal architecture i.ehyalinizedstroma composed of round cell population. (B) Control + Ultrasound
Therapy treated animals exhibited marked areas of necrosis surrounded by mixed inflammatory infiltrate of acute and chronic cells.
(C) DMBA induced tumor rats showed sarcoma with loss of normal architecture. Round cell population showing marked anaplastic
features of pleomorphism, hyperchromatism, anisonucleosis and anisocytoses with 4-5 mitotic figures. Prominent vasculature can be
appreciated with proliferating endothelial cells. (D) DMBA and Ultrasound therapy treated rats in addition to all the features of (C)
above showed marked areas of necrosis and haemorrage.

IV. DISCUSSION
Various mechanisms contribute to weight loss of the host in cancerous condition. No significant changes could be observed in the
final body weight of control Group Il rats treated with ultrasound therapy in comparison to control Group I rats. This shows that
ultrasound therapy in control group did not alter the anabolic metabolism of the rats. Group 3 (DMBA) rats and in Group 4 (DMBA
+ ultrasound) rats showed significant reduction in body weight. This is because cancer causes cachexia i.egeneralized weight loss®.
On comparison Group 4 rats showed positive effect of ultrasound therapy by significant reduction in tumor volume. We believe that
it may be due the arrest of tumor progression in Group 4 rats®*?",
In our study there was a marked increase in plasma/serum and liver concentrations of pathophysiological enzymes in Group 2,
Group 3 and Group 4 in comparison to Group 1. These changes further exacerbate the whole body inflammatory response into
vicious cycle of accelerating organ dysfunction®*°. We postulate that the increase in serum and liver pro-oxidant enzymes are
attributable to the thermal effects and chemical effects caused by ultrasound on normal cells*®*°,
Ultrasound therapy can cause rapid increase in reactive oxygen species (ROS) levels even in normal Group 2 cells..This may be due
to an increase in lipid peroxidation and resultant increase in plasma levels of lipid peroxide after a thermal injury®*™".
The elevated levels of pro-oxidant enzymes in Group 3 (DMBA group) indicate that there was an oxidative stress environment
within the cancerous cells. This is in agreement with studies which show that a moderate increase in ROS can promote cell
proliferation and differentiation®®®“.
DMBA is a chemical carcinogen and causes gradual changes in the redox homeostasis of the cells, whereas ultrasound therapy
causes sudden oxidative stress. The oxidative stress response in Group 2 caused damage to cells in the form of necrosis. The rapid
increase in oxidative stress within a short span of time may lead to cellular damage as postulated by many studies®®*"*. Ultrasound
therapy to cancerous cells caused an exorbitant rise in the level of oxidative enzymes and leads to cell death”””. We believe that this
is because redox homeostasis within the cancerous cells has been lost and hence the cancerous cells may not be able to produce anti-
oxidants at a rate required to neutralize the oxidative stress during exposure to ultrasound therapy’®. In Group 2 (Control +
Ultrasound group) the level of oxidative stress enzymes was lower because the normal cells are able to produce some amounts of
anti-oxidant enzymes which can neutralize the oxidative stress enzymes’®®. There was cellular damage, haemorrhage and necrosis
after ultrasound therapy. These effects range from haemorrhage to complete cellular disruption. This is attributable to collapse of
bubbles of inertial cavitations®®%. Sonication can trigger apoptosis in both normal and malignant cells®*®, Our findings revealed
that low intensity ultrasound markedly kills cells by damaging the ultrastructure and morphology®*®2 In our study the sarcoma
tumor was particularly susceptible to ultrasonic therapy. This correlated well with other in vitro studies®™®*. Emerging evidence has
confirmed that low-intensity ultrasound markedly inhibits the proliferation and clone formation of tumor cells through heat,
mechanical effects and acoustic cavitation’®’®. Cellular necrosis may be due to autophagy in the tumors®™%. The induction of
autophagy by ultrasound therapy may lead to a substantial improvement in antitumor therapy.

V. CONCLUSION
In conclusion, the results of the present studyclearly establish the anticancer efficacy of ultrasound therapy against DMBA induced
sarcomain rats. Also, the alteration inthe levels of tumorbiomarker marker enzymes indicates the antitumor activity of ultrasound
therapy. Our results underlie the potency of ultrasound therapy as an effective therapeutic agent in the treatment of cancer.However,
further studies are warranted to elucidate the exactmolecular mechanism underlying the action of ultrasound in reducing the toxic
effects of DMBA in sarcoma cancer.
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