
Anti-tumor synergistic activity of nano-chlorophyll …….              Zanco J. Med. Sci., Vol. 24, No. (1), April, 2020 
https://doi.org/10.15218/zjms.2020.016 

1  

Anti-tumor synergistic activity of nano-chlorophyll with sonophotodynamic 
on Ehrlich ascites carcinoma in mice     

Received: 13/11/2018                                                                                      Accepted: 7/3/2019 

Abstract  

1 Center of Research and Educational Studies, Ministry of  Education, Baghdad, Iraq.  
2 Institute of Graduate Studies & Research, Alexandria University, Egypt.  
3 Department of Clinical Analysis, College of Pharmacy, Hawler Medical University, Erbil, Kurdistan, Iraq.   
4 Medical Research Institute, Alexandria University, Egypt.  
* Correspondence: rafel_ar@yahoo.com  

Introduction  damage to normal tissue.1 Therefore,         
cancer is still causing mortality, and there 
is a demand for new anti-cancer therapy.2 

The discovery and identification of new anti
-tumor medicine with low or no side effects 
on the immune system has become a vital 
goal in many medical research of cancer 
therapies.3 Sonophotodynamic therapy 
(SPDT, exposure of both infra-red laser 
and ultrasound) is a safe, non-toxic, and 
non-invasive way of destroying tumor           
cells, as well as enhancing immune          
protective function. Both sonodynamic         
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subjected to the combination of photodynamic and sonodynamic therapy in the presence  
of nano-Chlorophyll, showed large foci distinct necrosis areas 95% of large distinct foci of 
necrosis in the tumor and no tumor proliferation. 
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Cancer can be treated by surgery,              
chemotherapy, immunotherapy, radiation 
therapy, and electro-chemo-therapy or 
other modalities. The choice of therapy 
method depends upon the location,           
grade, and stage of the disease. Complete 
removal of cancer without damage to           
the rest of other organs or tissues is          
the objective of any treatment. The              
effectiveness of chemotherapy is often         
limited by toxicity to normal tissues in the 
body. Moreover, radiation can also cause  
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A total of 120 male Swiss albino mice of 
60days old, weighing 20 ± 2.0 g, were        
purchased from National Cancer Institute, 
Cairo University. The animals were housed in 
plastic cages and were kept under natural 
light with ad libitum access to food and         
water. Ehrlich ascites carcinoma (EAC) as 
mammary cells in origin was inoculated        

therapy (SDT, exposure of ultrasound), and 
photodynamic therapy (PDT, exposure of 
infra-red laser) have been used for years 
as separate processes. The biological        
effects of ultrasound may be used for           
direct tissue destruction of cancer cells or 
indirectly through enhancing the cell killing 
effect of other treatments such as radiation 
and chemotherapy.4,5 Nano-chlorophyll 
(nano-Chl) is a chemical particle of 1             
to 100 nanometers in size. Chlorophyll is      
a green pigment found in plants, which is 
vital for photosynthesis. Nano-chlorophyll is 
able to absorb and transfer light energy  
into the production of free oxygen.6  When 
an ultrasound wave traverses a cell           
suspension or tissue, the mechanical       
energy that is transferred can raise the 
temperature and may cause mechanical 
and chemical damage to tissues.             
Histopathology is a field of medical           
sciences that based on diseased               
tissues sample sectioning, staining, and 
evaluation to assess the effect of therapy 
on patient’s tissue.7 Ehrlich ascites           
carcinoma (EAC) is also known as Ehrlich 
cell, which is originated from the mammary 
cells of mice. It was originally established 
as an ascites tumor in mice. The tumor  
can be cultured in vivo, as well as can be 
maintained in vitro. EAC is referred to          
as undifferentiated carcinoma.8 This study 
aimed to achieve an accurate diagnosis 
and assessment of tissues Ehrlich ascites 
carcinoma induced to mice based on the 
evaluation of morphological and structural 
changes after treating mice by SPDT          
techniques via exposure to infra-red laser 
and ultrasound in combination with/without 
nano-Chl.  

Methods 

subcutaneously on the left side of all mice. 
When the tumor had grown to about 10 mm 
in diameter at day 10 after inoculation, the 
experimental treatment was started. The use 
of experimental animals in the study         
protocol was carried out in accordance  
with the ethical guidelines of the Medical 
Research Institute, Alexandria University 
(Guiding Principles for Biomedical           
Research Involving Animals, 2011).             
The histopathologic features of the 12       
experimental groups (each with 10 mice) 
were investigated after two weeks of          
treatments. The mice groups included the 
following:- 
Group 1 (G1). Group of tumor bearing mice 
without treatment as a control group.  
Group 2 (G2). Group of tumor bearing mice 
treated with photosensitizer nano-Chl only. 
Group 3 (G3). Group of tumor bearing mice 
treated with 4000 Hz Infra-Red Laser (IRL) 
for 3 minutes. 
Group 4 (G4). Group of tumor bearing mice 
treated with IRL of 7000Hz, for 3 minutes. 
 Group 5 (G5). Group of tumor bearing mice 
treated with intraperitoneal (IP) injection of 
nano-Chl, and then the tumor site was           
irradiated with 4000 Hz IRL. 
 Group 6 (G6). Group of tumor bearing mice 
treated with IP injection of nano-Chl, and 
then the tumor site was irradiated with 7000 
Hz IRL. 
Group 7 (G7). Group of tumor bearing mice 
treated with pulsed ultrasound at a power 
density of 3 watts / cm2 for 3 minutes. 
Group 8 (G8). Group of tumor bearing mice 
treated with continuous ultrasound at a power 
density of 3 watts / cm2 for 3 minutes. 
Group 9 (G9). Group of tumor bearing mice 
treated with IP injection of nano-Chl, and      
then the tumor site was treated with pulsed 
ultrasound. 
Group 10 (G10). Group of tumor bearing 
mice treated with IP injection of nano-Chl, 
followed by tumor site treated with                 
continuous ultrasound. 
Group 11 (G11). Group of tumor bearing 
mice treated with irradiation of 7000Hz         
IRL for 3 minutes, followed by pulsed          
ultrasound 3 watts for 3 minutes. 

https://en.wikipedia.org/wiki/Pigment�
https://en.wikipedia.org/wiki/Plant�
https://en.wikipedia.org/wiki/Photosynthesis�
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Evaluating histopathological changes in the 
tumor tissues following different treatment 
methods were presented in Figures 1- 4. 
The histopathological features noticed in 
the various groups of this study were     
tumor cell proliferation, destructed cells 
(necrosis), and inflammatory cell infiltration 
(including lymphocytes and macrophages). 
Figure 1 summarizes the percent of              
proliferation in different groups. It was        
noticed that G11 and G12 showed the     
lowest proliferative and mitotic tumor cell 
activity (score of 1). On the other hand, 
tumors excised from mice receiving           
treatment of combination therapy of SDT, 
PDT or SPDT and nano-Chl) in G5, G6, G9 
and G10 showed lower percentages of  
tumor proliferation and mitoses (score of 
2), in comparison to G1, G2, G3, and G4. 
Histopathological findings also revealed 
that necrosis percentages increased in 
many treated tumor groups (Figure 2).  
Furthermore, with high necrosis (score of 
3), which indicated that the necrotic area 
was extensive and recorded more than 
≥30% in G3, G4, G5, G6, G7, G8, G9, 
G10, G11 and G12 (Figure 2). Because       
of the importance of necrosis, which is         
directly related to the response of the         
tumor to a different mode of treatment, the 
study subdivided the percentage of tumor 
necrosis in a more detailed pattern, as 
shown in Figure 3. The percent of necrosis 
ranged from 4% in G1 to 95% of necrotic 
cells in G12. The histological evaluation 
revealed that all tumors from the               
treated groups of mice bearing the tumor                
showed a statistically significant different 
percentage of necrosis (P <0.001).            

Results  

Group 12 (G12). Group of tumor bearing 
mice treated with IP injection of nano-Chl, 
then the tumor site was treated with          
irradiation of 7000Hz IRL for 3 min,               
followed by pulsed ultrasound 3 watts for         
3 minutes. 
The histopathology procedure was based 
on a sample of Ehrlich tumor tissue of              
the experimental groups, which were         
processed and stained by Hematoxylin and 
Eosin (H&E) stain. A total of 10 slides          
per group (one sample from each animal) 
were investigated for histopathological 
evaluation. The average percentage of        
necrosis was calculated for each                  
experimental group from the 10 slides 
fields examined by light microscopy.        
For mitotic scores of proliferation, it was 
assigned a score of 1 to represent 0 to 5 
mitotic counts per 10 high powered frames 
(HPFS) at 40 magnification; a score of 2      
to represent 6 to 10 mitotic counts per 10 
HPFS; and a score of 3 for >10 mitotic 
counts per 10 HPFS.9 The extent of tumor 
necrosis was semi quantitatively assessed 
and recorded as either absent focal (≤10% 
of the tumor area; score 1), moderate (10% 
- 30%; score of 2), or extensive (≥30%; 
score of 3).10 A four-point grading system 
of inflammatory cells infiltration score was 
also used as follows: few and focal              
infiltrations without the formation of          
aggregates (score 1); multifocal infiltration 
without lymphoid follicles (score 2); up to 
three lymphoid follicles or aggregates 
(score 3); and more than four lymphoid  
follicles or aggregates (score 4).11 After two 
weeks of the treatment, mice were         
sacrificed, and the tumors were dissected 
out, weighed (in grams), their volumes           
(in mm3) were calculated based on length 
and width dimensions measured by slide 
calliper.12  
Statistical analysis 
Statistical Analysis was done by using      
statistical package computer software.13  

Analysis of numeric data was performed 
using one-way analysis of variance 
(ANOVA). Following ANOVA, the mean of 
each group was compared with other          

groups’ means by using Fisher's Least  
Significant Difference (LSD) test. Any        
difference between any two means larger 
than the LSD at P <0.05 is considered         
significant. The percentage of necrosis  
was analyzed using the Chi-square test.     
P <0.05 was considered as the level of  
significance, and any value more than 0.05 
was considered to be non-significant.  
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The tumors excised from animals receiving 
a combination treatment of SDT, PDT or 
SPDT and nano-Chl (G5, G6, G9, G10, 
and G12) showed significantly higher          
percentages of necrosis compared to SPD 
treated groups without sensitizer (G3,            

G4, G7, and G8). It was also noticed                 
a prominent inflammatory cell infiltration 
(including lymphocytes and macrophages) 
beside areas of necrosis in G3, G4, G5, 
G6, G7, G8, G9, G10, G11 and G12 
(inflammation score of 2 ), Figure 4.  
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Figure 1:  Proliferations scores of the experimental mice groups. 

Figure 2: Necrosis scores of the experimental mice groups. 
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Figure 3. The percent of necrosis in tissues of experimental mice groups (Chi square     
value = 139, P < 0.001). 

Figure 4: Inflammation scores of the experimental mice groups. 
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Histopathological features of tumor seen in 
the group of mice without treatment (G1) 
showed prominent tumor cell proliferation 
and few areas of necrosis (4%), as in      
Figure 5. Treated mice group injected IP with 

nano-Chl, then the tumor site was irradiated 
with 4000 Hz IRL (G5) attained 65% necrosis, 
with inflammatory cells infiltration (including 
lymphocytes and macrophages) within tumor 
cells (Figure 6).  

Figure 5: Group of tumor bearing mice (G1) without treatment as a control group [poorly                   
differentiated carcinoma], H & E stain (×400). 

Figure 6: Group of mice (G5) injected IP with (nano-Chl), then the tumor site was irradiated        
with 4000 Hz IRL.[Poorly differentiated carcinoma with focal areas of necrosis and scattered        
inflammatory cells ]. H & E stain (×400). 
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least significant difference (LSD) analysis 
and presented in Table 1. The effects of          
different treatment modalities were             
statistically significant compared to the  
control group (G1). LSD showed a highly 
significant P value (P <0.001) of tumor     
volume between G12 and G1. Minimum 
tumor volume was observed in G12 (1.01 
mm3) compared to the maximum value of 
G1 (9.13 mm3) (Table 1).  

138 

However, the group of mice (G12) injected 
IP with nano-Chl then the tumor site             
was irradiated with 7000Hz IRL for 3 min, 
followed by pulsed ultrasound 3 watts             
for 3 minutes resulted in the highest         
percentage of necrosis of 95% with low  
tumor proliferation as in (Figure 7). The  
significant differences of tumor volume 
(mm3) between each pair of experimental 
groups were analyzed based on the           

Figure 7: Group of mice (G12) injected IP with (nano-Chl). The tumor site was irradiated 
with 7000Hz IRL for 3 min, followed by pulsed ultrasound 3watts for 3 minutes [poorly         
differentiated carcinoma with prominent areas of necrosis] H&E stain (×400).  

Table 1: Pair wise comparisons of means of tumor volume (mm3) based on LSD analysis 
of mice in the studied groups (ANOVA  P <0.001). 
Groups / 
Tumor volume 
means (mm3) 

G12 G6 G11 G5 G9 G10 G4 G7 G3 G8 G2 

1.01 1.87 2.2 2.45 2.66 3.11 3.51 3.75 4.11 4.11 8.44 

G6 1.87 NS                     
G11 2.2 0.05 NS                   
G5 2.45 0.01 NS NS                 
G9 2.66 0.01 NS NS NS               
G10 3.11 0.001 0.05 NS NS NS             

G4 3.51 0.001 0.001 0.01 0.05 NS NS           

G7 3.75 0.001 0.001 0.01 0.01 0.05 NS NS         

G3 4.11 0.001 0.001 0.001 0.001 0.01 0.05 NS NS       

G8 4.11 0.001 0.001 0.001 0.001 0.01 0.05 NS NS NS     

G2 8.44 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001   
G1 9.13 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 NS 

Critical value of: 
 
 
LSD at P = 0.05 0.95 
LSD at P = 0.01 1.26 
LSD at P = 0.001 1.59 
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The experimental design of this work was  
Discussion 

Similarly, LSD analysis showed a highly 
significant P value (P <0.001) of tumor 
weights between G12 and G1. Tumor 
weights of the therapy treated experimental 
groups showed low values except for G2 
(ranges were between 0.45 to 1.77 for G12 
and G3, respectively (Table 2). Whereas, 
tumor weights of G2 (group of tumor bearing 
mice treated with photosensitizer nano-Chl 
only) and G1 (group of tumor bearing mice 
without treatment as a control group) were 
6.16 and 6.32 g, respectively. Therefore, 
tumor volume and tumor weight of the 
treated experimental mice group (G12) 
which, injected with nano-Chl and then       
the tumor site irradiated with 7000Hz IRL 
for 3 min, followed by pulsed ultrasound       
3 watts for 3 minutes in the presence             
of photosensitizer caused a makeable       
reduction in tumor volume and tumor 
weight.  

Table 2: Pair wise comparisons of means of tumor weights (g) based on LSD analysis of 
mice in the studied groups (ANOVA P <0.001). 

Groups  / 
Tumor weights means 

G12 G11 G6 G5 G9 G10 G7 G8 G4 G3 G2 

0.45 0.64 0.67 0.88 0.97 1.02 1.18 1.45 1.65 1.77 6.16 

G11 0.64 NS                     

G6 0.67 NS NS                   

G5 0.88 NS NS NS                 

G9 0.97 NS NS NS NS               

G10 1.02 NS NS NS NS NS             

G7 1.18 NS NS NS NS NS NS           

G8 1.45 NS NS NS NS NS NS NS         

G4 1.65 0.05 NS NS NS NS NS NS NS       

G3 1.77 0.05 0,05 0.05 NS NS NS NS NS NS     

G2 6.16 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001   

G1 6.32 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 NS 

Critical value of: 
LSD at P = 0.05 

  
1.05 

LSD at P = 0.01 1.39 
LSD at P = 0.001 1.75 

set up to evaluate the effectiveness of         
using SPDT modality in combination with 
nano-Chl as therapy of choice, through  
assessment of histopathological features, 
of EAC implanted in various groups of 
mice. It is well known that cancer is an  
abnormal growth of cells, which tend              
to proliferate in an uncontrolled way.          
Furthermore, it has been shown that the 
histopathology approach for predicting 
drug responsiveness is a standard       
practice. The results of this study revealed 
that mice subjected to a combination of 
PDT and SDT therapy in the presence of 
nano-Chl showed large foci of tumor cell 
death (necrosis and apoptosis) with low 
proliferation and mitoses. Histopathological 
results of other work also showed large 
distinct areas of necrosis as well as less 
proliferation of EAC cells when compared 
to the control group,14,15 which may             
indicate that Noni (Morinda citrifolia) is one 
of the important traditional medicinal plants 
to treat cancer and various neurological       

139 
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disorders.16 PDT has proved to be a viable 
and interesting alternative to currently 
used methods for palliative care of            
cancer and, in a limited number of cases, 
for curative treatment. Nevertheless, in 
spite of impressive progress and approval 
of clinical therapy strategies applications, 
the great potential of PDT has not           
yet been fully realized because of           
current deficiencies of applied sensitizers.              
Introduction of chlorophyll- and                 
bacteriochlorophyll-derived sensitizers is 
expected to markedly change this situation 
in the coming decade.17 Previous research 
results indicated that photodynamic therapy 
had been used for more than 100 years     
to treat tumors. The goal of PDT therapy 
research is to enhance the selective           
targeting of tumor cells in order to reduce 
the risk and extension of unwanted          
side-effects that damage normal cells. The 
results of this study are in agreement with 
that reported earlier, which revealed that 
SPDT therapy combined with sonosensitive 
agent’s sensitizers is suitable for cancer 
therapy and is a promising treatment          
for patients with cancer.18-21 Furthermore, it 
has been reported that cancer is a serious 
threat to human health, and it is one of the 
major killers. The treatment of cancer       
has attracted more and more attention. 
Currently, the means of treating cancer       
is also increasing, but there is no           
emergence of fully satisfactory treatment.  
A combination of SDT therapy and PDT or 
SPDT, is a new composite cancer therapy. 
This conclusion is supporting to that       
found in the present study as SPDT            
therapy can significantly improve the tumor      
curing effect, and has good application 
prospects in cancer treatment.22  SDT and 
PDT therapy can penetrate deeply into        
tissues and can be focused into a small 
region of a tumor to activate the cytotoxicity 
of sonosensitizers. This is a unique           
advantage in the non-invasive treatment of 
nonsuperficial tumors when compared to 
laser light used for PDT. For the similar 
mechanism of PDT and SDT, it was         
hypothesized that SDT may be exploited    

for the generation of effective therapeutic 
cancer vaccines like PDT; and a              
combination of SDT with Immunoadjuvant 
may be a promising systemic treatment 
modality, not only for superficial cancers 
but also for deep-seated tumors, which 
would surpass PIT.23 A research was        
conducted aiming at cancer targeted    
therapy using the SPDT therapy in           
combination with sonnelux (SLux) as            
a sono-photosensitizer. Two sources of 
energy were used; namely infrared laser 
and Ultrasound (pulsed and continuous 
wave mode). Results revealed that         
nano-SLux is a potential photosensitizer 
and sonsensitizer for photodynamic or SDT 
treatment of Ehrlich ascites tumor tissue, 
which played important roles in inhibiting 
tumor growth and even inducing cell death, 
which might be attributed to photo and/or 
sono-chemical activation mechanism. Infra
-red laser in combination with ultrasound in 
the presence of sensitizer has a potential 
antitumor effect.24 Nevertheless, the result 
of the present study showed a marginal 
increase in the necrotic area, usually those 
towards the center of the tumor, which  
may be due to cell injury, leading to the 
development of a necrotic core of dead 
cells. Such results confirmed by other         
research.25 A research study revealed        
that each tumor develops a three-layer 
structure: a necrotic core, surrounded by      
a layer of quiescent cells, which is, in turn, 
surrounded by a thin proliferating rim.26 

Moreover, the results of the present study 
observed the effect of SPD modality in 
combination with nano-Chl as a sonophoto 
sensitizer in decreasing both tumor volume 
and weight. This result confirmed that         
of Bhattacharyya,27 who stated that      
mechanisms of apoptogenic effect on      
Ehrlich's ascites carcinoma bearing Swiss 
albino mice are prominent by a significant 
decrease in tumor volume. Present results 
also noticed inflammatory cell infiltration,       
including lymphocytes and macrophages        
beside areas of necrosis especially above 
65% field of necrosis, which may indicate the 
effectiveness of the injected IP nano-Chl and 
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more intense when combined with pulsed or 
continuous ultrasound and irradiated by 7000 
Hz IRL. Therefore, the results of this study 
suggest the additive and synergistic activity 
of SPD with nano-Chl being significantly 
caused by higher anti cancer activities. 
This enhancement may produce some       
cytokinetic products such as interleukin, 
tumor necrosis factors, and interferon, 
which in turn may be responsible for           
destroying tumor cells. This result may be 
of interest to advanced cancer researches 
in the future. The findings of the present 
study confirm the previous results reported 
earlier.28 Furthermore, another study        
indicated that the differential count of white 
blood cells showed an increase in the       
percentage of neutrophils, alteration in        
signal transduction of tumor growth, and 
stimulation of apoptosis in tumor cell lines 
were noticed. They also have been shown 
to enhance peripheral blood lymphocyte 
and T-cell proliferation, which suggests       
a possible stimulation of the immune         
system function.29  
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