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Aim: Therapeutic choices for cancer patients include many combinations of therapeutic protocols. The
present study aimed to investigate and discuss the combined effects of magnetic field and chemotherapy
treatment on Ehrlich tumor-induced growth in Swiss albino mice. The benefits of both treatments are
discussed and interpreted.
Methods: Fifty adult male mice were randomly divided into two groups; ten mice in the first group
served as control group and forty in the second group which received a single dose IP injection of tumor
fluid (0.02 Ml) to induce tumor. Ten days post injection to allow the tumor to growth, the 40 mice were
sub- divided in to 4 sub-groups 10 mice pre each to introduce the treatment.
Results: The results indicated tumor growth inhibition regarding mean tumor volume variation (ml) pre-
sented. All treatments display tumor growth prevention effect compared to control untreated mice.
Treatment with Dox + 7G (MF) exposure exhibited a significant inhibition of tumor growth than that trea-
ted alone with DOX or magnetic field; 82% inhibition for DOX + MF 7 G against 60% for 7 G , and 31% for
DOX only. Optical density data show a higher values of the molar absorption coefficient e for all treated
groups than untreated one. The fluorescence emission spectra of Hb show an emission peaks kem at 465,
515, and 639 nm. Hematological examination might indicate to discriminative effects to RBCs, WBCs or/
and Hb for all treated groups. Moreover, treatment with Dox + 7G MF shows a proper discriminative
effects than that treatment with DOX or magnetic field only. Osmotic fragility (OF) test indicates that
the combination between drug and magnetic field have nontoxic effect against RBCs membrane.
Conclusion: Our findings support further exploration of the potential of magnetic fields in cancer thera-
peutics, either as adjunct or primary therapy. It may be due to enhancing the drug interaction with tumor
cells which increase the therapeutic index of DOX and resulted in increased anti-tumor activity against
Ehrlich tumor models. These benefits promote the use of the magnetic field in cancer with chemotherapy
over the other traditional treatment agents this highly adapted manner can be used in improving the clin-
ical treatment protocol and fights against cancer.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Cancer is a significant cause of death throughout the world,
though great strides have been made in treatment over the past
50 years. Cancer can be effectively treated by chemotherapy (a
complex combination of medications), immunotherapy, radiother-
apy, and magnetic field therapy, or a combination of all such
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methods (Alshammari et al., 2017; Simon et al., 2008;
Ahluwalia and Ahluwalia, 2005; Yeh et al., 2004; Schultz et al.,
2003).

Magnetic field therapy aims to suppress tumor growth and has
the potential to be a safe alternative to surgical or chemical treat-
ments (Cameron et al., 2014). Lagroye et al. (2011) found a signif-
icant decrease in the incidence of leukemia in male rats, but not
female, that were exposed intermittently to 1000 mT/60 Hz mag-
netic fields. They also found that the incidence of malignant lym-
phoma in female mice that were intermittently exposed to 1000
mT magnetic fields decreased and the incidence of lung tumors
in mice of both sexes that were continuously exposed to 200 mT
magnetic fields was reduced.

Magnetic fields have been shown to be clinically valuable in a
range of the Gauss amplitude for angiogenesis , and exposure to
50-Hz electromagnetic fields (EMFs) alone can prompt apoptosis
in cancer cells (Mousavi et al., 2014).

Moreover, magnetic field therapy deprives cancer cells of the
necessary oxygen and nutrients, resulting in their death
(Cameron et al., 2014).

Using EMF therapy in the early stages of cancer treatment
(when cells are proliferating rapidly) may increase the efficacy of
anti-cancer agents. The magnetic field produces resistance to can-
cer cell growth during this stage, although its effectiveness
decreases in later stages. This supports the use of magnetic field
therapy in the early treatment phase, rather than as a last resort
(Lucia et al., 2016). On the other hand, the characteristics of expo-
sure to a magnetic field, such as magnetic frequency, duration, and
intensity, play a role in EMFs’ biological effects on cancer cells (Q.
Han et al., 2018).

Doxorubicin (DOX) is one of several chemotherapy agents used
as anti-cancer drugs. DOX is from a class of anthracyclines that was
first extracted in the 1970s from Streptomyces peucetius var. A sig-
nificant limitation of DOX is cytotoxicity, the total cumulative dose
being the only criterion currently used to predict toxicity. The car-
diotoxicity of the drug is due to its interaction with DNA and the
plasma membrane and the participation of many oxidation–reduc-
tion reactions. Its harsh side effects, such as cardiomyopathy, can
also be lethal. The pathophysiology of DOX cardiomyopathy is pre-
dominantly determined by oxidative stress resulting from a dis-
proportion between oxidants and antioxidants (Varshney and
Dodke, 2004; Changenet-Barret et al., 2013). There is hope for
the development of anthracycline drugs with equal anti-cancer
efficacy but less cardiotoxicity (Barenholz, 2012; Thorn et al.,
2011).

DOX is intrinsically fluorescent, which makes it suitable for
visualization and probing with different technologies of micro-
scopic imaging (Dai et al., 2008).

A static magnetic field (SMF) can prevent cancer cell prolifera-
tion, and this effect, combined with anti-neoplastic drugs, is higher
than that of anti-cancer drugs or the SMF alone. This combination
of chemotherapeutic drugs and SMFs thus has synergistic effects
(Gray et al., 2000; Soumaya et al., 2013).

Chen et al. (2010) suggest that SMFs enhance the anti-cancer
effects of cisplatin on human leukemic cells, especially when com-
bined with chemotherapy.

The presented work aimed to find and touch the benefits effects
of magnetic field on tumor treatment. So the combination effects of
magnetic field and chemotherapy treatment on Ehrlich tumor
were investigated, discussed and interpreted.

2. Materials

The study was divided into two main parts: drug characteriza-
tion and in vivo studies.
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2.1. Drugs

Doxorubicin hydrochloride (Adriblastina) at a concentration of
2 mg/ml was purchased from Pharmacia Italia S.P.A. (Italy).

2.2. Animals

Fifty normal, healthy male Swiss albino mice were obtained
from the Laboratory Animal Centre (College of Pharmacy, King
Saud University). They were aged approximately 12 weeks and
weighed 20–25 g. A conventional rodent diet and water were pro-
vided. The animals were housed at 25 +/� 2 �C.

3. Methods

3.1. Experimental design

2.3.1 Fifty adult mice were randomly divided into two groups;
ten mice in the first group served as a healthy control group and
forty mice in the second group which received a single dose
intraperitoneal of suspension Ehrlich ascites carcinomas cells
obtained from the National Cancer Institute ‘‘NCI’’- Cairo
University-Egypt to induce tumor. After transplantation, tumor
growth was observed within 4–10 days. Ten days post injection,
the second group which have tumor (40 mice) were sub- divided
in to 4 sub-groups 10 mice per each as following: Untreated mice,
treated with 4 mg/kg doxorubicin three times a week, treated with
daily exposure to 7G magnetic field for 5 h and treated with 4 mg/
kg doxorubicin three times a week and daily exposure to 7G mag-
netic field for 5 h. All experimental mice’s were dissected 2 weeks
post-treatment.

3.2. Tumor induction

The mice were injected intraperitoneal with suspension Ehrlich
ascites carcinoma cells (EAC) obtained from the National Cancer
Institute (NCI, Cairo University, Egypt). Tumor was maintained by
serial transplantation of IP cells. After transplantation, tumor
growth was observed for 4–10 days.

3.3. Tumor volume measurement

For evaluating the inhibition of tumor growth, mice of the
experimental groups were sacrificed under anesthesia and the
ascites fluid from each group was separately gathered in graduated
tubes, then the volume was measured (Elbialy et al., 2010).

3.4. Blood preparation

1- For collecting blood, the mice were anesthetized and sub-
jected to cardiac puncture. Blood were collected into sterile tubes
with anticoagulant (EDTA) for hematological tests (complete blood
count, CBC).

2- Osmotic Fragility (OF) test was conducted by incubation of
RBCs in different concentrations of sodium chloride (NaCl, 0–
0.9%), at RT for 1 h.

3- To study the blood fluorescence emissions, the absorption
spectrum of the mice’s blood was directly collected from all the
heparinized tubes and prepared as follows. By centrifugation at
2500 rpm at 4 �C for 10 min, erythrocytes (red blood cells) were
isolated from the whole blood. Three layers were obtained: RBCs,
the buffy coat (BC) layer (the second layer), and platelet-poor
plasma (PPP). The BC layer was extracted and stored in another
tube with acetone (100 mL (0.1 ml) BC in 5 ml acetone). The RBCs
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and PPP were re-centrifuged for 10 min at 3000 rpm at 4 �C to
extract the chromophore to be used in the fluorimetric measure-
ments. Packed RBCs were washed with 2 ml of standard saline
solution and agitated gently for 2 min, after which they were re-
centrifuged to separate the washed RBCs. This step was repeated
three times.

3.5. Physical analysis

A. The absorption spectrum
The absorption spectrum of the samples was measured using a

UV/Visible Double Beam Spectrophotometer Type 1650 PC (Agi-
lent, Santa Clara, CA, USA) at a wavelength of 200–800 nm.

B. Fluorescence emissions
The fluorescence emission spectra of the samples with different

concentrations were measured using a UV/Visible Spectrometer
Biochrome-Libra S60PC (Shimadzu, Kyoto, Japan). Several excita-
tion wavelengths (kex) were measured at room temperature.

In this study, fluorescence properties were investigated for all
groups. Acetone-suspended blood samples were collected. Blood
samples for all groups were excited at 415 nm. Fluorescence emis-
sion spectra measurements were taken between 430 and 830 nm,
and the emission scanning spectra were recorded (Vishvanath and
Ramanujam, 2011; You et al., 2010).

3.6. Biological analysis

3.6.1. Determination of erythrocyte osmotic fragility
The osmotic fragility test (OF) is used to measure erythrocyte

resistance to hemolysis while being exposed to varying levels of
dilution of a saline solution (Gallagher, 2018; Luba et al., 1989).
In the osmotic fragility test, the whole blood is washed many times
to remove the hemolyzed cells. So, a certain volume added to a dif-
ferent concentrations of buffered sodium chloride solution and the
mixture incubated at room temperature for 1 h.

The mixture was centrifuged and the optical density of the
supernatants is measured.

The average percent hemolysis (%) of hemolysis blood cells is
calculated using the following formula:

Average hemolysis %¼ average absorption of given conc: of Nacl supernatant
average absorption of the 100% hemolysis supernatant

�100

The calculation of Percent hemolysis done based on 100%
hemolysis in zero NaCl (100% H2O) at 540 nm.

3.7. Complete blood count (CBC) test

Blood was collected from each group on the fifth day post-
treatment. Measurements were taken for all groups using a hema-
tology analyzer (Beckman Coulter, Nyon, Switzerland) 0.2.5
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Fig. 1. Absorption spectrum of the drug at different Dox concentrations.
3.8. Histopathological studies

For the histopathological analysis, livers were cut into small
pieces and fixed in freshly prepared 10% neutral buffered formalin,
dehydrated in ascending grades of ethanol, cleared in xylene, and
finally embedded in paraffin wax sections, which were then cut
and stained with hematoxylin and eosin.

The liver sections were examined and photographed by light
microscopy (Motic 2000, Motic, Xiamen, China). The tumor area
and radius were measured by microscopy software and the volume
was calculated according to the formula

V ¼ 4
3
pr3
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3.9. Immunohistochemical localization of Ki 67

Liver sections were deparaffinized in xylene. After that, they
were rehydrated in descending series of ethanol and finally dis-
tilled water. Then, sections were heated in citrate buffer (PH 6)
for 5 min in a microwave and washed with PBS buffer for 5 min
three times. Sections were incubated with peroxidase blocking
solution for 10 min, followed by primary antibody incubation
(anti-Ki 67) overnight at 4 �C.

After washing by PBS, sections were incubated with secondary
antibody for 30 min, then incubated with avidin-brotin complex
for 30 min, followed by DAB incubation for 10 min. Mayer’s hema-
toxylin was used as the counterstain.
4. Results

4.1. Drug characterization

The drug (doxorubicin, DOX) was prepared at different concen-
trations of 0.0018, 0.004, 0.006, 0.01, and 0.0138 mg/ml. Fig. 1
shows the absorption spectra of the prepared samples in the wave-
length range of 200–800 nm for the different drug concentration.
Absorbance spectra of free DOX show an absorption band of
around 480 nm, similar to previous studies (You et al., 2010; Dai
et al., 2008). The molar absorption coefficient remained constant
at 0.24cm�1 for DOX. The results indicate that the absorption
increases as the drug concentration increases.

Fluorescence emission spectra measurements for all prepared
samples were recorded in the wavelength range from 480 up to
500 nm at an excitation of 480 nm for the different drug concentra-
tion as shown in Fig. 2. The emitted fluorescence peaked near
595 nm, in agreement with Dai et al. (2008). It is clear from the fig-
ures that the fluorescence intensity increased as concentration
doses increased.
4.2. In vivo studies

4.2.1. Effect of DOX and magnetic field exposure on tumor volume
The efficacy of drugs (DOX) along with magnetic field treatment

used in this study was assessed in vivo, where the tumor fluid was
collected and its volume was measured. Fig. 3 shows the volume of
the tumor fluid (ml) for untreated and treated groups. It may noted
that peritoneal fluid volume was reduced after treatment, espe-
cially after magnetic field exposure (DOX + MF 7G, MF 7G), more
than conventional treatment by injection only (see Table 1).
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Fig. 3. Average tumor fluid volume for untreated and treated groups.
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4.2.2. Effect of DOX and magnetic field exposure on the Hb absorption
spectrum.

The absorption spectra were measured in the range of 200–
800 nm for all studied groups for all prepared different concentra-
tions. Fig. 4 shows the absorption spectrum for all studied groups
at a constant concentration (for example at a concentration of
8%). The hemoglobin absorption spectrum has five characteristic
absorbance bands: the Globin band at 274 nm, the Globin band
at 344 nm, the Soret band at 415 nm, the Hemo band at 541 nm,
and the Hemo band at 576 nm. The Globin band at 344 nm is
responsible for Globin–heme interaction, while the Hemo band at
576 nm is responsible for heme–heme interaction. The ratios for
all hemoglobin absorbance bands are presented in Table 2. The
results demonstrate that absorbance at the bands characteristic
Table 1
Average volume of tumor fluid for treatment groups and untreated group.

Grope name Start treat, Post injection
(Days)

Duration of treatment
(Days)

Ca
(m

Tumor)
untreated(

Non Non 10

DOX Alone 10 7 6.
Exp. 7G MF alone 10 7 4.

DOX + Exp. 7G
MF

10 7 1.

*Values are means ± SEM calculated from n = 3 in each group.
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increased, and the absorbance ratios of A (576 nm)/A (541 nm),
A (415 nm)/A (274 nm), and A (415 nm)/A (576 nm) in the tumor
group had larger values than those of the healthy mice. The ratios
in the treated groups had larger values than the tumor groups.

Consequently, the hemoglobin molar absorption coefficients
were calculated (Table 3). The results show that the molar absorp-
tion coefficients are different for all of the studied samples. The
molar absorption coefficient for the tumor group is smaller in value
than that of the healthy (control) group. The molar absorption
coefficients for all the samples from the treated groups are higher
than those of the tumor group, which may indicate the effective-
ness of the combination of magnetic field and drug therapy in
the treatment of tumors.
4.2.3. Effect of treatments on hemoglobin fluorescence emission
In the UV/visible absorption spectrum, porphyrin demonstrates

more absorption at around 415 nm (Soret band), while at higher
wavelengths (450–700 nm), there is less absorption (Q bands).
Considering this fact, the blood samples of all the specimens were
excited at 415 nm. Fig. 5 shows the emission spectra of all studied
groups. Three peaks are prominent; at 476, 588, and 632 nm (data
are summarized in Table 4). The intensity of the peak around
630 nm was more distinct for the control group and the DOX group
than that other groups, which in agreement with the changes
recorded at this peak (see Fig. 5 and Table 4). Lower fluorescence
intensities were observed for the untreated tumor group than for
the control group.

Table 4 shows that the emission intensities of the groups trea-
ted with 50 mL of Dox only and that treated with 50 mL Dox along
with exposing to magnetic field strengths of 7G have value greater
ncer cell Vol.)Average)
l)

Note

± 0.50 Non

9 ± 0.25 Change color of cancer cell fluid
0 ± 0.11 One mouse has no tumor fluid inside After

treatment
8 ± 0.17 2 mice do not have tumor fluids inside after

treatment



Table 2
The Absorbance bands ratios.

Studied groups I(576 nm)/I(541) I(415 nm)/I(576) I(415 nm)/I(274)

Control 0.965 ± 0.02 4.67 ± 0.63 1.618 ± 0.04
Tumor 1.020 ± 0.10 5.313 ± 0.03 2.29 ± 0.01
Exp. MF 7G 1.048 ± 0.05 7.328 ± 0. 23 3.042 ± 0.20
DOX 1.030 ± 0.01 6.306 ± 0.50 2.734 ± 0.74
DOX + Exp. MF 7G 1.034 ± 0.02 6.686 ± 0.10 2.870 ± 0.46

*Values are means ± SEM calculated from n = 3 in each group.

Table 3
Molar absorption coefficients.

Group e ¼ A
cL ð l

mole:cmÞ
Control 0.019192 ± 0.01
Tumor 0.013114 ± 0.05
Exp. MF 7G 0.032743 ± 0.12
Dox 0.019261 ± 0.05
Dox + Exp. MF 7G 0.020730 ± 0.03

*Values are means ± SEM calculated from n = 3 in each
group.
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than those for the other groups; which may be due to doxorubicin
being natural.

4.2.4. Effect of treatments on erythrocyte osmotic fragility
Fig. 6 shows the osmotic fragility measurement for RBCs col-

lected from mice of control and that of untreated tumor groups.
The percentage of hemolysis cells were increasing in untreated
group compared to control. The results of the test revealed that
the RBC membrane of the group after tumor induction without
treatment appeared to lyse in a more fragile manner (was
destroyed too quickly) than those of groups exposed to the mag-
netic field only and the controls. Moreover, the results showed that
both the permeability and elasticity of the RBC membrane declined
in the treated groups: a group treated only with DOX and the group
treated by DOX in combination with magnetic field exposure com-
pared to the group posted tumor induction. By contrast, the group
treated with DOX only showed a decrease in osmolality but less
than the untreated group, but no effect on RBC fragility was
detected compared with the control group. The start and comple-
tion of RBC membrane hemolysis for all studied groups are sum-
marized in Table 5.

4.2.5. Effect of treatments on CBC
The blood samples of the group after tumor induction without

treatment showed a significantly raised number of WBCs com-
pared to the controls. The group treated with DOX only showed a
significant decrease. WBCs increased owing to the tumor. The
group exposed to the magnetic field only displayed a decrease in
the number of WBCs. Furthermore, the treatment with DOX in
combination with magnetic field exposure resulted in a more sig-
nificant decrease of WBCs. The untreated mice showed a low num-
ber of RBCs compared to the controls. By contrast, the group
treated with DOX only had an increase of RBCs that decreased
owing to the tumor. The group treated by magnetic field only expe-
rienced a more significant increase in RBCs. The tumor group that
had been subjected to magneto-therapy and DOX treatment dis-
played an increase in RBCs. Table 6 demonstrates that the mice
group post-tumor induction showed a clearly decreased level of
Hb compared to the controls. However, both groups treated with
DOX only and exposure to magnetic field only exhibited a signifi-
cant increase in Hgb. In the group treated with combined magnetic
field and DOX, increasing HGB levels were found also. According to
the results recorded in Table 6, levels of hematocrit for the group
after tumor induction decreased compared with the normal group,
whereas the group treated with DOX only experienced a significant
increase in hematocrit, as did the group treated by magnetic field
only. Furthermore, the treatment with DOX in combination with
magnetic field exposure resulted in a more significant decrease
in hematocrit. The results for platelets (see Table 6) showed a
highly raised number in the group post-tumor induction compared
to the controls, whereas the group treated with DOX only exhibited
a significant decrease in platelets. The mean number of platelets
among the mice exposed to the magnetic field only was signifi-
cantly lower. The treatment with DOX in combination with mag-
netic field exposure resulted in a significant decrease in
thrombocytes.

4.2.6. Effect of DOX and magnetic field on the histopathology of Ehrlich
metastasis on the liver

The liver section in the controls showed a normal hepatic struc-
ture consisting of a central vein surrounded by strands of hepato-
cytes separated from one another by sinusoids (Fig. 7A). After
tumor induction, Ehrlich metastasis lesions were revealed in the
liver tissue. The metastasis was characterized by darkly stained
polygonal cells with different degrees of cellular and nuclear pleo-
morphism besides aggregations of inflammatory cells (Fig. 7B),



Table 4
Peak position and intensities of fluorescence emission spectra of blood for all studied groups.

Groups k (nm) Ints. k (nm) Ints. k (nm) Ints. I632∕I588

Control 476.4 5.36 589.3 2.1 632.5 1.37 0.67
Tumor 473.9 1.9 589.6 0.2 633.1 0.21 1.05
Exp. MF 7G 474.9 3.9 587.2 0.7 631.3 0.83 1.10
DOX 475.0 2.2 588.0 0.9 632 1.39 1.50
DOX + Exp. MF 7G 471.0 6.9 586.9 1.1 633 0.53 0.48

Table 5
Start and completion of RBC membrane hemolysis for all studied groups.

Group Fragility
start

Fragility
complete

Start to complete
width

Control 65% 40% 25%� 2%
Tumor 75% 45% 30%� 1:5%
Exp. MF 7G 75% 50% 25%� 2%
DOX 65% 45% 20%� 1:2%
DOX + Exp. MF 7G 60% 45% 15%� 1:9%

*Values are means ± SEM calculated from n = 3 in each group.
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occupying a large area and volume (Table 7). Mice livers treated
with DOX after tumor induction showed an improvement, mani-
fested by limited diminished metastatic lesions and neoplastic
cells mixed with infiltrative cells compared to the untreated tumor
group (Table 7), in addition to dilated and congested veins (Fig. 7C).
Moreover, the livers of mice exposed to magnetic field 7G also
showed a marked improvement, characterized by the regression
of metastatic development, with a few tumor cells captured by
inflammatory cells (Fig. 7D), occupying a minimized metastasis
area and volume (Table 7). Furthermore, mice livers treated with
DOX and exposed to the magnetic field displayed a high regression
of metastatic development, represented by partial and completely
degenerated metastatic neoplastic cells in the liver tissue around
the dilated and congested vein, beside relatively healthy hepato-
cytes (Fig. 7E), the metastasis areas and volumes being the least
among the groups (Table 7).

4.2.7. Immuno-histochemical analysis
The control liver sections showed a negative immune response

to Ki-67 antibodies (Fig. 8A) with 0 optical density (Table 8). By
contrast, the livers of mice after tumor induction showed a strong
immune response, manifested by brown spots (Fig. 8B) with the
highest optical density (Table 8). The livers of the mice treated only
with DOX revealed less immune response against Ki-67 (Fig. 8C)
compared to the untreated tumor group, represented by a few
brown spots with lowered optical density (Table 8). Additionally,
mice livers exposed to a magnetic field displayed a weak immune
response to Ki-67 (Fig. 8D) but with lower optical density (Table 8).
Finally, the livers of mice treated with the combination of therapies
Table 6
Summary of in vivo hematological parameters for blood samples of all groups.

Types Control Tumor

WBCx
10^3/m‘ 5.6 ± 0.45 40.8 ± 0.50
RBCx
10^6/m‘ 8.44 ± 0.50 5.78 ± 0.25
HGB
g/d‘ 16.1 ± 0.30 10.2 ± 0.15
HCT
% 52.1 ± 0.43 32.5 ± 0.30
PLT x
10^3/m‘ 413 ± 36.92 891 ± 30.90

*Values are means ± SEM calculated from n = 3 in each group.
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showed very weak immune response represented by a few small
spots (Fig. 8E) with the lowest optical density (Table 8).
5. Discussion

The fluorescence spectra of the free Dox solutions is agree with
that obtained by You et al., (2010). UV/visible absorption spec-
troscopy display that hemoglobin show intense wavelengths
absorption (Denninghoff et al., 2007; Faber et al., 2004). The Soret
band is characteristic of hematoporphyrin proteins (Chikezie et al.,
2013). The Globin band situated at 274 nm (band 1), where the
light absorption is due electrons of the aromatic side chain delocal-
ized. The band for Globin-heme at 344 nm (band 2) belongs to the
coordinated-covalent bond in iron, and the proximal histidine dis-
plays transition. The absorbance band close to 576 nm is thought
to be an electronic transition, including the porphyrin ring of the
heme group, while the band close to 540 nm is thought to be made
out of vibrational transitions (Sherif and Amal, 2010). The results
indicate great differences in the absorption spectra of healthy
and diseased blood. The absorption spectra for the cancer-
diseased mice group have smaller values than those of the healthy
mice group. In addition, the absorption values of the treated groups
(MF 7G, DOX and DOX + MF 7G) may indicate the therapeutic
effectiveness of the combination of magnetic field and drug. More-
over, the increase of the Hemo band (576 nm) and the Globin band
(274 nm) in the treated group was more pronounced than in the
tumor group (Alshammari et al., 2017). The decrease in the half-
Soret bandwidth, which indicates stretching in the bonds of iron
and nitrogen in the porphyrin ring and an imbalance between
heme and protein in the Hb molecule. The Soret band is sensitive
to changes in the microenvironments around the heme site. Previ-
ous studies show that, if the protein is denatured (partially or
fully), it will result in changing or diminishing the band
(Abdelhalim, 2012; El Din et al., 1994). An increase in I(415)/I
(274) reflects the presence of free heme (Sherif and Amal, 2010;
Selim and El-Marakby, 2010). The displacement of the porphyrin
ring from its pocket, which results from radiation exposure,
explains the increase in the hemoglobin-oxygen affinity docu-
mented previously in several studies (El-Bediwi et al., 2013;
Selim and El-Marakby, 2010). The changes in the absorptions’
intensity and wavelength result due to variations of the porphyrin
DOX Exp. MF 7G DOX + Exp. MF 7G

8.7 ± 0.44 28.5 ± 0.23 6:1� 0:30

5.82 ± 0.2 6.52 ± 0.40 6:37� 0:15

11.1 ± 0.43 11.6 ± 0.25 12:4� 0:50

36�0:38 34.5 ± 0.25 39.6�0:45

753�35:77 633 ± 36.55 798�32:33



Fig. 7. Photomicrographs of liver sections showing The effect of Dox and magnetic field on hepatic tumor; (A) Control, (B) mice liver after tumor induction revealing great
aggregations of tumor cells and leukocyte infiltration (black arrows), (C) mice liver, Post-treated with Dox (4 mg/kg) showing less tumor lesion (black arrows) Congested and
dilated portal vein (green arrow), (D) mice liver exposed to magnetic field after tumor induction displaying degenerated tumor lesions (black arrows), congest and dilated
portal vein (green arrow), (E) mice liver post- treated with Dox (4 mg/kg) and exposed to magnetic field 7 G revealing very small degenerate tumor lesion (black arrow)
Congested and dilated Portal vein (green arrow) (H&E-400X).

Table 7
Areas and volumes of metastasis in untreated group after induction of tumor and in
the post-treatment groups.

Groups Area (mm) Volume (mm)

Control 0 ± 0 0 ± 0
Tumor 0.60 ± 0.06 0.34 ± 0.05
Dox 0.30 ± 0.04 0.11 ± 0.02
EX MF 7G 0.2 0 ± 0.02 0.04 ± 0.01
Dox + EX MF 7G 0.10 ± 0.01 0.02 ± 0.01

*Values are means ± SEM calculated from n = 3 in each group.
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ring’s peripheral substituents. The inclusion of metal into the por-
phyrin cavity or protonation of the two inner nitrogen atoms also
results in changes to the visible absorption spectrum; these
absorptions are used to determine specific features on a porphyrin
(Courrol et al., 2007). The prominent peak at 632 nm indicates a
neutral form of porphyrin. In addition, the peak at 476 nm is pro-
duced by acetone (due to the C–H vibrations of acetone) and hep-
arin. Raman scattering is seen significantly in lower concentrations
of the blood (Han et al., 2016; Kalaivani et al., 2008; Masilamani
et al., 2012 & 2004).
Fig. 8. Photomicrographs of mice liver sections showing the immune response against K
untreated group after tumor induction (arrows), (C) slight immune response in the group
in the group exposed to magnetic field 7G (arrow), (E) immune response in the group p
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Decreasing fluorescence intensities which observed in the
untreated tumor group is consistent with Weber et al. (2013).
Lower fluorescence intensities were observed for the untreated
tumor group than the control which in consistent with previous
finding (Weber et al., 2013; Vishvanath and Ramanujam, 2011;
Kalaivani et al., 2008(. This may be explained by the huge number
of cancer cells in blood control group, which may cause fluores-
cence quenching. The blood fluorescence emission may change in
cancer cases, showing distinct peaks (around 630 nm) due to the
porphyrin fluorophore (Kalaivani et al., 2008; Courrol et al.,
2007). Porphyrin fluorescence in the neoplastic was lower or
higher than in normal depending on their nature. There was prob-
ably a decrease in the 588 nm region as cells progress from a nor-
mal to a cancerous state (Khan et al., 2015; Vishvanath and
Ramanujam, 2011). These values are less for the control group
but at their maximum for cancer patients. Normal porphyrin was
elevated for the patients, consistent with previous results (see
Table 4) (Kalaivani et al., 2014). Weber and co-workers (2013)
use the methods of fluorescence spectroscopy to examine and
measure the uptake of DOX chemotherapeutic drug in human
breast cancer cells. They noticed a higher intensities of fluores-
cence that indicate increase drug uptake and more drug responses
i-67; (A) No immune response in Control liver, (B) strong immune response in the
post-treated with Dox (4 mg/kg) after tumor induction (D) week immune response
ost treated with Dox (4 mg/kg) and exposed magnetic field 7G. (ABC � 400x).



Table 8
Optical density of the livers of the tumor groups Ki-67 of
control, untreated tumor and treated tumor groups.

Groups Optical Density

Control 0.0 ± 0.0
Tumor 0.9 ± 0.03
Dox 0.5 ± 0.01
EX MF 7G 0.06 ± 0.02
Dox + EX MF 7G 0.04 ± 0.03

*Values are means ± SEM calculated from n=3 in each
group.
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were concomitant with higher membrane fluidity. The untreated
cells showed lower fluorescence intensities than the cells treated
by DOXwhich is consistent with the changes recorded in this study
which demonstrate that the intensity values of the group treated
with only 50 mL DOX and the group treated with 50 mL DOX and
exposure to constant magnetic field strengths of 7G were greater
than those for the untreated tumor group.

Coldman and coworkers (1969) considered that the amount of
hemoglobin (Hb) released is a quantitative measure number of
the of lysed RBCs. The O.F curve reflects a decreased or increased
of hemolysis of RBCs depending on left or right shift respectively
(Cueff et al., 2010; Coldman et al., 1969) which means the sooner
hemolysis occurs, the greater the osmotic fragility of the cells.

In dynamic changes of osmotic fragility curves, the likely
assumption is that right or left shifts indicate a increased or
decreased state of cells hydration, respectively. This result in direct
affect on membrane transport from osmotic fragility measure-
ments (see Fig. 6). (Cueff et al., 2010)

Its known that the erythrocyte surface area normally remains
fixed as its volume increases or decreases, this make erythrocyte
suitabile for studies of membrane function. In hypotonic solutions,
erythrocytes get swell until a point where is additional increase in
volume results in rupture of the cell membrane.In normal erythro-
cytes, this hemolytic is resposible for approximately to a 70%
increase in cell volume. (Dumont et al., 1977)

The calculated average (mean) of O.F data for all groups show
clearly the difference between groups especially the rapid hemol-
ysis occurs within a range of NaCl percent (75%�50%) for all
groups. The NaCl concentration (C%) percentage where hemolysis
starts to occur characterized by water molecules transportation
through the RBCs membrane and hence its permeability. The
decrease of the values of C% indicates the decrease in the mem-
brane permeability. Cancer cells affecting on RBCs fragility (Tumor)
group. The RBCs in tumor group were more fragile (destroyed too
quickly) than RBCs in (control) healthy group (Kolanjiappan et al.,
2002). RBCs from mice with with Ehrlich ascites tumor signifi-
cantly undergo an alteration in some cell membrane component
that regulates either cations permeability and water or the cell dis-
tensibility (Dumont et al., 1977). This is due to the free radical
mediate oxidative stress causing lipid peroxidation and seen in
cancer and other diseases. In normal aerobic conditions, RBCs are
exposed to oxidative stress which is neutralized by enzymatic
and non-enzymatic antioxidant system. Any disturbance in these
may leads to decrease capillary perfusion and result in cell lysis
(Nandhakumar et al., 2013; Kolanjiappan et al., 2002).

The results demonstrate the membrane hemolysis is accrued in
higher Nacl concentration in cancer patients. On the other hands,
this change in RBC’s properties may be reflected on some failure
of the RBC’s metabolic activity.

Moreover, The results demonstrate that : RBCs membrane per-
meability and elasticity both are increased due to exposure to mag-
netic field. This indicates that exposure to the magnetic field can
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cause changes in Hb molecules structurs and hence the physiolog-
ical functions of RBC’s ((Hassan and Abdelkawi, 2010; Ali et al.,
2003). Szwarocka and Jóźwiak (1999) demonstrated that Daunoru-
bicin drug as an anthracycline antibiotics did not induce changes in
the fluidity (also refers to fragility) of RBCs membranes. Moreover,
they did not exclude the possibility of using erythrocytes (RBCs) as
carriers of anthracycline antibiotics (Szwarocka and Jóźwiak,
1999).

In summary, the O.F experiment indicates deformability of RBCs
membranes as a result of cancer. In this experiment, treatment the
cancer with various anticancer treatments (DOX, MF7G) showed
decreases in O.F comparable with tumor group, This could be
enhanced with CBC results and suggest that these drugs (DOX)
and magnetic field sustain therapeutic value of inhibit tumor
growth with the cleared nontoxic hematologic profile.

The decrease in (WBCs) counts in treated groups (DOX, MF 7 G,
DOX MF7G) might point out to some improvement in the immune
system due to treatments indicates the effectiveness of the mag-
netic field and drugs in the treatment of tumors.

Most of studies on intraperitoneal inoculation with Ehrlich
ascites resulted in liver, lung, spleen and kidney metastasis. It is
might be attributed to the migration of tumor cells in the ascetic
fluid through the peritoneal cavity and induce soft organs metasta-
sis (Aldubayan et al., 2019; Mishra et al., 2018). The present results
is consistent with the previous findings, that induction of Ehrlich
ascites lead to performance of liver metastasis manifested by
aggressive polymorphic neoplastic cells in the liver tissue.

Doxorubicin is an effective anti-biotic and anti-tumor drug. It
has been formulated for the treatment of liver and kidney carci-
noma besides to breast cancer metastasis (Alkhatib et al., 2018).
Accordingly, these findings reported that DOX treatment resulted
in inhibition of the hepatic metastasis. These approach indicated
that exposure of mice to magnetic field inhibited the progression
of Ehrlich metastasis in the liver that coincided with Tatarov
et al. (2011) who suggested the potent role of magnetic field in
tumor therapy and speculated that suppression of tumor growth
may be attributed to suppression of angiogenesis. On the other
hand, many studies were performed to enhance the activity of
DOX by herbal extracts (Abd Elrazik et al., 2019; Aldubayan
et al., 2019). The present work suggested the exposure to magnetic
field with DOX treatment to get more efficiency and effectiveness
on the hepatic metastasis due to Ehrlich inoculation. The results
indicated marked inhibition for hepatic metastasis progression
manifested by degenerated neoplastic cells and relatively healthy
liver tissue.

It appears that there are many factors that influence the effects
of MF on the tumor growth. These include the type, strength of MF
and duration of exposure. However, MFs penetrate the body and
act on all organs, altering the cell membrane potential and the dis-
tribution of ions and dipoles. These alterations may influence bio-
chemical processes in various metabolic ways.
6. Conclusion

Our findings support further exploration of the potential of
magnetic fields in cancer therapeutics, either as adjunct or primary
therapy. It may be due to enhancing the drug interaction with
tumor cells which increase the therapeutic index of DOX and
resulted in increased anti-tumor activity against Ehrlich tumor
models. These benefits promote the use of the magnetic field in
cancer with chemotherapy over the other traditional treatment
agents which can be used in improving the clinical treatment pro-
tocol and fights against cancer.
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6.1. Statistical data analysis

Data analysis was carried out with the software package, Micro-
soft Excel, Version 2010 and origin software, version 8.1
(Northampton, Massachusetts, USA). Results are expressed as
mean ± standard error (n = 10, independent samples).
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