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ABSTRACT
Introduction: Breast cancer is one of the common causes of mortality among women worldwide.  Metastasis from breast 
cancer may occur and commonly affects bone, lung, liver and the central nervous system. Amygdalin (vitamin B17) is a plant 
compound found in the pits of many fruits e.g. peach and apricot. Intestinal bacteria produce betaglucosidases enzymes which 
break down amygdalin to benzaldehyde, glucose and cyanide or hydrocyanic acid (HCN).The balance between pro-apoptotic 
proteins such as B-cell lymphoma protein 2 -associated X (Bax) protein and anti-apoptotic protein e,g, B-cell lymphoma 
protein 2 (Bcl-2) can play a critical role in control of carcinogenesis. 
Aim of the Work:  This work aimed to study the effect of amygdalin (vitamin B17) on experimentally induced mammary 
tumor in virgin young female albino rats.
Materials and Methods: Fifty virgin young female albino rats were used and divided into: control group: included 30 rats 
and experimental groups:  included 20 rats and subdivided to: Subgroup IIa: 10 rats. Each received 80 mg / kg (12 mg) 7,12 
Dimethylbenzanthracane to induce breast tumor. Subgroup IIb: as subgroup IIa then received 5mg/kg amygdalin.
Results: The H&E stained sections of subgroup IIa showed hyperplasia of the lining epithelial cells of lactiferous ducts. 
Subgroup IIb showed lactiferous ducts with well-organized layers of epithelial cells and prominent nuclei. Other ducts showed 
pyknotic nuclei and vacuolations. Transmission electron microscope of subgroup IIa showed large nuclei with prominent 
nucleoli of the epithelial cells lining lactiferous ducts, increased euchromatin mass and nuclear pockets. Subgroup IIb showed 
half-moon-shaped nucleus of the lining epithelial cells of lactiferous ducts. Sections from subgroup IIa stained with Bcl-
2 immunostain showed increased cytoplasmic Bcl-2 immunoreactivity than control group and positive cytoplasmic Bax 
immunoreactivity. Subgroup IIb revealed less cytoplasmic Bcl-2 while increased cytoplasmic Bax immunoreactivity than 
DMBA-administered subgroup.
Conclusion: Amygdalin which is a natural compound had proven its cytotoxic effect on breast cancer cells mainly by increasing 
pro-apoptotic Bax protein.
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INTRODUCTION                                                                 

Breast cancer is one of the common causes of mortality 
among women worldwide[1]. Cancer is the second 
leading cause of death after myocardial infarction[2]. It 
is a pathological condition which involves uncontrolled 
division and abnormal growth of cells. These abnormal 
cells have the potential to spread to other parts of the body[3]. 
Metastasis from breast cancer may occur and commonly 
affects bone, lung, liver and the central nervous system[4]. 
The risk for the development of female breast cancer is 
usually related to age, family history, reproductive factors, 
environmental and genetic factors[5]. The balance between 
pro-apoptotic proteins such as B-cell lymphoma protein 

2 -associated X (Bax) protein and anti-apoptotic protein 
e,g, B-cell lymphoma protein 2 (Bcl-2) can play a critical 
role in control of carcinogenesis[6]. Chemotherapy which is 
the most common used cancer therapy is associated with 
numerous severe side effects ranging from mild to severe 
toxicity. All organs of the body can be affected including 
the heart, lungs and brain. In addition, the chronic effects 
of chemotherapy include drug resistance and infertility[7]. 
Amygdalin is a plant compound found in the pits of many 
fruits e.g. peach and apricot. Intestinal bacteria produce 
betaglucosidases enzymes which break down amygdalin 
to benzaldehyde, glucose and cyanide or hydrocyanic acid 
(HCN)[8].
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MATERIALS AND METHODS                                                

Drugs
a. 7, 12-dimethylbenzanthracene (DMBA)

7,12-dimethylbenzanthracene was obtained from 
Cornell lab-chemistry company, Cairo, Egypt. It was in the 
form of yellow crystalline powder. Each rat received 12 mg 
(80 mg / kg) DMBA diluted in sesame oil (0.5 ml) single 
dose orally by orogastric tube[9].

b. Amygdalin

Amygdalin was obtained from Cornell lab-chemistry 
company, Cairo, Egypt. It was in the form of white 
crystalline powder.  Each rat received 0.75 mg (5mg/kg) 
diluted in 1 ml saline 0.9% once per week for 3 successive 
weeks by intraperitoneal injection[10].

Experimental animals
In this study fifty virgin young female albino rats 

aged 6-7 weeks and of average body weight 150 grams 
were used. The animals were housed in clean separated 
well ventilated cages (not more than five rats per cage). 
The tops of cages were made of steel wire and bedded 
with wood shavings. Animals were kept under similar 
environmental condition and fed the same laboratory diet. 
Care and treatment of animals as well as the experimental 
procedures were provided as per the ethics regulation at 
Tanta University. The animals were divided into two 
groups: group I (control) and group II (experimental):  

Group I (Control): (30 rats) and was equally subdivided 
into two subgroups: 

•	 Subgroup Ia (negative control): 10 rats received no 
treatment.

•	 Subgroup Ib (vehicle control): 10 rats received 
sesame oil 0.5 ml single dose orally by orogastric 
tube.

•	 Subgroup Ic (vehicle control): 10 rats received 
saline 0.9% 1 ml once per week for 3 weeks by 
intraperitoneal injection.  

Group II (experimental group): (20 rats) and divided 
to the following subgroups:

IIa (10 rats): Each rat received 80 mg / kg 
7,12-dimethylbenzanthracene (DMBA) diluted in sesame 
oil (0.5 ml) single dose orally by orogastric tube[9].

IIb (10 rats): Each rat received the same dose of DMBA 
as subgroup IIa then after 10 weeks (as DMBA takes 
approximately 10 weeks to induce tumors in female albino 
rats)[9] received amygdalin 5 mg/kg by intraperitoneal 
injection once per week for 3 successive weeks[10].

At the end of experiment, all animals were 
anaesthetized with ether then sacrificed at the optimum 
time and specimens of mammary glands were taken and 
examined. Finally sacrificed rats were safely collected in a 
special package according to safety and health precaution 
measures to be incinerated later.

Histological and immunohistochemical study
The procedures were done at Faculty of Medicine, 

Tanta University.

a. Light microscopic study

Specimens were fixed in 10% neutral buffered formalin 
for 24 hours[11], then subjected to the following stains to 
study the normal histological structure of rat's mammary 
glands and the pathological changes among experimental 
groups according to[12,13]. 

i.	 Hematoxylin and eosin (H&E) stain 

ii.	 Bcl-2 and Bax immunostains 

b. Transmission Electron Microscopic (TEM) study

Sections prepared for TEM and were examined 
and photographed using (JEOL-JEM-100 SX electron 
microscope, Japan) at the electron microscopic unit, 
Faculty of Medicine, Tanta University.

Morphometric study
1.	 Counting and determining the mean number 

of epithelial cells that expressed Bcl-2. The 
cytoplasm of cells that expressed Bcl-2 protein 
appeared brown in color, while those did not 
express the protein appeared purple or blue. Cells 
were counted in 10 non-overlapping different 
fields at magnification 400/slide in each group 
using image J software program.  Based on the 
data obtained, the percentage analysis (%) of 
the Bcl-2 immunohistochemical expression was 
calculated by calculating the mean number of cells 
that expressed Bcl-2 divided by the mean number 
of total cells multiplied by 100%.

2.	 Counting and determining the mean number of 
epithelial cells that expressed Bax. The cytoplasm 
of cells expressed Bax protein appeared brown 
in color, while those did not express the protein 
appeared purple or blue and the total cell number 
were counted. Cells were counted in 10 non-
overlapping different fields at magnification 400/ 
slide in each group using image J software program. 
Based on the data obtained, the percentage analysis 
(%) of the Bax immunohistochemical expression 
was calculated by calculating the mean number 
of cells that expressed Bax divided by the mean 
number of total cells multiplied by 100%. The 
formula used:

% cell expression = number of cell expressed/number 
of total cell X 100%[14] 

3.	 Estimation of the mean Bax/Bcl-2 ratio: was 
calculated using the following formula:

The percentage of positive expression of Bax 
immunostain is divided by the percentage of positive 
expression of Bcl-2 immunostain[15] 
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Statistical Analysis
All data were collected and analyzed using Statistical 

Package for the Social Sciences (SPSS) 27.0 software. 

Data were compared by using mean and standard 
deviation of number of Bcl-2 and Bax immune-stained 
epithelial cells in all groups. The t-test (independent) 
was performed for each group against control group 
using Statistical Package for the Social Sciences (SPSS) 
software. A difference among the means of a p value ≤ 
0.05 was considered statistically significant and a p value 
≤ 0.001 was considered statistically highly significant[16].  

RESULTS                                                                                    

Light microscopic examination of the mammary 
glands
a. Hematoxylin & Eosin (H&E)

H&E stained-sections of rat’s mammary glands of 
the control group showed lactiferous ducts. Each was 
composed of well-organized one layer of epithelial cells. 
These epithelial cells were cuboidal to columnar cells with 
prominent nuclei. They were surrounded by myoepithelial 
cells and blood vessels appeared near the ducts. The 
lumens of ducts were patent and the connective tissue 
consisted mainly of fat cells well connected to each other                                                           
(Figure 1A). Subgroup IIa (received DMBA): showed 
hyperplasia of the lining epithelial cells of lactiferous 
ducts (Figure 1B). The wall was composed of more than 
two layers of epithelial cells. Some lining epithelial 
cells showed cellular pleomorphism (Figure 1C). Some 
lactiferous ducts revealed some discontinuity of their 
lining epithelium with detachment of some epithelial cells 
to the lumen (Figure 1D).  Fat cells in the connective tissue 
appeared irregular with loose connections in between and 
excessive collagen fibers were seen (Figure 1E). Subgroup 
IIb (received amygdalin): showed marked improvement 
of hyperplasia of ductal epithelial cells and tumor cells 
growth in which most of lactiferous ducts appeared with 
well-organized layers of epithelial cells with prominent 
nuclei and eosinophilic necrotic materials present in 
their lumens (Figure 1F). Another sections of this group 
showed many lining epithelial cells with pyknotic nuclei                                           
(Figure 1G). 

b. Toluidine blue-stained sections

Toluidine blue stained-sections of the rat’s mammary 
glands of the control group showed lactiferous ducts 
composed of one well-organized layer of columnar 
epithelial cells with prominent nuclei and obvious 
nucleoli. The lining epithelial cells were surrounded by 
myoepithelial cells (Figure 2A). Toluidine blue-stained 
sections of the rat’s mammary glands of (subgroup IIa) 
showed hyperplasia of the lining epithelial cells of most 
of lactiferous ducts obstructing their lumen (Figure 2B). 
Toluidine blue-stained sections of rat’s mammary glands 
of subgroup IIb demonstrated lactiferous ducts composed 
of one layer of epithelial cells with prominent nuclei. The 

lining epithelial cells were surrounded by myoepithelial 
cells. Numerous epithelial cells appeared with pyknotic 
nuclei. Vacuolations were obvious and necrotic material 
was present in the lumen (Figure 2C).

c. Bcl-2 and Bax immunohistochemistry

Light microscopic examination of sections in 
mammary glands of control group stained with Bcl-
2 immunostain showed positive cytoplasmic Bcl-
2 immunoreactivity which appeared as cytoplasmic 
brown coloration (Figure 3A). While this group showed 
negative Bax immunoreactivity (Figure 3B).  Subgroup 
IIa (received DMBA): demonstrated marked increase 
in cytoplasmic Bcl2 immunoreactivity (appeared as 
cytoplasmic brown coloration) than control group (Figure 
3C). This subgroup also showed some positive cytoplasmic 
Bax immunoreactivity (cytoplasmic brown coloration)                                                                                                                        
(Figure 3D). Subgroup IIb (received DMBA 
then amygdalin): showed less cytoplasmic Bcl2 
immunoreactivity than DMBA-administered subgroup 
(Figure 3E), while it showed increased cytoplasmic Bax 
immunoreactivity than DMBA-administered subgroup 
(Figure 3F).

Transmission Electron Microscopic results
The ultrathin sections of the control group illustrated 

epithelial cells with large centrally located nuclei with 
intact and regular nuclear membranes, prominent nucleoli 
and well distributed euchromatin and heterochromatin 
material. The cells cytoplasm contained rough endoplasmic 
reticulum and spherical mitochondria with apparent cristae 
pattern (Figure 4A). 

Subgroup IIa: showed epithelial cells with irregular-
shaped nuclei with prominent two nucleoli, chromatin 
clumping and nuclear pockets (Figure 4B). Another cells 
showed increase of euchromatin mass and markedly dilated 
rER (Figure 4C). Subgroup IIb; showed epithelial cells 
with half-moon-shaped nucleus with peripheral nuclear 
chromatin condensation and vacuolations were present in 
the cytoplasm (Figure 4D).  

Morphometric and statistical results
1- The mean percentage of Bcl-2

Control group (group I) was 20.27% ± 5.48. In DMBA-
administered subgroup (subgroup IIa) the mean percentage 
of Bcl-2 expression was 50.71% ± 9.99 which was highly 
significantly increased compared to control group (p2 
value 0.00**). In subgroup IIb (after receiving amygdalin) 
the mean percentage of Bcl-2 expression was 31.38% ± 
5.94 (p1 value 0.001**) which was highly significantly 
lower than DMBA-administered subgroup and still 
significant compared to control group (p2 value 0.003*)                                  
(Table 1, Figure 6A: blue columns). 

The mean percentage of Bax expression in all groups

The mean percentage of Bax expression in control 
group (group I) was 5.72% ± 1.35. After receiving DMBA 
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(subgroup IIa), the mean percentage of Bax expression 
was 22.74% ± 5.83 with p2 value 0.00** which was 
highly significantly increased compared to control group. 
In subgroup IIb (after receiving amygdalin), the mean 
expression of Bax was 57.32 % ± 8.62 which was highly 
significantly increased compared to DMBA-administered 
subgroup and control group (p1 and p2 values 0.00**) 
(Table 2, Figure 6A: red columns).  

The mean Bax/Bcl-2 ratio in all groups

In control group, the mean Bax/Bcl-2 ratio was 0.304 ± 
0.09. In subgroup IIa, the mean Bax/Bcl-2 ratio was 0.453 
± 0.141 which was significantly increased than control 
group (p2 value 0.03*). In subgroup IIb, the mean Bax/Bcl-
2 ratio (1.85 ± 0.401) was highly significantly increased 
compared to DMBA-administered subgroup and control 
group (p1 and p2 values 0.00**) (Table 3, Figure 6B).

Fig. 1: (H & E × 400): Fig. 1 (A): A photomicrograph of a section in mammary gland of a control young virgin female albino rat demonstrates lactiferous 
ducts with patent lumen (L). Each duct is composed of one well-organized layer of cuboidal to columnar epithelial cells with prominent nuclei (yellow arrows) 
surrounded by myoepithelial cells (curved arrows) and blood vessels appear near the ducts (BV). The connective tissue is mainly consisting of fat cells well 
connected to each other (F).  Fig. 1(B): A photomicrograph of a section in mammary gland of a young female albino rat received DMBA demonstrates a 
lactiferous duct (yellow arrow). Its wall shows ductal epithelial cells hyperplasia (DH). It consists of more than two layers of epithelial cells.  Fig. 1(C): 
Another photomicrograph of a section in mammary gland of a young female albino rat received DMBA shows cellular pleomorphism in the lining epithelium 
of a lactiferous duct (yellow arrows). Fig. 1(D): A photomicrograph of a section in mammary gland of a young female albino rat received DMBA reveals 
some discontinuity of the lining epithelium of a lactiferous duct (yellow arrows) with detachment of some epithelial cells to the lumen (L). Fig. 1(E): A 
photomicrograph of a section in mammary gland of a young female albino received DMBA reveals irregular shapes of fat cells with loose connections in-
between (F) and dense collagen fibers (stars) scattered in some areas. Fig. 1(F):  A photomicrograph of a section in mammary gland of a young female albino rat 
received DMBA then amygdalin shows lactiferous ducts. Each is composed of one well-organized layer of cuboidal to columnar epithelial cells with prominent 
nuclei (yellow arrows). The connective tissue contains fat cells well connected to each other (F).  Some blood vessels appear normal but other blood vessel is 
slightly congested (BV). Fig. 1(G): Another photomicrograph of a section in mammary gland of a young female albino rat received DMBA then amygdalin 
shows a lactiferous duct with numerous epithelial cells appear with pyknotic nuclei (red arrows).

Fig. 2: (Toluidine blue x1000): Fig.2 (A): A semithin section in mammary gland of a control young female albino rat shows a lactiferous duct composed of one 
well-organized layer of columnar epithelial cells with prominent nuclei (yellow arrows) and obvious nucleolus (n). The lining epithelial cells are surrounded 
by myoepithelial cells (curved arrow).  Fig.2 (B): A semithin section in mammary gland of a young female albino received DMBA shows a lactiferous duct 
(yellow arrow) with ductal epithelial cells hyperplasia (DH) obstructing its lumen. Fig.2 (C): A semithin section in mammary gland of a young female albino 
received DMBA then amygdalin demonstrates a lactiferous duct composed of one layer of epithelial cells. Some of the cells show prominent nuclei (yellow 
arrows). Others show pyknotic nuclei (red arrows) and vacuolations (V).  There is necrotic material present in the lumen (L). Myoepithelial cells (curved arrow) 
are seen surrounding the lining epithelium    
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Fig. 3: Mammary gland (Immunostaining Bcl-2.and Bax X 400): Fig. 3(A):  A photomicrograph of a section in mammary gland of a control young female 
albino rat reveals positive cytoplasmic Bcl-2 immunoreactivity which appears brownish in color (black arrows). Fig. 3(B): A photomicrograph of a section in 
mammary gland of: a control young female albino rat shows negative Bax immunoreactivity. Fig. 3(C): a young female albino rat received DMBA demonstrates 
markedly increased cytoplasmic Bcl-2 immunoreactivity which appears brownish in color (black arrows) than the control group. Fig.3(D): a young female albino 
rat received DMBA shows positive cytoplasmic Bax immunoreactivity which appears brownish in color (black arrows).  Fig.3(E): a young female albino rat 
received DMBA then amygdalin shows less cytoplasmic Bcl-2 immunoreactivity (black arrows) than DMBA-administered group. Fig. 3(F): a young female 
albino rat received DMBA then amygdalin shows increased cytoplasmic Bax immunoreactivity (black arrows) than DMBA-administered subgroup. 

Fig. 4: Mammary gland (TEM): An electron micrograph of an ultrathin section in mammary gland of: Fig. 4(A) a control young female albino rat 
illustrates large centrally located nucleus (N) with intact and regular nuclear membrane and a prominent nucleolus (n). Well distributed euchromatin (E) and 
heterochromatin (H) material with rough endoplasmic reticulum (rER) and spherical mitochondria (M) are seen in the cell cytoplasm (TEM X 4000). Fig.4(B) 
a young female albino rat received DMBA shows irregular-shaped nuclei (N) with prominent two nucleoli (n). Chromatin clumping (ch) and nuclear pockets 
(np) are also seen (TEM X 2000). Fig.4(C) of a young female albino rat received DMBA shows regular shaped nuclei with prominent nucleoli (n), increased 
euchromatin mass (E) and markedly dilated rER (rER) are obvious in the cytoplasm (TEM X 3000). Fig.4(D) a young female albino rat received DMBA then 
received amygdalin reveals half-moon-shaped nucleus (N) with peripheral nuclear chromatin condensation (ch) and vacuolations are seen in the cytoplasm 
(V) (TEM X 2000)
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Table 1: Mean percentage of Bcl-2 expression in the different 
groups

Mean Bcl-2 
expression 

(%) 

Group I Group II 

Control group Subgroup  IIa Subgroup IIb

Range 14.28-30.3 41.1-71.7 22- 27.3

Mean 20.27 50.71 31.38

Standard 
deviation (SD) 5.48 9.99 5.94

P1 value 0.001**

P2 value 0.000** 0.003*

Table 2: Mean percentage of Bax expression in the different 
groups

Mean Bax 
expression 

(%) 

Group I Group II 

Control group Subgroup  IIa Subgroup IIb

Range 4-8 13.3-32.7 42.2-70

Mean 5.72 22.74 57.32

Standard 
deviation (SD) 1.35 5.83 8.62

P1 value 0.000** 0.000**

P2 value 0.000**

Fig. 5: Bar Graph (A): Illustrates the mean values of Bcl-2 (blue columns) and Bax (red columns) expression in the different groups. Bar Graph (B): Illustrates 
the mean values of Bax/Bcl-2 ratio in the different groups.

Table 3: Mean Bax/Bcl-2 ratio in the different groups

Mean Bax/Bcl2 ratio
Group I Group II 

Control group Subgroup  IIa Subgroup IIb

Range 0.17-0.5 0.28-0.76 1.2-2.5

Mean 0.304 0.453 1.85

Standard deviation (SD) 0.09 0.141 0.401

P1 value 0.000**

P2 value 0.03* 0.000**

P1: Subgroups IIb compared to subgroup IIa(DMBA) subgroup. P2: subgroup IIb compared to group I (control).
P value > 0.05 → Non significant difference.
P value ≤ 0.05* → Significant difference.
P value ≤ 0.001** → High significant difference.
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DISCUSSION                                                                            

In the present work, light microscopic examination 
of sections in mammary glands after administration of 
(DMBA) to virgin young female albino rats (subgroup 
IIa) revealed hyperplasia of the lining epithelial cells of 
lactiferous ducts. Some discontinuity of the cells occurred 
with detachment of these cells to the lumens of ducts. 
Fat cells in the connective tissue appeared irregular with 
loose connections in between. By transmission electron 
microscopy, mammary glands showed epithelial cells of 
lactiferous ducts with irregular shaped nuclei and prominent 
nucleoli. Chromatin clumping and nuclear pockets were 
seen. Also there was increase in nuclear euchromatin mass 
and extensively swollen rough endoplasmic reticulum 
appeared in the cell cytoplasm. 

Bishayee et al.[17] stated that there is a specific time 
for (DMBA) exposure. They reported that administration 
of DMBA to young age (45-55 days) virgin female rats 
induced mammary tumor. It was evident that rats at this 
young age have high frequency of terminal end buds which 
were more sensitive to DMBA in initiating mammary 
tumors[18]. 

Karimi et al.[19] also announced that administration 
of DMBA to young rodents enhanced the breast cancer 
induction because their mammary glands are still 
undifferentiated and have high rate of cell proliferation. 
They reported that DMBA is a polycyclic aromatic 
hydrocarbons (PAH) has both carcinogenic and 
immunosuppressive effects. It acts by producing various 
metabolic free radicals leading to oxidative stress due to 
disturbance in cellular oxidant‐antioxidant balance 

The present study is in agreement with Soliman & 
Elfeky[20] who proved that administration of DMBA 20 
mg/kg dissolved in corn oil orally to virgin female rats, 
aged 7 weeks old caused loss of normal architecture of 
mammary ducts with hyperplasia (adenocarcinoma) of 
its lining epithelium and hemorrhage in the blood vessels. 
This study also coincided with Bishayee et al.[17] who 
reported that 50 mg/kg body weight DMBA (dissolved in 
corn oil) administered by oral gavage to rats aged about 8 
weeks showed extensive epithelial proliferation, resulting 
in a fused glandular pattern, nuclear pleomorphism, 
characterized by nuclear enlargement, prominent nucleoli 
and clumping of chromatids. Moreover, epithelial cells 
demonstrated gross variation in nuclear size and irregular 
chromatin. Sections stained with Bcl-2 immunostain in 
mammary glands of this group (DMBA-administered 
subgroup IIa) showed increased cytoplasmic Bcl-2 
immunoreactivity which was highly significantly increased 
compared to control group. It also showed positive 
cytoplasmic Bax immunoreactivity (22.74% ± 5.83), (the 
mean percentage of Bax stained cells in control group was 
5.72% i.e. negative Bax-immunostained) and the Bax/Bcl-
2 ratio in this group was 0.453.  

Tumors were considered as Bax negative if all or most 
of the cancer cells were unstained or (there is <10% of 

positive stained cells) and described as Bax positive if 
more than 10% of cells are positive immunostained[21] 

These results are in agreement with Bishayee et al.[22]

who found that the frequency of Bcl-2-immunopositive 
cells was increased in tumors from oral administration 
of 50 mg/kg DMBA to 8 weeks old virgin rats. This is 
also in agreement with Mulyati et al.[14] who reported 
that the percentage of positive stained Bcl-2 cells after 
DMBA administration to rats was 52.83 ± 3.61 which was 
significantly higher than control group (20.62 ± 10.09). 

Overexpression of Bcl-2 in malignancies was found 
to be associated with drug resistance, while a high Bax 
level was considered a good prognostic indicator[23]. On 
the other hand, the decreased Bcl-2 (antiapoptotic protein) 
expression was found to stimulate the release of cytochrome 
c from mitochondria to the cytoplasm and subsequently 
caused apoptosis by activation of caspases[24,25].

The Bax/Bcl-2 ratio is suggested to be more important 
than either Bcl-2 or Bax alone in determining apoptosis[23]. 
This ratio is a critical determinant of the apoptosis pathway 
and initiation of apoptosis[26]. With higher Bax/Bcl-2 index, 
a significant higher rate of complete remission, a longer 
overall survival and disease-free survival were observed, 
while lower Bax/Bcl-2 ratio was found to be associated 
with poorer prognosis[23]. Also Kubatka et al.[27] stated that 
the increasing Bax/Bcl-2 ratio caused enhanced caspase-
3activity and subsequently induces apoptosis in tumor 
cells. A patient whose tumor has more Bcl-2 or less Bax 
(a Bax: Bcl-2 ratio < 1) may have a poorer response to 
therapy and prognosis than a patient whose tumor has more 
Bax expression or decreased Bcl-2 (a Bax: Bcl-2 ratio ≥ 
1)[15]. In the present study, light microscopic examination 
of sections in mammary glands after administration of 
7,12-dimethylbenzanthracene (DMBA) followed by 
amygdalin injection (subgroup IIb) showed marked 
improvement of epithelial cells hyperplasia evident by 
appearance of numerous lactiferous ducts composed of 
well-organized layers of epithelial cells with prominent 
nuclei and others with pyknotic nuclei and cytoplasmic 
vacuolations. Eosinophilic necrotic materials were present 
in the lumens of milk ducts. The connective tissue showed 
fat cells well connected to each other. The ultrathin sections 
in mammary glands of this group showed many epithelial 
cells with irregular-shaped and half-moon-shaped nuclei 
with peripheral nuclear chromatin condensation and some 
vacuolations were present in the cytoplasm. 

Apoptosis is a highly regulated type of cell death that 
leads to removal of cells that are defective and regulated to 
die. Apoptosis is characterized by morphological changes, 
mainly evident in the nucleus, where the chromatin 
compacts and condenses and takes a crescent or half‐moon 
shape before being fragmented to nuclear hyperchromatic 
apoptotic bodies[28].

Amygdalin is a cyanogenic component in bitter 
almond. The enzymatic hydrolysis of amygdalin yields 
benzaldehyde and hydrocyanic acid. Prunasin is the 
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precursor of amygdalin. Prunasin may be degraded to 
hydrogen cyanide, glucose, and benzaldehyde[29]. So it 
has been a subject of doubt whether amygdalin is a toxic 
chemical or a therapeutic drug when used at the correctly 
administered dose. Several studies were conducted to 
evaluate amygdalin toxicity mainly when administered 
orally. However, rhodanese which is an enzyme present 
in the mitochondria of many organisms is able to convert 
the high cyanide content resulting from amygdalin into a 
harmless thiocyanate[30].

Several studies had shown that amygdalin inhibited the 
proliferation of human colon cancer cell and could also 
reduce the incidence of prostate cancer, lung cancer, colon 
cancer and rectal cancer[31,32,33]. 

In the current work, sections from (subgroup IIb) stained 
with Bcl-2 immunostain showed decreased cytoplasmic 
Bcl-2 immunoreactivity than DMBA-administered 
subgroup while it showed increased cytoplasmic Bax 
immunoreactivity than DMBA-administered subgroup and 
the Bax: Bcl-2 ratio of this group was 1.85. This coincided 
with several studies which supported that amygdalin can 
induce apoptotic cell death of various types of cancer 
cells such as leukemia, prostate cancer and liver cancer 
They had also postulated that amyg¬dalin administration 
increased expression of Bax, while decreased expression 
of Bcl-2[31,32,34,35].

The antitumor effects of amygdalin are mainly through 
affecting cell cycle, inducing apoptosis, producing a 
cytotoxic effect, and regulating the body's immune 
function[36]. Lee & Moon[37] measured the levels of 
expression of apoptosis‐related proteins in breast cancer 
cells, which treated with various concentrations of 
amygdalin, and their results showed that amygdalin caused 
increase in the expression of pro‐apoptotic protein Bax and 
decreased the expression of antiapoptotic Bcl‐2. However, 
the clinical application of amygdalin may be associated 
with toxic effects due to cyanide (one of its metabolites)[38].

Clinically, cyanide toxicity is manifested by Cherry-
red color of skin, nausea, vomiting, dyspnea, confusion, 
seizures and lactic acidosis[39]. Therefore, caution is 
seriously required, although it is reported that amygdalin is 
metabolized in non-toxic dose in normal cells[40].

CONCLUSION                                                                        

From the present study it could be concluded that 
Amygdalin which is a natural compound, had proven its 
cytotoxic effect on cancer cells mainly by increasing the 
pro-apoptotic Bax protein and also by decreasing anti-
apoptotic Bcl-2 protein.

RECOMMENDATIONS                                                         

•	 Amygdalin has an evident anti-cancer effect. 
Further studies are needed using higher doses 
or longer duration of amygdalin to evaluate its 
toxicity before reporting its usage safely in human.

•	 Studies needed to evaluate the use of safe doses 
of amygdalin as adjuvant to traditional cancer 
therapy.
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الملخص العربى

تأثير الأميجدالين )فيتامين B17(على سرطان الثدي المستحث في أنثى الفئران 
الصغيرة:دراسة نسيجية و شكلية قياسية

محمد1،                                            فهمي  مابسة  العليم2،  عبد  أجمد  غادة  يوسف1،  المسيح  عبد  سامية  مطاوع1،  ممدوح  شيماء 
مجدي سعيد مصطفى1

1قسم التشريح الآدمي وعلم الأجنة، 2قسم الكيمياء الحيوية، كلية الطب جامعة طنطا

الخلفية:  يعتبر سرطان الثدي أحد الأسباب الشائعة للوفيات بين النساء في جميع أنحاء العالم. الأميجدالين هو مركب 
نباتي يوجد في نوى العديد من الفاكهة و يتم تكسيرالأميجدالين بواسطة بكتيريا الأمعاء إلى السيانيد.

هدف من العمل: هو دراسة التأثير المحتمل للاميجدالين )فيتامين B17( على ورم الثديي المستحث في إناث الفئران 
البيضاء )دراسة نسيجية ووراثية(.

المواد و الطرق: تم استخدام خمسين أنثى من الفئران البيضاء. تم تقسيم  الحيوانات إلى مجموعتين: المجموعة الضابطة 
)المجموعة  الثانية  المجموعة  فأرًا.   30 من  تتكون  الضابطة(  )المجموعة  الأولى  المجموعة  التجريبية:  والمجموعة 
التجريبية(: تتكون من 20 فأر وقسمت إلى: IIa: ضمت 10فئران. تلقى كل فأر 80 مجم / كجم 7 ، 12-ثنائي ميثيل 
بنزينثراسين )DMBA( مخفف في زيت السمسم )0.5 مل( جرعة واحدة عن طريق الفم. IIb: شمل 10 فئران. تلقى 
كل فأر نفس جرعة DMBA مثل المجموعة الفرعية IIa ثم تلقى الأميجدالين 5 مجم / كجم. تم أخذ عينات من الغدد 

الثديية للدراسات النسيجية والوراثية.
النتائج: أظهر فحص المقاطع المصبوغة بالهيماتوكسيلين و الايوسين من المجموعة الفرعية IIa تضخمًا في الخلايا 
المبطنة للقنوات اللبنية التي أدت الى انسداد التجويف. أظهرت المجموعة الفرعية IIb طبقة منظمة جيداً من الخلايا 
المبطنة المكعبة إلى العمودية ذات النواة البارزة و كانت هناك مواد ميتة في التجويف. بواسطة المجهر الإلكتروني النافذ 
، أظهرت مقاطع في الغدد الثديية من المجموعة الفرعية IIa نوى كبيرة غير منتظمة الشكل مع نوية بارزة. كما لوحظ 
تكتل الكروماتين وزيادة كتلة الكروماتين الحقيقي والجيوب النووية. أظهرت المجموعة الفرعية IIb، نواة على شكل 
نصف قمر. في المجموعة الفرعية IIa ، زادت نسبة​​ bcl-2 مقارنة بالمجموعة الضابطة و كان هناك زيادة في نسبة 

.IIa بشكل كبير مقارنة بالمجموعة bax2 و زادت ​​نسبة-bcl ظهر نقص في نسبة IIb في المجموعة الفرعية .bax
 bax الخلاصة: أثبت الأميجدالين و هو مركب طبيعي  أن له تأثير علاجي على سرطان الثدي خاصة عن طريق زيادة

بروتين


