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The potential protective role of flaxseed extract on ventral prostate 
in a rat model of streptozotocin-induced diabetes: A histological 
and immunohistochemical study
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ABSTRACT
Background: Diabetes mellitus is a chronic disorder that can affect the reproductive system leading to fertility dysfunction. 
The prostate plays an important role in the reproduction and it is a frequent target for diabetic complications. Flaxseed is a 
promising alternative in many chronic diseases due to its health benefits. It has a proposed role in controlling diabetes due to 
its wide pharmacological activities. 
Aim: Evaluation of the possible protective role of flaxseed extract on the ventral prostate gland of diabetic rats.
Materials and Methods: Fifty adult male albino rats were used as a control group and experimental group that received 
a single intra-peritoneal injection of streptozotocin (60 mg/kg).  The experimental rats with confirmed diabetes mellitus 
were subdivided into: diabetic group that kept without treatment and diabetic–flaxseed group (400 mg/kg/day orally). After 
four weeks, specimens of the ventral prostate lobes were processed for histological and immunohistochemical study using 
antibodies against Bcl-2, α-smooth muscle actin and androgen receptor. 
Results: In comparison with the control, specimens of the diabetic group showed glandular epithelial atrophy with thickening 
of the fibromuscular stroma. Reduced epithelial height and a statistically significant decrease in Bcl2 immunoexpression were 
observed in the epithelial cells. A statistically significant increase in the collagen fibers and α-SMA immunoexpression was 
seen in the stroma. Androgen receptor immunoreactivity was significantly decreased in both epithelial and stromal cells.  In 
contrast, minimal changes appeared in diabetic-flaxseed group that received flaxseed extract.
Conclusion: Diabetes induced structural alterations in the ventral prostate gland of rats. Administration of flaxseed extract 
attenuated these effects and partially preserved the glandular structure.
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INTRODUCTION                                                                   

Diabetes mellitus (DM) is a worldwide chronic 
metabolic and endocrine disorder affecting over 350 
million people. It is rapidly increasing out of proportion 
due to modern lifestyle habits[1]. Its adverse effects on 
male sexual and reproductive organs are well established. 
Impotency, impaired spermatogenesis, reduced sperm count 
and motility and prostatic complications are commonly 
encountered in patient with diabetes[2,3]. Oxidative stress 
associated with hyperglycemia has been postulated to be 
responsible for development of these complications[4]. 

The prostatic fluid plays a major role in maintenance 
of sperm quality. Thirty five percent of diabetic patients 
suffer from infertility due to reduced sperm quality. The 
prostate contributes to diabetic male infertility due to 
reduced volume of the prostatic secretion or increased 
semen viscosity during the gland pathology. The increased 
viscosity leads to impaired semen parameters especially 
sperm motility. The association between diabetes and 

prostate gland pathology has been reported in several 
studies. It was attributed to metabolic disturbance or 
changes in sex hormone levels in diabetic patients[5]. 
Previous study reported that type 2 DM is associated with 
low serum testosterone and prostate specific antigen and 
increased prostate volume. Moreover, inhibition of growth 
of the prostate stem epithelial cells occurs due to reduction 
of insulin[6,7].

The function and survival of epithelium of prostate 
gland are dependent on androgens which are affected by 
DM. The biological effects of these hormones are mediated 
by androgen receptors. In rat, the androgen receptors are 
found in all lobes of the prostate gland mainly in the 
epithelial cells and the surrounding stromal cells[6,8]. 
Moreover, the prostatic stroma directly affects the epithelial 
cell behavior (growth and function) under androgen control 
and is activated as a response to prostate injury[9].

Flaxseed or linseed comes from an annual herb called 
flax plant. It has been used in many countries as food or 
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medicines in various forms as flour, oil and seed. Recently, 
the flaxseed is being a focus of increased interest in the 
field of disease research due to the health benefits of its 
biologically active compounds[10]. The seed is a good source 
of dietary fibers, α-linolenic acid and lignans (bioactive 
polyphenolic phytochemicals). It helps effectively in 
controlling many chronic disorders as cardiovascular 
diseases, strokes, cancers and diabetes[11,12]. Previous 
clinical study reported that regimen diet containing 
flaxseed in supplemented bakery for 12 weeks decreases 
the blood glucose and lipid profile in type 2 DM[13]. 

Based on the previous data, this work was designed to 
study the effect of streptozotocin-induced diabetes on the 
ventral prostate gland in adult albino rats and to evaluate 
the potential role of flaxseed extract in ameliorating 
the diabetic effect on the prostate employing different 
histological and immunohistochemical methods.

MATERIALS AND METHODS                                         

Chemicals

1. Streptozotocin: a white powder in a glass bottle 
(1gram) obtained from Sigma Chemical Co. (CAS 
Number 18883-66-4). It is used to induce type I 
diabetes mellitus.

2. Flaxseeds: They were purchased as a pouch of 
250 grams of organic brown flax seeds with a 
brand name Markal (Part number: GRALBC250, 
Markal, Snacks). The seeds were grinded and 
the powder was used for preparation of the crude 
extract. About 100 grams of the flaxseeds powder 
was soaked in 2 liters of 70% aqueous methanol 
solution for 5 days. After 5 days, supernatant was 
separated and the remaining plant material was 
again soaked in 70% aqueous methanol solution 
for another 5 days. The supernatant was again 
separated. The filtrates for the two collections were 
concentrated by using a rotary evaporator to get 
the crude extract[14].

The experimental design

This study was approved by the Research Ethics 
Committee of Faculty of Medicine, Tanta University, 
Egypt and was performed in accordance with Guidelines 
for Ethical Conduct in the care and Use of all animals 
(Approval code: 32637/10/18).

The experiment was designed by dividing 50 adult male 
albino rats weighing 200-255 grams each into 2 groups:

1. Group I (control group): included 30 rats that 
were subdivided into 3 equal subgroups: the first 
(subgroup IA) received no treatment, the second 
(subgroup IB) received a single intraperitoneal 
(IP) injection of 0.2 ml of 0.1 M sodium citrate and 
the third (subgroup IC) received flaxseed extract at 
a dose of 400 mg/kg/day orally.

2. Group II (experimental group): included 20 rats 

that received a single IP injection of 60 mg/kg 
streptozotocin dissolved in sodium citrate just 
before injection[15]. The blood glucose levels 
were measured three days after the streptozotocin 
injection by a blood glucose meter (Accu-Check 
Advantage, Roche, Germany). Animals with blood 
glucose level of (≥250 mg/dl) were considered 
diabetic[16]. They were rearranged into two equal 
subgroups (10 rats each): 

A. Subgroup IIA (diabetic group): that was 
kept without additional treatment.

B. Subgroup IIB (diabetic-flaxseed group): 
that received flaxseed extract at a dose of 
400 mg/kg/day orally[15]. 

After 4 weeks, all rats were anaesthetized by an IP 
injection of pentobarbital in a dose of 50 mg/kg[17]. The 
ventral lobe of the prostate gland was dissected out and 
processed for the light microscopic examination.

For histological study: The prostate specimens 
were fixed in 10% neutral-buffered formalin, washed, 
dehydrated, cleared and then embedded in paraffin. 
Sections of 5μm thickness were stained with haematoxylin 
and eosin (H&E)[18] and Mallory’s trichrome stain[19].

For immunohistochemistry: Sections of 5μm thickness 
were dewaxed, rehydrated, and washed with phosphate 
buffered saline (PBS). The sections were incubated in a 
humid chamber with the primary anti-Bcl2 antibody (1:1000 
dilution[20]) (rabbit polyclonal antibody, ab59348, Abcam), 
anti-androgen receptor (AR) antibody (1:100 dilution[21])
(rabbit polyclonal antibodies, ab133273, Abcam) and 
anti-Alfa smooth muscle actin (α-SMA) antibody (1:500 
dilution[22]) (mouse monoclonal antibody, clone 1A4, 
ab7817, Abcam), in PBS overnight at 4°C. Thereafter, it was 
washed in PBS buffer, and co-incubated with biotinylated 
secondary antibody (Dako North America, Inc., CA, 
USA) for one hour at room temperature. Streptavidin 
peroxidase was added for 10 minutes and rinsed three 
times in PBS. The immunoreactivity was visualized using 
3, 3’diaminobenzidine (DAB)-hydrogen peroxide as a 
chromogen. Finally, the sections were counterstained with 
Mayer's haematoxylin. The negative control sections were 
processed without addition of the primary antibodies[23]. 
For positive controls, the human prostate adenocarcinoma 
tissue was used for AR and Human breast ductal carcinoma 
tissue was used for α-SMA[24,25]. For Bcl2, human colon 
carcinoma tissue was used as a positive control according 
to the product data sheet.

Morphometric assessment and statistical analysis

For morphometric study, Image analysis system (Leica 
Q 500 MC program) at Central Research Lab, Tanta 
Faculty of Medicine was used to determine the following 
parameters “in ten different fields from each specimen”:

1. The height of the prostatic epithelium (µm) in 
H&E stained sections (X400). 
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2. The area percentage of collagen fibers (%) in 
Mallory trichrome stained slides (X200). 

3. The color intensity of the positive immunoreaction 
for Bcl-2 (X1000), α-SMA (X400), AR (X1000).

For analysis of the morphometric data, one-way analysis 
of variance (ANOVA) followed by Tukey’s procedure was 
performed for comparison between all groups by using 
statistical package for social sciences statistical analysis 
software (version 11.5; SPSS Inc., Chicago, Illinois, 
USA). Mean values ± standard deviation were calculated. 
Probability values P<0.05 was considered as significant.

RESULTS                                                                                           

No deaths were reported in the present work.

I- Histological results

H&E stain

Specimens obtained from all control subgroups              
(Group I) showed the same normal histological structure 
of rat ventral prostate. Prostatic acini of variable sizes and 
shapes appeared with thin fibromuscular stroma between 
them. The glandular epithelium of the acini was simple 
cuboidal and/or columnar having basal rounded or oval 
nuclei. Some acini exhibited epithelial folding into their 
lumen which was filled with homogenous acidophilic 
secretion (Figures1 and 2). 

Examination of the prostate specimens of diabetic 
group (Subgroup IIA) revealed some alterations in the 
histological structure of the acini and stroma. There was 
apparent reduction in size of the acini and lumen compared 
to control group. The acini were separated by wide spaces 
containing stromal elements. The glandular epithelium 
was low (cuboidal or flat) with less epithelial folds                                     
(Figure 3). Some epithelial cells showed vacuolated 
cytoplasm and small deeply stained pyknotic nuclei                                                                                                  
(Figure 4). Scanty lightly stained prostatic secretion was 
observed in the lumen of other acini. Thickened stroma 
with cellular infiltration and dilated congested blood 
vessels was noticed (Figure 5).

Concerning the diabetic-flaxseed group (Subgroup 
IIB), administration of the flaxseed extract to diabetic 
rats partially preserved most of the epithelial and stromal 
structures. The glandular epithelium was mostly columnar 
and appeared taller than the diabetic group. In addition, 
the stromal spaces between the prostatic acini became 
narrower than that of the diabetic group (Figure 6).

Mallory’s trichrome stain

Mallory’s trichrome-stained sections of the control 
group showed scanty collagen fibers in the stroma between 
the prostatic acini (Figure 7). The diabetic group showed 
abundant collagen fibers deposition between the acini 
(Figure 8), whereas sections from the diabetic-flaxseed 
group revealed minimal amount of collagen fibers between 
the prostatic acini (Figure 9).

II- Immunohistochemical results

Bcl2 antigen immunostaining: Bcl2-immunostained 
prostate sections of the control group (Group I) showed 
strong positive cytoplasmic immunoreaction for Bcl2 in 
the acinar cells (Figure 10). Diabetic group (Subgroup IIA)
showed that numerous acinar cells expressed weak positive 
cytoplasmic immunoreaction for Bcl2 (Figure 11), while 
the diabetic-flaxseed group (Subgroup IIB) expressed 
moderate positive cytoplasmic immunoreaction for Bcl2 in 
some acinar cells (Figure 12).

α-SMA immunstaining: α-SMA immunostained 
prostate sections from the control group (Group I)revealed 
weak positive cytoplasmic immunoreaction in the smooth 
muscle cells around the prostatic acini (Figure 13). In 
the diabetic group (Subgroup IIA), a strong positive 
cytoplasmic immunoreaction for α-SMA was noticed 
in the smooth muscle cells around the proatatic acini                       
(Figure 14) while the diabetic-flaxseed group (Subgroup 
IIB),  a moderate positive cytoplasmic immunoreaction 
appeared (Figure 15).

Androgen receptor immunostaining: AR-
immunostained prostate sections of the control group 
(Group I) showed a strong positive nuclear reaction in the 
acinar and stromal cells (Figure 16). In the diabetic group 
(Subgroup IIA), a weak positive nuclear reaction for AR 
was observed in many acinar and stromal cells (Figure 17), 
whereas in the diabetic-flaxseed group (Subgroup IIB) a 
moderate positive nuclear reaction for AR was detected in 
some acinar and stromal cells (Figure 18).

III- Morphometric and statistical results (Table 1)

The mean height of the prostatic epithelium in the 
diabetic group (Subgroup IIA) was significantly decreased 
compared to the control, while the diabetic-flaxseed 
group (Subgroup IIB) showed a non-significant decrease 
compared to the control.

The mean area percentage of collagen fiber content in 
the diabetic group (Subgroup IIA) showed a significant 
increase compared to the control group, while the diabetic-
flaxseed group (Subgroup IIB) showed a non-significant 
increase compared to control group.

The mean color intensity of Bcl2-positive 
immunoreaction in the diabetic group (Subgroup IIA)
showed a significant decrease compared with the control 
group, whereas the diabetic-flaxseed group (Subgroup 
IIB) showed a non-significant decrease compared with the 
control.

The mean color intensity of α-SMA positive 
immunoreaction in the diabetic group (Subgroup IIA)
showed a significant increase compared to the control 
group, while the diabetic-flaxseed group (Subgroup IIB)
showed a non-significant increase compared to the control.

The mean color intensity of AR-positive 
immunoexpression in the diabetic group (Subgroup IIA)
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showed a significant decrease compared with the control 
group, whereas the diabetic-flaxseed group (Subgroup 
IIB) showed a non-significant decrease compared with the 
control.

Fig. 1: A photomicrograph of a section in the ventral prostate of an adult 
albino rat from the control group showing prostatic acini (arrow) of 
variable sizes and shapes with thin fibromuscular stroma (S) in between. 
Notice the epithelial folds (arrow head) into the acinar lumen which is 
filled with homogenous acidophilic secretion (*).  (H&E, X200; Scale 
bar = 100µm) 

Fig. 2: A higher magnification of the previous prostatic acini lined with 
either simple cuboidal and/or columnar epithelium (arrow) having basal 
rounded or oval nuclei. (H&E, X400; Inset, X1000; Scale bar = 50µm)

Fig. 3: A photomicrograph of a section in the ventral prostate of an adult 
albino rat from the diabetic group (Subgroup IIA) showing apparent 
marked decrease in size and lumen of some acini (arrow) with thick 
condensed stroma (S) in between. The inset shows low cuboidal or flat 
epithelium with minimal epithelial folds (arrow head). (H&E, X400; 
Inset, X1000; Scale bar = 50 µm)

Fig. 4: A photomicrograph of a section in the ventral prostate of an adult 
albino rat from the diabetic group (Subgroup IIA) showing some epithelial 
cells with vacuolated cytoplasm and small deeply stained pyknotic nuclei 
(arrow). (H&E, X400; Inset, X1000; Scale bar = 50µm)

Fig. 5: A photomicrograph of a section in the ventral prostate of an adult 
albino rat from the diabetic group (Subgroup IIA) showing increased 
stroma (S) with abnormal cellular infiltration [arrow head] and dilated 
congested blood vessels (wavy arrow). Notice the scanty lightly stained 
prostatic secretion in the lumen of some acini (*). (H&E, X200; Scale 
bar = 100µm)

Fig. 6: A photomicrograph of a section in the ventral prostate of an adult 
albino rat from the diabetic-flaxseed group (Subgroup IIB) showing 
prostatic acini lined mostly by columnar epithelium with numerous 
epithelial folds (arrow). Notice apparently narrow stromal spaces (S)
between the acini with few infiltrating cells (arrow head) and mild dilated 
congested blood vessels (wavy arrow). (H&E, X200; Inset, X1000; Scale 
bar = 100µm)
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Fig. 7: A photomicrograph of a section in the ventral prostate of an adult 
albino rat from the control group showing scanty collagen fibers (C) in 
the stroma between the prostatic acini. (Mallory’s trichrome, X200; Scale 
bar = 100µm)

Fig. 8: A photomicrograph of a section in the ventral prostate of an adult 
albino rat from the diabetic group (Subgroup IIA) showing abundant 
collagen fibers (C) deposition in the stroma between the prostatic acini. 
(Mallory’s trichrome, X200; Scale bar = 100µm)

Fig. 9: A photomicrograph of a section in the ventral prostate of an adult 
albino rat from the diabetic-flaxseed group (Subgroup IIB) showing 
minimal collagen fibers (C) in the stroma between the prostatic acini. 
(Mallory’s trichrome, X200; Scale bar = 100µm)

Fig. 10: A photomicrograph of a section in the ventral prostate of 
an adult albino rat from the control group showing strong positive 
cytoplasmic immunoreaction for Bcl2 in the acinar cells (arrow). (Bcl2 
immunostaining, X 1000; Scale bar = 25µm)

Fig. 11: A photomicrograph of a section in the ventral prostate of an 
adult albino rat from the diabetic group (Subgroup IIA) showing weak 
positive cytoplasmic reaction for Bcl2 in many acinar cells (arrow). (Bcl2 
immunostaining, X 1000; Scale bar = 25µm)

 

Fig. 12: A photomicrograph of a section in the ventral prostate of an 
adult albino rat from the diabetic-flaxseed group (Subgroup IIB) showing 
moderate positive cytoplasmic reaction for Bcl2 in some acinar cells 
(arrow). (Bcl2 immunostaining, X 1000; Scale bar = 25µm)
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Fig. 13: A photomicrograph of a section in the ventral prostate of an adult 
albino rat from the control group showing weak positive cytoplasmic 
immunoreaction for α-SMA in the smooth muscle cells around the 
prostatic acini (arrow). (α-SMA immunostaining, X 400; inset, X 1000; 
Scale bar = 25µm)

Fig. 14: A photomicrograph of a section in the ventral prostate of an adult 
albino rat from the diabetic group (Subgroup IIA) showing strong positive 
cytoplasmic reaction for α-SMA in the smooth muscle cells around the 
prostatic acini (arrow). (α-SMA immunostaining, X 400; inset, X 1000; 
Scale bar = 25µm)

Fig. 15: A photomicrograph of a section in the ventral prostate of an 
adult albino rat from the diabetic-flaxseed group (Subgroup IIB) showing 
moderate positive cytoplasmic reaction for α-SMA in the smooth muscle 
cells around the prostatic acini (arrow). (α-SMA immunostaining, X 400; 
inset, X 1000; Scale bar = 25µm)

Fig. 16: A photomicrograph of a section in the ventral prostate of an 
adult albino rat from the control group showing strong positive nuclear 
immunoreaction for AR in the acinar (arrow) and stromal (arrow head)
cells. (AR immunostaining, X 1000; Scale bar = 25µm)

Fig. 17: A photomicrograph of a section in the ventral prostate of an adult 
albino rat from the diabetic group (Subgroup IIA) showing weak positive 
nuclear reaction for AR in many acinar (arrow) and stromal (arrow head)
cells. (AR immunostaining, X 1000; Scale bar = 25µm)

Fig. 18: A photomicrograph of a section in the ventral prostate of an 
adult albino rat from the diabetic-flaxseed group (Subgroup IIB) showing 
moderate positive nuclear reaction for AR in some acinar (arrow) and 
stromal (arrow head) cells. (AR immunostaining, X 1000; Scale bar = 
25µm)
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Table 1: Summarizes the epithelial height, the area percentage 
of collagen fibers and the color intensity of Bcl2, α-SMA and 
AR immunoreaction [Mean ± standard deviation] in different rat 
groups.

              Groups        
Parameters Group I Group IIA Group IIB

Epithelial 
height (µm) 13.118±0.696 7.558±0.647* 12.406±0.813

Area percentage of 
collagen fibers (%) 8.295±0.580 15.276±0.939* 8.777±0.459

Color intensity 
of Bcl2 66.219±0.897 50.371±1.167* 65.497±0.612

Color intensity 
of α-SMA 18.464±0.963 25.645±0.948* 19.324±0.863

Color intensity 
of AR 26.191±0.907 17.821±0.883* 25.475±0.549

*P < 0.05 is significant versus control (Group I)

DISCUSSION                                                                        

Fertility dysfunction is considered a major diabetic 
complication in males due to the detrimental effects of 
diabetes on the reproductive system. These complications 
are generally not preventable; therefore clinicians must be 
aware of the potential fertility complications caused by 
diabetes mellitus[26]. Many clinical studies have reported 
the health benefits of flaxseed and its effective role in 
controlling the blood glucose level in diabetic patients[13]. 
Accordingly, this work aimed to study the effect of 
streptozotocin-induced diabetes on the ventral prostate 
gland in adult albino rats and to evaluate the potential 
role of flaxseed extract in ameliorating the diabetic effect 
on the prostate employing different histological and 
immunohistochemical methods.

After reviewing the results of this study, it could be 
concluded that streptozotocin-induced diabetes altered 
the histological structure of the ventral prostate gland 
in rats. These were in the form of atrophic changes and 
apoptosis in the glandular epithelium which showed a 
significant reduction in the mean epithelial height and Bcl2 
immunoexpression (anti-apoptotic protein). In addition, 
there was marked thickening of the fibromuscular stroma 
which showed a significant increase in collagen area 
percentage and α-SMA immunoexpression (a specific 
marker for smooth muscle cells). Moreover, there was a 
significant reduction in AR immunoexpression in both 
epithelial and stromal cells of diabetic rats.  Administration 
of flaxseed extract to diabetic rats protected the prostate 
tissue and partially prevented most of the epithelial and 
stromal changes appearing more or less as control group. 

These results coincided with previous studies 
indicating that Streptozotocin-induced DM suppressed 
the reproductive activity due to hyperglycaemia-induced 
oxidative stress and structural alterations in the testes[3,5,27]. 
Moreover, other study reported that the prostate structural 
changes observed in diabetic animals were identical to 
those observed in castrated animals[28]. 

The prostate epithelial changes were attributed to lack 
of the anabolic activity of insulin as well as depletion of 
testosterone which have an important role in epithelial 
cell proliferation and normal secretory function leading to 
severe epithelial atrophy in diabetic rats[4]. This was evident 
in this study by the significant decrease in the height of the 
glandular epithelium.  

It was reported that DM-associated hyperglycemia 
induces oxidative stress through free radical over load 
or defective endogenous antioxidant mechanisms. In 
addition, DM causes reduced serum testosterone level 
due to its damaging effects on testicular and epididymal 
structure as well as low luteinizing hormone (LH) level 
and suppression of lydig cell activity. So, hyperglycemia-
induced oxidative stress and reduced testosterone level in 
diabetic rats may responsible for prostate damage[5].   

This study showed a statistically significant increase in 
the collagen area percentage and α-SMA immunoexpression 
denoting stromal tissue hypertrophy. This finding coincided 
with other studies which reported marked thickening of the 
extracellular matrix of the prostate gland with increased 
collagen deposition and hypertrophied smooth muscle cells 
in diabetic and castrated rats. These stromal changes were 
attributed to androgen depletion and were explained by 
being an attempt to preserve the integrity of the glandular 
epithelium and the secretory process[9,29,30]. In addition, 
this increase in the stromal elements of diabetic prostate 
would induce a reactive stromal microenvironment that 
may lead to proliferation, cell migration and pathological 
processes. So, it could be concluded that diabetes induced 
effective remodeling of the stroma of the prostate gland 
leading to increase in collagen fibers and smooth muscle 
cells hypertrophy[4,31]. 

The results of this research revealed also a statistically 
significant decrease in the immunoexpression of Bcl2 
indicating increased apoptosis in the glandular epithelium. 
Bcl2 is a protein that belongs to Bcl-2 family and plays 
an anti-apoptotic role. Overexpression of Bcl-2 enhances 
cell survival by suppressing apoptosis. In cells subjected to 
apoptosis-inducing stimuli as diabetes, Bcl2 expression is 
significantly reduced and is associated with increased level 
of pro-apoptotic protein such as Bax.  The increased Bax/
Bcl2 ratio leads to cytochrome-c release from mitochondria 
triggering apoptosis[32]. This was in agreement with the 
findings of other researchers[5]. Many studies reported that 
DM stimulates apoptosis and reduces cell proliferation in 
various organs. This was discussed to be directly related to 
low testosterone level and oxidative stress induced DNA 
damage. Testosterone has the ability to up regulate the 
anti-apoptotic gene expression for Bcl2[33,34,35]. In addition, 
there was a significant decrease in AR immunoexpression 
which was related mainly to testosterone depletion in 
diabetic condition[36]. It was reported that the expression 
of AR mRNA decreases in epididymis, testis and prostate 
of diabetic rats that weaken the biological effects of AR. 
So, this might be responsible for prostate dysfunction in 
DM[37].
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In the current study, flaxseed extract was introduced to 
evaluate its probable role in alleviating the diabetic effect 
on prostate. Flaxseed extract exerted a protective effect on 
prostate tissue that was evident in the different histological 
and immunohistochemical findings. The parenchymal and 
stromal structures were partially preserved. It was proved 
that flaxseed possesses hypoglycemic effect which was 
attributed mainly to its anti-oxidative activity. In addition, 
it contains dietary fibers that delay the glucose absorption 
in the digestive system. It activates the extra cellular signal 
regulated kinase pathway to control the secretion of a 
glucagons-like peptide-1, thereby enhancing the insulin 
secretion. Moreover, it decreases insulin resistance and 
improves insulin action by increasing glucose transport[13]. 
Flaxseed is a rich source for lignans that have anti-
diabetic action through lowering C-reactive protein 
concentration which is linked to insulin resistance. So, it 
enhances peripheral insulin sensitivity aiding in prevention 
and control of diabetes mellitus type I and type II[10,38]. 
Therefore, This could in part explain the ameliorating 
anti-diabetic effect exerted by flaxseed extract on prostate 
during the course of the present study.

Flaxseed reduces the oxidative stress and DNA damage 
in different tissues of rats[11]. The most abundant vitamin 
in flaxseed is vitamin E which protects cell components 
from the damaging effects of free radicals[39,40]. It increases 
anti-oxidant enzymes in addition to its free radicals 
scavenging effect. Therefore, the beneficial effects of 
flaxseed in controlling diabetes were attributed not only 
to its hypoglycemic effect but also to its anti-oxidant 
activity[41,42,43]. 

Additionally, Flaxseed controls the inflammatory 
biomarker levels and reduces the cellular infiltration and 
fibrosis[13,44]. It reduces the production of the inflammatory 
cytokines as IL-1, IL-6, TNF and CRP through inhibition 
of NF-Κb (nuclear factor kappa-light-chain-enhancer 
of activated B cells).  This anti-inflammatory action was 
attributed to omega-3 fatty acids which are one of the 
flaxseed constituents. Omega-3 fatty acids regulate the 
expression of adhesion molecules as VCAM-1 that helps in 
leukocyte-endothelial interaction[42,45,46]. Previous study on 
prostate gland showed that flaxseed modulates the enzymes 
involved in hormone metabolism that can improve prostate 
metabolism[47].

Moreover, it was reported that 10% dietary flaxseed 
increases serum testosterone level as well as serum LH 
level and improves sperm count[48]. This was in line with the 
increased AR immunoexpression as well as the decreased 
collagen area percentage and α-SMA immunoexpression in 
diabetic flaxseed group due to improved serum androgen 
level.

Flaxseed exerted also anti-apoptotic effect on prostate 
which was attributed to its active constituent α-linolenic 
acid. It disrupts intrinsic and extrinsic cell death 
pathways triggered by sustained inflammatory cytokine 

stimulation. It prevents cytochrome-c release and inhibits 
the depolarization of the mitochondrial outer membrane 
caused by cytokines. The mechanism by which flaxseed 
interfered with cytochrome-c release is by regulating the 
Bcl-2 family proteins and Bax/Bcl2 ratio blocking the 
apoptotic cascade[49,50]. 

It was reported that flaxseed promotes tissue 
regeneration in various organs as pancreatic islets and 
bone[51,52]. In addition, the linolenic acid in flaxseed 
promotes the cell viability and proliferation activity of stem 
cells[53]. The prostate stem/progenitor cells were identified 
and characterized. It has been hypothesized that these cells 
are found in the basal cell layer of the prostatic acini and 
they are independent of androgen for their survival. The 
regeneration of the parenchymal structures is dependent on 
proliferation of the basal cells of the acini[54]. So, flaxseed 
promoted the proliferative activity of the prostate stem/
progenitor cells to preserve the parenchymal structure of 
prostate in diabetic rats. 

In conclusion, this study showed that streptozotocin-
induced diabetes altered the histological structure of the 
ventral prostate gland in rats. Flaxseed extract exerted a 
potent protective effect on prostate gland of diabetic rats 
through its anti-diabetic (hypoglycemic), anti-oxidant, 
anti-inflammatory and anti-apoptotic activities. Therefore, 
flaxseed may be a useful therapeutic agent for diabetic 
patients to minimize the prostate complications.
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الملخص العربى

الدور الوقائى المحتمل لمستخلص بذور الكتان على البروستاتا 
البطنية فى نموذج لداء السكري المستحث بالستربتوزوتوسين 

فى الجرذ: دراسة هستولوجية وهستوكيميائية مناعية
أميرة عدلى كساب

 قسم الهستولوجيا-كلية الطب- جامعة طنطا

المقدمة: داء السكري هو اضطراب مزمن يمكن أن يؤثر على الجهاز التناسلي مما يؤدي إلى خلل في الخصوبة. تلعب 

العديد  الكتان بديل واعد في  التكاثر وهو هدف متكرر لمضاعفات مرض السكري. بذور  البروستاتا  دوًرا مهًما في 

من األمراض المزمنة بسبب فوائده الصحية. كما أن لها دور مقترح في السيطرة على مرض السكري بسبب أنشطتها 

الدوائية واسعة النطاق.

الجرذان  في  البطنية  البروستاتا  غدة  على  الكتان  بذور  لمستخلص  المحتمل  الوقائي  الدور  تقييم  البحث:  من  الهدف 

المصابة بداء السكري.

مواد وطرق البحث: تم استخدام خمسون جرذاً من ذكور الجرذان البيضاء كمجموعة ضابطة ومجموعة تجريبية تلقوا 

المصابة  التجريبية  الجرذان  وقسمت  كجم).   / مجم   ٦٠) الستربتوزوتوسين  من  البريتونى  الغشاء  داخل  واحدة  حقنة 

بذور   - السكري  ومجموعة  معالجة  بدون  ظلت  والتي  بالسكري  المصابة  المجموعة  إلى:  المؤكد  السكري  بمرض 

الكتان (٤٠٠ ملغم / كغم / يوم بالفم). بعد أربعة أسابيع ، تم تجهيز عينات من فصوص البروستاتا البطنية للدراسة 

النسيجية والهستوكيميائية المناعية باستخدام األجسام المضادة لل بى-سى-ال 2و أكتين العضالت الملساء ألفا ومستقبالت 

االندروجين.

النتائج: وبالمقارنة بالمجموعة الضابطة، أظهرت عينات مجموعة السكري ضمور طالئي غدي مع سماكة السدى الليفي 

العضلي.  وقد لوحظ انخفاض فى ارتفاع الخاليا الظهارية وانخفاض ملحوظ من الناحية اإلحصائية في التفاعل المناعى 

لل بى-سى-ال ٢ في الخاليا الظهارية.كما شوهد زيادة ذات داللة إحصائية في ألياف الكوالجين و فى التفاعل المناعى 

لمستقبالت  المناعى  التفاعل  فى  ملحوظ  بشكل  انخفاض  لوحظ وجود  كمل  السدى.  في  ألفا  الملساء  العضالت  ألكتين 

االندروجين في كل من الخاليا الظهارية والسدى. وفي المقابل ، ظهرت تغييرات قليلة في مجموعة السكرى- بذور 

الكتان التي تلقت مستخلص بذور الكتان.

االستنتاج: داء السكري سبب تغييرات تركيبية في غدة البروستاتا البطنية للجرذان. مستخلص بذور الكتان خفف من 

هذه التأثيرات وحافظ جزئيا على تركيب الغدة.


