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Effect of curcumin on the expression 
of Caspase‑3 and Bcl‑2 in the spleen of 
diabetic rats
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Abstract
Background: The spleen is the largest lymphoid organ, concerns with immunological reaction and filtration 
of blood. Diabetes mellitus is a primary disorder of carbohydrate metabolism that cause depletion of oxidant 
defense system. Curcumin has anti‑inflammatory, anti‑proliferative, anti‑apoptotic, anti‑bacterial, anti‑cancer 
and potent antioxidant activities. Aim of the Work: The purpose of this study was to clarify the effect of 
induced type I diabetes on the spleen of albino rat and whether these changes could be prevented by curcumin. 
Materials and Methods: Eighteen albino rats were divided randomly into three groups; control nondiabetic rats; 
untreated diabetic rats and curcumin‑treated diabetic rats. After 8 weeks of treatment, animals were sacrificed; 
spleen was dissected, processed and stained with hematoxylin and eosin and immunohistochemistry for activated 
Caspase‑3 and Bcl‑2.  Results: Diabetes caused decrease in the body weight, degeneration of splenocytes, increased 
Caspase‑3, and reduced Bcl‑2 activity. Treatment with curcumin decreased the blood glucose level, prevented 
the loss of body weight and protected the spleen against diabetic induced structural changes. Conclusion: The 
current results suggested that consumption of curcumin protected the spleen against diabetic induced changes, 
reduced Caspase‑3, and improved Bcl‑2 expression. Thus, curcumin may attenuate the pathologic effects observed 
in the spleen of diabetic rats.
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INTRODUCTION

The spleen is the largest lymphoid organ and the most 
vital organ for the immunological reaction against antigen 
in the blood (Pabst 1993). It is the only organ concerns 

with filtration of blood (Bao et al., 2009). The spleen is 
composed of heterogeneous group of cells, consisting 
mostly of lymphocytes  (T and B lymphocytes), has an 
important role in cellular and humoral immunity (Mebius 
and Kraal, 2005).

Diabetes mellitus is a disorder of carbohydrate metabolism 
with many mechanisms that involve insulin deficiency or 
insulin resistance or both (Olefasky 1992). High blood 
sugar level cause depletion of oxidant defense system 
(Zivic et  al., 2008; Hernández Marco et  al., 2009). 
Excessive reactive oxygen radicles activate the process 
of apoptosis through increasing Caspase‑3 activity and 
suppressing Bcl‑2 expression (Takahashi et al., 2004).

Apoptosis is a form of cell death in tissues. Apoptosis 
is a vital regulatory mechanism on T and B lymphocyte 
expression and maturation in peripheral lymphoid 
organs after antigen recognition  (Rathmell and 
Thompson, 2002).
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Curcumin is a bright yellow compound found in 
turmeric, which is derived from the rhizomes of the plant 
Curcuma longa  (Waltner‑Law et  al., 2002). Curcumin 
has anti‑inflammatory, antiproliferative, pro‑apoptotic, 
anti‑bacterial and anti‑cancer activities (Epstein et al., 2010). 
Curcumin is well known to be a potent antioxidant in 
various in vivo and in vitro models (Araújo and Leon, 2001).

The current study used streptozotocin (STZ) to induce 
diabetes in rats for evaluation of apoptosis in the spleen 
using immunohistochemical stains for activated Caspase‑3 
and Bcl‑2. This study was carried out also to evaluate the 
effect of curcumin on the changes induced by diabetes 
in the spleen.

MATERIALS AND METHODS

Animals
Eighteen adult male albino rats 13–18‑week‑old 
weighting 200–250 g were obtained from the Faculty of 
Pharmacy animal house, Mansoura University. The use 
of experimental animals was prospectively approved by 
the Ehtical Committee at Mansoura University, Faculty of 
Medicine. The animals were housed two or three in a cage 
at a constant temperature 18°C and humidity 45% on a 
12‑h light/dark cycle. They had free access to standard 
diet and drinking water.

Experimental Protocol
The animals were divided randomly into three groups.

Group 1
Control nondiabetic (n = 6) received single intraperitoneal 
injection of sodium citrate buffer  (pH  4.7). The rats 
received regular standard diet for 8 weeks.

Group 2
Streptozotocin‑induced, untreated diabetic rats (n = 6), 
received a single intraperitoneal injection of STZ 
(50 mg/kg body weight) dissolved in 0.1 mol/l sodium 
citrate buffer (pH 4.7). The rats received regular standard 
diet for 8 weeks (Rodrigues et al., 1997).

Group 3
Streptozotocin‑induced diabetic, curcumin‑treated group: 
Curcumin powder, (Sigma Aldrich Company,United States 
of America), in dose of 300 mg/kg/day was mixed with 
the regular diet of the rats and this food was given to the 
rats after establishment of diabetes for 8 weeks.

Two days after STZ treatment, development of diabetes 
was confirmed by measuring blood glucose levels 
in tail vein blood samples. The drop of blood was 
immediately placed onto an ACCU‑CHEK glucose test 
strip and evaluated with the ACCU‑CHEK glucose meter 
(Roche Diagnostic Corporation, Indianapolis, IN, USA). 

Rats with blood glucose levels of 250 mg/dL or higher 
were considered to be diabetic.

During the course of the experiment, the body weights 
of rats in each group were measured weekly. At the 
end of the experiment, rats were sacrificed by cervical 
dislocation and their spleens were removed, and used 
for histopathological analysis.

Histological and Immunohistochemical Procedures
Following fixation, spleens were washed in 0.1 M phosphate 
buffer solution  (PBS) and dehydrated through graded 
ethanol series, cleared in xylene before embedding in 
paraffin. Paraffin blocks were cut into 5 μm coronal serial 
sections, stained with hematoxylin and eosin (H and E) 
and examined by light microscopy.

For immunohistochemical analyses, 5 μ thick sections 
were used for the activated Caspase‑3 detection 
system (Biovision activated Caspase‑3  [1:100] and 
Bcl‑2 [1:100]). In brief, the deparaffinization procedure 
was accomplished in Xylene for 1 h. Rehydration was 
done in 100%, 95%, 80% and 70% alcohol series for 
2 min each. After immersion in distilled water for 5 min, 
sections were washed in PBS for 10 min and exposed to 
microwave radiation at 500 W for 10 min in citrate buffer 
(10 mM, pH 6.0) for antigen retrieval. Then the primary 
antibody was applied in an incubator at 4°C overnight 
then washed with PBS. Then, the biotinylated secondary 
antibody was applied, washed with PBS before incubating 
with the enzyme conjugate and 3,3‑diaminobenzidine 
tetrahydrochloride. The whole procedure was finished 
after staining the sections with Mayer’s hematoxylin.

Image Analysis
Slides were digitized using  Olympus digital camera 
(Olympus LC20- Japan) installed on Olympus microscope 
(Olympus BX-50, Tokyo, Japan) with 1/2X photo 
adaptor, using 40X objective. The result images were 
analyzed on Intel® Core I3® based computer using 
Video Test Morphology 5.2 software (Russia) with a specific 
built‑in routine for immunohistostaining analysis and stain 
quantification. The system measured the area percentage 
of Caspase‑3, Bcl‑2 positive expression.

Images from five slices per spleen were taken 200 μm 
apart. Five visions per slice were randomly chosen 
for assessment of positive cells using image analysis 
software (JID801D). The average grayscale of the positive 
cells was automatically calculated. Immunoreactive 
intensity were expressed by average grayscale. Values <160 
was considered high, 160–170 medium and 170–180 low.

Statistical Analysis
Statistical analysis was done using computer software SPSS 
program (Statistical Package for Social Science) version 
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10,Chicago,USA. All data were expressed as the 
mean ± standard deviation. All the data obtained were 
subjected to statistical analysis using independent samples 
t‑test for parametric values and Mann–Whitney test for 
nonparametric values. The significance level considered 
was P ≤ 0.05.

RESULTS

Effect of  Curcumin Treatment on Blood Glucose Level
Diabetic animals that experienced 8 weeks duration of 
the diabetic state showed a significant increase in blood 
glucose level compared with the control group. Rats 
treated with curcumin showed a significant decrease in 
blood glucose level when compared to the diabetic rats 
[Graph 1].

Changes in Body Weights
Diabetic animals that experienced 8 weeks duration of the 
diabetic state showed a significant decrease in their body 
weight compared with the control group. Rats treated 
with curcumin showed significant weight gain when 
compared to the diabetic rats [Histogram 1].

Histological and Immunohistochemical Findings
Group 1, control group
Hematoxylin and eosin‑stained sections of the spleen 
revealed normal architecture of the spleen without any 
detectable abnormalities [Figure 1a]. The parenchyma 
of the spleen consists of 2 parts White pulp(WP), Red 
pulp (RP). The white pulp consists of lymphocytes 
arranged around central arteriole. White pulp stains 
basophilic in H and E stain. The red pulp is composed of a 
network of cell cords in series with vascular sinuses (VS). 
The splenic cords contain macrophage, plasma cells, 
lymphocytes and other blood cells as erythrocytes and 
granulocytes. VS are wide vascular channels lined with 
endothelial cells [Figure 2a].

In immunohistochemistry stained sections, the 
area percent of positive splenocytes containing 
C a s p a s e ‑ 3  p r o t e i n  w a s  l o w  ( 3 5 %  ±  7 % ) , 
[Figure  3a and Histogram 2]. The area percent of 
positive splenocytes containing Bcl‑2 protein was high 
(46% ± 13%) [Figure 4a and Histogram 3].

Group 2, uncontrolled diabetic group
Hematoxylin and eosin‑stained sections of the spleen 
showed fibrotic contracted area causing distortion 
of the splenic contour. Both red and white pulps 
were replaced by scar tissue. Also, the contour 
of the white pulp was lost and appeared irregular in 
the diabetic group when compared with the control 
group  [Figure  1b]. Some cells appeared degenerated, 
swollen cell with vacuolated cytoplasm and pyknotic 
nuclei [Figure 2b].

In immunohistochemistry stained sections, the area 
percent of positive splenocytes containing Caspase‑3 
protein was high when compared with the control 
group (44% ± 11%), [Figure 3b and Histogram 2]. The 
area percent of positive splenocytes containing Bcl‑2 
protein was decreased when compared with the control 
group (31% ± 8%) [Figure 4b and Histogram 3].

Group 3, curcumin‑treated diabetic rats
Hematoxylin and eosin‑stained sections of the spleen 
revealed the architecture of the spleen without detectable 
abnormalities [Figure 1c]. The parenchyma of the spleen 
consists of 2 parts white pulp and red pulp. The white pulp 
appeared basophilic, consists of lymphocytes arranged 
around central arteriole. The red pulp is composed of 
cell cords in series with VS. The splenic cords contain 
macrophage, plasma cells, lymphocytes and other blood 
cells [Figure 2c].

In immunohistochemistry stained sections, the area 
percent of positive splenocytes containing Caspase‑3 
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protein was low when compared with the diabetic 
group (38% ±9%), [Figure 3c and Histogram 2]. The area 
percent of positive splenocytes containing Bcl‑2 protein 
was increased when compared with the diabetic group 
(40% ±10%), [Figure 4c and Histogram 3].

DISCUSSION

This is the first report to our knowledge, showing 
that curcumin has beneficial effects on splenic tissue 
abnormalities in diabetes. These results raise the possibility 
that curcumin may be helpful in improving the immune 
system in diabetes. Diabetes is a chronic metabolic 
disorder that continues to present a major worldwide 
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Figure 1: Photomicrographs of H and E stained sections (a): Coronal 
section in the spleen of control rat showing normal architecture of the 

spleen. The parenchyma of the spleen consists of white pulp (WP) with 
central arteriole (A), and red pulp (RP). The red pulp is composed of a 

network of cell cords in series with vascular sinuses (VS). (b) The diabetic 
group showed distorted splenic contour. The contours of the white pulp 

were lost and appeared irregular in the diabetic group when compared with 
the control group (arrows). (c) The curcumin-treated group, well-defined 
white pulp can be detected (WB) with central arteriole (A), red pulp (RB). 

The red pulp is composed of a network of cell cords in series with VS 
(H and E, ×100)

cba
Figure 2: (a) Higher magnification of H and E stained sections of control 
group, shows the white pulp consists of lymphocytes, neutrophils (arrow), 

macrophages (arrowhead). (b) The diabetic group shows degenerated cells, 
with vaculated cytoplasm and pyknotic nuclei (arrows). (c) The curcumin-

treated group, the red pulp is composed of a network of cell cords in series 
with vascular sinuses. Neutrophils can be detected (arrow) (H and E, ×400)

cba

Figure 3: (a) Immunohistochemistry stained sections in control spleen, 
the area percent of positive splenocytes containing Caspase-3 protein is 
low. (b) Immunohistochemistry stained sections in diabetic rat, the area 
percent of positive splenocytes containing Caspase-3 protein is high. 

(c) Immunohistochemistry stained sections in curcumin-treated rats, the 
area percent of positive splenocytes containing Caspase-3 protein is low 

(Caspase-3, ×400)

cba

Figure 4: (a) Immunohistochemistry stained sections in control spleen, the 
area percent of positive splenocytes containing Bcl-2 protein is high.  

(b) Immunohistochemistry stained sections in diabetic rat, the area percent of 
positive splenocytes containing Bcl-2 protein is low. (c) Immunohistochemistry 

stained sections in curcumin-treated rats, the area percent of positive 
splenocytes containing Bcl-2 protein is high (Bcl-2, ×100)

cba
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health problem. Diabetes stands out as one of the most 
vital medical problems of the 21st century (Malecki 2004).

In the current study, curcumin treatment caused a 
decrease of the blood glucose level in diabetic rats 
compared to untreated diabetic ones. Similar results were 
reported that curcumin may decrease high blood glucose 
level in diabetic rats. Also, it was found that curcumin 
protected the rats from diabetic body weight reduction. 
This tends to agree with the result that curcumin‑treated 
diabetic rats showed even increase in body weight when 
compared with diabetic rats (Chougala et al., 2012).

Histological examination of the spleen of diabetic 
animals revealed morphological changes in the form of 
disturbance of splenic contour and extensive paranchymal 
fibrosis in spleen of diabetic animals. Similar result was 
reported in diabetic rat spleen which showed disturbed 
architecture (Aktuğ et al., 2010).

As a peripheral lymphoid organ, the spleen stores 
activated immune cells, and spleen lymphocytes are 
very sensitive to apoptotic signals. Apoptosis result in 
the release of cytochrome c from mitochondria and 
activation of a specific class of cytoplasmic enzymes 
known as Caspases (Hofmann et al., 1997). Caspase‑3 
is the key inducer of apoptosis. These activated 
Caspase‑3 destroy numerous cellular structures, leading 
to cell death  (Wang et  al., 2007). The Bcl‑2 family 
proteins are major antagonist of apoptosis. Bcl‑2 which 
could be present in mitochondria has been shown 
to inhibit cytochrome c release and protect against 
oxidative‑induced apoptosis (Yang et al., 1997).

In the current study, it was found that diabetes increased 
the expression of Caspase‑3 immunoreactivity in the 
spleen. On the reverse, the expression of Bcl‑2 was 
significantly decreased by diabetes. Similar result was 
reported that the high glucose concentration enhances 
release of proinflammatory cytokines that mediated 
apoptosis of rat pancreatic islet cells  (Mellado‑Gil and 
Aguilar‑Diosdado 2004).

Curcumin is known to have potent antioxidant and 
anti‑inflammatory properties (Hsuuw et al., 2005). The 
antioxidant effect of curcumin has been considered to 
be mediated via its major effects on eradication of free 
radicals and/or via preventing lipid peroxidation and it 
is at least 10 times more active as an antioxidant than 
Vitamin E (Pandya et al., 2000).

In the present study, curcumin was found to decrease 
structural changes in the spleen. Curcumin‑treated 
rats showed a significant decrease in the expression of 
Caspase‑3 immunoreactivity in the spleen. Curcumin 
treatment significantly increased the expression of Bcl‑2. 

These finding may be explained according to the fact 
that curcumin reduce the changes in lysosomal enzymes 
activities, thereby minimizing the damage caused due 
to diabetes  (Chougala, et  al., 2012). Curcumin also 
decreases lipid peroxidation, increases intracellular 
antioxidant factors (Pandya et al., 2000; Strasser et al., 
2005; Osawa and Kato 2005).

In line with our results, it was found that Caspase‑3 level 
was significantly elevated in diabetic rat pancreas, while 
treatment of diabetic rats within doses of 50 or 300 mg/kg 
curcumin reduced pancreatic Caspase‑3 content without 
dose‑dependent effect  (Kamel et  al., 2014). Also, our 
results were in agreement with the statement that 
treatment with curcumin could reduce apoptotic cell 
death by regulating the activation of Bcl‑2 family proteins 
(Manna et al., 2010).

The specific mechanisms underlying the anti‑diabetic 
action of curcumin are still unknown. It has been 
suggested by some investigators that curcumin may 
inhibit hepatic glucose output and/or stimulate insulin 
secretion from the pancreas  (Ali Hussain 2002). In 
addition, it has been reported recently that anti‑diabetic 
potential of antioxidants such as curcumin may be 
attributed to protection of glucose transporter. However, 
the curcumin supplementation may not be sufficient to be 
used as an ant‑idiabetic on its own (Rungseesantivanon 
et al., 2010).

CONCLUSION

In this study, we investigated whether curcumin could 
protect against structural changes induced by diabetes in 
spleen of albino rats, and we checked the possible effect of 
curcumin on the expression of active Caspase‑3 and Bcl‑2 
in spleen of diabetic rats using immunohistochemistry. 
The current data indicates that curcumin may protect the 
spleen from STZ‑induced diabetic changes.
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