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Abstract: The aim of this study was to investigate the effects of caffeic acid phenethyl ester (CAPE) as anti-

diabetic therapy on induced immunoregulated diabetes. Swiss mice were injected cyclosporine (CsA) (20 

mg/kg/day, s.c.) for 10 days and simultaneously received multiple low doses of streptozotocin (MLDSTZ) 

(40mg/kg/day, i.p.) for 5 sequence days.  

Results showed that administrating CAPE 5μM/kg i.p./every 2 days decreased significantly (p≤0.05) the 

blood glucose levels. Such treatment improved serum insulin levels by 93.8%. 

An in vivo anti-inflammatory effect of CAPE was noticed by a decrease in IL-1β, IFN-γ and NO. An 

anti-angiogenic effect of CAPE in vivo was showed, as determined by a significant (p≤0.05) reduction in serum 

angiopoietin (Ang-2) (4.91 ng/ml, by 50%), matrix metalloproteinase (MMP-9) reduction (139.1 ng/ml, by 30 %) 

and elevation of endostatin level in mice serum (1.8 ng/ml, by 34%) compared with untreated groups. 

Histopathological examination revealed regenerated and free of mononuclear cells infiltration after treatment. 

CAPE has a significant anti-diabetic effect on mice in vivo. Moreover, angiogenic factors inhibited, which may 

oppose equilibrium to the CAPE angiostatic elevation. These results could provide clues for the future 

applications of CAPE as anti-diabetic therapy in human experimentations. 
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INTRODUCTION 
 

Diabetes mellitus is a group of metabolic disorder. It is characterized by high glucose level 

that results from mild to moderate insulin deficiency and is combined with a broad spectrum 

of human diseases and complications (Gispen and Biessels, 2000). Insulin-dependent diabetes 

mellitus type1 is an autoimmune disease induced by interruption of the normal structure or 

function of pancreatic β-cells (Rother, 2007; Foulis, 1987). 
 Pro-inflammatory cytokines such as IL-1β and IFN-γ are considered critical factors 

that induce and accelerate β-cell destruction through direct cytotoxic effects, using 

mechanisms that involve the induction of free radicals and apoptosis-activating pathways in 

β-cells (Major et al., 1999). However, indirect β-cell destruction may be mediated through 

mechanisms including the activation of auto-reactive T cells (Lehmann et al., 1993), 

mailto:melrefaei2000@yahoo.com


               Soha  H. Abduljawad, Mohamed F.  El-Refaei and   Nermeen N. El-Nashar            31 

J. Saudi Soc. for Food and Nutrition, Vol. No. 1&2;2013 

inhibition the secretion of soluble cytokine antagonists (Faust et al., 1996) and increase in 

cellular response to a molecular stimulus of MHC class I and Fas receptor on the β-cells 

surface (Suarez-Pinzon et al., 1999).                                                                  

Recently, it has been reported that inadequacy in the angiogenic equipoise may cause 

alteration either excessive angiogenesis or anti-angiogenesis (Nyberg et al., 2005). 

Furthermore, angiogenesis has essential role in development of organ homeostasis, such as 

embryonic placenta development, collateral shape, or existence, wound curing, and 

granulation (Xu et al., 2012; Folkman, 2007). However, angiogenesis is usually associated 

with dysfunctions of tissues and organs, in which case it is referred to as pathologic 

angiogenesis (Simon-Assmann et al., 2011; Nyberg et al., 2005). 

Vascular endothelial growth factor (VEGF) is an angiogenic regulator that has been 

associated with several diabetic complications. Matrix metalloproteinase (MMP) is another 

major contributor to angiogenesis help adulterate the proteins that keep the vessel potential. 

This proteolysis allows the endothelial cells to slip away into the interstitial matrix, as 

observed in growing angiogenesis. The suppression of MMPs impeded the new capillaries 

formation (Haas et al., 2000). Moreover, the levels of plasma Ang-2 (opposing views Ang-1), 

like the levels of VEGF, is commonly high in hyperglycemias and are associated with reveals 

of endothelial injury or impaired functioning (Lim et al., 2005). 

Angiopathy is vascular malformation that are associated with angiogenic abnormal 

vasculature. Dealing with the precise molecular mechanisms that directed to diabetic 

angiopathy is indispensable for implying new approaches of treatment based on principles to 

prevail over diabetes and diabetic complications (Fox and Kester, 2010; Martin et al., 2003). 

Caffeic acid phenethyl ester (CAPE), a phenolic antioxidant, is an active anti 

inflammatory natural resinous product of honey bees-propolis (bee glue) (Orsolic et al., 2005; 

Aso et al., 2004; Scheller et al., 1989). It has been demonstrated that CAPE may exhibit a 

significant potential to control hyperglycemia and modulate glucose in vivo (Sforcin and 

Bankova, 2011). Besides being a powerful antioxidant, CAPE was also proposed to influence 

and restraint the transcription of nuclear factor-kB (NF-kB), which may be considered for its 

anti-inflammatory action (Jae-Jun et al., 2008). Moreover, there is noticeably evidence 

suggesting that angiogenesis and chronic inflammation are co-dependent; obstructing of 

angiogenesis results in an anti-inflammatory effect (Song et al., 2002).  

The present study aimed to investigate the effects of CAPE on mice induced 

immunoregulated type 1 diabetes and the angiogenic parameters such as angiopoietin, matrix 

metalloproteinase-9 as well as, the anti-angiogenic factor-endostatin-which is known to be 

accompanied with diabetes. Contemporary, correlate their levels with hypoglycemic outcome. 

Analysis of the level of cytokines and nitric oxide was also investigated to evaluate the 

CAPE’s mode of action. 

 

 

http://en.wikipedia.org/wiki/Matrix_metalloproteinase
http://en.wikipedia.org/wiki/Endothelial_cell
http://en.wikipedia.org/wiki/Capillaries
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MATERIALS AND METHODS 
 

Experimental animals 

Laboratory-bread adult male Swiss mice 6-8 weeks of age weighing 25±2 g were 

purchased from Cairo University. The mice were kept in the Animal Center, Institute of 

Genetics, Menoufiya University, Egypt, under constant conditions (12 h light/dark regimen, 

oriental chow pellet food and water ad libitum). All animal procedures were performed in 

accordance with the standards set in conformity with the institutional guidelines for the care 

and use of experimental animals (Dasyukevich and Solyanik, 2007). 

Chemicals and drugs 

Cyclosporin A (CsA), (Sandimmune® injection), and streptozotocin (STZ) were 

obtained from Sigma Chemicals Co. (St. Louis, MO, USA). IL-1β and IFN-γ detection kits 

were obtained from Life Technologies
 TM

, (Biosource, Belgium). Insulin kits were purchased 

from Abbott Laboratories, USA. All other chemicals used in this study were purchased from 

Sigma Co., USA. 

Caffeic acid phenethyl ester  

Caffeic acid phenethyl ester was dissolved in DMSO to create a100 mM concentrated 

solution and reserved at -20 
°
C. Serial dilutions in PBS solution were prepared when needed 

during the mouse treatments. 

Toxicity testing in Swiss Albino mice 

Male Swiss Albino mice were randomly selected and divided into several groups of 10 

mice per group. The mice received different doses (50–300 mg/kg) of caffeic acid phenethyl 

ester. The number of persist mice were registered day by day. This process was continued for 

30 days. The mice were disposed to experiments according to the rules and guidelines (Broad 

et al., 1979). 

 Induction of autoimmune type 1 DM 

Mice were weighed and ear-notched. STZ was dissolved in cold 0.01 M citrate buffer, 

pH 4.5, which was always freshly prepared for immediate use. STZ injections were injected 

intraperitoneally (i.p.), and the doses were performed according to the body weights of the 

animals. Fifty mice were administered CsA (20 mg/kg/day, s.c.) daily for 10 days earlier to 

STZ treatment and at the same time received multiple low doses of streptozotocin (MLDSTZ) 

(20, 40 and 60 mg/kg/day, i.p.) for 5 uninterrupted  days (10 mice/group) (Wright et al., 1995). 

Non-fasting blood samples were collected twice per week by tail puncher into heparinized 

tubes. The glucose levels in the plasma samples were estimated using the enzymatic 

colorimetric method (Trinder, 1969). Mice were defined as diabetic when their non-fasting 

blood glucose level (BGL) became more than 200 mg/dl in two concurrent readings (Singleton 

et al., 2001). 
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Study design 

Fourteen days after the last dose of CsA/MLDSTZ co-administration, mice that 

presenting signs of diabetes were chosen (n = 30 out of 40). Diabetic mice were separated into 

two equal groups (n=15 for each group), either untreated (group 1, diabetic control) or treated 

with 5μM/kg CAPE (group 2, diabetic CAPE). Simultaneously, thirty normal mice were 

divided into two equal groups (n =15 for each group) and treated with saline (group 3, normal 

saline) or 5 μM/kg CAPE (group 4, normal CAPE). 

All treatments were received i.p., and 10 injections were administered over a period of 

21 days. At the end of the treatment period, the mice were anaesthetized with ether, and blood 

was drawn immediately by heart puncture and centrifuged at 3000 rpm for 5 minutes. Serum 

was aspirated for the determination of serum insulin levels and other parameters. The pancreas 

from each mouse was replaced and bisected longitudinally. One half was dried carefully with 

filter paper and homogenized in PBS to prepare a 10% homogenate. The supernatant was 

aspirated for the determination of IL-1β, IFN-γ and nitric oxide (NO) levels. The rest of each 

excised pancreas was fixed in 10% neutral formalin for 24 h. Sections were embedded in 

paraffin wax, serially sectioned (5μm), and stained with hematoxylin and eosin (H&E) for 

histopathological examination (Kendrey and Roe, 1969). 

Determination of the nitric oxide content in pancreatic tissue 

The levels of nitric oxide in the pancreatic tissues were measured as nitrite and nitrate 

according to the method of Miranda, which is based on the Griess reaction with a prior 

reduction step using vanadium chloride to convert nitrates to nitrite ions (Miranda et al., 

2001). The absorbance of the samples was measured at 540 nm using a double-beam 

spectrophotometer (Shimadzu UVPC 1601, Japan). 

Determination of serum insulin levels 

The insulin levels in the serum samples were determined using the microparticle 

enzyme immunoassay (MEIA) with the Abbott AxSYM® system (Kraft, 1997). 

Determination of the IL-1β and IFN-γ content in pancreatic tissue 

The pancreatic levels of IL-1β and IFN-γ were determined using ELISA kits with 

monoclonal antibodies specific for IL-1β and IFN-γ. Samples were run in duplicate according 

to the manufacturer’s instructions. The concentrations of cytokines were determined from 

standard curves prepared using the purified recombinant cytokines provided with the kits. 

Determination of the serum levels of matrix metalloproteinase (MMP-9) and endostatin (sE) 

For evaluating the serum levels of MMP-9 and endostatin, blood samples were drawn 

from each treated and untreated ones by puncturing the heart. The samples were transferred to 

plastic tubes and were left to clot and then centrifuged and the obtained serum stored at -70 

°C. Competitive enzyme-linked immunosorbent assay (ELISA), for the determination of 

MMP-9 and endostatin. 100μl of serum sample was added into pointed wells. A monoclonal 

antibody specific for cytokine was pre-coated onto a microplate. Standards and samples were 

pipetted into the wells, and cytokine was bound by the immobilised antibody. After washing 
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away the unbound substances, an enzyme-linked polyclonal antibody specific for cytokine was 

added to the wells. Washing was done to remove any unbound antibody. An enzyme reagent 

and a substrate solution were added to the wells, and a colour developed in proportion to the 

amount of total cytokine (pro and/or active) bound in the initial step. The color development 

was stopped and the intensity of the color was measured (El-Refaei and El-Naa, 2010). 

Determination of the plasma levels of Angiopoietin 1 (Ang-1) and Angiopoietin 2 (Ang-2)   

Plasma samples were collected from each group of mice in a sterile tube containing 

anti-coagulant. The plasma was separated by centrifugation at 2500 rpm for 10 minutes in a 

refrigerated centrifuge. The plasma was stored at -70 
°
C and thawed before the assay. The 

enzyme-linked immunosorbent assay (ELISA) was performed using commercially available 

kits from R&D Systems (Minneapolis, MN, USA) according to the manufacturer’s 

instructions.. The optical density was determined at 570 nm (Aref et al., 2007). 

Histopathology 

The pancreases of the control diabetic group and the diabetic group treated with CAPE 

were periodically removed and fixed in 10% formaldehyde. The tissues were washed with 

water, dehydrated through a gradient of increasing ethanol concentrations and embedded in 

paraffin. Five micrometer thick sections were prepared with the help of a microtome and 

placed onto glass microscope slides. The sections were stained with Hematoxylin and Eosin 

and were subjected to histopathological examination. For evaluation, at least 10 pancreatic 

tissues were examined for each group (Awara et al., 2005). 

Statistical analysis 

Data are expressed as the means ± standard deviation (SD). Comparisons between two 

different groups were performed by Mann–Whitney’s U test and between more than two 

groups by Kruskal–Wallis one-way analysis of variance (ANOVA) followed by the Tukey–

Kramer test. The Graphpad Software Instat (version 9) was used to carry out the statistical 

analysis. 

 

RESULTS 
Autoimmune type 1DM model 

Streptozotocin-induced diabetes is a well-documented model of experimental diabetes. 

Co-treatment of mice with CsA/MLDSTZ resulted in autoimmune type 1 DM. This model is 

confirmed and validated by the time–dependent change in the blodd glucose level (BGL) of 

75% of the mice (30 out of 40 mice). 

In the present study, the experimental groups demonstrated that a single CsA/MLDSTZ 

i.p. injection (20mg/kg) revealed no significant changes in BGL (128.7± 6.1mg/dl) compared 

with normal mice, from the first day of injection through 5
th

 day. However, CsA/MLDSTZ 

(40mg/kg) induced a gradual and progressive increase in BGL, producing mice with type 1 

DM or insulin-dependent diabetes (229.1 ± 12.6 mg/dl) with an accompanying marked 

reduction in serum insulin levels from the second day of administration. Moreover, 
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CsA/MLDSTZ (60mg/kg) induced hyperglycemia from the first day of injection (368.5 ± 

14.4mg/dl), which is significant in type 2 or non-insulin-dependent diabetes, with complete 

damage to the islet cells (Fig. 1). 

 

 

Figure 1. The multiple low-dose STZ-induced diabetes in mice versus blood glucose 

concentration. Mice were treated with STZ (20, 40 and 60 mg/kg) or without STZ 

(vehicle control) for 5 consecutive days. Results are expressed as means ± SD which 

obtained from each group of mice in four separate experiments (n = 10). (*) indicates 

significant difference compared with normal group. (**) indicates high significant 

difference compared with normal; ANOVA, Tukey-Kramer test. 

 

The caffeic acid phenethyl ester effects on the blood glucose levels 

Treatment of diabetic mice with CAPE (5μM i.p./every 2 days) resulted in a time-

dependent decrease in the BGL. This reduction became significantly effective by day 12 of 

treatment compared with the levels in untreated mice. By day 21, the BGL was reduced to 

(137.1± 7.2 mg/dl) (Fig. 2), which was significantly different from the value in diabetic control 

mice (P<0.005). 

On the other hand, the BGL of control diabetic mice, which did not receive treatment, 

increased throughout the treatment period in a time-dependent manner. Normal mice treated 

with CAPE (5μM/kg i.p./every 2 days) for 21 days showed non-significant changes in BGL 

compared with the normal saline group (P˃0.05). Sores and increased irritability had been 

previously observed in mice that are administered CAPE treatment (10μM/kg), so this dosage 

was avoided  in our experimental study. 
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Figure 2. CAPE effects on the IL-1β, IFN-γ and NO content in pancreatic tissue. Mice were 

treated with CAPE 5 μM/kg i.p./every 2 days for 21 days. Pancreatic IL-1 β, IFN-γ and 

NO content was determined at the end of the treatment period. Data are presented as mean 

± SD, n = 15. (*) indicates significant difference for treated mice compared with control 

diabetic group. (**) indicates a highly significant difference for treated mice compared 

with control diabetic group. (p <0.01, p<0.001, respectively), ANOVA, Tukey-Kramer 

test. 
 
Effect of CAPE on serum insulin 

Diabetic mice that received only saline for 21 days showed a significant (p≤0.05) 

decrease (88.7%) in serum insulin levels compared with the normal saline group. On the other 

hand, treatment of diabetic mice with CAPE (5μM/kg i.p./every 2 days) for 21 days resulted in 

a significant (p≤0.05) increase (93.8%) in serum insulin levels compared to the control diabetic 

group. Moreover, normal mice treated with CAPE (5μM/kg i.p./every 2 days) showed a non-

significant change in serum insulin levels compared to the normal saline group. 

Effect of CAPE on IL-1β, IFN-γ and NO content in pancreatic tissue 

The control diabetic group showed a significant (p≤0.05) increase (81.6 %, 53.7% and 

92.8%) in the pancreatic levels of IL-1β, IFN-γ and NO, respectively, compared to the normal 

saline group. On the other hand, treatment of diabetic mice with CAPE (5μM/kg i.p./every 2 

days) for 21 days resulted in significant (p≤0.01)  decreases in IL-1β and IFN-γ levels) and a 

highly significant (p≤0.001) decrease in NO levels (43.2%, 26.3% and 58.3%, respectively 

compared to the diabetic control group). However, there was a non-significant change 

compared to the normal saline group. Normal mice treated with CAPE revealed a non-
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significant change in pancreatic levels of IL-1β, IFN-γ and NO content as compared with the 

control saline group (Fig. 3). 

 

 

Figure 3. CAPE effects on the blood glucose level in diabetic mice. Mice were treated with 

CAPE (5μM/kg i.p/every 2 days) for 21 days. Serum glucose levels were determined 

at the end of the treatment period., n = 15 for both diabetic groups and treated group. 

(*) indicates significant difference compared with control diabetic group (p<0.05). 

(**) indicates a highly significant difference compared with control diabetic group 

(p<0.001). ANOVA, Tukey-Kramer test. 

 

In vivo evaluation of serum metalloproteinase-9 and endostatin (sE) 

Untreated diabetic mice elicited a highly significant (p≤0.05) increase in serum MMP-9 

levels (197.3 ng/ml), which were reduced to 139.1 ng/ml in mice treated with CAPE (5μM/kg 

i.p./every 2 days) (P<0.01), close to the serum levels of normal mice. However, in the 

untreated diabetic mice, endostatin (sE) levels were significantly (p≤0.01) reduced (1.2 ng/ml) 

compared to the normal mice. In the serum of CAPE-treated diabetic mice, endostatin levels 

were significantly (p≤0.001) higher (1.8 ng/ml) than the serum levels in the diabetic control 

group (Table 1). On the other hand, there was a significant correlation between sMMP-9 and 

the BGL (r= 0.254, P<0.030*) and negative correlations between sMMP-9 and sE, total white 

blood cells (WBCs), hemoglobin (HB) and the platelet counts of the mice (Table 2). 
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Table 1. Levels of MMP-9 and Endostatin serum in normal mice group, diabetic mice 

group and treated group. 

 P2 P1 Treated Group 

n = 15 

Diabetic Group 

n = 15 

Normal Group 

n = 15 

Group 

Parameters 

P‹ 0.001 P‹ 0.01 139.1 

84.5 – 196.3 

197.3 

88.2 – 216.1 

133.4 

79.6 – 166.4 

MMP-9 (ng/ml ) 

Median Range 

P‹ 0. 01 P ‹ 0.001 1.8 

1.3 – 9.3 

1.2 

1.0 – 5.4 

1.9 

1.1 – 6.3 

Endostatin (ng/ml) 

Median Range 

P1: Diabetic group    Vs Normal group  

P2: Treated group   Vs Diabetic group 

 

 

Table 2. Correlation between investigated angiogenic factors and blood glucose 

level (BGL), haemoglobin (HB), white blood cells count (WBCs) and 

platelet counts in the treated mice group. 
 

BGL HB WBCs Count Platelets Count 

MMP-9           

r=0.254 P <0.030* 

r= 0.13, P ›0.05 r= 0.16, P›0.05 r= 0.18,P ›0.05 

Endostatin       

r=0.19,P›0.05 

r= 0.11, P›0.05 r= 0.11 ,P ›0.05 r= 0..08,P ›0.05 

 

 

Plasma levels of Angi-1 and Angi-2 in untreated diabetic mice and diabetic controls 

The median and range of the plasma levels of Ang-1 and Ang-2 in normal saline-

treated, normal CAPE-treated, diabetic control and CAPE-treated diabetic mice are presented 

in Table 3. The circulating levels of Ang-1, Ang-2 and the calculated Ang-2/Ang-1 ratio are 

significantly higher in diabetic mice compared to normal saline mice (P<0.05, P<0.01 and 

P<0.001, respectively). On the other hand, Ang-2/Ang-1 ratio was significantly (p≤0.01) 

reduced in treated diabetic mice compared to the diabetic control.  

Moreover, there was a significant correlation between Ang-2 and BGL and between the 

calculated Ang-2/Ang-1 and BGL (P<0.01, P<0.01, respectively). On the contrary, there was 

no correlation with Ang-1 (P˃0.05) (Table 4). Furthermore, MMP-9 was strongly correlated 
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with Ang-2 (r = 0.334, P = 0.004) and the calculated Ang-2/Ang-1 ratio (r = 0.321, P < 0.004) 

but not with Ang-1. 

 

Table 3. Levels of Ang- 1 and Ang- 2 plasma in normal mice group, diabetic mice group 

and treated group. 

P2 P1 Treated Group 

n = 15 

Diabetic Group 

n = 15 

Normal Group 

n = 15 

Group 

Parameters 

P‹ 0. 01 P‹ 0.05 2.61 

1.30– 3.37 

3.31 

1.92 – 4.63 

1.63 

0.669 -2.1 

Ang-1  (ng/ml ) 

Median Range 

P‹ 0. 01 

 

P ‹ 0.01 

P ‹ 0.01 

 

P ‹ 0.001 

4.91 

3.42– 5 

1.9* 

9.82 

4.1- 11.92 

3.0 

2.31 

0.91-3.6 

1.42 

Ang-2 (ng/ml) 

Median Range 

Ratio Ang-2/Ang-1    

P1: Diabetic group    Vs Normal group  

P2: Treated group   Vs Diabetic group 

 

Table  4. Correlation between investigated group parameters of angiogenic factors 

 Ratio/Treated      Ang-2   Ang-1  Group Parameters 

R=0.321, P<0.004* r= 0.334, P=0.004* r= 0.17, P>0.05 MMP9 

r= 0.371, P<0.001* r= 0.385, P<0.001* r= 0.251, P<0.030*   Endostatin 

r=   0.73,  P<0:01* r=  0.65, P<0.01* r= 0.19, P>0.05 BGL 

r=   0.09, P>0:05 r= 0.19, P>0.05 r= 0.16, P>0.05 Hb 

r=  0.11, P>0.05 r=  0.16, P>0.05 r= 0.1, P>0.05 Platelets 

r=  0.64, P<0.01* r=  0.59, P<0.001* r= 0.09, P>0.05 WBCs 

BGL= Blood glucose level 
Hb = Haemoglobin 
WBCs= White blood cell count 

 

DISCUSSION 
Diabetes mellitus type 1 is caused by the autoimmune destruction of insulin-producing beta 

cells in the pancreas. Genetic and currently undefined environmental factors participate 

together in the onset of this disease. In the present study, experimental animals were employed 
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as models for type 1 diabetes induced by CsA/MLDSTZ co-treatment. Mice involved in this 

study were normal and did not have any underlying immune abnormalities that would interfere 

with the study (Serreze et al., 1993). 

Propolis is the most common folk medicine for centuries as an anti-carcinogenic, anti-

inflammatory, anti-bacterial and immunemodulatory agent. CAPE is an active component of 

propolis that attracts a great attention in the last few years due to its potential effects for the 

treatment of number of disorders and diseases (Orsolic et al., 2005; Carrasco-Legleu et al., 

2004; Mahmoud et al., 2000). 

To gain more insights into the effects and mechanism of action of CAPE, an in vivo 

study of mice induced diabetes was performed in this study. Results showed that CAPE 

induced reduction in BGL. This reduction proved beneficial to the host in two ways. First, 

CAPE, at 5μM/kg induced a marked anti-diabetic activity in type 1 DM, as manifested by the 

significant decrease in the elevated BGL, which reached a nearly normal value (137.1± 7.2 

mg/dl), at the end of the treatment period and it increased the lifespan of mice. Second, the 

reduction in the BGL appeared parallel to a significant increase in the circulating level of 

insulin after treatment. This finding seems to be consistent with other similar findings reported 

by Jung et al., who found that caffeic acid induced a significant reduction in the blood glucose 

and glycosylated hemoglobin levels in treated C57BL/KsJ-db/db mice compared with the 

control group (Jung et al., 2006). Moreover, the beneficial effect of CAPE on autoimmune 

type 1 diabetes is confirmed by histopathological findings because pancreatic sections from 

diabetic mice treated with CAPE showed a significant reduction in mononuclear cell 

infiltration in pancreatic islets and involution of the acinar cells compared with the untreated 

diabetic mice, which have marked inflammatory cells (Fig.4 A,B). 

It is well-known that inflammation is limited to a specific body part or region of tissue. 

However, when inflammation persists or control mechanisms are dysregulated, diseases such 

as type 1diabetes can develop. Although, inflammatory cytokines and oxidative stress have a 

central role in the pathogenesis of acute pancreatitis, CAPE injection at 5μM/kg to Swiss mice 

for 21 days led to the inhibition of IL-1β, IFN-γ and NO concentrations (43.2%, 26.3% and 

58.3%, respectively) compared with untreated diabetic mice. This finding explains the anti-

inflammatory activity of CAPE. These results are in agreement with Durmus et al., who 

reported that CAPE treatment inhibits lipid peroxidation and NO overproduction and regulates 

SOD enzyme activities in diabetic rats (Durmus et al., 2008), and are also supported by Wang 

et al., who pointed that a CAPE-treated diabetic group exhibits protective effects against 

oxidative damage compared with an untreated diabetic group in the sciatic nerve tissues 

of diabetic rats (Wang et al., 1997).  

Diabetes mellitus characterized by infiltration of the pancreatic islets with activated 

macrophages and activated T lymphocytes (Natarajan et al., 1996), data of this study showed 

that CAPE can inhibit the expression of inflammatory mediators IL-1β, IFN-γ and NO, which 

participate in the pathogenesis of type 1 DM. 

http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=diabetic+rats
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Figure 4. Photomicrograph of H&E-stained pancreatic section from diabetic mice (A), 

showing severe islet hyalinization with fibrosis and near-complete islet destruction with 

severe (++) mononuclear cell infiltration with marked inflammatory cells.(B), mice 

treated with CAPE (5μM/kg i.p./every 2 days) for 21 days, regenerative islets of variable 

sizes without mononuclear cell infiltration and clear involution acinar cells. 

Magnification: x 250. 
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Moreover, significant reduction of serum MMP-9 (139.1 ng/ml, P < 0.01) was noticed 

in the treated group compared with the untreated ones. At the same time, the level of MMP-9 

in the serum of untreated mice was significantly higher (197.3 ng/ml, P < 0.001) compared 

with the serum of normal mice (133.4 ng/ml). This finding seems to be in consistent with 

Kowluru, who illustrated the potential role of MMP-9 in diabetic retinopathy (Kowluru, 

2010). In addition, the data of this study indicate that the anti-angiogenic serum endostatin has 

been shown to be activated (1.8 ng/ml) at significantly higher levels in treated mice compared 

with untreated ones (1.2 ng/ml) and close to the value in the serum of normal mice (Table 1). 

Thus, strategies to neutralise MMP-9 should be considered as supplements to the anti-

angiogenic therapeutic strategies that are currently employed in clinical settings. This 

suggestion seems to be in accordance with other similar findings reported by Rishi et al. and 

Smith, as these authors mentioned that the use of anti-vascular endothelial growth factor for 

the prevention of postoperative vitreous cavity haemorrhage after vitrectomy for proliferative 

diabetic retinopathy (Rishi and Bhende, 2009; Smith and Steel, 2011).   

Over the past few years, attention has been directed towards the prognostic impact of 

angiogenic growth factors in diabetes. The results of the present study demonstrated that the 

levels of plasma Ang-2 (oppose to Ang-1), like the levels of MMP-9, are highly elevated in 

diabetic mice and are associated with indexes of endothelial damage/dysfunction, regardless of 

vascular disease. The results of this study showed that Ang-2 and the calculated Ang-2/Ang-1 

ratio were reduced in the treated diabetic group of mice and may be considered as independent 

prognostic parameters that could predict the efficacy of diabetic treatment strategies. In 

addition, the levels of Ang-2 and the calculated Ang-2/Ang-1 ratio in the diabetic group were 

significantly elevated compared with the normal controls. This finding is partially in 

agreement with Calderari et al. (2012), who reported similar findings in which Ang-2 was 

elevated in diabetic mice and inhibited by treatment with the anti-Ang-2 IL1-10, with a 

companying increase in beta-cell density in IL1–10-treated hyperglycaemic SCID mice.  

Based on the findings of this study, it can be concluded that CAPE is a potent anti-

inflammatory agent that has anti-diabetic and anti-angiogenic properties. Our experimental 

data confirmed that CAPE could potentially be useful in the control of the BGL in 

experimental models. The action of CAPE is accompanied by the shift and elevation of 

angiostatic and angiogenesis-inhibiting factors. Moreover, these findings prove that endostatin 

itself may be used effectively in the treatment of such type 1 DM. 

 

CONCLUSION 
In conclusion, our study has shown that CAPE may be effective in the treatment of 

autoimmune type 1 DM. The anti-diabetic effect of CAPE seems to be a secondary 

consequence of its anti-inflammatory and immunomodulatory properties, as it resulted in a 

significant decrease in the elevated levels of IL-1β, IFN-γ and NO. Furthermore, Angi-2 in 

circulation may represent an attractive target when introducing CAPE as an anti-angiogenic 
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strategy for the treatment of diabetes as an independent predictor of a favourable prognosis 

and/or treatment for diabetes. These findings also showed that endostatin itself may be used as 

an effective therapeutic agent. Finally, it has been demonstrated that CAPE has many 

biological and pharmacological properties with potential future applications in human clinical 

experimentation. 
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واالعتالل الوعائى على داء  مناعى وكمضاد للدالئل االلتهابيةتأثير حمض الكافيك كمنظم 
 ول المستحدث فى فئران التجاربالسكرى من النوع ال 

 2،  نرمين نجاح النشار2، محمد فاروق الرفاعى1سها هاشم عبد الجواد
قسم البيولوجيا الجزيئية ، 2، المملكة العربية السعودية، لمنورةسرة، جامعة طيبة، المدينة ا، كلية علوم األقسم علوم االغذية 1

 .، مصر، جامعة المنوفيةالحيوية معهد بحوث الهندسة الوراثية والتكنولوجيا
 

، التى يسببها داء السكري افييك كمضاد للتأثيرات  المناعيةالحالية تقييم تأثير حمض الك كان الهدف من الدراسة :الملخص
 اليوم/كجم/ملجم 22 بمركب السيكلوسبورين حداث السكري وذلك من خالل الحقنان الفئر وقد تم إستحداث خلل مناعى في ال

داخل البروتون  اليوم/كجم/ملجم 02الحقن بجرعات منخفضة من مركب االستربتوزوتوسين  تحت الجلد  لمدة عشرة أيام ثم
داخل البروتون لمدة يومين  كجم/ميكرومتر 5بجرعات  مض الكافييكد اتضح من النتائج أن إعطاء حوق. أيام لمدة خمسة

 .مستوى السكر وانخفاض معنوي في٪ 8.39بنسبة  الدم في االنسولين مستويات أدى إلى تحسن
من  مستويات كل   انخفاض معنوى في حمض الكافييك كمضاد لاللتهابات فقد لوحظ وقد اظهرت النتائج تأثير

كدالئل التهابية، كما لوحظ ارتفاع في مستوى  MMP-9 و Ang-2وبروتينات  أكسيد النيتريكو  γ–اإلنترفيرونو  1β -انترلوكين
لوحظ تجدد الخاليا بعد  األنسجة ومن خالل فحص. يرم بالمقارنة بالمجموعة الضابطةالس مثبطات االعتالل الوعائى في

وعلى ضوء نتائج هذه الدراسة فقد يكون لحمض الكافييك تأثير مضاد لداء للسكري في  الفئران،  المعاملة بحمض الكافييك،
مكانية الستخدام حمض الكافييك كعالج لمكافحة السكري في إتكون هنالك  لذا قد. ة على ذلك يمنع االعتالل الوعائىوعالو 

 .تطبيقات مستقبلية على اإلنسان
 

 .الدموية األوعية ، طمسالوعائي، مكافح داء السكري االعتالل مضاد االلتهابات، مضاد :الكلمات المفتاحية 
 


