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ABSTRACT 

Aim: Diabetes mellitus leads to development of neuropathy as a secondary complication. The main mechanism of diabetic 
neuropathy is the dysregulation of energy balance and glucose homeostasis in brain. This study aimed to examine the effects 
of curcumin as an antidiabetic compound on the expressions of IRS1, Grb2, K-Ras and Bax proteins in diabetic rat brains. 

Material and Methods: 16 Wistar albino rats were divided randomly into four groups as: control, curcumin; STZ-treated and 
STZ+Curcumin treated groups. The rats in STZ group were induced to develop diabetes by intraperitoneal administration of 
STZ. Then, they were treated with curcumin daily by gavage. Expressions and activation of IRS1, Grb2, K-Ras and Bax were 
determined by western blot analyses.  

Results: Western blot analyses showed that curcumin treatment increased IRS1 tyrosine phosphorylation and it reversed 
the negative effect of STZ on IRS1 activation. K-Ras expression significantly decreased while Bax expression increased in STZ 

group (p<0.05). No significant changes in the expressions of Grb2 and IRS1 were observed for all groups.  

Conclusion: Based on the results, it could be suggested that curcumin treatment significantly reversed the negative effects 
of STZ on insulin signaling pathway members in STZ induced diabetic rat brains.  
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ÖZ 

Amaç: Diabetes mellitus ikincil komplikasyon olarak nöropatiye neden olmaktadır. Diyabetik nöropatinin temel 
mekanizması beyindeki glukoz homeostasisinin ve enerji dengesinin bozulmasıdır. Bu çalışmanın amacı anti-diyabetik 
bileşik olarak kurkuminin diyabetik sıçan beyinlerinde IRS1, Grb2, K-Ras ve Bax proteinlerinin ekspresyonları üzerindeki 
etkisinin belirlenmesidir.  

Materyal-Metot: 16 adet Wistar albino sıçan rastgele 4’ erli gruplar halinde 4 gruba ayrılmıştır; kontrol grup, kurkumin grup, 
STZ muamele grup ve STZ+kurkumin muamele grup. STZ gruplarındaki sıçanlarda diyabet, intraperitonel STZ uygulaması 
ile indüklenmiştir. Ardından hayvanlar, günlük gavaj uygulamasıyla kurkumin ile muamele edilmiştir. IRS1, Grb2, K-Ras ve 
Bax ekspresyon ve aktivasyonu western blot yöntemi ile belirlenmiştir.  

Sonuçlar: Western blot analizleri, kurkumin muamelesinin IRS1 aktivasyonunu arttırdığını ve STZ’nin IRS1 aktivasyonu 
üzerindeki negatif etkisini geriye çevirdiğini göstermektedir. STZ grubunda K-Ras ekspresyonu belirgin bir derecede 

azalırken, Bax ekspresyonu artmıştır (p<0.05). Tüm gruplarda, Grb2 ve IRS1 ekpresyonlarında herhangi bir değişiklik 
gözlemlenmemiştir.  

Sonuç: Sonuçlar göz önüne alındığında, STZ indüklü diyabetik sıçan beyinlerinde kurkumin muamelesinin STZ’nin insülin 
sinyali yolağı elemanları üzerindeki negatif etkilerini geriye çevirdiği söylenebilmektedir. 

Anahtar kelimeler: kurkumin, diabetes mellitus, IRS1, insülin sinyali, STZ 
 

 

INTRODUCTION 

Diabetes mellitus is a multifactorial complex metabolic 
disease group characterized by hyperglycemia resulting 
from the defects in insulin signaling. Uncontrolled diabetes 
mellitus leads to secondary complications such as diabetic 

retinopathy, neuropathy and vasculopathy [1]. It has been 
well documented that there is a strong association between 
insulin resistance and neuronal disorders. Dysregulation in 
glucose homeostasis and energy balance induces the 
pathological processes such as oxidative stress and 
abnormal inflammatory response that lead to neuronal loss 

or death in diabetes mellitus [2]. 

Insulin is the primary anabolic hormone that controls energy 
balance and glucose homeostasis through complex cellular 
signaling pathways in body. Insulin receptor substrate (IRS) 
proteins are the main docking proteins that bind insulin and 
insulin like growth factor receptors and transmit the signal 
to the downstream targets such as Growth factor receptor-
bound protein 2 (Grb2), Rat sarcoma viral oncogene 
homolog (RAS), Extracellular signal-regulated kinases 
(ERK1/2), Phosphoinositide 3-kinase (PI3K) and Protein 

kinase B (AKT) [3]. IRS1 is the first identified member of this 
family and it is widely expressed in human tissues. Although 
tyrosine phosphorylations of IRS1 protein trigger the insulin 
signaling, serine/threonine (S/T) phosphorylations generally 
inhibit the signal transduction. Many studies showed that 

S/T phosphorylation of IRS1 significantly increased in 

diabetes while tyrosine phosphorylation decreased [4]. 

Curcumin is a lipophilic polyphenolic compound and a 
major active component of turmeric. It is isolated from the 
root of Curcuma longa which is a member of curcuminoid 
family. Curcumin has been used in daily diet for a long time 

in the history and no side effects have been reported [5]. 
Numerous in vivo and in vitro studies have demonstrated 
curcumin’s therapeutic actions in inflammatory diseases, 
neurodegenerative diseases, liver diseases, depression, 

cancer, obesity and diabetes [6-8]. It can directly or indirectly 
interact with many proteins through covalent, non-covalent 
hydrophobic, and hydrogen bonding to modulate signal 

transduction and show its functional effects [5]. 

Many studies showed that blood glucose level can be 
reduced by curcumin treatment through decrease in 
hepatic glucose production, inhibiting hyperglycemia-
induced inflammation, reduction of insulin resistance and 

inducing glucose uptake [9]. Peeyush et al. showed that 
curcumin treatment significantly normalized the diabetic 

cerebellar disorder in STZ induced diabetic rats [10]. In 
another study, curcumin enhanced insulin sensitivity and 
showed an anti-hyperglycemic effect on L6 myotubes and 

high fat diet induced diabetic rats [11]. Curcumin also has 
also been shown decrease blood glucose levels by reducing 

oxidative stress in ob/ob mice [12]. 
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Although, there are numerous studies that shows the 
beneficial effects of curcumin on insulin-targeted tissues in 
diabetes, its effects on diabetic brain still needs to be 
clarified. Therefore, this study aimed to determine the 
effects of curcumin on IRS1 and IRS1-targeted proteins Grb2 
and K-Ras in streptozotocin (STZ)-induced diabetic rat 
brains. 

MATERIAL AND METHODS 

Animals and Experimental Design 

Animal Ethics Committee of Van Yuzuncu Yil University 
reviewed and approved our protocol (Date: 02.05.2019, 
No:04). We used 16, 300−370 g; 8-10 months old male Wistar 
albino rats. Animals were housed at 23 ± 1 ºC with a 12 h 
light:12 h dark cycle. Food and water were available ad 
libitum. The rats were divided randomly into four groups as: 
control, curcumin; STZ-treated and STZ+Curcumin treated 
groups. 

Curcumin (Sigma Aldrich, St. Louis, MO) was dissolved in 
DMSO. Rats were treated with 10 mg/kg/day curcumin by 
gavage for 15 days. 

Western Blotting 

Whole brain tissues were lysed in buffer containing 50 mM 
HEPES, pH 7.0, 150 mM sodium chloride, 10% (v/v) glycerol, 
1.2% (w/v) Triton X-100, 1.5 mM magnesium chloride, 1 mM 
EGTA, 10 mM sodium pyrophosphate, 100 mM sodium 
fluoride, 1 mM sodium orthovanadate, 1 mM 
phenylmethylsulphonyl chloride, 0.15 units/ml aprotinin, 10 
μg/ml leupeptin and 10 μg/ml pepstatin A. Samples then 
were homogenized by sonication. For western blot analysis, 
75 µg protein lysates were mixed with SDS loading buffer 
and heated for 5 minutes at 100 °C. Then, they were kept at 
room temperature. Protein samples were separated by 
sodium dodecyl sulfate-polyacrylamide gel electrophoresis, 
then transferred to polyvinylidene fluoride membranes. The 
membranes were blocked with 5% (w/v) skim milk powder 
in PBS containing 0.1% Tween 20. The blots were first 
labeled with phosphotyrosine (pY) antibody and then 
stripped off and re-labeled with IRS1 antibody (Santa Cruz 
Biotech, CA). Blots were also labeled with Bax, Grb2, K-Ras 
and anti-beta actin antibodies (Santa Cruz Biotech, CA). Beta 
actin was used as the loading control for the blots. Signal 
intensity on blots was determined using an enhanced 
chemiluminescent detection system (BioRad Hercules, CA) 
according to the manufacturer’s instructions. 

Statistical Analysis 

Statistical analysis was performed using Prism version 8.2.0 
software (GraphPad, San Diego, CA). One way-Anova 
multiple comparison test was used to test the differences 
between the groups. Differences were considered 
significant at p≤ 0.05. 

RESULTS 

Effects of Curcumin on the Expression of Cell Survival 
Proteins in Brain 

Western blot analyses showed that tyrosine 
phosphorylation level of IRS1 significantly increased by the 
treatment of curcumin in curcumin group compared to 
control group (p=0.0267). No changes in the level of tyrosine 
phosphorylation of IRS1 in STZ treated group compared to 
control group was detected (Figure 1a). Curcumin 
treatment led to an increase in the phosphorylation of IRS1 
in curcumin+STZ group compared to STZ group (p=0.003). 
Statistically significant change was not observed in tyrosine-
phosphorylation level of IRS1 in STZ+Curcumin group 
compared to Curcumin group (Figure 1a). Contrary to 
activation of IRS1, expression of IRS1 did not seem to be 
equally increased. It was observed that curcumin and STZ 
treatments did not affect the expression of IRS1 in rat brain 
(Figure 1b).  

After the expression and activation levels of IRS1 were 
determined, the expression of Grb2 as a downstream target 
of IRS1 was explored. Although, activation of IRS1 
significantly increased in the Curcumin and STZ+Curcumin 
groups, no statistically significant changes were observed in 
the expression levels of Grb2 in Curcumin, STZ and STZ+ 
Curcumin groups compared to control group (Figure 2a).  

K-Ras is also another downstream target of IRS1. Expression 
of K-Ras 3-fold decreased in STZ group compared to control 
group. Although, we observed almost 50% decreased in the 
level of K-Ras expression in Curcumin and STZ+curcumin 
groups compared to control group, this reduction was not 
statistically significant (Figure 2b). 

Effect of Curcumin on the Expression of Pro-Apoptotic 
Protein, Bax, in Brain 

Results suggested that STZ treatment induced the 
expression of Bax compared to control and curcumin 

treated groups (p<0.05). In STZ group, Bax expression was 
90% and 75% higher than control and curcumin groups, 
respectively (Figure 2c). No statistically significant 
difference between control, curcumin and STZ+curcumin 
groups in Bax expression was detected (Figure 2c). 
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(a)     (b) 

 
Figure 1. a. Tyrosine phosphorylation levels of IRS1 (*p = 0.0267; **p = 0.0030; ***p = 0.0004) b. Expression levels of IRS1. (Error bars 
represent the standard deviations) 
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DISCUSSION 

Glucose is the primary energy source of the brain. 
Dysregulation of glucose metabolism leads to the 
development of neurologic disorders. There are several 
studies showed that diabetic patients had neuronal 
damages that were primarily caused by hyperglycemia and 

impairment in insulin signaling [13,14]. Neuroprotective 
and anti-diabetic roles of curcumin have been shown in 

epidemiological studies [15]. 

Dysregulation of IRS1 signaling is one of the fundamental 
mechanisms of the development of diabetes. Increased 

oxidative stress, inflammation and stress activated protein 
kinases inhibit insulin-induced IRS1 tyrosine 

phosphorylation in diabetes [16]. Plenty of studies reported 
that curcumin enhanced the insulin signaling and increased 
the insulin sensitivity through reduction oxidative stress and 
decrease in TNF alpha and NFkB activations in STZ induced 

diabetic rats [9,15]. Curcumin treatment stimulated the level 
of IRS1 phosphorylation in rat insulinoma cells and 

improved the high glucose-induced insulin resistance [17]. 
In accordance with these findings, it was found that 
curcumin treatment increased tyrosine phosphorylation of 
IRS1 and it also reversed the negative effect of STZ on IRS1 
activation in brain. Based on these observations, it may be 

 
(a)     (b)     (c) 

 
Figure 2. a. Expression level of Grb2 b. Expression level of K-Ras (*p = 0.0381) c. Expression level of Bax (*p = 0.0151; **p = 0.032) (Error 
bars represent the standard deviations) 
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suggested that curcumin could enhance and improve 
insulin signaling through the activation of IRS1 in STZ 
induced diabetic and normal rat brains.  

During insulin signaling, Grb2 binds to YVNI motifs of IRS1 
and PI3K binds to YXXM motifs of IRS1 and activates SOS-
RAS-RAF-MEK-ERK and PI3K-AKT pathways respectively 

[3,18]. Grb2 is one of the members of biological network 
proteins that are identified by Ingenuity Systems Pathway 
Analysis (IPA) platform in CAL27 cells after curcumin 

treatment [19]. On the contrary, no significant change in 
Grb2 expression in rat brains were observed. However, 
tyrosine phosphorylation of IRS1 increased after curcumin 
treatment. Results showed that, curcumin may not affect 
Grb2 expression via IRS1 signaling in STZ diabetic rat brains 
and curcumin-induced IRS1 tyrosine phosphorylation can 
induce PI3K rather than ERK1/2 pathway. 

K-Ras is one of the downstream targets of IRS1 and it 
activates the MAPK pathway which is responsible for the 

proliferative effects of the insulin signaling [3]. An increasing 
body of evidence shows that curcumin inhibits cell 

proliferation [20]. Al et al. showed that curcumin treatment 
significantly inhibited gastric carcinoma cells and they 
observed that it led to down regulation of Ras protein and 

upregulation of ERK1/2 [21]. Another study showed that 
G2/M arrest was induced by curcumin through the 
activation of ERK1/2 in Ras overexpressed human 
adenocarcinoma cells and they suggested that curcumin 
might have a beneficial effect in treatment of Ras activated 

cancers [22]. In this study it was also revealed that STZ 
significantly inhibited K-Ras expression and curcumin 
treatment reversed this effect in brain. 

Previous studies have shown that apoptosis has been the 
main mechanism that leads to neuronal death in diabetes 

[23]. Bax is pro-apoptotic protein and Bax expression 

increased in STZ induced diabetic rats [24]. In accordance 
with this study, it was found that STZ treatment significantly 
increased Bax expression and curcumin treatment reversed 
the negative effects of STZ in brain. It can be suggested that 
increased free radical production can lead to apoptosis 
through the elevation of Bax expression after STZ treatment 
and antioxidant effect of curcumin reduces Bax expression 
and improves the survival of brain cells. 

CONCLUSION 

These results suggested that curcumin treatment led to 
increase in IRS1 activation and reversed the negative effects 
of STZ in diabetic brain cells through decreasing in Bax 
expression and elevation of K-Ras expression. 
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