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Objective: The aim of this study was to investigate the effect of pre-treatment with curcumin on 
metabolic changes induced by two different pathophysiological mechanisms in rats (fructose diet 
and streptozotocin (STZ)-induced diabetes mellitus).  
Materials and Methods: Five groups with 10 rats per group were investigated: control group 
(healthy rats), fructose diet groups without any pre-treatment (FD), fructose diet groups with 
curcumin pre-treatment (FDC), STZ-induced diabetes mellitus without any pre-treatment (SID) 
and STZ-induced diabetes mellitus with curcumin pre-treatment (SIDC). Systolic blood pressure, 
and several metabolic and oxidative stress parameters were assessed.  
Results: Systolic blood pressure significantly increased in all groups compared with control group 
(P<0.001), with significantly lower values on groups with curcumin pre-treatment compared with 
the group without any pre-treatment and same inducement (FDS vs. FD P<0.0001, SIDC vs. SID 
P<0.0001). High-density lipoprotein (HDL)-cholesterol was significantly lower in all groups 
compared with control group (P<0.05) while triglycerides (P<0.05), aspartate aminotransferase 
(AST, P<0.0001) and alanine aminotransferase (ALT, P<0.0001) were significantly higher. Within 
the group with same induction, curcumin pre-treatment significantly improved metabolic (total 
cholesterol, glycaemia, triglycerides, AST, ALT; P<0.05) and oxidative stress parameters (total 
oxidative status (NOx), Thiol, and malondialdehyde (MDA), P<0.02) compared to untreated 
groups. 
Conclusion: The pre-treatment with curcumin in our experimental models significantly improved 
metabolic (total cholesterol, triglycerides, AST and ALT) as well as oxidative stress parameters 
(MDA, NOx, and Thiol) in both fructose diet and in STZ-induced diabetes in rats. These properties 
of curcumin may serve to improve the metabolic and oxidative stress conditions in patients with 
these pathological features.  
 

 

Article history: 
Received: Sep 19, 2015 
Accepted: Apr 7, 2016 
 

 

 

Keywords:  
Curcumin 
Diabetes mellitus 
Fructose 
Metabolic syndrome 
Oxidative stress 
Streptozotocin–induced 
diabetes  
 

 
 

 

 

►Please cite this article as: 
Bulboacă A, Bolboacă S, Suciu S. Protective effect of curcumin in fructose-induced metabolic syndrome and in streptozotocin-induced 
diabetes in rats. Iran J Basic Med Sci 2016; 19: 585-593. 
 

 
 
 

 

Introduction 
The modern lifestyle increased the consumption 

of refined sugar, particularly fructose, which leads to 
an increased risk of the development of metabolic 
disease (1). Experimental studies demonstrated that 
the chronic rich fructose diet in rats leads to 
metabolic changes such as non-alcoholic fatty liver 
diseases (NAFLD), hyperglycemia, and dyslipidemia 
(2, 3). Several studies put forward the hypothesis 
that these pathologies are mediated by increased 
oxidative stress through nitric oxide synthesis 
induction (4). In high fructose diet rats, hypertension 
was associated with early renal damage mechanism  

produced by nitro-oxidative stress (5). Protein 
inhibitor of neuronal NO synthase (nNOS) proved 
toinduce sympathoexcitation and hypertension in 
subjects with metabolic syndrome (6). Metabolic 
changes similar with those above-described in regard 
of association with hypertension have been also 
observed in streptozotocin (STZ)-induced diabetic rats 
(7). The mechanism of underlying hypertension is                
not completely understood, but an activation of 
sympathetic nervous system and elevation of 
angiotensin-converting enzyme (ACE) have been 
identified (8). The excessive production of nitric             
oxide is suggested as one of the pathophysiological
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mechanisms associated with STZ-induced diabetes 
(9). 

Researches demonstrate that the curcumin 
(derived from turmeric plant) had anti-bacterial 
(10), anti-protozoal or anti-fungal (11, 12), anti-
oxidant (13), anti-diabetic (14), and anti-tumor 
effects (15). The constituent of turmeric plant, 
curcumin is derived from the rhizome of plant 
Curcuma longa and plays a significant role in 
regulation of gene activity, which is supposed to be 
the mechanism of action of curcumin (16). The 
Turmeric plant belongs to the Zingiberaceae Family, 
Genus Curcuma (most common species C. longa). The 
rhizome is the part of the plant that is used as spicy 
condiment, to preserve food or as coloring material 
(mainly in India) (17). C. longa has its origins in 
South Asia, especially China and India. Turmeric has 
two types of compound: phenolic compounds and 
terpenoids (a subclass of prenylipids). Curcuminoids, 
which include curcumin, demethoxy curcumin and 
bisdemethoxy curcumin is a phenolic compound of 
turmeric plant (18).  

The hypothesis of our study was that curcumin 
has similar effects on metabolic changes induced by 
two different pathophysiological mechanisms, 
named fructose diet (fructose is a compound that is 
found in food) and by STZ (a naturally occurring 
compound known to be toxic to the insulin-
producing beta cells of the pancreas and used to 
induce diabetes in animal models (19)). The aim of 
our study was to investigate the effect of curcumin 
administration on systolic blood pressure, metabolic 
changes, and oxidative parameter modifications in 
models of fructose-induced metabolic syndrome and 
STZ-induced diabetes rats. 

 

Materials and Methods 
Ethics statement 

Experimental design and animal handling 
procedures were approved by Ethics Committee of 
the Iuliu Haţieganu University of Medicine and 
Pharmacy, Cluj-Napoca, Romania. The study was 
carried out according to the Declaration of Helsinki 
and by respecting the guidelines for the care and use 
of laboratory animals. A special attention was paid to 
minimize the number of animals and their suffering. 

 
Animals and diets 

Adult male Wistar rats were obtained from the 
Animal Department of Faculty of Medicine (weighing 
200-250 g) and subsequently maintained in poly-
propylene cages in the Pathophysiology Department 
at the “Iuliu Haţieganu” University of Medicine and 
Pharmacy Cluj-Napoca). The light and dark regime 
was kept constant and the temperature and humidity 
were maintained at 24±2 °C and 60±5%, respectively. 
All animals used in this study had free access to 

standard pellet (Cantacuzino Institute, Bucharest, 
Romania) basal diet and water ad libitum. 

Rats were randomly divided into five groups, 
each group with 10 rats:  

- Control group (normal) with neither fructose diet 
nor experimental diabetes mellitus and without 
any treatment.  
- Two groups with fructose diet, one without 
curcumin pre-treatment (abbreviated as FD, 
fructose diet control group) and one with curcumin 
pre-treatment (abbreviated as FDC).  
- Two groups with STZ-induced diabetes mellitus, 
one without curcumin pre-treatment (abbreviated 
as SID) and one with curcumin pre-treatment 
(SIDC).  

 
Metabolic syndrome inducement by fructose diet 

The metabolic syndrome was induced by high 
fructose diet. Fructose drinking water was freshly 
prepared using 10 g of fructose diluted in 100/ml of 
tap water (20). The fructose drinking water was 
administered every day for twelve weeks ad libitum. 

 
Diabetes mellitus inducement by streptozotocin 

The diabetes mellitus inducement with STZ was 
made by the injection of a single intraperitoneal dose of 
STZ in the dose of 60 mg/kg body weight. The drug was 
dissolved in freshly prepared 0.01 M citrate buffer 
(pH=4.5) according with Alimohammadi et al (21). 

 
Curcumin pre-treatment 

Curcumin was administrated daily by gavages as 
1 g/kg body weight, 16 days previous to the 
inducement of metabolic syndrome in both FDC and 
SIDC groups. This method was chosen because it was 
previously demonstrated to reduce the inflammation 
in diabetic rats (22). 

Fructose, STZ, and curcumin procured by Sigma-
Aldrich was used in this study. Diagnostic kits were 
procured from AMP Diagnostic and Sigma – Aldrich 
(Bio-Zyme, Romania). 

 
Measurements 

Measurements were made at baseline (the 
beginning of the experiment) and at follow-up (in the 
end of the experiment). 
 
Blood pressure measurement 

The systolic arterial blood pressure in conscious, 
non-anesthetized rats was measured by tail-cuff 
plethysmography (BIOPAC system 3.7.7). The 
pressure was monitored before (30 min previous to 
the experiment) and at the end of the experiment. 
Three measurements were made for each moment of 
the experiment and the average was calculated and 
recorded. 
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Figure 1. Systolic blood pressure on inducement groups 
compared to control group (***P<0.001 vs. control group); FD: 
fructose diet group, FDC: fructose diet group with curcumin                  
pre-treatment, SID: streptozotocin-induced diabetes mellitus 
group, SIDC: streptozotocin-induced diabetes mellitus with 
curcumin pre-treatment 

 
Blood sample collection 

At the end of the experiment, the blood samples 
were collected from the retro-orbital plexuses of 
each rat under light ketamine anesthesia (50 mg/kg 
body weight by IP route) (23).  
 
Metabolic parameters measurements 

Serum was separated and was analyzed for 
metabolic changes by assessment of glucose (glycemia), 
total cholesterol (T-C), triglycerides (TG), low density 
lipoprotein-cholesterol (LDL-C), and high density 
lipoprotein-cholesterol (HDL-C) by spectrophotometry. 
Serum levels of aspartate aminotransferase (AST), and 
alanine aminotransferase (ALT) were measured using 
an automated technique (Vita Lab Flexor E, Austria).  
 
Determination of oxidative parameters 

The oxidative parameters were estimated as 
follows: malondialdehyde (MDA) according to Yagl 
method (24), Thiol compound according to Ellman 
method (25), the indirect assessment of NO synthesis 
(NOx), total oxidative status (TOS) and total 
antioxidative capacity (TAC) as in Pârvu et al (26). Jasco 
V-350 UV-VIS spectrophotometer (Jasco International 
Co, Ltd, Tokyo, Japan) was used for spectroscopic 
measurements. 

 
Statistical analysis 

Quantitative data were summarized as mean and 
standard deviation whenever proved normally 
distributed; otherwise, median, first, and third quartiles 
were used. Shapiro-Wilks test was used to assess the 
normal distribution of experimental measurements. 
The comparisons between groups were performed 
with student t-test for normally distributed data and 
Mann-Whitney test or Wilcoxon paired test for data 
that proved not normally distributed. The relation 
between NOx and systolic blood pressure was assessed 
with Pearson correlation coefficient. Statistical analysis  
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Figure 2. Metabolic measurements according with the group 
and comparisons with control group (ns= not statistically 
significant; * P<0.05 vs. control group; ** P<0.01 vs. control 
group; *** P<0.001 vs. control group); T-C: total cholesterol, HDL-
C: high density lipoprotein-cholesterol, LDL-C: low density 
lipoprotein-cholesterol, TG: triglycerides, AST: aspartate 
aminotransferase, ALT: alanine aminotransferase, FD: fructose 
diet group, FDC: fructose diet groups with curcumin pre-
treatment, SID: streptozotocin-induced diabetes mellitus group, 
SIDC: streptozotocin-induced diabetes mellitus with curcumin 
pre-treatment group 

 
 

was conducted with Statistica software (v. 8) at a 
significance level of 5% since the comparisons relative 
to control group was of interest. 

 

Results 
All animals included in the study were analyzed 

(10 rats per group).  
Systolic blood pressure proved significantly 

(P<0.001) higher in all investigated groups compared 
to controls at the end of the experiment (Figure 1). 

The mean of systolic blood pressure in the group 
with fructose diet proved significantly lower in the 
group with curcumin pre-treatment compared with the 
group without curcumin pre-treatment (FDC:FD= 
164.90±3.14:178.90±2.60; P<0.0001). Furthermore, the 
mean of systolic blood pressure in the SIDC proved 
significantly lower compared with the SID (SIDC: 
SID=133.70±2.50:142.40±2.72; P<0.0001). 

The animals with fructose diet proved significantly 
higher values of systolic blood pressure (164.90±3.14) 
compared to animals with STZ-induced diabetes 
mellitus (133.70±2.50; P<0.0001, see Figure 1). 
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Figure 3. Pre-treatment efficacy in regards of metabolic 
measurements (ns = not statistically significant; * P<0.05;                        
** P<0.01; *** P<0.001 for comparisons of the same inducement 
group with and without curcumin pre-treatment; T-C: total 
cholesterol, HDL-C: high density lipoprotein-cholesterol, LDL-C: 
low density lipoprotein-cholesterol, TG: triglycerides, AST: 
aspartate aminotransferase, ALT: alanine aminotransferase, FD: 
fructose diet group, FDC: fructose diet groups with curcumin 
pre-treatment, SID: streptozotocin-induced diabetes mellitus 
group, SIDC: streptozotocin-induced diabetes mellitus with 
curcumin pre-treatment 

 

In regards of metabolism, the characteristics of 
the investigated variables measured at the end of the 
experiment proved significantly different in all 
investigated groups compared to control group 
(Figure 2), with one exception. The value of total 
cholesterol proved not significantly different in the 
group with fructose diet and curcumin pre-treatment 
compared with controls (ns, Figure 2). 

The efficacy of the curcumin pre-treatment was 
investigated by comparing the groups with the same 
induction and with two exceptions significantly 
lower values were observed in the curcumin pre-
treatment groups (Figure 3). In the group with high 
fructose diet, no significant difference was observed 
in regard of LDL-C, while in the SIDC group,                      
no significant difference was observed in regard of 
HDL-C (see Figure 3). 

With one exception, represented by LDL-choles-
terol, significant differences in terms of meta-
bolic biochemical parameters were observed when 
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Figure 4. Statistical parameter and associated P-value for 
comparison between fructose diet groups with curcumin pre-
treatment (FDC) and streptozotocin-induced diabetes mellitus 
with curcumin pre-treatment group (SIDC) (ns = not statistically 
significant; ** P<0.01, comparison between FDC and SIDC; Mann-
Whitney test for glycemia, TG and AST; Student t-test for T-C, HDL-
C, LDL-C and ALT 

 
the group with fructose-induced metabolic syndrome 
with curcumin pre-treatment (FDC) was compared 
with STZ-induced diabetes mellitus with curcumin 
pre-treatment (SIDC) (Figure 4).  

The comparisons of investigated oxidative stress 
parameters determined at the end of the experiment 
showed significant differences compared to the 
controls for most parameters (Figure 5). 

MDA (P<0.0001), NOx (P<0.0001) and TOS 
(P=0.0002) proved significantly higher in FD group 
compared with FDC, while Thiol (P=0.0175) and TAC 
(P=0.0006) proved significantly higher in FDC group 
compared with FD group. Similar differences were 
observed when SID group was compared with SIDC 
group, with MDA (P<0.0001), NOx (P<0.0001) and 
TOS (P=0.0025) significantly higher in SID group 
compared with SIDC, while Thiol (P<0.0001) and 
TAC (P=0.0002) with significantly higher in SIDC 
group compared with SID group. 

Even the oxidative stress parameter did not reach 
the normal values for none of the investigated groups. 
In the most of the cases, the closest values to the normal 
were found in FDC. The values of TOS and MAD proved 
significantly lower in FDC group compared with SIDC 
group, while the values of Thiol proved significantly 
higher in FDC group compared with SIDC (Figure 6). 

The relation between systolic blood pressure and 
NOx proved with one exception positive; the exception 
was observed in control group where the relation was 
negative (Figure 7). 

With one exception, observed in SID group 
(r=0.6780, P=0.0310), no significant linearity was 
observed between systolic blood pressure and NOx 
(Control: r= 0.2453, P=0.494; FD: r= -0.1772, P=0.624; 
SID: r=0.4873, P= 0.153; FDC: r=0.6780, P=0.031; SIDC: 
r=0.2984, P=0.645). 
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Figure 5. Characteristics of oxidative stress parameters by groups  
and comparisons with the control group (ns = not statistically 
significant; * P<0.05 vs. control group; ** P<0.01 vs. control group; 
*** P<0.001 vs. control group); MDA: malondialdehyde, Thiol: Thiol 
compound, NOx: indirect assessment of NO synthesis, TOS: total 
oxidative status, TAC: total antioxidative capacity, FD: fructose 
diet group, FDC: fructose diet groups with curcumin pre-
treatment, SID: streptozotocin-induced diabetes mellitus group, 
SIDC: streptozotocin-induced diabetes mellitus group with 
curcumin pre-treatment 
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Figure 6. Statistical parameter and associated value for 
comparison between fructose diet groups with curcumin pre-
treatment (FDC) and streptozotocin induced metabolic syndrome 
with curcumin pre-treatment group (SIDC) (ns = not statistically 
significant; * P<0.05; ***P<0.001); Mann-Whitney Test for TOS, and 
TAC, Student t-test for independent sample for MDA, Thiol,                  
and NOx 
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Figure 7. Relationship between systolic blood pressure and NOx 
by groups; FD: fructose diet group, FDC: fructose diet groups with 
curcumin pre-treatment, SID: streptozotocin-induced diabetes 
mellitus group, SIDC: streptozotocin-induced diabetes mellitus 
with curcumin pre-treatment 

 

Discussion 
The effect of curcumin administration on systolic 

blood pressure, metabolic changes, and oxidative 
parameters was successfully investigated on two 
different inducements, fructose diet and STZ-induced 
diabetes mellitus. Despite the fact that the investigated 
inducements have different mechanisms, similar 
beneficial effect of curcumin was observed in both 
investigated experimental models (fructose diet, and 
STZ administration). The evaluation of systolic blood 
pressure showed a significantly increase in all 
investigated groups compared to controls. 
Nevertheless, the curcumin pre-treatment assure a 
significantly lower mean of systolic blood pressure in 
fructose-induced metabolic syndrome group (FDC: 
FD=164.90±3.14:178.90±2.60; P<0.0001) as well as in 
STZ-induced diabetes mellitus group (SIDC: 
SID=133.70±2.50:142.40±2.72; P<0.0001). 

The presence of hypertension associated with 
fructose diet rats and STZ induced diabetic rats have 
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already been demonstrated (27, 8). It has also been 
demonstrated that the increase of ACE activity leads 
to sympathetic dysfunction in both experimental rats 
groups (FD and SID) (27). There is evidence that the 
aldosterone administration aggravates metabolic 
disturbances induced by fructose diet in rats (28). 
Fructose diet can also produce hypertension in 
experimental studies in rats (29). There is evidence 
that oxidative stress can produce neurogenic 
hypertension by the influence of central nervous 
system. Oxidative stress in rostral ventrolateral 
medulla (RVLM) augments the sympathetic activity, 
which is involved in the neural mechanism of 
hypertension (30). In our experiment, there is a 
significant decrease of systolic arterial blood 
pressure in curcumin pre-treatment groups (FDC 
and SIDC groups). Since ACE catalyzes the 
conversion of angiotensin I to angiotensin II, and 
angiotensin II may trigger the inflammatory effect 
and oxidative stress (31), the connection between a 
sympathetic activation and oxidative stress may exist 
in our experimental groups. The reduction of systolic 
blood pressure due to curcumin pre-treatment in our 
experimental groups can be explained by the 
reduction of oxidative stress. In our study, the 
metabolic parameters had different pattern 
according with both inducement and curcumin pre-
treatment. Total cholesterol proved significantly 
higher in fructose-induced metabolic syndrome 
compared with controls, but not different when 
curcumin pre-treatment fructose-induced metabolic 
syndrome group was compared with controls. With 
one exceptions, significant increased values are 
observed in LDL-C, glycemia, TG, AST and ALT in all 
investigated groups. The exception is represented by 
LDL-C in FD group that proved not significantly 
different with control. The curcumin pre-treatment 
proved with one exception represented by LDL-C to 
reduce the values of all investigated metabolic 
parameters. The same effect of reducing the increase 
of metabolic parameters was also observed on STZ-
induced diabetes mellitus, but this time the 
exception was represented by HDL-C and the highest 
decrease was observed in regard of ALT. 

The comparisons of groups with curcumin pre-
treatment showed significant differences in regards 
of all metabolic parameters when FDC was compared 
with SIDC, with higher values on SIDC group 
compared with FDC for glycemia and TG and higher 
values on FDC group compared with SIDC in regard 
of T-C, HDL-C, AST and ALT. The curcumin pre-
treatment in our experimental groups is based on the 
potential of curcumin to improve metabolic 
parameters demonstrated in previous experimental 
metabolic syndrome (32, 33) and on its anti-oxidant 
effect (34). The effect of curcumin is also based on 
the increase of postprandial serum insulin levels 
without affecting the plasma glucose in healthy 

human subjects (35). The potency of curcumin in 
improvement of lipid profile in experimental high-
fat-diet rats has been previously demonstrated (35). 
Furthermore, it has also been demonstrated that 
curcumin supplementation of diet can improve lipid 
profile and prevent accumulation of fat in the liver by 
enhancing triglyceride transport out of the liver by 
its hypotriglyceridemic effect (356). A significant 
hepatic injury induced by high fructose diet or by 
STZ has already demonstrated by the high level of 
ALT and AST (37). The STZ induced diabetic rats are 
also associated with increased oxidative stress and 
hepatic injury (38). Hepato-protective effect of 
curcumin was previously demonstrated in an 
experimental model of oxidative stress on rats (39). 

Oxidative stress is often an imbalance between pro-
oxidants and anti-oxidants. Evaluation of oxidative 
stress parameters (pro-oxidative stress markers such 
as MDA, NOx, and TOS, and antioxidative stress 
markers such as THIOL and TAC) showed significantly 
increased values of MDA, NOx, and TOS (except TOS in 
FDC group) when each inducement group was 
compared to control group, and significantly decreased 
values of Thiol and TAC. Curcumin treatment reduced 
MDA and TOS values significantly more in FDC group 
compared with SIDC group, and increased the values of 
Thiol significantly more in FDC group compared with 
SIDC group. MDA, generated by decomposition of 
polyunsaturated fatty acid peroxides is largely used as 
an indicative of oxidative stress in cells and tissues (40). 
Measurements of MDA levels, as a biomarker of 
oxidative stress, demonstrate that a significant lipid 
peroxidation exists in our both experimental groups 
(FD and SID). These results demonstrate that the 
fructose diet and STZ are able to start lipid peroxidation 
either directly or by exhausting antioxidative defense 
substances. Other authors demonstrate that a fructose 
diet in rats can induce the increase the MDA level, 
which can facilitate oxidative damage (41). It has also 
been demonstrated that one of the possible 
mechanisms of diabetes-related tissue damage in 
experimental diabetes induced by STZ is the 
modification of various proteins via secondary 
degradation products resulting from lipid peroxidation 
such as MDA (42). Because our study groups (FD and 
SID) were found to have a significantly increased MDA, 
there is an increased susceptibility to cells and tissue 
damage due to the increase of this metabolite in the 
blood. Based on the obtained results, it can be 
suggested that the curcumin treatment can reduce the 
lipid peroxidation, demonstrated by the decreasing of 
MDA in both curcumin pre-treatment groups (FDC and 
SIDC). 

The increase of NO production as a biomarker of 
nitro-oxidative stress was demonstrated by 
measurement of inorganic nitrites and nitrates 
(NOx), the stable end metabolites of NO. The high 
concentration of NOx in all groups (FD and SID) 
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compared with control group demonstrates the 
increase of NO synthesis. The NO molecule behaves 
as a potent pro-oxidant producing peroxynitrite in 
the presence of super oxide anion (43). Enhanced 
production of NO resulting from oxygen-derived free 
radical production has been proven to induce the 
increase of lipid peroxidation and MDA production 
(44). The production of NO is enhanced by 
hyperglycemia and hyperlipidemia, which are 
associated with increased oxidative stress. The 
correlation of increased NO production with pro-
inflammatory cytokines as is IL-6 and TNF-alpha has 
been reported in human (45). In inflammatory 
status, activated macrophages and neutrophils 
produce large amounts of NO through iNOS activity 
(46). In our experimental groups, the presence of 
hyperglycemia and hyperlipidemia, and increased 
oxidative stress can lead to increase NO synthesis. 
The significant decrease of NOx and TOS (markers of 
the degree of oxidative stress) after pre-treatment 
with curcumin demonstrates its potency to reduce 
the oxidative stress and implicitly the inflammatory 
reaction. Anti-oxidant and anti-inflammatory 
properties of curcumin were already demonstrated 
even though the exact molecular mechanisms are not 
entirely known (47).  

Thiol groups (-SH) play an important role in anti-
oxidant reaction and also in reaction of catalysis, 
regulation, electron transport, and thus preserving 
the correct structure of proteins (48). For this 
reason, Thiol production compounds have a 
significant effect on the redox state of plasma 
because they are an important anti-oxidant system. 
Cells have a natural reservoir of Thiol compounds 
such as glutathione (GSH), cysteine (CSH), and 
homocysteine (HCSH). They play an in vivo role of 
redox buffer. The reduction of GSH is associated with 
pathological oxidative stress induced by high fat diet 
in rats (49). Similar influence on total anti-oxidant 
capacity and Thiol of other plants (such as Aronia 
melanocarpa) on high fructose diet rat experimental 
model has also been demonstrated (50). 

In this study, no significant differences were 
observed in regard of TAC and NOx when FDC group 
was compared with SIDC group. However, the values of 
MAD and respectively TOC proved significantly higher 
in SIDC group compared with FDC, while the values of 
Thiol proved significantly higher in FDC group 
compared with SIDC. 

Association analysis showed a significant linear 
relation between NOx and systolic blood pressure for 
SID group. The regulation of sympathetic vasomotor 
tone, as a mechanism of hypertension, can be induced 
by NO action in rostral ventrolateral medulla (51). 

 

Conclusion 
The curcumin pre-treatment proved to improve 

metabolic changes (hyperglycemia, hypercholes-
terolemia, hypertriglyceridemia) and oxidative stress 

induced by both fructose-induced metabolic 
syndrome and STZ-induced diabetes in rats, even 
these two experimental models have different 
pathophysiological mechanism of metabolic and 
oxidative stress changes. The systolic blood pressure 
is also significantly reduced by curcumin compared 
to untreated groups. These ameliorating effects on 
metabolic parameter and systolic blood pressure of 
curcumin are exerted through its potency to reduce 
oxidative stress. Future studies are needed for 
pathophysiological mechanisms elucidation due to 
curcumin pre-treatment. 
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