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Curcumin combined with metformin 
decreases glycemia and dyslipidemia, 
and increases paraoxonase activity in diabetic 
rats
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Abstract 

Background: Combination of current antidiabetic agents with natural antioxidants to manage diabetes mellitus 
and its complications has appeared as an emerging trend. Curcumin, a yellow pigment isolated from Curcuma longa 
rhizomes, has gained attention due to its beneficial effects in controlling the disturbances observed in diabetes mel-
litus. The purpose of this study was to investigate if yoghurt enriched with curcumin and metformin, individually or 
as mixtures, ameliorates physiometabolic parameters, glycoxidative stress biomarkers, and paraoxonase 1 (PON 1) 
activity in diabetic rats.

Methods: Streptozotocin-diabetic rats (6-week-old Wistar rats) were treated for 30 days with curcumin and met-
formin, isolated or as mixtures in yoghurt (10 rats/group). After treatments, the plasma levels of glucose, triacylglyc-
erol, cholesterol, thiobarbituric acid reactive substances (TBARS, a biomarker of lipid oxidation), fluorescent advanced 
glycation end products (AGEs), and the activity of PON 1, an antioxidant enzyme were assessed. Data were analyzed 
using one-way analysis of variance (ANOVA) followed by Student–Newman–Keuls test.

Results: Treatment of diabetic rats with curcumin or metformin alone decreased the plasma levels of glucose, 
triacylglycerol, cholesterol, TBARS, and fluorescent AGEs, as well as increased the activity of PON 1. The combination 
of metformin with curcumin further decreased dyslipidemia and TBARS levels in diabetic rats, indicating synergy, and 
maintained the high levels of PON 1.

Conclusion: These findings indicated that curcumin combined with metformin may act synergistically on dyslipi-
demia and oxidative stress, as well as increased PON 1 levels. Therefore, it might be a promising strategy for combat-
ing diabetic complications, mainly the cardiovascular events.
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Background
Diabetes mellitus (DM) is a chronic metabolic syndrome 
resulting from defects in pancreatic insulin secretion 
and/or insulin action on target tissues. The increased 
rates of mortality and morbidity related to DM are often 
associated with macro- and microvascular complica-
tions. Persistent hyperglycemia participates in the onset 
and maintenance of these complications, mainly via 
oxidative stress [1]. In spite of the availability of various 
antidiabetic agents controlling hyperglycemia, therapeu-
tic options targeting other disturbances often related to 
DM, such as dyslipidemia and oxidative stress have also 
been a major focus in research. Therefore, it is crucial to 
explore new agents and strategies as the epidemic pro-
portions of DM continue to increase. Combination of 
the actual available antidiabetic drugs with phytochemi-
cals has appeared as an interesting strategy to man-
age hyperglycemia and other DM disorders. Curcumin 
(diferuloylmethane) is a yellow pigment isolated from 
dried rhizomes of Curcuma longa L. (turmeric), which is 
largely used as a dietary spice. Focusing on diabetes, cur-
cumin has gained attention due to its ability to ameliorate 
hyperglycemia and exert a range of beneficial effects on 
macro- and microvascular complications, including car-
diovascular diseases [2], nephropathy [3], retinopathy [4], 
and endothelial dysfunction [5]. Furthermore, studies are 
showing promising findings on the efficacy of curcumin 
in combination with antidiabetic agents [6] or with other 
phytochemicals [7] in the control of glycemia and attenu-
ating other diabetic complications.

The purpose of this study was to investigate the effects 
of curcumin combined with metformin on the changes in 
the levels of biomarkers of metabolic disturbances, oxi-
dative stress, and antioxidant defenses in the plasma of 
streptozotocin-diabetic rats.

Methods
Animals and induction of diabetes mellitus
Male Wistar rats (Rattus norvegicus; 6-week-old; weigh-
ing 140–160 g) were housed in individual metabolic cages 
under controlled conditions of temperature (23 ± 1  °C) 
and humidity (55 ± 5%) and a 12 h light/dark cycle. Rats 
received water and lab chow diet (Presence Nutrição 
Animal, Paulínia, São Paulo, Brazil) ad  libitum through-
out the 30 days of the experiment.

After an initial period of adaptation, experimental type 
1 DM was induced with a single intravenous injection 
of 40  mg/kg streptozotocin (STZ) (Sigma Aldrich, St. 
Louis, Missouri, USA) dissolved in 0.01 M citrate buffer 
(pH 4.5) in rats subjected to 14  h fasting. Normal rats 
received only citrate buffer. For this procedure, all the 
animals were anesthetized using isoflurane. Three days 

after STZ administration, diabetic rats were divided into 
the different experimental groups according to similar 
medium values of glycemia and body weight, taking into 
account that the glycemia levels before treatment ranged 
between 380 and 510 mg/dL. All the experimental groups 
having diabetic rats started with similar medium values 
of glycemia (≈ 400 mg/dL), to avoid bias, and effectively 
interpret the changes observed in glycemia levels result-
ing from the treatments throughout the 30  days of the 
experiment.

Experimental design and treatments
Curcumin from Curcuma longa (Turmeric; purity of 76%; 
product number C1386, batch number SLBH2403V; pur-
chased from Sigma Aldrich, St. Louis, Missouri, USA) 
and metformin (metformin hydrochloride; purity of 
99.56%; purchased from Gemini Indústria de Insumos 
Farmacêuticos Ltda, Anapolis, Goias, Brazil) were mixed 
with commercial plain yoghurt (170  g containing 9.1  g 
carbohydrates, 6.8  g protein, 7.0  g total fat, 126  kcal, 
Nestlé®, Brazil) using a homogenizer (27,000  rpm) for 
90 s at ambient temperature (25 °C).

Diabetic rats were distributed into 5 groups (10 rats/
group): diabetic rats treated with yoghurt (DYOG), dia-
betic rats treated with 90  mg/kg curcumin in yoghurt 
 (DC90), diabetic rats treated with 250  mg/kg met-
formin in yoghurt  (DM250), diabetic rats treated with 
90  mg/kg curcumin + 250  mg/kg metformin in yoghurt 
 (DC90M250), diabetic rats treated with 4 U/day insulin 
(DINS). The experiment also had a group of normal rats 
treated with yoghurt (NYOG).

The oral treatments were given by gavage twice a day. 
Curcumin and/or metformin were administered as a half 
dose (45 mg/kg/gavage for curcumin and 125 mg/kg/gav-
age for metformin) in 0.5 mL of yoghurt, totaling 1.0 mL/
rat/day of treatments. Insulin treatments were also given 
twice a day; rats received 2 subcutaneous injections of 
insulin  (Biohulin®, NU-100, Brazil), 2 U/rat each injec-
tion at 08:00 h and 17:00 h for 30 days.

During the experiment, body weight, food and water 
intake, and urinary volume were monitored over a period 
of 24  h every week. An aliquot of urine was taken to 
determine glycosuria levels (o-toluidine method). The 
blood samples were collected weekly, from the tip of the 
tail, in heparinized tubes  (Hemofol®, 5000 UI/mL), and 
the plasma samples were used to determine glycemia lev-
els, using commercial kit (Labtest Diagnostica SA, Lagoa 
Santa, Minas Gerais, Brazil).

At the end of the treatments, the blood samples were 
collected for the analysis of plasma levels of glucose, tria-
cylglycerol, cholesterol (Labtest Diagnostica SA, Lagoa 
Santa, Minas Gerais, Brazil), and for the measurement 
of thiobarbituric acid reactive substances (TBARS), 



Page 3 of 8Roxo et al. Diabetol Metab Syndr           (2019) 11:33 

fluorescent advanced glycation end products (AGEs), 
and the activity of the antioxidant enzyme paraoxonase 
1 (PON 1).

The experimental procedures were approved by the 
Committee for Ethics in Animal Experimentation from 
the School of Pharmaceutical Sciences, São Paulo State 
University (UNESP), Araraquara, SP, Brazil (CEUA/FCF/
CAr resolution number 23/2017).

Thiobarbituric acid reactive substances (TBARS)
Lipid peroxidation products, including malondialdehyde, 
were measured in deproteinized plasma samples using 
the thiobarbituric acid (TBA) reaction [8]. TBA reactive 
substances (TBARS) were measured fluorometrically 
with excitation and emission wavelengths of 510 and 
553  nm, respectively. We used 1,1,3,3-tetramethoxypro-
pane (Sigma Aldrich, St. Louis, Missouri, USA) as stand-
ard. The results were expressed as µmol/L.

Fluorescent advanced glycation end products
The fluorescence relative to advanced glycation end prod-
ucts (AGEs) was determined according to Zilin et al. [9], 
with some modifications. To plasma samples were added 
1.2 M chloroform, 0.12 M trichloroacetic acid, and 0.1 M 
sodium hydroxide. The tubes were shaken vigorously and 
maintained at 10 °C ± 2 °C for 30 min, and then were cen-
trifuged at 10,000g for 10 min at 10 °C. Supernatants were 
used to measure AGEs spectrofluorometrically, with 
excitation and emission wavelengths of 370 and 440 nm, 
respectively, using a microplate multi-mode reader, with 
split set at 16 nm, Synergy H1™, BioTek Instruments Inc 
(Winooski, VT, USA). The results were expressed as arbi-
trary units of fluorescence.

Paraoxonase 1 (PON 1) activity
PON 1 activity was determined according to Assis 
et  al. [7], via hydrolysis of paraoxon and the release of 
p-nitrophenol. The activity was monitored by measur-
ing the absorbance at 405 nm over a period of 5 min. The 
results were calculated using the molar extinction coef-
ficient of p-nitrophenol (18,000/M/cm). PON 1 activ-
ity was expressed in units/liter (unit = μmoL paraoxon 
hydrolyzed/min).

Statistical analysis
Data were expressed as mean ± standard error of mean 
(SEM). One-way analysis of variance (ANOVA) followed 
by the Student–Newman–Keuls test were used to com-
pare the temporal inter-group differences in physiological 
and biochemical parameters as well as in the glycoxida-
tive stress biomarkers (TBARS, AGEs, PON 1). Paired 
Student’s t test was used to compare intra-group changes 
in parameters relative to day 0. Data were considered 

statistically significant at p < 0.05. Statistical analyses 
were performed using the program Graphpad Instat 3.05 
(GraphPad Software, USA).

Results and discussion
Diabetic rats treated with metformin-enriched yoghurt 
for 30 days had a significant decrease in glycemia levels 
(Fig. 1A), although the effects of metformin were minor 
than those of insulin. This reduction in glycemia explain 
the low levels of glucose excreted in the 24  h urine, as 
well as the decrease in urinary volume and water inges-
tion (Table  1). The decrease in glycemia in  DM250 rats 
also reflected in minor levels of plasma fluorescent AGEs 
(end products of protein glycation) (Fig.  1E). The treat-
ment of STZ-diabetic rats with metformin partially 
restored dyslipidemia, since triacylglycerol (Fig. 1B) and 
cholesterol levels (Fig. 1C) decreased, but the levels were 
higher than those in NYOG and DINS rats. The benefi-
cial effects of metformin on lipid profile have been well 
described [10]. Metformin treatment also decreased 
the levels of TBARS (biomarker of lipid peroxidation) 
(Fig.  1D), although in a lesser magnitude than insulin 
treatment. Improvements in the biomarkers of oxidative 
damage have been observed in STZ-diabetic rats treated 
with metformin [11, 12]. Ultimately, the activity of PON 
1 increased in diabetic rats treated with metformin-
enriched yoghurt (Fig.  1F). PON 1 circulates preferen-
tially in association with HDL, and its antioxidant activity 
is related to its ability to hydrolyze lipid peroxides within 
lipoproteins, mainly LDL [13, 14]. Furthermore, Younis 
et  al. [15] observed that HDL has the ability to protect 
LDL against glycation, and this protection is proportional 
to the activity of PON 1 found in HDL. In patients newly 
diagnosed with diabetes, treatment with metformin was 
able to restore the activity of PON 1 [16].

A group of diabetic rats  (DC90) was treated with 90 mg/
kg curcumin in yoghurt. The dose of 90 mg/kg curcumin 
used in the present study was chosen based on a previous 
study from our laboratory. In this study, Gutierres and 
collaborators [17] investigated the effects of the treat-
ments of STZ-diabetic rats for 31  days with curcumin-
enriched yoghurt at doses of 30  mg/kg, 60  mg/kg, and 
90 mg/kg. By monitoring various physiological and bio-
chemical parameters altered in diabetes, authors found 
many benefits of these treatments, mainly in the glyce-
mic control, and in a dose-dependent response. It must 
be highlighted that none of these curcumin doses caused 
toxicity in normal or diabetic rats. In further studies, 
when 90 mg/kg curcumin was administered in combina-
tion with carotenoids, lycopene or bixin [7], or with insu-
lin [6], the effectiveness of curcumin was also observed in 
STZ-diabetic rats, and these combined treatments were 
able to add new benefits to combat the complications of 
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diabetes associated with oxidative stress. In the present 
study, STZ-diabetic rats treated with curcumin-enriched 
yoghurt for 30  days showed maintenance of the glyce-
mia values throughout the experimental period, in com-
parison with the progressive increase in the glycemia 
of DYOG rats, demonstrating the beneficial effects of 
curcumin on glycemic control (Fig.  1A). This beneficial 
effect of curcumin helps to explain the decrease in gly-
cosuria, urinary volume, and water intake in  DC90 rats 
(Table 1). The antihyperglycemic activity of curcumin can 
be associated to its potential to prevent inflammation and 
apoptosis of pancreatic beta cells, improving their func-
tion [18], as well as improving insulin responses and glu-
cose tolerance [19]. The minor levels of fluorescent AGEs 
in the plasma of diabetic rats treated with curcumin-
enriched yoghurt (Fig. 1E) can be explained partially by 
its beneficial effects on glycemia levels, leading to minor 
AGEs formation. In addition, Sun et  al. [20] found that 
curcumin was able to trap methylglyoxal, a dicarbonyl 
compound acting as an intermediary in AGEs formation, 
therefore contributing to our findings of the decreased 
plasma AGEs levels. The treatment of diabetic rats with 
curcumin also decreased the plasma levels of TBARS 
(Fig. 1D). The antioxidant power of curcumin per se [21] 

may explain its ability to inhibit lipid peroxidation; how-
ever, the improvement in glycemia control can also con-
tribute to reduction in the formation of reactive oxygen 
species (ROS) and therefore decreases oxidative stress 
in DM. The treatment of diabetic rats with curcumin-
enriched yoghurt prevented the reduction in the activity 
of PON 1 (Fig. 1F), as previously observed [7]. It has been 
found that curcumin can increase the expression of PON 
1 in the liver [22]; however, it cannot be overlooked that 
PON 1 activity was preserved due to protection against 
glycation events, since curcumin reduced the markers 
of glycoxidative stress. Evidence indicated that glyca-
tion of PON 1 decreases its activity [23]. Curcumin also 
improved lipid profile, since the plasma levels of triacyl-
glycerol (Fig.  1B) and cholesterol (Fig.  1C) decreased in 
 DC90 rats. The beneficial effects of curcumin on hyper-
lipidemia have been well described [2, 24]. Considering 
all these findings, curcumin has appeared as an antioxi-
dant of natural origin with a great potential to oppose the 
complications of DM.

In a retrospective cohort study with 72,971 participants 
(patients with type 2 DM in transition to insulin therapy), 
Xu et al. [25] found that metformin is the most common 
medication used prior to insulin initiation, in comparison 

Fig. 1 Biochemical and oxidative stress biomarkers of STZ-diabetic rats treated with curcumin alone or combined with metformin. Plasma levels of 
glucose (A), triacylglycerol (B), cholesterol (C), TBARS (D), fluorescent AGEs (E), and PON 1 activity (F). Values are expressed as mean ± SEM, n = 10. 
NYOG: normal rats treated with yoghurt; DYOG: diabetic rats treated with yoghurt; DINS: diabetic rats treated with 4 U/day insulin;  DC90: diabetic 
rats treated with 90 mg/kg curcumin in yoghurt;  DM250: diabetic rats treated with 250 mg/kg metformin in yoghurt;  DC90M250: diabetic rats treated 
with 90 mg/kg curcumin + 250 mg/kg metformin in yoghurt. The differences between groups were considered significant at p < 0.05 and were 
analyzed using one-way ANOVA followed by Student–Newman–Keuls test. aDifferences with NYOG; bdifferences with DYOG; cdifferences with DINS; 
ddifferences with  DC90; edifferences with  DM250; fdifferences with  DC90DM250
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with antidiabetic drugs belonging to other classes. In 
addition, most patients continued with the metformin 
therapy after insulin initiation. Moreover, two recent pro-
spective observational studies performed by the global 
DISCOVER study program found that first-line treat-
ments for patients with type 2 DM were mostly met-
formin mono-therapy and combinations of metformin 
with a sulfonylurea. In addition, the most commonly pre-
scribed second-line therapies for type 2 DM were com-
binations of metformin with a dipeptidyl peptidase-4 
inhibitor or metformin with a sulfonylurea [26]. In this 
sense, the search for novel combined therapies based on 
natural medicines with the ability to improve the effec-
tiveness of glycemic control promoted by metformin, and 
to delay or even avoid the transition to insulin therapy 
is of great interest. In addition, it is known that oxida-
tive stress in DM is often associated with a phenomenon 
known as “metabolic memory”, where the risk of dia-
betic complications persists even after glycemic control 
has been pharmacologically achieved [27], therefore the 
association of metformin with natural antioxidants that 
attenuate oxidative stress may be useful in attenuating 
the long-term complications of DM. Having additional 
choices beyond combining classical antidiabetic agents, 
therapeutic options should be personalized to individ-
ual patient, combining efficacy, safety, lower costs, and 
minor risks of long-term complications, co-morbidities 
and mortality observed in diabetes [28]. In an interest-
ing review by Gupta and collaborators [29], quantitative 
(pharmacokinetics) and qualitative (pharmacodynam-
ics) interactions were seen in the associations between 
natural compounds and conventional antidiabetic drugs, 
including metformin. Many combinations of metformin 
with natural preparations have shown additive effects, 
mainly related to the antihyperglycemic potentials. On 
the other hand, some combinations changed the bio-
availability or the renal clearance of metformin, as well as 
caused hypoglycemia; these findings deserve caution and 
indicate the need for further investigations.

As far as we know, combinations of metformin with 
curcumin emphasizing improvements in the control of 
the symptoms and complications of DM have not yet 
been studied. In addition to various preclinical studies 
indicating that curcumin has the potential to ameliorate 
the symptoms of DM, substantiating clinical studies are 
also showing promising findings about the efficacy of this 
phytochemical on glycemic control. A large randomized, 
double-blinded, placebo-controlled cohort with predia-
betic individuals in progression to type 2 DM showed 
that 9-month treatment with curcumin (six capsules per 
day, each capsule contained 250  mg curcumin extract) 
improved the pancreatic beta cell function and various 
biomarkers related to glycemic control, including fasting 

glycemia, glycemia after 2  h glucose load, and glycated 
hemoglobin [30]. In a randomized, placebo-controlled, 
single blinded, cross-over study, the supplementation 
with curcumin (tablet containing 180 mg curcumin, one 
single administration) in healthy individuals, reduced 
postprandial rise in glucose and insulin serum concentra-
tions [19]. Finally, in a recent review by Rivera-Mancía 
et al. [31], a large amount of evidence from basic research 
to clinical studies, was found about the antidiabetic 
properties of curcumin, with emphasis on its antihyper-
glycemic, anti-inflammatory, and antioxidant activities. 
The authors also suggested as future perspectives, the 
need for advances about the interactions of curcumin 
with conventional antidiabetic drugs, which may give 
rise to a new complementary therapy in the manage-
ment of diabetes. In this regard, the present study dem-
onstrated that the beneficial effects of the combined 
therapy of metformin and curcumin on diabetes can be 
achieved via two strategies: (i) the best effects of the iso-
lated treatments were maintained including the reduc-
tion in glycosuria and plasma AGEs levels (curcumin and 
metformin effects), the increase in the activity of PON 
1 (curcumin and metformin effects), and the reduction 
in glycemia (metformin effect); (ii) additive effects were 
reached, mainly by further decrease in plasma triacyl-
glycerol, cholesterol, and TBARS, in which levels were 
minor compared to those of isolated treatments. The 
main benefits achieved by combining metformin and 
curcumin were the antioxidant potential of this therapy, 
and the improvement of dyslipidemia. Corroborating 
our findings, Gutierres et  al. [6] recently found additive 
effects on the reduction of dyslipidemia and plasma lipid 
peroxidation in STZ-diabetic rats treated with insulin 
(administered subcutaneously in a minor dose) com-
bined with curcumin-enriched yoghurt (administered 
orally). Recently, Asadi et al. [32] compared the isolated 
effects of metformin and curcumin on the attenuation of 
nephropathy in diabetic rats. The authors observed that 
both treatments were effective in promoting protection 
of renal function, but only the treatment with curcumin 
was able to increase the activities of antioxidant enzymes, 
and attenuate oxidative stress in kidneys of diabetic rats. 
Unfortunately, the authors did not investigate the protec-
tive potential of the combined therapy. In summary, these 
findings indicated curcumin as an interesting option to 
be used in combination with antidiabetic agents to man-
age the symptoms of diabetes and prevent its long-term 
complications, mainly those related to oxidative stress.

Conclusions
Taking into account that combination therapy of cur-
rent antidiabetic agents with natural antioxidants having 
beneficial effects on diabetic disturbances might be an 
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interesting strategy, the present study showed the additive 
effects of curcumin combined with metformin on decreas-
ing dyslipidemia and glycoxidative stress in diabetic rats, in 
association with the maintenance of metformin effects on 
decreasing glycemia and the curcumin effects on increas-
ing PON 1 activity. To the best of our knowledge, by tar-
geting not only hyperglycemia, but also oxidative stress and 
dyslipidemia, this study provides the first evidence about 
a promising therapeutic strategy by combining curcumin 
and metformin for the management of DM complications, 
especially the cardiovascular events. Further research is 
needed to allow the understanding of the mechanisms of 
action of this combined therapy that result to the beneficial 
effects observed in diabetes.

Abbreviations
AGEs: advanced glycation end products; DM: diabetes mellitus; PON 1: 
paraoxonase 1; ROS: reactive oxygen species; STZ: streptozotocin; TBARS: 
thiobarbituric acid reactive substances.

Authors’ contributions
DFR, RPA, AMB, and ILB contributed to the study design and conceptualiza-
tion. DFR, JOO, RPA, CAA, VOG, and MCC performed the experiments. DFR, RPA, 
MCC, TFOL, and AMB organized and analyzed data. RPA, JOO, MCC, TFOL, AMB, 
and ILB wrote the paper. All authors read the manuscript and agreed for it to 
be published. All authors read and approved the final manuscript.

Author details
1 São Paulo State University (Unesp), School of Pharmaceutical Sciences, 
Department of Clinical Analysis, Rodovia Araraquara Jaú, km 01-s/n, Campos 
Ville, Araraquara, São Paulo 14800-903, Brazil. 2 Paulista University (UNIP), Insti-
tute of Health Sciences, Avenida Alberto Benassi, 200, Araraquara 14804-300, 
São Paulo, Brazil. 

Acknowledgements
We thank the Fundação de Amparo a Pesquisa do Estado de São Paulo—
FAPESP (Grant Number 98/09152-6), Conselho Nacional de Desenvolvimento 
Científico e Tecnológico—CNPq (Grant Number 305936/2017-4), and 
Scientific Support and Development Program of School of Pharmaceutical Sci-
ences (UNESP) (PADC/FCFAr/UNESP, Grant Number 2017/02-I) for the financial 
support.

Competing interests
The authors declare that they have no competing interests.

Availability of data and materials
The datasets used and/or analyzed in the current study are available from the 
corresponding author on reasonable request.

Consent for publication
Not applicable.

Ethics approval and consent to participate
The experimental procedures were approved by the Committee for Ethics 
in Animal Experimentation from the School of Pharmaceutical Sciences, São 
Paulo State University (UNESP), Araraquara, SP, Brazil (CEUA/FCF/CAr Resolu-
tion Number 23/2017).

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Received: 7 February 2019   Accepted: 20 April 2019

References
 1. Volpe CMO, Villar-Delfino PH, Dos Anjos PMF, Nogueira-Machado JA. 

Cellular death, reactive oxygen species (ROS) and diabetic complications. 
Cell Death Dis. 2018;9(2):119.

 2. Zheng J, Cheng J, Zheng S, Feng Q, Xiao X. Curcumin, a polyphenolic 
curcuminoid with its protective effects and molecular mechanisms in 
diabetes and diabetic cardiomyopathy. Front Pharmacol. 2018;9:472.

 3. Lu M, Yin N, Liu W, Cui X, Chen S, Wang E. Curcumin ameliorates diabetic 
nephropathy by suppressing NLRP3 inflammasome signaling. Biomed 
Res Int. 2017;2017:1516985.

 4. Maugeri A, Mazzone MG, Giuliano F, Vinciguerra M, Basile G, Barchitta 
M, Agodi A. Curcumin modulates DNA methyltransferase functions 
in a cellular model of diabetic retinopathy. Oxid Med Cell Longev. 
2018;2018:5407482.

 5. Kadam S, Kanitkar M, Dixit K, Deshpande R, Seshadri V, Kale V. Curcumin 
reverses diabetes-induced endothelial progenitor cell dysfunction by 
enhancing MnSOD expression and activity in vitro and in vivo. J Tissue 
Eng Regen Med. 2018;12(7):1594–607.

 6. Gutierres VO, Assis RP, Arcaro CA, Oliveira JO, Lima TFO, Beretta ALRZ, 
Costa PI, Baviera AM, Brunetti IL. Curcumin improves the effects of a 
minor insulin dose on glycemic control and oxidative stress of streptozo-
tocin-diabetic rats. Phytother Res. 2019. https ://doi.org/10.1002/ptr.6291.

 7. Assis RP, Arcaro CA, Gutierres VO, Oliveira JO, Costa PI, Baviera AM, Brunetti 
IL. Combined effects of curcumin and lycopene or bixin in yoghurt on 
inhibition of LDL oxidation and increases in HDL and paraoxonase levels 
in streptozotocin-diabetic rats. Int J Mol Sci. 2017;18:332.

 8. Kohn HI, Liversedge M. On a new aerobic metabolite whose production 
by brain is inhibited by apomorphine, emetine, ergotamine, epinephrine, 
and menadione. J Pharmacol Exp Ther. 1944;82:292–300.

 9. Zilin S, Naifeng L, Bicheng L, Jiping W. The determination of AGE-peptides 
by flow injection assay, a practical marker of diabetic nephropathy. Clin 
Chim Acta. 2001;313:69–75.

 10. van Stee MF, de Graaf AA, Groen AK. Actions of metformin and statins 
on lipid and glucose metabolism and possible benefit of combination 
therapy. Cardiovasc Diabetol. 2018;17:94.

 11. Kaur G, Padiya R, Adela R, Putcha UK, Reddy GS, Reddy BR, Kumar KP, 
Chakravarty S, Banerjee SK. Garlic and resveratrol attenuate diabetic 
complications, loss of β-cells, pancreatic and hepatic oxidative stress in 
streptozotocin-induced diabetic rats. Front Pharmacol. 2016;7:360.

 12. Melo da Cunha JD, Alfredo TM, Dos Santos JM, Alves Junior VV, Rabelo 
LA, Lima ES, Boleti APA, Carollo CA, Dos Santos EL, de Picoli Souza K. 
Antioxidant, antihyperglycemic, and antidiabetic activity of Apis mellifera 
bee tea. PLoS ONE. 2018;13:e0197071.

 13. Gugliucci A, Menini T. Paraoxonase 1 and HDL maturation. Clin Chim 
Acta. 2015;439:5–13.

 14. Brites F, Martin M, Guillas I, Kontush A. Antioxidative activity of high-
density lipoprotein (HDL): mechanistic insights into potential clinical 
benefit. BBA Clin. 2017;8:66–77.

 15. Younis NN, Soran H, Charlton-Menys V, Sharma R, Hama S, Pemberton P, 
Elseweidy MM, Durrington PN. High-density lipoprotein impedes glyca-
tion of low-density lipoprotein. Diab Vasc Dis Res. 2013;10:152–60.

 16. Mirmiranpour H, Mousavizadeh M, Noshad S, Ghavami M, Ebadi M, 
Ghasemiesfe M, Nakhjavani M, Esteghamati A. Comparative effects 
of pioglitazone and metformin on oxidative stress markers in newly 
diagnosed type 2 diabetes patients: a randomized clinical trial. J Diabetes 
Complications. 2013;27:501–7.

 17. Gutierres VO, Pinheiro CM, Assis RP, Vendramini RC, Pepato MT, Brunetti IL. 
Curcumin-supplemented yoghurt improves physiological and biochemi-
cal markers of experimental diabetes. Br J Nutr. 2012;108:440–8.

 18. Ganugula R, Arora M, Jaisamut P, Wiwattanapatapee R, Jørgensen HG, 
Venkatpurwar VP, Zhou B, Rodrigues Hoffmann A, Basu R, Guo S, Majeti 
NVRK. Nano-curcumin safely prevents streptozotocin-induced inflamma-
tion and apoptosis in pancreatic beta cells for effective management of 
Type 1 diabetes mellitus. Br J Pharmacol. 2017;174(13):2074–84.

 19. Thota RN, Dias CB, Abbott KA, Acharya SH, Garg ML. Curcumin alleviates 
postprandial glycaemic response in healthy subjects: a cross-over, rand-
omized controlled study. Sci Rep. 2018;8:13679.

 20. Sun YP, Gu JF, Tan XB, Wang CF, Jia XB, Feng L, Liu JP. Curcumin inhibits 
advanced glycation end product-induced oxidative stress and inflam-
matory responses in endothelial cell damage via trapping methylglyoxal. 
Mol Med Rep. 2016;13:1475–86.

https://doi.org/10.1002/ptr.6291


Page 8 of 8Roxo et al. Diabetol Metab Syndr           (2019) 11:33 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your research ?  Choose BMC and benefit from: 

 21. Llano S, Gómez S, Londoño J, Restrepo A. Antioxidant activity of curcumi-
noids. Phys Chem Chem Phys. 2019;21(7):3752–60.

 22. Varatharajalu R, Garige M, Leckey LC, Reyes-Gordillo K, Shah R, Lakshman 
MR. Protective role of dietary curcumin in the prevention of the oxidative 
stress induced by chronic alcohol with respect to hepatic injury and 
antiatherogenic markers. Oxid Med Cell Longev. 2016;2016:5017460.

 23. Yu W, Liu X, Feng L, Yang H, Yu W, Feng T, Wang S, Wang J, Liu N. Glycation 
of paraoxonase 1 by high glucose instigates endoplasmic reticulum 
stress to induce endothelial dysfunction in vivo. Sci Rep. 2017;7:45827.

 24. Panahi Y, Ahmadi Y, Teymouri M, Johnston TP, Sahebkar A. Curcumin as a 
potential candidate for treating hyperlipidemia: a review of cellular and 
metabolic mechanisms. J Cell Physiol. 2018;233:141–52.

 25. Xu Y, Pilla SJ, Alexander GC, Murimi IB. Use of non-insulin diabetes 
medicines after insulin initiation: a retrospective cohort study. PLoS ONE. 
2019;14(2):e0211820.

 26. Gomes MB, Rathmann W, Charbonnel B, Khunti K, Kosiborod M, Nicolucci 
A, Pocock SJ, Shestakova MV, Shimomura I, Tang F, Watada H, Chen H, 
Cid-Ruzafa J, Fenici P, Hammar N, Surmont F, Ji L, DISCOVER investiga-
tors. Treatment of type 2 diabetes mellitus worldwide: baseline patient 
characteristics in the global DISCOVER study. Diabetes Res Clin Pract. 
2019;8227(18):31745–55.

 27. Berezin A. Metabolic memory phenomenon in diabetes mellitus: achiev-
ing and perspectives. Diabetes Metab Syndr. 2016;10(2):S176–83.

 28. Upadhyay J, Polyzos SA, Perakakis N, Thakkar B, Paschou SA, Katsiki N, 
Underwood P, Park KH, Seufert J, Kang ES, Sternthal E, Karagiannis A, Man-
tzoros CS. Pharmacotherapy of type 2 diabetes: an update. Metabolism. 
2018;78:13–42.

 29. Gupta RC, Chang D, Nammi S, Bensoussan A, Bilinski K, Roufogalis BD. 
Interactions between antidiabetic drugs and herbs: an overview of 
mechanisms of action and clinical implications. Diabetol Metab Syndr. 
2017;9:59.

 30. Chuengsamarn S, Rattanamongkolgul S, Luechapudiporn R, Phis-
alaphong C, Jirawatnotai S. Curcumin extract for prevention of type 2 
diabetes. Diabetes Care. 2012;35(11):2121–7.

 31. Rivera-Mancía S, Trujillo J, Chaverri JP. Utility of curcumin for the treat-
ment of diabetes mellitus: evidence from preclinical and clinical studies. J 
Nutr Intermed Metab. 2018;14:29–41.

 32. Asadi S, Goodarzi MT, Karimi J, Hashemnia M, Khodadadi I. Does curcumin 
or metformin attenuate oxidative stress and diabetic nephropathy in 
rats? J Nephropathol. 2019;8(1):e8.


	Curcumin combined with metformin decreases glycemia and dyslipidemia, and increases paraoxonase activity in diabetic rats
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Animals and induction of diabetes mellitus
	Experimental design and treatments
	Thiobarbituric acid reactive substances (TBARS)
	Fluorescent advanced glycation end products
	Paraoxonase 1 (PON 1) activity

	Statistical analysis

	Results and discussion
	Conclusions
	Authors’ contributions
	References




