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Abstract: In type 2 diabetes mellitus, lipid profile is often found in the form of 
high-density lipoprotein (HDL) decrease. TNF and IL-6 are proinflammatory 
cytokines that are elevated in the blood in many patients with diabetes mellitus. 
Turmeric is one of the natural ingredients that have anti-cholesterol and anti-
inflammatory effects through the work of its active substance, curcumin. This study 
aims to evaluate the effect of turmeric extract combined with metformin on HDL, 
TNF, and IL-6 levels in diabetic rats. Twenty-four Wistar rats were injected 
intraperitoneally with streptozotocin and niacinamide. The diabetic rats were 
divided into control, metformin, turmeric, and combination groups. The dose of 
metformin and turmeric were given, respectively, 45mg/KgBW/day and 200 
mg/KgBW/day. At the same time, the combo group was given a half dose of each. 
Blood serum was taken to examine the HDL, IL-6, and TNF levels. The levels of 
HDL, IL-6, and TNFin diabetic rats that received the combination of metformin 
and turmeric extract (p<0.05) were the best among all the groups. It indicated that 
the combination of metformin and turmeric was better in increasing HDL and 
reducing IL-6 and TNF levels better than metformin or turmeric extract alone 
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INTRODUCTION 
 
World Health Organization (WHO) defines diabetes mellitus (DM) as a chronic disorder characterized 

by metabolic, protein, and fat disorders caused by absolute or relative insulin deficiency.1 Lack of insulin in 
the body results in decreased glucose transport through cell membranes. This situation then causes the cells 
to lack food, thereby increasing fat metabolism in the body. In type 2 diabetes, a lipid profile is often found 
in the form of increased triglyceride (TG) and decreased high-density lipoprotein (HDL) levels. In contrast, 
low-density lipoprotein (LDL) levels are not much different from those found in non-diabetic individuals but 
are dominated by smaller and denser.2 

In addition, hyperglycemia which occurs in patients with type 2 diabetes, tends to cause oxidative 
stress at the cellular level. It triggers the auto-oxidation of glucose to form ROS (Reactive Oxygen Species), 
oxygen radicals that will damage nuclear DNA.3 Inflammation due to oxidative damage triggered by 

hyperglycemia plays a role in the progression of DM. TNF and IL-6 are proinflammatory cytokines widely 
recognized as markers of vascular inflammation.4 The American Diabetes Association (ADA), the American 
Association of Clinical Endocrinologists, and the American College of Endocrinology (AACE) recommend 
metformin as first-line treatment for patients with type 2 diabetes.5 

Turmeric (Curcuma longa) is one of the natural ingredients that have antioxidant, antitumor, 
anticancer, anti-cholesterol, and anti-inflammatory properties through the action of its active substance, 
namely curcumin.6 There are several research results regarding the effects of curcumin on diabetes which 
are still contradictory to each other. Gutierres et al. proved that administration of curcumin at a dose of 90 
mg/Kg/day could not significantly improve HDL levels7. Meanwhile, Hussein et al. proved that giving curcumin 
200mg/KgBW/day in hypercholesterolemic rats can increase HDL levels in 2 weeks, 4 weeks, and 6 weeks.7 

Nicol et al. proved an increase in IL-6 levels and TNF  levels that did not change significantly in patients 
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receiving curcumin. Meanwhile, according to Guo et al., administration of curcumin 300mg/kg for 16 weeks 
in streptozotocin-induced Sprague-Dawley rats was shown to reduce the expression of TGF-B1, AMPK, and 
Mitogen-Activated Protein Kinase (MAPK).8 

Research on antidiabetic agents from natural ingredients has recently become a trend that many 
scientists carry out. However, until now, research that proves the combination of metformin, as the drug of 
choice for type 2 DM, and curcumin, a natural ingredient with both antidiabetic and anti-inflammatory 
potential, has not been widely carried out. In addition, there are results from previous studies that have not 
been consistent regarding the effect of curcumin on HDL levels. Based on the background stated above, the 

present study aims to evaluate the effect of turmeric extract combined with metformin on HDL levels, TNF 
levels, and IL-6 levels in diabetic Wistar rats. 
 
MATERIAL AND METHOD 
 

This research was conducted in full compliance with ethical standards and approved by the Ethical 
Committee of the Faculty of Medicine, UNISSULA Semarang, Indonesia (No 356/X/2021/Komisi Bioetik). This 
study included 24 male 2-month-old Wistar rats (200-250 g). It was conducted in the Food and Nutrition 
Studies Center, Gadjah Mada University, Yogyakarta. All rats were given standard food and distilled water 
and acclimatized for 7 days before induction. 
 
Turmeric Extract 

 
Turmeric extract was obtained from PT. Herbal and Pharmaceutical Industry Sido Muncul Tbk with 

100% purity turmeric extract in capsule packaging. Each capsule contained 500 mg of powdered extract 
containing 100 mg of the active substance curcuminoids. Turmeric extract was dissolved in 2 cc of aqua and 
then given orally to diabetic rats once a day for 14 days. It was started after Streptozotocin-Nicotinamide induction. 
 
Induction of experimental diabetes mellitus and experimental design 

 
Rats fasted for approximately 18 hours, then niacinamide 110 mg was induced intraperitoneally, 

followed by induction of streptozotocin (STZ) 45 mg, 15 minutes after niacinamide (NA) injection. The 
niacinamide was provided by Sigma-Aldrich, St. Louis, MO, USA, and the streptozotocin by Nacalai Tesque, 
Inc., Kyoto, Japan. The behavioral change of rats was observed after diabetes induction. Distilled water and 
standard food were provided ad libitum. Fasting Blood Sugar was measured on day 3 after induction with 
GlucoDr. The rats were considered diabetic if the fasting blood glucose level was over 250 mg/dL. The diabetic 
rats were then randomized and divided into 4 groups: one group was the negative control, the second group 
was given Metformin 45mg/KgBW/day, the third group was given turmeric extract 200mg/KgBW/day, and 
the fourth group was given Metformin 22.5mg/KgBW/day and 100mg/KgBW/day. The treatment was 
administered for 28 days. The fasting blood sample was taken from the ophthalmic vein. 
 
Measurements 

 
The fasting blood glucose (FBG) and HDL levels were measured using GOD-PAP enzymatic 

photometric test. The levels of serum IL-6 and TNF were examined using ELISA. 
 
Statistical Analysis  

 

The mean levels of HDL, IL-6 and TNF  were analyzed using One Way ANOVA, followed by post-hoc 
LSD using SPSS ver. 16.0. Data were considered significant if p<0.05. 
 
RESULT 
 
Fasting Blood Glucose Level  

 
The fasting blood glucose level in the four rat groups after streptozotocin-niacinamide induction was 

higher than 250 mg/dL (Figure 1). 
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Figure 1. The average  Deviation standard of Fasting blood glucose level of Wistar rats pre-post diabetes type 2 

induction (mg/dL). 
 
Based on the results of descriptive analysis, it was found that the average FBG level in each group was 

highest in the control group (71.35  2.13)  and lowest in the combination group (71.30  2.10). Analysis of the 
normality of the distribution of the mean FBG levels analyzed using the Shapiro-Wilk test showed that all 
groups were not normally distributed (p <0.05). The results of the homogeneity analysis using the Levene 
test revealed that the variance of the data was heterogeneous, with a value of p = 0.000 (p <0.05), indicating 
significant differences between groups. The significance of the difference in the mean levels of FBG between 
groups was followed by a post hoc test using the Mann-Whitney test. The Mann-Whitney test results are 
explained in table 1. These results showed that diabetes type-2 induction in Wistar rats was successful. 

 
Table 1. Fasting blood glucose level of Wistar rats pre-post diabetes type 2 induction 

Variable Control Metformin Curcumin Metformin + Curcumin 
Control  0.004* 0.004* 0.004* 
Metformin 0.004*  0.000* 0.008* 
Curcumin 0.004* 0.000*  0.025* 
Metformin + Curcumin 0.004* 0.008* 0.025*  

 
High-Density Lipoprotein Levels 

 

The highest mean HDL level was found in the combination group (72.43 mg/mL  3.31 ). The HDL levels 

between the metformin group (60.42 mg/dL  3.33), curcumin group (67.40 mg/dL  2.06), and combination 

group (72.43 mg/dL 3.31) were significantly different (p<0.05) after test using post-hoc LSD (Figure 2). 
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Figure 2. The average  Deviation standard of HDL level in all groups after oral treatment (mg/dL) 
 
The data were analyzed using the One Way Anova test for each group and obtained a p-value of 0.000, 

indicating a significant difference in the average HDL level. The LSD post hoc test was conducted to 
determine the differences between groups. The results of the LSD post hoc test showed that there was a 
significant difference in mean HDL levels in the control and metformin group (p=0.000); control and curcumin 
group (p=0.000); and control and combination group (p=0.000). Based on the data above, it revealed that 
giving turmeric extract at a dose of 200 mg/KgBB/day combined with Metformin 22.5 mg/KgBB/day had the 
best results in increasing HDL levels, followed by curcumin extract at 200 mg/KgBB/ day.  

 
Interleukin 6 (IL-6) Levels  

 

The metformin group had the highest mean IL-6 level (75.95 ng/L 3.83) of the three treatment groups. 

The IL-6 level of the curcumin group (62.81 ng/L  2.15) and combination group (58.82 ng/L 2.15) was 
measured at the end of treatment with post-hoc LSD and found to be significant (p<0.05) (Figure 3). 

 

 
Figure 3. The average  Deviation standard  of IL-6 level in all groups after oral treatment (ng/L) 
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The data were analyzed using the One Way Anova test for each group and obtained a p-value of 0.000, 
indicating a significant difference in the average IL-6 level. The LSD post hoc test was conducted to determine 
the differences between groups. The results of the LSD post hoc test demonstrated that there was a 
significant difference in the mean IL-6 levels in the control and metformin group (p=0.000); control and 
curcumin group (p=0.000); and control and combination group (p=0.000). Based on the data above, it 
revealed that giving turmeric extract at a dose of 200 mg/KgBB/day combined with metformin 22.5 
mg/KgBB/day had the best results in reducing IL-6 levels, followed by curcumin extract at 200 mg/KgBB/day. 
 

Tumor Necrosis Factor Alpha (TNF) levels 
 

The same trend was also found for TNF. The combination group had the lowest TNF level (7.56 

ng/L 0.44). TNF level between metformin group (12.13 ng/L 0.75) and curcumin group (8.82 ng/L 0.38) 
was significantly different (p<0.05) (Figure 4). 

 

 
Figure 4. The average  Deviation standard of TNF levels in all groups after oral treatment 

 
Data were analyzed using the One Way Anova test for each group and obtained a p-value of 0.000, 

indicating a significant difference in the average TNFα level. The LSD post hoc test was conducted to 
determine the differences between groups. The results of the LSD post hoc test showed that there was a 
significant difference in the mean TNFα levels in the control and metformin group (p=0.000); control and 
curcumin group (p=0.000); and control and combination group (p=0.000). Based on the data above, it 
demonstrated that giving turmeric extract at a dose of 200 mg/KgBB/day combined with Metformin 22.5 
mg/KgBB/day had the best results in reducing TNFα levels, followed by curcumin extract at 200 mg/KgBB/ 
day. 
 
DISCUSSION 

  
The induction of streptozotocin (STZ) can increase oxidative stress and damage pancreatic cells. 

Meanwhile, niacinamide functions as an antioxidant that protects cells from the cytotoxic effects of STZ. The 
combination of the two is suitable as an induction agent in experimental animals that will be used to test the 
antidiabetic effect of natural ingredients.9 It aligns with the mean fasting blood sugar level of more than 250 
mg/dL in all groups after induction of 45 mg STZ and 110 mg niacinamide. 

The combination of metformin and turmeric extract on diabetic rats resulted in the lowest levels of IL-

6 and TNF levels and the highest HDL levels compared to the metformin and control groups. Giving turmeric 

extract alone resulted in a better decrease in IL-6 and TNF levels and an increase in HDL levels compared to 
the group that received metformin alone. In contrast, research conducted by Gutierres et al. proved that the 
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administration of curcumin at a dose of 90mg/Kg/day could not significantly improve HDL levels. It occurred 
due to the lack of curcumin doses given to experimental animals7. The effect of turmeric extract on type 2 
diabetes mellitus can cause an increase in HDL levels and decrease inflammatory factors, such as IL-6 and 

TNF. The present study's results align with previous studies revealing that Temulawak rhizome extract with 
the active substance curcumin can improve lipid profile.10  

Curcumin can activate peroxisome proliferator-activated receptor-γ (PPAR-γ), increasing the 
production of sterol regulatory element-binding proteins-1 (SREBP-1). Sterol regulatory element-binding 
proteins-1 is a membrane-bound transcription factor that activates gene coding for enzymes required to 
synthesize cholesterol and unsaturated fatty acids. SREBP is regulated by various mechanisms at the level of 
mRNA synthesis, proteolytic activation, and transcriptional activity. The effect of increasing SREBP-1 by 
curcumin in hepatocytes is to increase HDL levels.10,11 Peroxisome proliferator-activated receptor-γ (PPAR-γ) 
is a type of nuclear receptor. PPAR-γ then regulates ATP-binding cassette transporter A1 (ABCA1) in 
macrophages. ABCA1 transports cholesterol and phospholipids from cells to apoA-1 and other 
apolipoproteins, providing a pathway for cells to unload excess cholesterol. ABCA1 is required for cholesterol 
efflux from cells to APOA1 to form nascent HDL. ABCA1 regulation by PPAR-γ contributes to increased HDL 
levels.12 

Oxidative stress in type 2 DM can also cause the emergence of reactive oxygen species (ROS) along 
with increased levels of pro-inflammatory chemokines in cells, inhibiting blood flow into cells and thereby 

impairing their function. The increase of ROS will ultimately increase the formation of TNF expression and 
exacerbate oxidative stress.12 TNFα can stimulate the production of other cytokines, including IL-6.13 
Curcumin induces Mitogen-Activated Protein kinase (MAP kinase), which can block the activity of NF-κB as a 
transcription factor that triggers the emergence of cytokines. The blockage of the NF-κB pathway will then 
suppress cytokine production.14 In addition to preventing NF-B expression via the MAPK cascade, curcumin 

also prevented TNF mediated expression of PKC, JNK, and ERK. Furthermore, inhibition of pro-inflammatory 
cytokines could potentially improve insulin sensitivity and glucose metabolism in curcumin-supplemented 
diabetic rats.15 It aligns with the results of the present study, which proved that the curcumin and 

combination groups had better levels of IL-6 and TNF than the group that only received metformin or the 
control group.  

Metformin activates AMP-activated protein kinase (AMPK), which affects lipogenesis, reduces SREBP-
1 expression, and suppresses hepatic gluconeogenesis. The effect of reducing SREBP-1 expression is a 
decrease in fatty acid synthesis.12 Deregulating the MAPK, AMPK and other cascades is key to developing 
obesity and diabetes mellitus. Thus, these cascades are now becoming the targets of diabetes mellitus 
therapy.16 Previous studies have shown that using 200 mg/kgbb/day of turmeric extract in Wistar rats has 
been shown to reduce blood sugar levels, reduce body weight, and suppress ROS expression.17 In preventing 
complications of type 2 diabetes, curcumin works through several mechanisms. Curcumin inhibits EMMPRIN 
(a glycoprotein containing two immunoglobulin domains), which is a glycoprotein that increases the change 
in plaques that are initially stable to become unstable and then eventually rupture.18 

This study's results align with previous research conducted by Roxo et al., revealing that the 
combination of metformin and curcumin works synergistically in lowering blood glucose levels, suppressing 
oxidative stress, and inhibiting complications in type 2 diabetes.19 Another study conducted by Cao et al. also 
showed that the combination of metformin and curcumin could inhibit cell apoptosis in mice with 
nephropathy by suppressing the Caspase-3 pathway and the apoptotic factor Bax and increasing the 
signaling pathway of the anti-apoptotic factor Bcl-2.20 Curcumin extract at the molecular level affects the 
MAPK pathway through various molecular components. In contrast, metformin, the drug of choice for 
diabetes mellitus at the molecular level, affects the AMPK pathway. Thus, the use of a combination of 
turmeric extract and metformin can provide the advantage of better efficacy in increasing HDL levels and 

reducing IL-6 and TNF levels. The results of the present study showed that the combination group obtained 

the highest HDL levels and the lowest levels of IL-6 and TNF compared to the other three groups. 
 
CONCLUSION 
 

The combination of metformin and turmeric extract improved diabetic markers in diabetic rats. This 

combo could increase HDL levels and reduce IL-6 levels and TNF levels better than metformin or turmeric 
extract alone. 
 



 

| 55 
 

ACKNOWLEDGEMENT  
 

This research was funded by an author grant. The author would like to acknowledge Mr. Yuliyanto 
(Center of Food and Nutrition Studies, Gadjah Mada University, Yogyakarta) for caring for and examining the 
research specimen. 
 
CONFLICT OF INTEREST 
 

No conflict of interest has been declared by the authors. 
 
REFERENCES 
 
1. Shaw NCJ, Karuranga S, Huang Y, Fernandes J da R, Ohlrogge A, Malanda B. IDF Diabetes Atlas: Global 

estimates of diabetes prevalence for 2017 and projections for 2045. Diabetes research and clinical practice. 
2018 Apr 1. 138:271-81.  

2. Hasdianah. Mengenal Diabetes Melitus Pada Orang Dewasa dan Anak-Anak dengan Solusi Herbal Edisi 1. 
Yogyakarta: Nuha Medika; 2012.  

3. Gillies N, Pendharkar S, Asrani V, Mathew J, Windsor J, Petrov M. Interleukin-6 is associated with chronic 
hyperglycemia and insulin resistance in patients after acute pancreatitis. Pancreatology. 2016;16(5):748–55. 
https://doi.org/10.1016/j.pan.2016.06.661 

4. Panahi Y, Hosseini MS, Khalili N, Naimi E, Majeed M, Sahebkar A. Antioxidant and anti-inflammatory effects 
of curcuminoid-piperine combination in subjects with metabolic syndrome: A randomized controlled trial and 
an updated meta-analysis. Clin Nutr. 2015;34(6):1101–8. http://dx.doi.org/10.1016/j.clnu.2014.12.019 

5. Rena G, Hardie DG, Pearson ER. The mechanisms of action of metformin. Diabetologia. 2017;60(9):1577–
85. https://doi.org/10.1007/s00125-017-4342-z 

6. Su L qing, Wang Y di, Chi H yan. Effect of curcumin on glucose and lipid metabolism, FFAs and TNF-α in 
serum of type 2 diabetes mellitus rat models. Saudi J Biol Sci. 2017;24(8):1776–80. 
https://doi.org/10.1016/j.sjbs.2017.11.011 

7. Gutierres VO, Pinheiro CM, Assis RP, Vendramini RC, Pepato MT, Brunetti IL. Curcumin-supplemented 
yoghurt improves physiological and biochemical markers of experimental diabetes. Br J Nutr. 2012;108(3):440–
8. https://doi.org/10.1017/S0007114511005769 

8. Nicol LM, Rowlands DS, Fazakerly R, Kellett J. Curcumin supplementation likely attenuates delayed onset 
muscle soreness (DOMS). Eur J Appl Physiol. 2015;115(8):1769–77.  https://doi.org/10.1007/s00421-015-
3152-6 

9. Szkudelski T. Streptozotocin-nicotinamide-induced diabetes in the rat. Characteristics of the experimental 
model. Exp Biol Med. 2012;237(5):481–90. https://doi.org/10.1258/ebm.2012.011372 

10. Kim M, Kim C, Song Y, Hwang J. Antihyperglycemic and anti-inflammatory effects of standardized curcuma 
xanthorrhiza roxb. extract and its active compound xanthorrhizol in high-fat diet-induced obese mice. Evid 
Based Complement Altern Med. 2014;(1):1–10. https://doi.org/10.1155/2014/205915 

11. Zingg J, Hasan S, M. MM. Molecular mechanisms of hypolipidemic effects of curcumin. Biofactors. 
2013;39(1):101–21. https://doi.org/10.1002/biof.1072 

12. Hafiane A, Gasbarrino K, Daskalopoulou S. The role of adiponectin in cholesterol efflux and HDL biogenesis 
and metabolism. Metabolism. 2019;100. https://doi.org/10.1016/j.metabol.2019.153953 

13. Awad A, Al E. Macrophage-Derived Tumor Necrosis Factor-Α Mediates Diabetic Renal Injury‟, Kidney 
International. Nat Publ Gr. 2015;88(4):722–733. https://doi.org/10.1038/ki.2015.162 

14. Aukunuru J, Joginapally S, Gaddam N, Burra M, Bonepally C., Prabhakar K. Preparation, characterization and 
evaluation of hepatoprotective activity of an intravenous liposomal formulation of bis-demethoxy curcumin 
analogue (BDMCA). Int J Drug Dev Res. 2009;1:37–46.  

15. Jain SK, Rains J, Croad J, Larson B, Jones K. Curcumin supplementation lowers TNF-α, IL-6, IL-8, and MCP-
1 secretion in high glucose-treated cultured monocytes and blood levels of TNF-α, IL-6, MCP-1, glucose, and 
glycosylated hemoglobin in diabetic rats. Antioxidants Redox Signal. 2009;11(2):241–9. 
https://doi.org/10.1089/ars.2008.2140 

16. Schultze SM, Hemmings BA, Niessen M, Tschopp O. PI3K/AKT, MAPK and AMPK signalling: Protein 
kinases in glucose homeostasis. Expert Rev Mol Med. 2012;14. https://doi.org/10.1017/S1462399411002109 

https://doi.org/10.1016/j.pan.2016.06.661
http://dx.doi.org/10.1016/j.clnu.2014.12.019
https://doi.org/10.1007/s00125-017-4342-z
https://doi.org/10.1016/j.sjbs.2017.11.011
https://doi.org/10.1017/S0007114511005769
https://doi.org/10.1007/s00421-015-3152-6
https://doi.org/10.1007/s00421-015-3152-6
https://doi.org/10.1258/ebm.2012.011372
https://doi.org/10.1155/2014/205915
https://doi.org/10.1002/biof.1072
https://doi.org/10.1016/j.metabol.2019.153953
https://doi.org/10.1038/ki.2015.162
https://doi.org/10.1089/ars.2008.2140
https://doi.org/10.1017/S1462399411002109


 

56 |  
 

Vol 23 No 1 
January 2023 

17. Júnior ASS, Aidar FJ, Santos JL Dos, Estevam CDS, Dos Santos JDM, De Oliveira E Silva AM. Effects of 
resistance training and turmeric supplementation on reactive species marker stress in diabetic rats. BMC Sports Science 
Medical Rehabilitation. 2020;12(1):1–12. https://doi.org/10.1186/s13102-020-00194-9 

18. Abdollahi E, Momtazi AA, Johnston TP, Sahebkar A. Therapeutic effects of curcumin in inflammatory and immune-
mediated diseases: A nature-made jack-of-all-trades? Vol. 233. Journal of Cellular Physiology. 2018. 830–848 p. 
https://doi.org/10.1002/jcp.25778 

19. Roxo DF, Arcaro CA, Gutierres VO, Costa MC, Oliveira JO, Lima TFO. Curcumin combined with metformin 
decreases glycemia and dyslipidemia, and increases paraoxonase activity in diabetic rats. Diabetology Metabolic 
Syndrome. 2019;11(1):1–8. https://doi.org/10.1186/s13098-019-0431-0 

20. Cao L, Zhi D, Han J, Kumar Sah S, Xie Y. Combinational effect of curcumin and metformin against gentamicin-
induced nephrotoxicity: Involvement of antioxidative, anti-inflammatory and antiapoptotic pathway. Journal of Food 
Biochemistry. 2019;43(7):1–9. https://doi.org/10.1111/jfbc.12836 

 
 

https://doi.org/10.1186/s13102-020-00194-9
https://doi.org/10.1002/jcp.25778
https://doi.org/10.1186/s13098-019-0431-0
https://doi.org/10.1111/jfbc.12836

