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Abstract 

Background and Aims: Oxidative stress in diabetes mellitus (DM) occurs due to an 
increase in free radicals and decreased antioxidant defenses including superoxide 
dismutase (SOD). It causes the occurrence of lipid peroxidation as indicated by the levels 
of malondialdehyde (MDA). Healthy foods that are rich in antioxidants are needed to 
reduce oxidative stress, such as eggplant (Solanum melongena L.). Until now there is no 
scientific evidence about the effects of purple eggplant against oxidative stress in 
hyperglycemia. The aim of this study is to determine the antioxidant effect of eggplant 
flour (TTU) against oxidative stress in hyperglycemic rats by induced Nicotinamide-
Streptozotocin (NA-STZ). Materials and Method: This experimental study was designed 
using posttest only. Thirty-six male Sprague Dawley rats, aged 10-12 weeks, body weight 
(bw) 207.25±26.76 grams were divided randomly into 5 groups, namely 2 control groups 
(normal and hyperglycemic) and 3 groups of treatment. Hyperglycemic rats were induced 
by NA-STZ (230-65 mg/kg bw). Administration of TTU through feed for 28 days varied 
with dose of 2.36 grams, 4.71 grams, and 7.07 grams in groups P1, 2, and 3, respectively. 
Examinations of blood glucose levels were conducted before intervention, whereas the 
antioxidant activity of SOD and MDA plasma levels were examined after intervention. 
Results: The antioxidant activity of SOD in groups which were given TTU was higher 
than the hyperglycemic rats (31.19±1.98%), but lower than the normal group 
(220.83±23.68%) Levels of plasma MDA in groups which were given TTU were lower 
than the hyperglycemic rats (220.47±5.24 nmol/L), but higher than the normal group 
(1.55±0.20 nmol/L). The antioxidant activity of SOD in the P3 group (69.29±3.82%) was 
higher than the P1 group (41.84±3.82%) and the P2 group (55.10±3.23%), while the 
levels of plasma MDA in the P3 group (1.89±0.17 nmol/L) was lower than the P1 group 
(3.79±0.24 nmol/L) and the P2 group (3.17±0.53 nmol/L). Conclusion: The results of this 
study demonstrate that administration of TTU significantly prevents oxidative stress in 
hyperglycemic rats. 
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Background and Aims 

Diabetes Mellitus (DM) is a metabolic 

disease characterized by hyperglycemia due to 

impaired insulin secretion and insulin action, or 

both, which results in disturbance of 

carbohydrates, fat, and protein [1]. According to 

International Diabetes Federation (IDF), there 

were approximately 415 million individuals with 

DM in 2015 and that number is predicted to rise 

to 642 million in 2040. In 2015, Indonesia was 

the seventh highest country in the world where 

the numbers of individuals with diabetes were 

approximately 10 million and is predicted to be 

the sixth highest country in the world (16.5 

million) in 2040 [2].  

According to the data from Indonesian Basic 

Health Research Survey in 2013, the proportion 

of individuals  15 years with DM was 

approximately 6.9%. This proportion was 

obtained by blood glucose testing and DM 

symptoms observation i.e. polyuria, polydipsia, 

polyphagia, and weight loss. On the other hand, 

the prevalence of DM based on doctor’s 

diagnosis was approximately 2.1% [3]. 

In Type 2 DM, a metabolic disease where 

the body is able to produce insulin but becomes 

resistant, the insulin becomes ineffective, which 

is called insulin resistance. Insulin resistance is 

linked to reduced stimulation of glucose 

transport in muscle and adipose tissue, defects in 

insulin signaling as well as defects intrinsic to 

the glucose transport system. When the insulin 

signal is disrupted, the disruption of glucose 

transport into the cells happens because of 

impaired GLUT-4 translocation to the plasma 

membrane [4]. This condition will cause a 

decrease in glucose utilization in peripheral 

tissues leading to increased blood glucose levels 

(hyperglycemia) [5] and if occurring 

continuously will lead to increased free radicals, 

which reduce the antioxidant defense system 

[6,7]. This condition is called oxidative stress 

and leads to the modification of lipids, DNA, 

and proteins in different tissues [8-10]. The 

increase of oxidative stress in DM will cause the 

formation of lipid peroxidation characterized by 

increased production of MDA [11]. 

The body has mechanisms known as the 

antioxidant defense system to counteract the free 

radicals that are formed, When the amount of 

free radicals is excessive, the body will require 

exogenous antioxidants, and one of these is 

flavonoids [12]. One food that is known to 

contain a variety of phytochemicals which 

potentially act as antioxidants such as phenolic 

and flavonoid is eggplant [13,14]. 

The purple eggplant (Solanum melongena 

L.) is one of the plants in Indonesia which is rich 

in antioxidants and is believed to reduce blood 

glucose levels. Previous studies show that the 

ethanol extract of the skin and fruit extracts of 

purple eggplant when infused with the flesh have 

the effect of reducing the blood glucose levels of 

hyperglycemic rats [15-17]. Another study 

demonstrated that the eggplant extract can 

reduce the levels of serum MDA in DM rats 

[18]. 

Eggplant is one of the horticultural 

commodities which are easily damaged if not 

handled appropriately and correctly. Proper 

management is required to maintain freshness 

and increase the shelf-life, such as the making of 

flour. Another benefit of flouring is it is easy to 

create a composition that is malleable and can be 

enriched or fortified with nutrients [19-20].  

This research aimed to determine the effect 

of TTU in preventing oxidative stress in 

hyperglycemic rats induced by NA-STZ. 

Materials and Methods 

Animals  

Thirty-six (36) male Sprague Dawley rats 

(10-12 weeks old and body weight 207.25±26.76 

grams) were used in the study, and were 

obtained from the Laboratory of Food 
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Engineering and Nutrition of the Center for Food 

and Nutrition Studies (CFNS) Pusat Antar 

Universitas (PAU) Universitas Gadjah Mada 

(UGM). They were housed in individual cages in 

an animal room (temperature 20-25°C, humidity 

70-80%). They were quarantined for four days to 

acclimatize them to laboratory conditions. The 

rats were provided food using standard diet AIN-

93M (15 grams during the acclimatization and 

conditioning after induction of Type 2 DM and 

20 grams during experimental phase) and tap 

water ad libitum. This study was approved by 

the Ethics Committee of Faculty of Medicine 

UGM.  

Induction of Type 2 Diabetes Mellitus 

Rats were fasted overnight for 

approximately 12 hours before injection. They 

were induced with nicotinamide (230 mg/kg) 

and streptozotocin (65 mg/kg) by intraperitoneal 

(i.p) injection. Streptozotocin (STZ) was 

dissolved in 1 M buffered sodium citrate at pH 

4.5 for this injection. Nicotinamide (NA) was 

dissolved in saline and administrated 15 min 

before STZ. Fasting blood glucose levels were 

measured five days after induction. Criteria of 

hyperglycemia rats were if fasting blood glucose 

was >150 mg/dL [21].  

Preparation of purple eggplant 

flour for treatment 

Purple mustang eggplant varieties were used 

in this study from Prambanan Klaten, Dukuh 

Kebondalem Lor. They were cabinet dried at 

40ºC for ±45 hours and ground into powder to 

produce the purple eggplant flour (TTU). The 

purple eggplant flour was given to the rats after 

mixing with AIN-93M and substituting corn 

starch with TTU. Each group was given a 

completely different feed combination as listed 

below in Table 1. 

 

Table 1. Composition of Standard Feed and Feed Modification of TTU. 

Composition  
Composition (g/kg diet) 

AIN-93M* Feed P1 Feed P2 Feed P3 

Corn starch 620.692 554.129 487.565 396.002 

Casein 140 124.304 108.607 92.911 

Sucrose 100 100 100 100 

Soybean oil 40 38.486 36.973 35.459 

Fiber  50 25 0 0 

Mineral mix 35 25.977 16.954 7.930 

Vitamin mix 10 10 10 10 

L-cystine 1,8 1,8 1,8 1,8 

Cholin Bitartate 2.5 2.5 2.5 2.5 

TBHQ 0.008 0.008 0.008 0.008 

TTU - 117.797 235.593 353.390 

Total (g) 1000 1000 1000 1000 

*Source: [22]; TBHQ= Tert-butylhydroquinon; TTU= purple eggplant flour 

 

Experimental Studies 

All rats were randomly divided into five 

groups, with each group consisting of six rats. 

Group 1 was normal control (normal rats without 

DM induction), group 2 was hyperglycaemia 

control (DM rats without treatment TTU), and 

groups 3, 4, and 5 were treatment with TTU in 

concentrations of 2.36 grams (P1), 4.71 grams 

(P2), and 7.07 grams (P3), respectively. All 

treatments were administered orally (20 grams) 

for a period of 28 days.  

At the beginning (before treatment), blood 

samples were collected from the reorbital plexus 

after the rats fasted for 12 hours. Blood samples 

were collected to analyze blood glucose levels. 
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At the end of the experimental period (28 days), 

the rats were fasted overnight and blood samples 

were collected to analyze the antioxidant activity 

of SOD and the level of MDA plasma. Plasma 

was obtained from blood samples collected in 

Eppendorf tubes containing an anticoagulant 

(EDTA) and then were centrifuged at 4000 rpm 

for 15 minutes. 

Blood Biochemical Examination 

The fasting blood glucose levels were 

determined by the GOD-PAP method [23], the 

antioxidant activity of SOD by colorimetric 

methods [24], and plasma levels of MDA with 

the Thiobarbituric Acid Reactive Substances 

(TBARS) method using spectrophotometry [25].  

Statistical Analysis 

Statistical analysis was performed using 

STATA 12 program. The results are presented as 

the mean ± SD (standard deviation). The 

statistical significance of data analysis was 

assessed by one way analysis of variance 

(ANOVA) and followed by Bonferroni post hoc 

test to determine the extent of any significance. 

The results were considered statistically 

significant at p value less than 0.05 (p<0.05). 

Results 

The mean body weight of rats before 

treatment showed that there was no significant 

difference between groups (p>0.05). Based on 

this statistic it can be concluded that the 

condition of the rats by weight was the almost 

the same before treatment (see Table 2).  

Table 2. Subject Characteristics Before Intervention. 

Groups  Body Weight (grams) Blood Glucose Levels (mg/dL) 

Normal Control (n=6) 220.83±23.68
a 

66.90±1.63
a
 

Hyperglicemia Control (n=5) 196.20±5.89
a 

220.47±5.24
b
 

P1 (n=6) 191.33±16.63
a 

218.93±4.41
b,c

 

P2 (n=5) 204.20±25.23
a 

216.17±4.26
b,c

 

P3 (n=6) 221.33±39.97
a 

212.78±4.03
c
 

p
1 

0.1775 <0.001 

The results are presented in mean ± SD 
1 
The results of the analysis of one-way ANOVA between groups in the same column 

a, b, and c  
The notation is different in the same column indicating significant difference p <0.05 

Table 3. The Effect of TTU on the Antioxidant Activity of SOD and Levels of Plasma MDA 

Groups  Parameter 

Antioxidant Activity of 

SOD (%) 

Levels of Plasma MDA  

(nmol/L) 

Normal Control (n=6) 72.45±4.42
a 

1.55±0.20
a 

Hyperglycaemia Control (n=5) 31.19±1.98
b 

7.90±0.19
b 

P1 (n=6) 41.84±3.82
c 

3.79±0.24
c 

P2 (n=5) 55.10±3.23
d 

3.17±0.53
d 

P3 (n=6) 64.29±3.82
e 

1.89±0.17
e 

p
1 

<0.001
 

<0.001 

The results are presented in mean ± SD 
1 
The results of the analysis of one-way ANOVA between groups in the same column 

a, b, c, d, and e  
The notation is different in the same column indicating significant difference p <0.05 

 

Table 2 shows that there are differences in 

blood glucose levels that are statistically 

significantly between groups (p<0.001), and 

hyperglycaemic rats induced by NA-STZ 

(hyperglycaemia control, P1, P2, and P3) were 

different with the normal rats (normal control). 

Blood glucose levels of hyperglycaemic rats 

were higher than that of normal control rats. 
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Treatment of hyperglycemia rats with TTU 

demonstrated significantly (p<0.001) reversed 

levels of the antioxidant activity of SOD and 

plasma MDA levels. The antioxidant activity of 

SOD rats with hyperglycaemia that were given 

TTU (P1, P2, and P3) were higher than the 

hyperglycaemia control rats, but lower than 

normal control rats. Plasma MDA levels of 

hyperglycemic that rats were given TTU (P1, P2, 

and P3) were lower than hyperglycaemia control 

rats, but higher than normal control rats (see 

Table 3). 

Discussions 

Diabetes mellitus (DM) is a metabolic 

disease characterized by high blood glucose 

concentrations (hyperglycaemia) due to impaired 

insulin secretion, insulin action, or both [26]. 

The blood glucose levels of hyperglycemic rats 

induced by NA-STZ were higher than normal 

rats. The findings in this study are in line with 

other studies, namely that the blood glucose 

levels of DM rats are higher than normal control 

rats [27].  Induction with NA and STZ can cause 

partial damage of pancreatic β-cells 

accompanied by metabolic disorders in these 

cells so that DM is caused by the presence of 

insulin resistance (Type 2 diabetes) [28]. Insulin 

resistance is linked to reduced stimulation of 

glucose transport in muscle and adipose tissue, 

defects in insulin signaling as well as defects 

intrinsic to the glucose transport system. When 

the insulin signal is disrupted, the disruption of 

glucose transport into the cells happens because 

of impaired GLUT-4 translocation to the plasma 

membrane [4]. This condition will cause a 

decrease in glucose utilization in peripheral 

tissues leading to hyperglycaemia [5]. 

Hyperglycaemia continuously will lead to an 

increase in free radicals and therefore reduces 

the antioxidant defense system [7]. Superoxide 

dismutase (SOD) is one of the enzymatic 

antioxidant system and is the main (primary) 

defense against oxidative stress conditions [12]. 

The increase of oxidative stress in DM will 

cause the formation of lipid peroxidation which 

will lead to increased production of MDA [11].  

The antioxidant activity of SOD of 

hyperglycemia rats that were given TTU was 

higher than the hyperglycaemia control rats, but 

still lower than normal control rats. Unlike the 

case with the levels of plasma MDA, the levels 

of plasma MDA of hyperglycemic rats that were 

given TTU was lower than hyperglycaemia 

control rats, but still higher than the normal 

control rats. Increasing antioxidant activity of 

SOD and reducing levels of plasma MDA were 

indicators of oxidative stress due to 

hyperglycaemia and these conditions can be 

reduced by administering TTU. The antioxidant 

foods (green grass jelly drink) can reduce plasma 

MDA level. However, tomato juice, papaya, and 

tea can also reduce plasma MDA level, but not 

statistically significant [29].  

Prevention of oxidative stress in 

hyperglycemia may be caused by the content of 

antioxidant compounds found in TTU, such as 

phenols, flavonoids, anthocyanins and vitamin E, 

among others. They have antioxidant 

capabilities, acting as a scavenger for free 

radicals by donating a hydrogen atom (H) of the 

hydroxyl groups in the radical chain reaction 

[30-33]. Phenol (ArOH) phenol will donate H 

atoms in Reactive Oxidative Stress (ROS) that 

will produce ariloxil radical (ArO*) and a stable 

molecule [30]. Flavonoids (FIOH) will donate a 

H atom of the hydroxyl groups in the ROS cycle 

that will produce flavonoids phenoxyl radical 

(FIO*) and a stable molecule. Flavonoids 

phenoxyl radicals will react further with a by 

breaking the radical chain forming reactive 

compounds [31]. Vitamin E (TocOH) acts as a 

scavenger of free radical by donating a H atom 

in the peroxidation process of lipids radical 
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(PUFA-OO*) formed from PUFA peroxide 

which will produce a hydroperoxide PUFA 

(PUFA-OOH) and tocopheroxil radical (Toco*). 

Tocopheroxil radicals are stable and with the 

help of GHS and vitamin C will produce non-

radical compounds such as tocopherol and 

vitamin C as well as oxidized glutathione [33]. 

Phenols, flavonoids and anthocyanins also 

have an indirect effect, specifically by increasing 

the gene expression of endogenous antioxidants. 

One mechanism is an increase in antioxidant 

gene expression via activation of nuclear factor 

erythroid 2 relates factor 2 (Nrf2) resulting in an 

increase in genes involved in the synthesis of 

endogenous antioxidant enzymes, such as the 

SOD gene [34]. The content of phenols, 

flavonoids, anthocyanins and vitamin E in TTU 

is capable of scavenging free radicals or 

increasing the activation of Nrf2, thereby 

increasing the antioxidant activity of SOD. 

decreasing free radicals and increasing 

antioxidant activity of SOD that will prevent 

oxidative stress. This cycle will cause a decrease 

in lipid peroxidation that decreases levels of 

plasma MDA [35].   

The higher the dose of TTU that were given 

to hyperglycemia rats, the higher the antioxidant 

activity of SOD and the lower the levels of 

plasma MDA than control hyperglycemia rats. 

The P3 group has antioxidant activity of SOD 

that were higher (64.29±3.82%) and MDA levels 

were lower (1.89±0.17 nmol/L) than in the group 

of P1 and P2. This result indicates that the higher 

the dose given, the greater the effect of 

antioxidant activity and plasma MDA 

concentration. The antioxidant activity of SOD 

and MDA plasma levels in group P3 were closer 

to the KN group. This result is because the group 

is the intervention group with the highest dose of 

TTU (7.07 g/day). The more TTU consumed, the 

higher the concentration of active compounds 

that can potentially prevent oxidative stress. 

Based on these results, rats’ intake of TTU 

that was 2.07-4.71 grams (equivalent to 115.92-

263.76 grams for human requirement) can 

reduce levels of GDP and oxidative stress, which 

are characterized by increased antioxidant 

activity of SOD and decreased levels of plasma 

MDA in rat models of DM. To get the same 

effect with this research, we recommend that 

TTU be regularly consumed by people along 

with a healthy diet. Purple eggplant flour can be 

processed into foods, including snacks such as 

biscuits, cakes, and other types of food. The 

prevention plans of DM are intended for the 

people who have any risk factors for Type 2 DM 

including family history, overweight or obesity 

(BMI≥25 kg/m
2
 or ≥23 kg/m

2
), central obesity 

(abdominal circumference ≥90 cm for men and 

≥80 cm for women), and prediabetes (fasting 

plasma glucose is 100-125 mg/dL, or 2-hour 

plasma glucose during oral glucose tolerance test 

(OGTT) 140-199 mg/dL, or A1C from 5.7 to 

6.4%). The purple eggplant flour can also be 

used in therapeautic efforts for DM patients’ 

diets to prevent the progression of DM and 

prevent DM complications. 

Conclusions  

The result of this study demonstrated that 

administration of TTU significantly prevents 

oxidative stress in hyperglycemic rats as 

evidenced by improved antioxidant activity of 

SOD and reduced levels of plasma MDA. 

Acknowledgments. The author would like to 

thank the Agency for Badan Pemberdayaan dan 

Pengembangan Sumber Daya Manusia 

Kesehatan (BPPSDMK) Ministry of Health for 

covering research costs. 

Conflict of Interest. The authors declare that 

they have no conflicts of interest. 



 

 

Romanian Journal of Diabetes Nutrition & Metabolic Diseases / Vol. 24 / no. 3 / 2017 253 

REFERENCES 

1. American Diabetes Association. Diagnosis and 

classification of diabetes mellitus. Diabetes Care 35: S64-

S71, 2012. 

2. International Diabetes Federation (IDF) 

[internet]. Diabetes Atlas Seventh Edition. 2015. Available 

from: http://www.diabetesatlas.org/component/ 

attachments/?task=download&id=116 [Accessed: 20th 

January 2016]. 

3. Agency for Health Research and Development 

(Balitbangkes) of Health Ministry, Republic of Indonesia. 

Basic Health Research:1–306, 2013. 

4. DeFronzo RA, Ferrannini E, Zimmet P, 

Alberti KGMM. International Textbook of Diabetes 

Mellitus. Fourth Ed. UK: John Wiley; 2015. 

5. Nugroho AE. Animal models of diabetes 

mellitus : pathology and mechanism of some 

diabetogenics. Biodiversitas, J Biol Divers 7: 378-382, 

2006.  

6. McPhee SJ, Ganong WF. Patofisiologi Penyakit: 

Pengantar Menuju Kedokteran Klinis. Bahasa Ind. Jakarta: 

EGC; 2010. 

7. Lekshmi RK, Rajesh R, Mini S. Ethyl acetate 

fraction of cissus quadrangularis stem ameliorates 

hyperglycaemia-mediated oxidative stress and suppresses 

inflammatory response in nicotinamide/streptozotocin 

induced type 2 diabetic rats. Phytomedicine 22: 952-960, 

2015. 

8. Evans JL, Goldfine ID, Maddux BA, Grodsky 

GM. Are oxidative stress-activated signaling pathways 

mediators of insulin resistance and beta-cell dysfunction? 

Diabetes 52: 1–8, 2003. 

9. Johansen JS, Harris AK, Rychly DJ, Ergul A. 

Oxidative stress and the use of antioxidants in diabetes: 

linking basic science to clinical practice. Cardiovascular 

Diabetology 4: 5, 2005. 

10. Robertson RP. Oxidative stress and impaired 

insulin secretion in type 2 diabetes. Curr Opin Pharmacol 

6: 615-619, 2006. 

11. Edward Zu, Yerizel E. Efek Ekstrak Mahkota 

Dewa (Phaleria Macrocarpa) terhadap Kadar 

Malondialdehid Serum pada Mencit Diabetes akibat 

Induksi Aloksan. Maj Kedokt Andalas 33:65-72, 2009. 

12. Winarsih H. Antioksidan Alami & Radikal 

Bebas. Cetakan I. Yogyakarta: Kanisius; 2007. 

13. Akanitapichat P, Phraibung K, Nuchklang K, 

Prompitakkul S. Antioxidant and hepatoprotective 

activities of five eggplant varieties. Food Chem Toxicol 

48: 3017-3021, 2010. 

14. Fategbe MA, Ibukun EO, Kade IJ, Rocha JBT. 

A Comparative Study on ripe and unripe eggplant 

(solanum melongena) as dietary antioxidant sources. J 

Med Plants Res 7:209-218, 2013. 

15. Aer BN, Wullur AC, Citraningtyas G. Uji Efek 

Ekstrak Etanol Kulit Terng Ungu (Solanum melongena L 

.) terhadap Kadar Gula Darah pada Tikus Putih Jantan 

Galur Wistar ( Rattus norvegicus). J Ilm Farm UNSRAT 

2:135-141, 2013. 

16. Qonita N, Zulhaidah M, Sudiarto N, Tjahjono 

H. The Effect of eggplant (solanum melongena l.) extract 

reroal against blood glucose level of white rat (ratus 

novergicus) wistar strain diabetic model. Int J Pediatr 

Endocrinol O33 (1 suppl), 2013. (abstract) 

17. Firdaus A. Efek Infusa Daging Buah Terung 

Ungu terhadap Kadar Glukosa Darah Tikus Wistar Jantan 

yang Dibebani Glukosa. J Mhs PSPD FK Univ 

Tanjungpura 3:0-31, 2013. 

18. Nugraheni E, Tjahjono H. Extracts giving of 

purple eggplant (solanum melongena l.) orally can lower 

blood serum levels of malondialdehide of white rat (rattus 

novergicus) wistar dmellitus induced by aloxan. Int J 

Pediatr Endocrinol O48 (1 suppl), 2013. (abstract) 

19. Firmanto BH. Sukses Bertanam Terung Secara 

Organik. Pertama. Bandung: Angkasa; 2011. 

20. Widowati S. Tepung Aneka Umbi Sebuah Solusi 

Ketahanan Pangan. Tabloid Sinar Tani 2009. 

21. Ortiz-Andrade RR, Sánchez-Salgado JC, 

Navarrete-Vázquez G et al. Antidiabetic and 

toxicological evaluations of naringenin in normoglycaemic 

and NIDDM rat models and its implications on extra-

pancreatic glucose regulation. Diabetes Obes Metab 10: 

1097-1104, 2008. 

22. Reeves PG, Nielsen FH, Fahey GC. AIN-93 

Purified diets for laboratory rodents: final report of the 

American institute of nutrition ad hoc writing committee 

on the reformulation of the AIN-76A Rodent Diet. J Nutr 

123:1939–1951, 1993. 



 

 

254 Romanian Journal of Diabetes Nutrition & Metabolic Diseases / Vol. 24 / no. 3 / 2017 

23. Barham D, Trinder P. An improved colour 

reagent for the determination of blood glucose by the 

oxidase system. Analyst 97:142–145, 1972.  

24. Tan AS, Berridge MV. Superoxide produced by 

activated neutrophils efficiently reduces the tetrazolium 

salt, WST-1 to produce a soluble formazan: A simple 

colorimetric assay for measuring respiratory burst 

activation and for screening anti-inflammatory agents. J 

Immunol Methods 238:59–68, 2000.  

25. Wuryastuti H, Raharjo S, Warsito. 

Peroxidation Index: method of analysis and diagnostic 

value. Indonesia: Directorate Generale of Higher 

Education.; 1996. 

26. WHO (World Health Organization) [internet]. 

Definition, Diagnosis and Classification of Diabetes 

Mellitus and its Complications. Part 1: Diagnosis and 

Classification of Diabetes Mellitus. Geneva, World Heal 

Organ 1999. Available from: http://apps.who.int/iris/ 

bitstream/10665/66040/1/WHO_NCD_NCS_99.2.pdf. 

27. Kavishankar GB, Lakshmidevi N. Anti-diabetic 

effect of a novel N-Trisaccharide isolated from Cucumis 

prophetarum on streptozotocin-nicotinamide induced type 

2 diabetic rats. Phytomedicine 21: 624–630, 2014.  

28. Szkudelski T. Streptozotocin-nicotinamide-

induced diabetes in the rat. Characteristics of the 

experimental model. Exp Biol Med 237:481–490, 2012.  

29. Makaryani I, Amalia L, Ramadhani NR, 

Pertiwi KI, Aprillia DD. Pengaruh pemberian pangan 

antioksidan terhadap kadar malondialdehid plasma 

mahasiswi penyuka gorengan. IJCN 10:169–179, 2014. 

30. Foti MC. Antioxidant properties of phenols. J 

Pharm Pharmacol 59: 1673–1685 2007.  

31. Amic D, Amic DD, Beslo D, Trinajstic N. 

Structure-radical scavenging activity relationships of 

flavonoids. Croat Chem Acta 76: 55–61, 2003. 

32. Zia-Ul-haq M, Riaz M, Saad B. Anthocyanins 

and human health : Biomolecular and therapeutic. 

Springer, 2016. 

33. Murray RK, Granner DK, Rodwell VW. 

Biokimia Harper. Edisi 27. Jakarta: EGC; 2013. 

34. Sumardika IW, Jawi IM. Ekstrak Air Daun 

Ubijalar Ungu Memperbaiki Profil Lipid dan 

Meningkatkan Kadar Sod Darah Tikus yang Diberi 

Makanan Tinggi Kolesterol. J Ilm Kedokt 43: 67–70, 

2012. 

35. Aboonabi A, Rahmat A, Othman F. Antioxidant 

effect of pomegranate against streptozotocin-nicotinamide 

generated oxidative stress induced diabetic rats. Toxicol 

Reports 1: 915–922, 2014. 

 

 

 

 

 

 

 

 


