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Abstract 

BACKGROUND: Maximal physical activity can produce an imbalance between reactive oxygen species (ROS) 
and antioxidants which are possibly related to fatigue and tissue injury. One of the natural sources that contain 
antioxidants is virgin coconut oil (VCO). 

AIM: This study aimed to determine the protective effects antioxidant of virgin coconut oil (VCO) treatment on 
urea and creatine level on maximum physical activity 

METHODS: This study used 24 healthy male rats. The rats were divided into four groups, randomly consisted of 
six rats in each group. The control group (P0) was given 2 mL water, the treatment groups (VCO-1, VCO-2, and 
VCO-4) were given VCO 1 mL/200 gBW, 2 mL/200 gBW and 4 ml/200 gBW, respectively, per day using gavage 
spuit. After 28 days, the rats were forced to perform maximal activity by putting the rats in water with no exit. 
Blood samples were collected immediately after the maximum physical activity. The urea, creatinine, 
malondialdehyde and glutation peroxidase level was then measured. 

RESULTS: This study used 24 healthy male rats. The rats were divided into four groups randomly consisted of six 
rats in each group. The control group (P0) was given 2 mL water, the treatment groups (VCO-1, VCO-2, and 
VCO-4) were given VCO 1 mL/200 gBW, 2 mL/200 gBW and 4 ml/200 gBW, respectively, per day using gavage 
spuit. After 28 days, the rats were forced to perform the maximal activity by putting the rats in water with no exit. 
Blood samples were collected immediately after the maximum physical activity. The urea, creatinine, 
malondialdehyde and glutathione peroxidase level was then measured. 

CONCLUSION: The results of this study indicate that virgin coconut oil is effective in the prevention of oxidative 
stress following maximum physical activity. 

 
 
 

Introduction 

 

It is known that physical activity can increase 
the production of various types of free radicals which 
result in cell damage [1]. When the production of free 
radicals exceeds the antioxidant cellular defence, 
oxidative stress will occur [2]. High levels of oxidative 
stress lead to excessive generation of reactive oxygen 
species (ROS). Reactive oxygen species are highly 
reactive molecules that cause lipid peroxidation in the 
membrane structure and damage the cellular 
structure. The release of ROS could result in lipid 
peroxidation in the mitochondrial membrane. 
Damaged mitochondria were found to reduce cellular 
respiration and adenosine triphosphate (ATP) 
generation; they are also among the primary causes 
of fatigue [3]. Malondialdehyde (MDA) is one of the 
results of lipid peroxidation induced by free radicals 
during maximum physical exercise or high-intensity 

endurance training [4], [5], so MDA is a general 
indicator used to determine the number of free 
radicals and indirectly assess the body's oxidant 
capacity [6]. 

The results showed that maximum physical 
activity could lead to lower levels of antioxidant 
enzyme superoxide dismutase (SOD), catalase 
(CAT), glutathione peroxidase (GPx) and glutathione-
S-transferase [7] and increased levels of MDA [8], [9]. 
During physical activity, several organs like the heart, 
kidneys, and other organ are in hypoxia and ischemia 
as oxygen is higher at the contracted muscles. This 
disturbs the metabolism, and cell homeostasis also 
causes damage in the tissue [10]. After the exercise, 
the blood quickly flows back into the kidneys. Along 
with that, a big oxidant is released, which can damage 
kidney cells and activate leucocyte. Therefore, the 
kidneys will severely damage [2]. Progressive damage 
in the kidneys can be measured clinically by 
measuring serum creatinine and urea level [11]. 
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Naturally, body has a defense mechanism against 
ROS by an endogenous antioxidant system which 
consists of superoxide dismutase (SOD), glutathione 
peroxidase (GPx), and catalase (CAT) [12]. This 
enzyme plays an important role as first-line protection 
against the harmful effects of ROS generated by 
various sources. However, when the production of 
ROS is excessive, the function of endogenous 
antioxidant will be limited. Therefore, the 
supplementation of exogenous antioxidant from diet 
becomes important to protect cells against the 
deleterious effect of ROS [13]. 

One of the natural sources that contain 
antioxidants is VCO, is an oil that comes from the fruit 
of old coconut (Cocos nucifera) which is processed at 
low temperatures [14]. VCO is one of the prima donna 
products that not only takes a lot of attention from the 
people of Indonesia and the world but also has been 
widely consumed as health products, even the Food 
and Drug Administration (FDA) has included it in the 
list of safe, natural foods [15]. The active compounds 
contained in the VCO include tocopherols, 
tocotrienols, phytosterols, phytostanol, flavonoids, 
polyphenol, phospholipid, and medium-chain 
triglyceride [16]. This study aims to determine the 
effect of supplementation VCO on MDA, GPx, urea 
and creatinine level when performing maximum 
physical activity. 

 

 

Material and Methods 

 

Tools  

The tools used in this research were 
laboratory glassware, vortex (Thermo), test tube 
(Iwaki), Beckman Coulter (Beckman), link Dako 
epitope retrieval (Dako), tissue processor (Leica), 
spectrophotometer (Shimadzu), analytical balance 
(Boeco), syringe for oral feeding, flask 10 ml, 
stopwatch, hairdryer, animal box, syringe 1 ml, funnel, 
pipette, parchment, spatula, thermometer, air pump 
and ruler. 

 

Materials 

Materials used in this study were virgin 
coconut oil (VICO®) is the production of PT. Patria 
Wiyata VICO Indonesia that has been registered with 
the Food and Drug Supervisory Agency with the 
registration number POM TR.052 652 611. 

 

Chemicals  

Commercial assay kits for the detection of 
MDA and GPx were purchased from PT. Biozatix 
Indonesia. All other chemicals used were of analytical 

grade and purchased from local suppliers. 

 

Animal 

Male rats of Wistar strain weighing 200–220 g 
was obtained from the Animal House Faculty of 
Pharmacy, University of Sumatera, Utara. They were 
placed in plastic cages in a room under standard 
laboratory conditions (temperature 20 to 30°C, relative 
air humidity 45 to 55%, and 12/12 h light/dark cycle). 
The rats were fed with a basal diet and water ad 
libitum. All animal experiments conducted during the 
present study got prior permission from Institutional 
Animal Ethics Committee, Department of Biology, 
Faculty of Mathematics and Science, University of 
Sumatera, Utara. 

 

Experimental design 

This study used 24 healthy male rats. The 
rats were divided into four groups, randomly consisted 
of six rats in each group. The control group (C) was 
given 2 ml water, the treatment groups (VCO-1, VCO-
2, and VCO-4) were given VCO 1, 2, and 4ml/200g 
bw, respectively, per day, using gavage spuit, for 28 
days. After 28 days, the rats were forced to perform 
the maximal activity by putting the rats in water with 
no exit. The apparatus used was an acrylic plastic 
pool (60, 50, and 50 cm in length, width, and height, 
respectively) filled with freshwater, which was 
maintained at 25 ± 0.5°C at a depth of 40 cm. 
Exhaustion was determined by observing the loss of 
coordinated movements and failure to return to the 
surface within 10 s. Blood samples were collected 
immediately after the exhaustive exercise. The MDA, 
GPx, urea and creatinine level were then measured. 

 

Biochemical assay 

Blood (3 ml) was collected into a plain tube 
and were allowed to clot for 45 min at room 
temperature. Serum was separated by centrifugation 
at 2500 rpm at 30°C for 15 min and utilised for the 
estimation of various biochemical parameters, 
namely, MDA, GPx, urea, and creatinine. MDA, GPx 
were analysed by using a malondialdehyde and 
glutathione peroxidase assay kit according to the 
manufacturer’s instruction. Serum levels of urea and 
creatinine were measured using a blood chemistry 
analyser. 

 

Statistical analysis 

Data of research result determined 
homogeneity and normality to determine statistical 
analysis used. Data were analysed using one-way 
ANOVA test to determine the mean difference 
between treatments using SPPS 19.0 program. If 
there is a significant difference, further proceed with 
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the Tukey test to determine the value of the difference 
between treatment groups. Based on the significance 
value, p < 0.05 is considered statistically significant. 

 

 

Results  

 

Effect of VCO on urea and creatinine  level  

Based on the results of the analysis it was 
found that the mean level of urea in the control group 
(C); VCO-1, VCO-2, and VCO-4 is 60.48 ± 0.60, 41.04 
± 1.51, 35.80 ± 0.82; 28.00 ± 1.10 mg/dl, respectively. 
Meaning analysis using One Way Anova test showed 
that the mean urea levels in the four groups were 
significantly different (p < 0.05).  

 

Figure 1: Effect VCO on urea levels in the serum of rats. Data are 
the mean ± SD; *P < 0.05 compared with the control (C) group 

 

As shown in Fig. 1, the urea level of the VCO-
1, VCO-2, and VCO-4 groups were significantly lower 
than that of the C group (p < 0.05). Urea level 
decreased were 17.54, 25.86, and 39.08% 
respectively. 

Based on the results of the analysis it was 
found that the mean creatinine levels of the control 
group (C); VCO-1, VCO-2, and VCO-4 is 0.94 ± 0.17, 
0.78 ± 0.17, 0.68 ± 0.01, 0.58 ± 0.17 mg/dl, 
respectively. Meaning analysis with One Way Anova 
test showed that the mean creatinine levels in all four 
groups were significantly different (p < 0.05). As 
shown in Fig. 2, the creatinine level of the VCO-1, 
VCO-2, and VCO-4 groups were significantly lower 
than that of the C group (p < 0.05). Creatinine level 
decreased were 17.02, 27.65, and 38.29% 
respectively.  

 

Figure 2: Effect VCO on creatinine levels in the serum of rats. Data 
are the mean ± SD; *P < 0.05 compared with the control (C) group 

Effect of VCO on malondialdehyde (MDA) 
 level  

Based on the results of the analysis it was 
found that the mean level of malondialdehyde (MDA) 
control group (C); VCO-1, VCO-2, and VCO-4 is 12.42 
± 0.61, 6.60 ± 0.44, 4.89 ± 0.51, 2.66 ± 0.42 nmol/L, 
respectively. Meaning analysis using the One Way 
ANOVA test showed that the mean malondialdehyde 
(MDA) levels in the four groups of results were 
significantly different (p < 0.05).  

 

Figure 3: Effect VCO on the malondialdehyde (MDA) levels in the 
liver tissues of rats. Data are the mean ± SD. *P < 0.05 compared 
with the control (C) group 

 

As shown in Fig. 3, the MDA content of serum 
of the VCO-1, VCO-2, and VCO-4 groups was 
significantly lower than that of the C group (p < 0.05). 
Moreover, the decreased rates in the serum were 
46.85, 60.62, and 78.52 %, respectively. These 
results indicate that VCO effectively reduced lipid 
peroxidation. 

 

Effect of VCO on glutathione peroxidase 
 (GPx) level 

Based on the results of data analysis, the 
mean levels of the control group (C), VCO-1, VCO-2, 
and VCO-4 Glutathione Peroxidase (GPx) were 34.97 
± 1.18, 56.43 ± 1.75, 67.51 ± 1.41, 87.51 ± 1.41, 
respectively. Meaning analysis using the One Way 
ANOVA test showed that the mean Glutathione 
Peroxidase (GPx) levels in the four groups were 
significantly different (p < 0.05).  

 

Figure 4: Effect VCO on the glutathione peroxidase levels in the 
serum of rats. Data are the mean ± SD; *P < 0.05 compared with 
the control (C) group 

 

As shown in Fig 4, the GPx levels of the VCO-
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1, VCO-2, and VCO-4 groups were significantly higher 
than that of the C group (p < 0.05), with increased 
rates of 61.36, 93.05, and 150.24 %, respectively. 

 

 

Discussion 

 

It is known, physical activity causes blood flow 
and metabolism to decrease significantly in the liver 
and kidneys [17]. In moderate exercise, renal blood 
flow may fall to 25% of the resting value, although 
glomerular filtration rate (GFR) is preserved through 
an increase in the filtration fraction, which may double, 
limiting the transfer of metabolites or substances 
through the glomeruli and reducing the extent of 
exercise proteinuria [18], [19]. Extreme exercise, 
however, may decrease GFR by up to 50% [20], [21]. 
This decrease in blood flow causes hypoxia in the 
kidneys. After the physical activity is complete, the 
blood will quickly return to the kidney and at the same 
time will release a large number of oxidants [2]. 
Increasing amounts of oxidants will damage kidney 
cells and will activate leukocytes so that damage to 
the kidneys gets worse. The process of ischemia-
reperfusion and leukocyte activation can also cause 
oxidative stress during and after exercise in the 
kidneys. Both of these mechanisms are very 
responsible for the occurrence of oxidative stress in 
the organs and extra muscular tissues after physical 
exercise [17]. Several studies have been conducted to 
see the effect of physical activity on kidney function. 
Foran et al. found that the short-term effects of 
marathon training increased creatinine and blood urea 
nitrogen (BUN) [22]. According to Warburton et al., 
concentrations of urea and creatinine increased after 
prolonged strenuous exercise in which this increase 
was associated with decreased renal blood flow and 
glomerular filtration rate, increased protein catabolism 
and creatinine release due to muscle work [23]. 

The results of this study indicate VCO 
administration can reduce levels of urea and creatine 
when rats perform maximum physical activity. It is 
known, VCO contains antioxidants including 
tocopherol, tocotrienol, flavonoids and some 
polyphenol compounds [16], [17], [18], [19], [20], [21], 
[22], [23], [24]. With the presence of these 
antioxidants, VCO supplementation for 28 days will 
increase glutathione peroxidase levels (Figure 4) and 
reduce the occurrence of lipid peroxidation which is 
characterised by a decrease in MDA levels (Figure 3).  

The results of this study were supported by 
several researchers who reported the effect of VCO 
on oxidative stress [25], [26], [27], [28], [29], [30]. 
Famurewa et al. reported that administration of 
Cadmium Chloride (CDCl2) 5 mg/kg orally to rats for 5 
weeks could increase urea levels (29.81%) and 
creatinine 36.25% compared to the control group 
given aqua destilata. Meanwhile, administration of 

VCO polyphenol (PF) 10 mg/kg + CDCl2 5 mg/kg; PF 
dose of 20 mg/kg + CDCl2 dose of 5 mg/kg; PF 50 
mg/kg + CDCl2 dose of 5 mg/kg can reduce urea 
levels by 20.57%, 40.66%, 52.63% and decrease in 
creatinine levels by 30.67%, 39.32% and 50% 
compared to the group given CdCl2. In his research, 
the sub-chronic administration of Cd (5 mg/kg) 
significantly decreased renal activities of SOD, CAT, 
and GPx, as well as the renal level of non-enzymatic 
antioxidant, GSH, compared to control. Marker of lipid 
peroxidation, MDA, significantly increased in renal 
tissue of rats treated with Cd. Meanwhile, the 
administration of VCO polyphenol together with Cd, 
can increase of SOD, CAT, GPx, GSH level and 
reduce MDA levels when compared with the control 
group given Cd. [25].  

Dosumu et al. reported that VCO with a dose 
of 6.7 ml/kg BW could reduce testicular MDA levels of 
mice induced with alcohol at a dose of 7 ml/kg BW 
[26]. Yeap et al. reported untreated mice undergoing 
the forced swim test and chronic cold restraint stress 
were found to exhibit higher lipid peroxidation (MDA) 
and lower antioxidant enzyme SOD levels. VCO was 
able to reduce lipid peroxidation and increase the 
activity of SOD in the serum of mice undergoing the 
forced swim test and the brains of mice subjected to 
chronic cold restraint. The results of this study are 
associated with the presence of polyphenol 
compounds and medium-chain fatty acids [27]. Nevin 
and Rajamohan also reported that giving VCO to mice 
for 45 days in vivo and in vitro can increased the 
activity of catalase (CAT), superoxide dismutase 
(SOD), glutathione reductase (GR) enzymes, 
glutathione peroxidase (GPx) and reduce MDA levels 
and conjugated dienes (CD) in the heart, heart and 
kidney organs. Nandakumaran et al. also reported the 
administration of VCO in rats for 30 days with a dose 
of 1 ml, 2 ml and 4 ml, respectively, to increase SOD 
levels [28]. Nandakumaran et al. also reported daily 
administration of VCO to rats for 30 days at a dose of 
1 ml, 2 ml and 4 ml can increase SOD levels. It is 
known that the enzymes SOD, CAT, GPx and GR are 
endogenous antioxidants that function to neutralise 
free radicals formed in the body [29]. Increased levels 
of endogenous antioxidant activity (GSH, CAT, SOD) 
and decreased MDA levels in diabetic mice induced 
by alloxan due to VCO administration have also been 
reported [30]. 

 

 

References 

 

1. Dekany M, Nemeskeri V, Gyore I, Ekes E, Gogl A, Szots G, 
Petrekanits M, Taylor AW, Berkes I, dan Pucsok J. Physical 
performance and antioxidant effects Iin triathletes. Biology of Sport. 
2008; 25:101-14. 

2. Daniel, RM, Stelian S, Dragomir C. The effect of acute physical 
exercise on the antioxidant status of the skeletal and cardiac 
muscle in the Wistar rat. Romanian Biotechnological Letters. 2010; 

 



Sinaga et al. Antioxidant Effect of Virgin Coconut Oil on Urea and Creatinine Levels on Maximum Physical Activity 
_______________________________________________________________________________________________________________________________ 

_______________________________________________________________________________________________________________________________ 

Open Access Maced J Med Sci.  5 

 

15:56-61. 

3. Echtay KS, Roussel D, St-Pierre J, Jekabsons MB, Cadenas S, 
Stuart JA, Harper JA, et al. Superoxide activates mitochondrial 
uncoupling proteins. Nature. 2002; 415:96-9. 
https://doi.org/10.1038/415096a PMid:11780125 

 

4. Yan, Fand Hao, H. Effects of Laminaria japonica 
polysaccharides on exercise endurance and oxidative stress in 
forced swimming mouse model. J of Biol Res-Thessaloniki 2016; 
23(1):7. https://doi.org/10.1186/s40709-016-0049-4 
PMid:27119074 PMCid:PMC4845306 

 

5. Lamou B, Taiwe GS, Hamadou A, Houlray J, Atour MM, Tan PV. 
Antioxidant and Antifatigue Properties of the Aqueous Extract of 
Moringa oleifera in Rats Subjected to Forced Swimming Endurance 
Test. Oxidative Medicine and Cellular Longevity. 2016; 3517824:9. 
https://doi.org/10.1155/2016/3517824 PMid:26904162 
PMCid:PMC4745945 

 

6. Ten YS, Wu D. Anti-Fatigue Effect of Green Tea Polyphenols (-)-
Epigallocatechin-3-Gallate (EGCG). Pharmacogn Mag. 2017; 
13(50):326-31. https://doi.org/10.4103/0973-1296.204546 
PMid:28539729 PMCid:PMC5421434 

 

7. Thirumalai T, Viviyan TS, Elumalai EK, David E. Intense and 
exhaustive exercise induce oxidative stress in skeletal muscle. 
Asian Pacific Journal of Tropical Disease. 2011; 1(1):63-6. 
https://doi.org/10.1016/S2222-1808(11)60016-9 

 

8. Algul S., Ugras,S., Kara,M. Comparative evaluation of MDA 
levels during aerobic exercise in young trained and sedentary male 
subjects. East J Med 2018;23(2): 98-101 
https://doi.org/10.5505/ejm.2018.40469 

 

9. Spirlandeli AL, Deminice R, Jordao AA. Plasma 
malondialdehyde as biomarker of lipid peroxidation: effects of 
acute exercise. Int J Sports Med 2014; 35: 14-8. 
https://doi.org/10.1055/s-0033-1345132 PMid:23771832 

 

10. Radak Z, Zhao Z, Koltai E, Ohno H, Atalay M. Oxygen 
consumption and usage during physical exercise: the balance 
between oxidative stress and ROS-dependent adaptive signaling. 
Antioxidants & redox signaling. 2013; 18(10):1208-46. 
https://doi.org/10.1089/ars.2011.4498 PMid:22978553 
PMCid:PMC3579386 

 

11. Verdiansah. Examination of kidney function. Cermin Dunia 
Kedokteran. 2016; 43(2):148-54.  

12. Li XD, Sun GF, Zhu WB, Wang YH. Effects of high intensity 
exhaustive exercise on SOD, MDA, and NO levels in rats with knee 
osteoarthritis. Genet Mol Res. 2015; 14(4):12367-76. 
https://doi.org/10.4238/2015.October.16.3 PMid:26505386 

 

13. Myint K, Jayakumar R, Hoe SZ, Kanthimathi MS, Lam SK. 
Cortisol, β-endorphin and oxidative stress markers in healthy 
medical students in response to examination stress. Biomedical 
research. 2017 Nov 18;28(8):3774-9. 

 

14. Sutarmi, Rozaline H. Taklukkan penyakit dengan VCO. 
Jakarta; Penebar Swadaya, 2006:5-24.  

15. Alamsyah AN. Perpaduan sang penakluk penyakit VCO+buah 
merah. Agromedia Pustaka; Jakarta, 2005.  

16. Carandang EV. Health benefits of virgin coconut oil explained. 
PJCS. 2008; 31:1-12.  

17. Kocer G, Senturk UK, Kuru O, Gunduz F. Potential sources of 
 

oxidative stress that induce post-exercise proteinuria in rats. J Appl 
Physiol. 2008; 10:1152-76. 

18. Poortmans JR. Exercise and renal function. Sports Med. 1984; 
1:125-53. https://doi.org/10.2165/00007256-198401020-00003 
PMid:6567229 

 

19. Poortmans JR, Vanderstraeten J. Kidney function during 
exercise in healthy and diseased humans. an update. Sports Med. 
1994; 18:419-37. https://doi.org/10.2165/00007256-199418060-
00006 PMid:7886356 

 

20. Rocker L, Kirsch KA, Heyduck B, et al. Influence of prolonged 
physical exercise on plasma volume, plasma proteins, electrolytes, 
and fluid-regulating hormones. Int J Sports Med. 1989; 10:270-4. 
https://doi.org/10.1055/s-2007-1024914 PMid:2691410 

 

21. McAllister RM. Adaptations in control of blood flow with training: 
splanchnic and renal blood flows. Med Sci Sports Exerc. 1998; 
30:375-81. https://doi.org/10.1097/00005768-199803000-00006 
PMid:9526882 

 

22. Foran S, Lewandrowski K, Kratz A. Effects of exercise on 
laboratory test result. Laboratory medicine. 2003; 34(10):736-42. 
https://doi.org/10.1309/3PDQ4AH662ATB6HM 

 

23. Warbuton DER, Welsh RC, Haykowsky MJ, Taylor D.A, Humen 
DP. Biochemical changes as a result of prolonged strenuous. Br J 
Sport Med. 2002; 36:301-3. https://doi.org/10.1136/bjsm.36.4.301 
PMid:12145122 PMCid:PMC1724523 

 

24. Srivastava Y, Semwal AD, Majumdar A. Quantitative and 
qualitative analysis of bioactive components present in virgin 
coconut oil. Cogent Food & Agriculture. 2016; 2(1):1164929. 
https://doi.org/10.1080/23311932.2016.1164929 

 

25. Famurewa AC, Ejezie AJ, Ejezie CSU, Ikekpeazu EJ, Ejezie 
FE. Antioxidant and anti-inflammatory mechanisms of polyphenols 
isolated from virgin coconut oil attenuate cadmium-induced 
oxidative stress-mediated nephrotoxicity and inflammation in rats. 
Journal of Applied Biomedicine. 2018; 16(4):247-400. 
https://doi.org/10.1016/j.jab.2018.02.003 

 

26. Dosumu OO, Duru FIO, Osinubi AA, Oremosu AA, Noronha 
CC. Influence of virgin coconut oil (VCNO) on oxidative stress, 
serum testosterone and gonadotropic hormones (FSH, LH) in 
chronic ethanol ingestion. Agric. Biol. J. N. Am. 2010; 1:1126-32. 
https://doi.org/10.5251/abjna.2010.1.6.1126.1132 

 

27. Yeap SK, Beh BK, Ali NM, Yusof HM, Ho WY, Koh SP, et al. 
Antistress and antioxidant effects of virgin coconut oil in vivo. 
Experimental And Therapeutic Medicine. 2015; 9:39-42. 
https://doi.org/10.3892/etm.2014.2045 PMid:25452773 
PMCid:PMC4247320 

 

28. Nevin KG, Rajamohan T Virgin coconut oil supplemented diet 
increased the antioxidant status in rats. Food Chem. 2006; 99:260-
6. https://doi.org/10.1016/j.foodchem.2005.06.056 

 

29. Nandakumaran M, Al-sarraf H, Al-fadhli R, Al-shammari M, Al-
harmi J, Al-saleh E. Effect of oral administration of coconut oil on 
hematological and metabolic parameters in female adult rats. 
Nutritional Therapy & Metabolism. 2009; 27:183-8. 

 

30. Iranloye B, Oludare G, Olubiyi M. Anti-diabetic and antioxidant 
effects of virgin coconut oil in alloxan induced diabetic male 
Sprague Dawley rats. Journal of Diabetes Mellitus. 2013; 3:221-6. 
https://doi.org/10.4236/jdm.2013.34034 

 

 

 

https://doi.org/10.1038/415096a
https://doi.org/10.1186/s40709-016-0049-4
https://doi.org/10.1155/2016/3517824
https://doi.org/10.4103/0973-1296.204546
https://doi.org/10.1016/S2222-1808(11)60016-9
https://doi.org/10.5505/ejm.2018.40469
https://doi.org/10.1055/s-0033-1345132
https://doi.org/10.1089/ars.2011.4498
https://doi.org/10.4238/2015.October.16.3
https://doi.org/10.2165/00007256-198401020-00003
https://doi.org/10.2165/00007256-199418060-00006
https://doi.org/10.2165/00007256-199418060-00006
https://doi.org/10.1055/s-2007-1024914
https://doi.org/10.1097/00005768-199803000-00006
https://doi.org/10.1309/3PDQ4AH662ATB6HM
https://doi.org/10.1136/bjsm.36.4.301
https://doi.org/10.1080/23311932.2016.1164929
https://doi.org/10.1016/j.jab.2018.02.003
https://doi.org/10.5251/abjna.2010.1.6.1126.1132
https://doi.org/10.3892/etm.2014.2045
https://doi.org/10.1016/j.foodchem.2005.06.056
https://doi.org/10.4236/jdm.2013.34034

