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Abstract

Background: Synbiotic contains antioxidant that has been suggested to improve oxidative stress induced by high-fat diet (HFD)
consumption. This study aimed to evaluate the effect of synbiotic supplementation consisting of kepel (Stelechocarpus burahol) with the
addition of Lactobacillus casei and L. plantarum on oxidative stress in HFD-fed rats.

Methods: Twenty-five Wistar rats were divided into five groups (n=5) for eight weeks of treatment. The HFD control (HFD alone) group
and three different groups supplemented with three various doses of kepel synbiotic (Syn 1.2 mL, Syn 1.8 mL, and Syn 2.4 mL) were fed
HFD for the first four weeks and continued supplemented kepel synbiotic for the second four weeks. Meanwhile, the normal diet (ND)
control group was given regular food alone throughout the study. The serum, liver, heart, and brain oxidative stress markers were assessed.
Results: Kepel synbiotic supplementation consistently improved oxidative stress by decreasing malondialdehyde (MDA) levels and
increasing superoxide dismutase (SOD) activity inhibition rate in serum, liver, heart, and brain in the HFD group compared to the ND
group. This improvement effect occurred in a dose-dependent manner, increasing in higher kepel synbiotic doses.

Conclusion: Kepel synbiotics showed a beneficial effect in improving oxidative stress in the serum, liver, heart, and brain of HFD-fed
rats. Supplementation of kepel synbiotic can be considered a complementary therapeutic agent in improving oxidative stress, especially
due to HFD consumption.
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Introduction

Uncontrolled oxidative stress has been postulated to
be involved in the development of various diseases
(1). Oxidative stress is a state of imbalance between
oxidants, such as reactive oxygen species (ROS), and
antioxidants. ROS are generated by endogenous sources
involving cellular biochemical activities and exogenous
sources, such as high-fat diet (HFD) consumption, which
contribute to deoxyribonucleic acid (DNA), proteins,
and lipid membrane damage (2,3). In a controlled
or physiological state, the body has a defense system
through several antioxidant enzymes as compensatory
mechanisms against oxidative stress, including superoxide
dismutase (SOD), catalase (CAT), and glutathione
peroxidase (GPx) (1). Meanwhile, the body’s antioxidant
defense system is inadequate at high levels of oxidative
stress, resulting in direct damage to lipids, especially
polyunsaturated fatty acids. This process is called lipid
peroxidation. Furthermore, many studies confirm that
the lipid peroxidation process also produces various
oxidation products, such as malondialdehyde (MDA) and
4-hydroxynonenal (4-HNE), which are mutagenic and
toxic, respectively (4-6).

Synbiotics (also called symbiotic) have been considered
complementary therapeutic agents to ameliorate oxidative
stress (7). A synbiotic is a product consisting of prebiotics
and probiotics with beneficial health-promoting effects
(8). Many studies have confirmed the antioxidant
effects of probiotics and synbiotics on experimental
animals and humans. Lasker et al (9) showed that HFD
caused oxidative stress and impaired liver function in
rats, whereas yogurt supplementation improved this
condition. In other studies, synbiotic supplementation
(Lactobacillus  casei+inulin) in humans successfully
improved oxidative stress, indicated by low oxidative
stress markers and increased antioxidant activity (10).
In addition, synbiotic supplementation (Lactobacillus
plantarum +inulin) was reported to increase antioxidant
activity in the heart, including total antioxidant capacity
(TAC), SOD, and GPx, along with decreased SOD levels
in diabetic rats (11).

Kepel fruit (Stelechocarpus burahol) is a typical plant
originating from Java Island, Indonesia (12). Previous
studies showed better antiradical and antioxidant effects
in kepel compared with vitamin C, due to the high
phenol and flavonoid components (13,14). In addition,
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the application of kepel as an oral deodorant in the rat
models increased Bifidobacteriaceae probiotics quantity,
which contributed to the absorption of fecal odors and
reduced Enterobacteriaceae pathogenic quantity within
the intestinal tract (15). These findings indicate that
kepel has a potential function as a prebiotic. However, no
studies have evaluated kepel as a dairy product improving
oxidative stress. Therefore, it is possible to combine kepel
with L. casei and L. plantarum as a synbiotic product
that could improve oxidative stress due to HFD. This
study aimed to evaluate the effect of kepel synbiotic
supplementation on HFD-fed rats.

Materials and Methods

Animals

Twenty-five male Wistar rats aged 8-10 weeks weighing
180-220 g were provided by the Laboratory of Physiology,
Faculty of Medicine of the Universitas Islam Indonesia
(FM UII), Yogyakarta, Indonesia. The rats were housed
in a controlled room with a temperature range from 21
to 25°C, a humidity of 40-70%, and a 12-hours light/
dark cycle. They were given free access to tap water and
regular food containing carbohydrates 60%, protein 16%,
vitamins and minerals 21%, and fat 3%. Before starting
the treatment, the rats were acclimatized for a week.

Study design

The study timeline scheme is shown in Table 1. After a
week of acclimatization, rats were divided into five groups
(n=5). The HFD control (HFD alone) group and three
different groups supplemented with three various doses
of kepel synbiotic (Syn 1.2 mL, Syn 1.8 mL, and Syn 2.4
mL) were fed ad libitum HFD for the first four weeks.
Afterward, synbiotic-supplemented groups were given
the kepel synbiotic according to their respective doses by
oral gavage for the second four weeks. Regular food was
also given to all groups during this period. Meanwhile,
the normal diet (ND) control group was given regular
food alone throughout the study. After treatments were
completed, the rats were fasted for 12 hours and sacrificed
to collect blood, liver, heart, and brain tissue under general
anesthesia ketamine 40 mg/kg for biochemical analysis.

HFD preparation
The HFD was formulated with a mixture of 20% regular

Table 1. Study timeline

feed, 40% quail egg yolk, and 40% duck egg yolk. Quail
and duck egg yolks were boiled until half-cooked, mixed
with crushed regular feed, and formed balls in small sizes.
The ad libitum HFD was administered daily.

Kepel synbiotic preparation

Kepel fruit was purchased from a local market in
Yogyakarta, Indonesia. The two lactic acid bacteria were
L. casei NRRL B-1922 and L. plantarum CCRC 12251,
obtained from the Center for Food and Nutrition Studies
of Universitas Gadjah Mada, Yogyakarta, Indonesia.
Kepel fruit was extracted by the maceration method,
using methanol solvent as described in a previous study
(13). The synbiotic preparation method followed a
previous study with some modifications (16). The initial
starter culture contained 2 ml of L. casei and L. plantarum
separately in 8 mL of de Man, Rogosa, and Sharpe (MRS)
broth incubated at 37°C for 24 hours. Afterward, the
final starter culture contained 1 mL of the initial starter
incubation result, 9 ml of kepel juice, 1 g skim milk, and
3 g glucose, then it was incubated at 37°C for 24 hours.
The final kepel synbiotic was a mix of the final starter, 10
g skim milk, 3 g glucose, 100 ml kepel juice, and 4 mL of
each final starter culture, incubated at 37°C for 24 hours.
Accordingly, the final product was a supplemental kepel
synbiotic.

Preparation of serum and tissue samples

The blood samples (2 mL) were obtained from retro-
orbital venous and then centrifuged at a speed of 8000
rpm for 10 minutes to obtain serum for biochemical
analysis.

One gram of fresh liver, heart, and brain tissue was
homogenized with PBS (0.01 M, pH 7.4) and centrifuged
for 15 minutes at 8000 rpm at 4°C. Then, the obtained
supernatant was used for MDA analysis. Meanwhile, in
obtaining SOD supernatant, tissue homogenization was
performed in ice-cold 0.1 M Tris-HCI, pH 7.4 containing
5 mM B-ME, 0.1 mg/mL PMSE, and 0.5 % Triton X-100
then centrifuged at 9000 rpm for 5 minutes at 4°C.

Biochemical analysis

MDA is a lipid peroxidation product that reacts with
thiobarbituric acid-reactive substances (TBARS). The
assessment of MDA in serum, as well as liver, heart, and

Animals Preparation Randomization Treatment End
ND (n=5) Regular feed Regular feed

HFD alone (n=5) HFD Regular feed »
Wistar rats S
(n=25) Acclimatization Syn 1.2 mL (n=5) HFD 1.2 mL of kepel synbiotic + regular feed and assessment

= =25

Syn 1.8 mL (n=5) HFD 1.8 mL of kepel synbiotic + regular feed g )

Syn 2.4 mL (n=5) HFD 2.4 mL of kepel synbiotic +regular feed
Day 0-7 8-36 37-65 66
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brain supernatant, was determined using the colorimetric
method by monitoring red compound at 532 nm with
a spectrophotometer based on standard assessment
protocol and available reagent kits from Elabscience
(Wuhan, Hubei, China). MDA levels were expressed
in nmol/mL for serum and nmol/g for tissue. SOD
activity inhibition rate in serum, liver, heart, and brain
supernatant was assessed by colorimetric method at 450
nm using a microplate reader according to protocol and
reagent kits provided by BioVision (Milpitas, California,
USA). The inhibition rate of SOD activity was expressed
in percent. Serum AST and ALT levels were assessed by
the optimized UV-test method using reagent kits supplied
by DiaSys (Holzheim, Germany) and the protocol
following standard manufacturer guidelines. The unit for
expressing AST and ALT levels was U/L.

Statistical analysis

Statistical analysis was carried out using IBM SPSS
Statistics 26 (Chicago, Illinois, USA). Results are
represented as mean + standard deviation (SD). The one-
way ANOVA test followed by Tukey’s post hoc, or Kruskal-
Wallis followed by Mann-Whitney U as post hoc was used
to examine comparisons between groups. A P value lower
than 0.05 was considered statistically significant.

Results

Systemic oxidative stress

Four weeks of HFD administration caused systemic
oxidative stress. This condition is reflected by
significantly (P<0.001) increased levels of serum MDA
(Figure 1A) and decreased serum SOD activity inhibition
rate (Figure 1B) in the HFD group compared to the ND
group. Furthermore, the synbiotic supplementation in all
doses suppressed systemic oxidative stress by significantly
(P<0.001) decreasing MDA levels and increasing serum
SOD activity inhibition rate compared to the HFD group.
Additionally, administering synbiotics at a dose of 2.4
mL showed the best improvement of oxidative stress,
characterized by the lowest MDA levels and highest SOD
activity among treated groups.
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Liver function and oxidative stress

The HFD also disrupts liver function and causes oxidative
stress.There was a significant increase in liver MDA
levels (P<0.001; Figure 2A), a decrease in SOD activity
inhibition rate (P<0.001; Figure 2B), and an increase
in AST (P<0.01; Figure 2C) and ALT levels (P<0.001;
Figure 2D) in HFD group compared to the ND group.
Statistically significant improvement of these assessed
biomarkers indicated that the synbiotic supplementation
improves liver function and oxidative stress. Moreover,
the higher dose of synbiotic showed the most favorable
improvement effect.

Oxidative stress in the heart

Oxidative stress also occurred in rats” heart tissue due to
HFD administration. A significant increase (P<0.001) in
heart MDA levels (Figure 3A) in the HFD group compared
to the ND group was observed. Simultaneously, the heart
SOD activity inhibition rate (Figure 3B) was decreased
significantly (P<0.001) in the HFD group compared to
the ND group. The synbiotic supplementation in different
doses improved oxidative stress by decreasing heart MDA
levels and increasing heart SOD activity inhibition rate
significantly (P<0.001) compared to the HFD group.
Furthermore, the 2.4 mL dose of synbiotic resulted in the
highest reduction in heart MDA levels and the highest
heart SOD activity compared to other doses.

Brain oxidative stress

Figures 4A and 4B showed that administration of HFD
increased brain MDA levels significantly (P<0.001)
following decreased brain SOD activity inhibition rate
in the HFD group compared to the ND group. Oral
supplementation of synbiotics in all doses decreased
MDA levels (P<0.001) compared to the HFD group.
Furthermore, the brain SOD activity inhibition rate
increased significantly (P<0.001) in the Syn 1.8 and Syn
2.4 mL groups and (P<0.01) in the Syn 1.2 mL group
compared to the HFD group. The Syn 2.4 mL group
showed the best improvement effect in ameliorating
oxidative stress.
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Figure 1. Effect of kepel synbiotic supplementation on serum oxidative stress markers: (A) MDA and (B) SOD. ND: normal diet; HFD: high-fat diet; MDA:
malondialdehyde; SOD: superoxide dismutase. Data were expressed as the mean+SD. Data were analyzed using one-way ANOVA followed by Tukey’s post
hoc test. * P<0.05; ** P<0.01; *** P<0.001 compared with ND group. ### P<0.001 compared with HFD alone group.
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Figure 2. Effect of kepel synbiotic supplementation on liver oxidative stress and function markers (A) MDA, (B) SOD, (C) AST, (D) ALT. ND: normal diet;
HFD: high-fat diet; MDA: malondialdehyde; SOD: superoxide dismutase; AST: aspartate transaminase; ALT: alanine transaminase. Data were expressed as the
mean+SD. Data were analyzed using one-way ANOVA followed by Tukey’s post hoc test or nonparametric data using Kruskal-Wallis followed by the Mann-
Whitney U test. * P<0.05 ** P<0.01; *** P<0.001 compared with ND group. # P<0.05; ## P<0.01; ##4 P<0.001 compared with HFD alone group.
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Figure 3. Effect of kepel synbiotic supplementation on heart oxidative stress markers (A) MDA and (B) SOD. ND: normal diet; HFD: high-fat diet; MDA:
malondialdehyde; SOD: superoxide dismutase. Data were expressed as the mean+SD. Data were analyzed using one-way ANOVA followed by Tukey’s post
hoc test. ** P<0.01; *** P<0.001 compared with ND group. ### P<0.001 compared with the HFD alone group.
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Figure 4. Effect of kepel synbiotic supplementation on brain oxidative stress markers (A) MDA and (B) SOD. ND: normal diet; HFD: high-fat diet; MDA:
malondialdehyde; SOD: superoxide dismutase. Data were expressed as the mean+SD. Data were analyzed using one-way ANOVA followed by Tukey’s post
hoc test. ** P<0.01; *** P<0.001 compared with ND group. ## P<0.01; ££# P<0.001 compared with HFD alone group.
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Discussion

The current study demonstrated that HFD formulated
with quail and duck egg yolk mixed with regular foods
successfully caused oxidative stress. It is plausible because
quail and duck eggs have higher fat content, particularly
in the yolk, compared with other poultry eggs (17,18).
HEFD is well known as a major risk factor for inducing
ROS and excessive inflammation response in developing
many diseases (1,19,20). Moreover, our study has proven
the potential of kepel as a prebiotic proposed in previous
studies. Although prebiotics and probiotics independently
have antioxidant effects, combining the two may produce
abetter and synergistic effect to confer health benefits. We
observed that supplementation of a synbiotic composed
of kepel with the addition of L. casei and L. plantarum
for four weeks improved oxidative stress in the serum,
liver, heart, and brain of HFD-fed rats. This improvement
effect showed a dose-dependent manner in which the
higher dose of the synbiotic had a better improvement
effect. To the best of our knowledge, this is the first study
revealing the improvement effect of kepel, as a synbiotic
dairy product, on oxidative stress in HFD-fed rats.

High serum or plasma MDA levels reflect oxidative
stress at the systemic level, usually accompanied by
lower levels of antioxidant enzymes such as serum
SOD activity. Systemic oxidative stress plays a role
in developing cardiovascular diseases, metabolic
disorders, liver dysfunction, brain damage associated
with cognitive impairment, and cancer (1). A previous
study in dyslipidemic rats demonstrated that HFD
causes oxidative stress and is alleviated by probiotic L.
fermentum DALIO2 in a dose-dependent manner, which is
in line with our study (6). A systematic review and meta-
analysis of randomized controlled trials also suggested
that probiotic and synbiotic supplementation showed
increased antioxidants (TAC and GSH) in diabetic
patients (7). Consistent with existing evidence, our study
proves that HFD administration causes oxidative stress
reflected by increased serum MDA and decreased serum
SOD in the HFD-fed group. Furthermore, kepel synbiotic
supplementation containing L. casei and L. plantarum
improves systemic oxidative stress.

Organ damage due to the oxidative stress process
induced by HFD results in hepatocyte damage and liver
dysfunction. In the current study, an increase in liver MDA
levels, serum AST and ALT enzymes, as well as a decrease
in liver SOD activity in HFD-fed rats were observed.
Existing scientific evidence demonstrates that HFD causes
dyslipidemia, then triggers lipotoxicity, accumulation
of lipids in the liver, and increased infiltration of
inflammatory cells in the liver, which develops non-
alcoholic fatty liver disease (9,21). Furthermore, this
process is associated with oxidative stress and de novo
lipogenesis, in which an increased supply of intrahepatic
lipids contributes to insulin resistance (22). We found that

kepel synbiotic supplementation improved liver function.
Similarly, yogurt supplementation for eight weeks in
HFD-fed rats demonstrated improved liver function and
oxidative stress, reflected by decreased liver dysfunction
and oxidative stress markers and increased antioxidant
enzymes (9). Thus, this finding indicated that kepel
synbiotic supplementation improves antioxidant activity
associated with liver dysfunction prevention.

Inflammatory responses and oxidative stress have
been postulated to be responsible for structural and
functional deficits in the heart that develop cardiac
tissue fibrosis and cardiomyocyte apoptosis (11,23,24);
an HFD may cause these conditions (23). In our study,
HFD administration caused oxidative stress in the
heart. This finding is corroborated by a previous study
reporting that HFD induces cardiotoxicity and promotes
cardiac injury in rats involving increased heart MDA
and decreased antioxidant enzymes such as GSH, SOD,
CAT, and GPx in the heart (23). In addition, we observed
increased heart antioxidant activity by kepel synbiotic
supplementation. Accordingly, a previous study showed
that L. plantarum+inulin synbiotic supplementation
increased the heart’s antioxidant activity in diabetic
rats (11). Another similar study demonstrated that L.
plantarum +inulin increased heart serotonin and BDNF
receptor expression with decreased apoptosis, interstitial
fibrosis, and heart perivascular (25). Therefore, kepel
synbiotic supplementation has been shown to improve
oxidative stress in the heart associated with preventing
cardiac dysfunction and fibrosis in HFD-fed rats.

The brain is particularly vulnerable to oxidative stress-
induced damage because it lacks an adequate antioxidant
system and is rich in polyunsaturated fatty acids (26).
It is plausible that HFD administration induces brain
oxidative stress marked by increased MDA levels and
decreased SOD activity. A previous study by Langley et
al. (27) demonstrated that HFD administration in mice
reduces the number of oligodendrocyte progenitors in
the brain and spinal cord. In addition, AMPK-SIRT1-
PGCla signaling decreases in the spinal cord, and the
4-HNE marker of oxidative stress increases, leading to
demyelinating, neuropsychiatric and cognitive disorders.
Kepel synbiotics containing L. casei and L. plantarum
increase antioxidants to improve brain oxidative stress
characterized by increased brain SOD activity and
decreased MDA levels. This process may occur through
the proposed mechanism gut-brain axis. In this concern,
a previous study reported that synbiotic supplementation
decreased MDA levels and increased SOD activity in the
rats’ hypothalamus (28). A recent randomized controlled
trial study also declared that synbiotic supplementation
for 12 weeks improved oxidative stress associated with
migraine by improving TAC and reducing nitric oxide
levels (29). This finding indicates that kepel synbiotic
improves brain oxidative stress through increasing
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antioxidant enzymes.

Apart from the beneficial effect of kepel synbiotics,
this study has some limitations due to the absence of a
group treated by prebiotics or probiotics alone. Thus, we
suggest adding these two groups to investigate how much
the effect of kepel as a prebiotic is in improving oxidative
stress in future research.

Conclusion

Results of this study showed that kepel synbiotic
supplementation increased antioxidant activity which
improves oxidative stress in the serum, liver, heart,
and brain of HFD-fed rats. This study suggests that
kepel synbiotic supplementation can be considered a
complementary therapeutic agent in improving oxidative
stress due to HFD. In addition, the kepel plant, which is
little cultivated currently, can be improved and developed
into a medicinal plant mainly to prevent diseases.

Author Contributions

Conceptualization: Naufal Arif Ismail, Alfian Novanda Yosanto.
Data curation: Naufal Arif Ismail.

Formal Analysis: Naufal Arif Ismail.

Funding acquisition: Naufal Arif Ismail and Alfian Novanda
Yosanto.

Investigation: Naufal Arif Ismail and Alfian Novanda Yosanto.
Methodology: Naufal Arif Ismail and Alfian Novanda Yosanto.
Project administration: Naufal Arif Ismail, Alfian Novanda Yosanto.
Resources: Naufal Arif Ismail and Alfian Novanda Yosanto.
Supervision: Nur Aisyah Jamil.

Validation: Naufal Arif Ismail, Nur Aisyah Jamil.

Visualization: Naufal Arif Ismail.

Writing — original draft: Naufal Arif Ismail, Alfian Novanda Yosanto.
Writing — review & editing: Naufal Arif Ismail.

Conflict of Interests
The authors declared that there is no conflict of interest.

Ethical Approval
The Ethics Committee of the FM Ull approved this study procedure
(Number: 31/Ka.Kom.Et/70/KE/V/2019).

Funding
None.

References

1. Pizzino G, Irrera N, Cucinotta M, Pallio G, Mannino F,
Arcoraci V, et al. Oxidative stress: harms and benefits for
human health. Oxid Med Cell Longev. 2017;2017:8416763.
doi: 10.1155/2017/8416763.

2. Tan BL, Norhaizan ME. Effect of high-fat diets on oxidative
stress, cellular inflammatory response and cognitive function.
Nutrients. 2019;11(11):2579. doi: 10.3390/nu11112579.

3. Ayala A, Mufoz MF, Argiielles S. Lipid peroxidation:
production, metabolism, and signaling mechanisms of
malondialdehyde and 4-hydroxy-2-nonenal. Oxid Med Cell
Longev. 2014;2014:360438. doi: 10.1155/2014/360438.

4. Jafarpour D, Shekarforoush SS, Ghaisari HR, Nazifi S,
Sajedianfard J, Eskandari MH. Protective effects of synbiotic
diets of Bacillus coagulans, Lactobacillus plantarum and inulin
against acute cadmium toxicity in rats. BMC Complement
Altern Med. 2017;17(1):291. doi: 10.1186/512906-017-

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

1803-3.

Navaei M, Haghighat S, Janani L, Vafa S, Saneei Totmaj A, Raji
Lahiji M, et al. The effects of synbiotic supplementation on
antioxidant capacity and arm volumes in survivors of breast
cancer-related lymphedema. Nutr Cancer. 2020;72(1):62-73.
doi: 10.1080/01635581.2019.1616781.

Huang Y, Qu H, Liu D, Wa Y, Sang J, Yin B, et al. The effect
of Lactobacillus fermentum DALIO2 in reducing the oxidative
stress and inflammatory response induced by high-fat diet
of rats. RSC Adv. 2020;10(57):34396-402. doi: 10.1039/
dOra05694d.

Zheng HJ, Guo J, Jia Q, Huang YS, Huang WJ, Zhang W,
et al. The effect of probiotic and synbiotic supplementation
on biomarkers of inflammation and oxidative stress in
diabetic patients: a systematic review and meta-analysis of
randomized controlled trials. Pharmacol Res. 2019;142:303-
13. doi: 10.1016/j.phrs.2019.02.016.

Gibson GR, Roberfroid MB. Dietary modulation of the human
colonic microbiota: introducing the concept of prebiotics. )
Nutr. 1995;125(6):1401-12. doi: 10.1093/jn/125.6.1401.
Lasker S, Rahman MM, Parvez F, Zamila M, Miah P, Nahar
K, et al. High-fat diet-induced metabolic syndrome and
oxidative stress in obese rats are ameliorated by yogurt
supplementation. Sci Rep. 2019;9(1):20026. doi: 10.1038/
s41598-019-56538-0.

Kleniewska P, Pawliczak R. Influence of synbiotics on
selected oxidative stress parameters. Oxid Med Cell Longev.
2017;2017:9315375. doi: 10.1155/2017/9315375.
Sefidgari-Abrasi S, Karimi P, Roshangar L, Morshedi M,
Bavafa-Valenlia K, Saghafi-Asl M, et al. Lactobacillus
plantarum and inulin: therapeutic agents to enhance cardiac
ob receptor expression and suppress cardiac apoptosis in
type 2 diabetic rats. ] Diabetes Res. 2020;2020:4745389. doi:
10.1155/2020/4745389.

Lim TK. Edible Medicinal and Non-Medicinal Plants. Vol 1.
Dordrecht: Springer Netherlands; 2012. p. 1-738.

Herlina N, Riyanto S, Martono S, Rohman A. Antioxidant
activities, phenolic and flavonoid contents of methanolic
extract of Stelechocarpus burahol fruit and its fractions.
Dhaka Univ J Pharm Sci. 2018;17(2):153-9.

Aini Habibah N, Moeljopawiro S, Dewi K, Indrianto
A. Flavonoid production, growth and differentiation of
Stelechocarpus burahol (Bl.) hook. F. and Th. cell suspension
culture. Pak ] Biol Sci. 2017;20(4):197-203. doi: 10.3923/
pjbs.2017.197.203.

Darusman HS, Rahminiwati M, Sadiah S, Batubara |, Darusman
LK, Mitsunaga T. Indonesian kepel fruit (Stelechocarpus
burahol) as oral deodorant. Res ] Med Plant. 2012;6(2):180-8.
Feinisa Khairani A, Islami U, Rizky Anggun Syamsunarno
M, Ary Lantika U. Synbiotic purple sweet potato yogurt
ameliorate lipid metabolism in high fat diet mice model.
Biomed Pharmacol J. 2020;13(1):175-84. doi: 10.13005/
bpj/1874.

Réhault-Godbert S, Guyot N, NysY. The golden egg: nutritional
value, bioactivities, and emerging benefits for human health.
Nutrients. 2019;11(3):684. doi: 10.3390/nu11030684.
Lontchi-Yimagou E, Tanya A, Tchankou C, Ngondi J, Oben
J. Metabolic effects of quail eggs in diabetes-induced
rats: comparison with chicken eggs. Food Nutr Res.
2016;60:32530. doi: 10.3402/fnr.v60.32530.

Han Q, Yeung SC, Ip MSM, Mak JCW. Dysregulation of
cardiac lipid parameters in high-fat high-cholesterol diet-
induced rat model. Lipids Health Dis. 2018;17(1):255. doi:
10.1186/512944-018-0905-3.

Reamtong O, Thiangtrongjit T, Kosoltanapiwat N, Panbangred
W, Prangthip P. Potential benefits of L. acidophilus in

Journal of Kerman University of Medical Sciences. Volume 30, Number 1, 2023 | 15


https://doi.org/10.1155/2017/8416763
https://doi.org/10.3390/nu11112579
https://doi.org/10.1155/2014/360438
https://doi.org/10.1186/s12906-017-1803-3
https://doi.org/10.1186/s12906-017-1803-3
https://doi.org/10.1080/01635581.2019.1616781
https://doi.org/10.1039/d0ra05694d
https://doi.org/10.1039/d0ra05694d
https://doi.org/10.1016/j.phrs.2019.02.016
https://doi.org/10.1093/jn/125.6.1401
https://doi.org/10.1038/s41598-019-56538-0
https://doi.org/10.1038/s41598-019-56538-0
https://doi.org/10.1155/2017/9315375
https://doi.org/10.3923/pjbs.2017.197.203
https://doi.org/10.3923/pjbs.2017.197.203
https://doi.org/10.13005/bpj/1874
https://doi.org/10.13005/bpj/1874
https://doi.org/10.3390/nu11030684
https://doi.org/10.3402/fnr.v60.32530
https://doi.org/10.1186/s12944-018-0905-3

Ismail et al

21.

22.

23.

24.

25.

dyslipidemic rats. Sci Rep. 2021;11(1):6115. doi: 10.1038/
$41598-021-85427-8.

Ulla A, Alam MA, Sikder B, Sumi FA, Rahman MM, Habib
ZF, et al. Supplementation of Syzygium cumini seed powder
prevented obesity, glucose intolerance, hyperlipidemia and
oxidative stress in high carbohydrate high fat diet induced
obese rats. BMC Complement Altern Med. 2017;17(1):289.
doi: 10.1186/512906-017-1799-8.

Yu Z, Mao C, Fu X, Ma M. High density lipoprotein from egg
yolk (EYHDL) improves dyslipidemia by mediating fatty acids
metabolism in high fat diet-induced obese mice. Food Sci Anim
Resour. 2019;39(2):179-96. doi: 10.5851/kosfa.2018.e38.
Feriani A, Bizzarri M, Tir M, Aldawood N, Alobaid H,
Allagui MS, et al. High-fat diet-induced aggravation of
cardiovascular impairment in permethrin-treated Wistar rats.
Ecotoxicol Environ Saf. 2021;222:112461. doi: 10.1016/j.
ecoenv.2021.112461.

D’Oria R, Schipani R, Leonardini A, Natalicchio A, Perrini S,
CignarelliA, etal. Therole of oxidative stress in cardiac disease:
from physiological response to injury factor. Oxid Med Cell
Longev. 2020;2020:5732956. doi: 10.1155/2020/5732956.
Sefidgari-Abrasi S, Roshangar L, Karimi P, Morshedi M,
Rahimiyan-Heravan M, Saghafi-As| M. From the gut to the

26.

27.

28.

29.

heart: L. plantarum and inulin administration as a novel
approach to control cardiac apoptosis via 5-HT2B and TrkB
receptors in diabetes. Clin Nutr. 2021;40(1):190-201. doi:
10.1016/j.cInu.2020.05.004.

Cobley JN, Fiorello ML, Bailey DM. 13 reasons why the brain
is susceptible to oxidative stress. Redox Biol. 2018;15:490-
503. doi: 10.1016/j.redox.2018.01.008.

Langley MR, Yoon H, Kim HN, Choi ClI, Simon W, Kleppe
L, et al. High fat diet consumption results in mitochondrial
dysfunction, oxidative stress, and oligodendrocyte loss in the
central nervous system. Biochim Biophys Acta Mol Basis Dis.
2020;1866(3):165630. doi: 10.1016/j.bbadis.2019.165630.

Hosseinifard ES, Bavafa-Valenlia K, Saghafi-Asl M,
Morshedi M. Antioxidative and metabolic effects of
Lactobacillus  plantarum, inulin, and their synbiotic

on the hypothalamus and serum of healthy rats. Nutr
Metab Insights. ~ 2020;13:1178638820925092.  doi:
10.1177/1178638820925092.

Ghavami A, Khorvash F, Khalesi S, Heidari Z, Askari G.
The effects of synbiotic supplementation on oxidative stress
and clinical symptoms in women with migraine: a double-
blind, placebo-controlled, randomized trial. J Funct Foods.
2021;86:104738. doi: 10.1016/}.jff.2021.104738.

© 2023 The Author(s); Published by Kerman University of Medical Sciences. This is an open-access article distributed under the terms
of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work is properly cited.

16

| Journal of Kerman University of Medical Sciences. Volume 30, Number 1, 2023


https://doi.org/10.1038/s41598-021-85427-8
https://doi.org/10.1038/s41598-021-85427-8
https://doi.org/10.1186/s12906-017-1799-8
https://doi.org/10.5851/kosfa.2018.e38
https://doi.org/10.1016/j.ecoenv.2021.112461
https://doi.org/10.1016/j.ecoenv.2021.112461
https://doi.org/10.1155/2020/5732956
https://doi.org/10.1016/j.clnu.2020.05.004
https://doi.org/10.1016/j.redox.2018.01.008
https://doi.org/10.1016/j.bbadis.2019.165630
https://doi.org/10.1177/1178638820925092
https://doi.org/10.1016/j.jff.2021.104738
https://creativecommons.org/licenses/by/4.0/

