
JURNAL KEDOKTERAN DIPONEGORO 
(DIPONEGORO MEDICAL JOURNAL) 
Online : http://ejournal3.undip.ac.id/index.php/medico 
E-ISSN : 2540-8844 

DOI : https://doi.org/10.14710/dmj.v11i5.35304    
JKD (DMJ), Volume 11, Number 5, September 2022 : 257-262 
 

Muhammad Ilham, Endang Mahati, Muflihatul Muniroh, Yora Nindita 
 

257 

 

THE EFFECTIVENESS OF KAFFIR LIME PEEL EXTRACT (CITRUS HYSTRIX) ON 

PLASMA MALONDIALDEHYDE LEVEL IN DEMENTIA MICE 
 

Muhammad Ilham
1
, Endang Mahati

2
, Muflihatul Muniroh 

3
, Yora Nindita

2* 

1Undergraduate Program, Faculty of Medicine, Universitas Diponegoro, Semarang, Indonesia 

2Department of Pharmacology and Therapy, Faculty of Medicine, Universitas Diponegoro, Semarang, Indonesia 
3Department of Physiology, Faculty of Medicine, Universitas Diponegoro, Semarang, Indonesia 

*Corresponding Author : E-mail : nindita.yora@fk.undip.ac.id 

 
ABSTRACT 

Background: Dementia is a disorder of the central nervous system that results in decreased memory, ways of thinking and one of 

the main causes of disability and dependence. Antioxidant can catch and neutralize free radicals so that the process of 

oxidative stress can be stopped and cell damage can be avoided. Kaffir lime peel contains antioxidant compounds that have 

the potential to be a neuroprotective agent and can protect neurons from free radical-induced damage. Objective: To 

evaluate the effect of kaffir lime peel extract (Citrus hystrix) on the plasma malondialdehyde (MDA) level of dementia-

induced scopolamine (SCM) mice. Method: This research was a true experimental study with a post-test-only controlled 

group design. Thirty mice were randomly divided into five groups consisting of healthy control (K+), Negative Control (K-

), extract 5 mg/20gBW group (P1), 10 mg/20gBW group (P2), 20 mg/20gBW group (P3). SCM was injected 

intraperitoneally on days 1-7 and kaffir lime peel extract was given orally on days 2-7, the MDA levels testing of mice 

using the TBARS method on day 8. Data analysis used the One-Way ANOVA test and continued with Post Hoc LSD test. 

Results: The mean MDA levels of K+, K-, P1, P2, P3 were 4,212; 4,644; 3,481; 4,555; 4,733 nmol/mL, respectively. 

MDA levels of P1 were lower than K-, even though there were no statistically significant differences. Conclusion: There 

was no effect of the administration kaffir lime peel extract (Citrus hystrix) on MDA levels in mice with scopolamine-

induced dementia. 
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INTRODUCTION  

Dementia is a disorder of the central nervous system 

that results in decreased memory and ways of thinking. 

Dementia is one of the main causes of disability and 

dependence in the elderly.  

About 50 million people are suffering from dementia 

and each year there are almost 10 million new cases. 

This number will continue to grow over time, and it is 

estimated that there will be 82 million cases in 2030 and 

152 million cases in 2050, especially in low-income 

countries.
1
 

There are several types of dementia, but 

Alzheimer is one of the most common dementia 

disorders (50% - 60% of cases). Alzheimer's is 

dementia associated with genetic changes and protein 

changes in the brain. Another type of dementia that 

also often occurs is vascular dementia due to 

disturbances in the blood vessels of the brain.
2
 

Oxidative stress is important pathogenesis of 

dementia. Oxidative stress is a disturbance in the 

balance between the production of free radicals and 

the body's ability to neutralize them through 

antioxidants. Free radicals are relatively unstable 

molecules because they contain elements that have 

one or more unpaired electrons in their outer orbits. 

Free radicals are compounds that are very reactive 

and easily interact with surrounding molecules 

(lipids, proteins, DNA, and carbohydrates). Free 

radicals can be contained in various materials such as 

textile dyes, food preservatives, foods that are 

processed by frying, grilling, or baking, repeatedly 

used oils, and others.
3 

Theory of oxidative stress explains the occurrence 

of memory disorders associated with the aging 

process. The accumulation of oxidative stress in the 

elderly causes the accumulation of oxidation of 

lipids, nucleic acids, and proteins that can cause cell 

dysfunction and can reduce the body's resistance to 

free radicals from outside.
3
 Several organic 

compounds that cause oxidative stress are grouped as 

compounds Reactive Oxygen Species (ROS) and 

Reactive Nitrogen Species (RNS).
4
 

ROS including ion Superoxide, Hydrogen 

peroxide, Hydroxyl radical, and Peroxyl radical.
4
 

Lipid peroxidation is the result of the reaction when 

the hydroxyl radical attacks the plural of unsaturated 

fatty acids or polyunsaturated fatty acids (PUFA). 

This process begins with the formation of a carbon-
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nucleated lipid radical. These lipid radicals can 

rapidly react with oxygen to form lipid peroxyl 

radicals. Peroxyl radicals can abstract hydrogen 

atoms from other lipid radicals and form lipid 

hydroperoxides as primary products of lipid 

peroxidation. Through heating or reactions involving 

metals, lipid hydroperoxides can easily turn into 

toxic compounds, namely malondialdehyde (MDA), 

propanal, hexanal, and 4-hydroxynonenal (4-HNE).
5
 

MDA is a compound dialdehyde which is the end 

product of lipid peroxidation in the body and is often 

used as a biomarker that can be used to determine the 

level of oxidative stress on the body. Analysis of 

MDA levels is an indirect analysis and is very easy to 

determine the levels of free radicals formed.
6
 

Scopolamine is an anticholinergic drug that is 

often used as a chemical to obtain experimental 

animal models that cause memory deficits. 

Scopolamine non-selectively blocks ACh muscarinic 

receptor adhesion sites in the cerebral cortex and 

resulting uneven release of ACh, damaging 

hippocampal neurons and causing learning and 

memory impairment in mice.
7,8

 Cognitive 

impairment due to scopolamine induced in 

experimental animals is often associated with 

changes in oxidative stress levels in the brain. Tang's 

study said that the administration of scopolamine 

induced a state of oxidative stress in the rat brain. 

Scopolamine can damage cellular antioxidant 

defense mechanisms by suppressing and inhibiting 

antioxidant activity resulting in an increase in free 

radicals such as reactive oxygen species (ROS).
9,10 

Antioxidants are substances capable of capturing 

and neutralizing free radicals so that further reactions 

that cause oxidative stress can stop and damage cells 

can be avoided or induction of a disease can be 

stopped. In biological systems, the body can usually 

produce its antioxidants in the form of enzymes such 

as superoxide dismutase, catalase, and glutathione 

peroxidase.
11-13 

Based on phytochemical tests carried out on the 

skin of kaffir lime fruit there are many flavonoid 

compounds. The flavonoids found in kaffir lime 

include narirutin, naringenin, hesperidin, 

neohesperidin, nobiletin, and tangeretin. Tangeretin 

is a flavonoid that has antioxidant properties that can 

function to lower cholesterol, anti-tumor, and 

neuroprotector.
14-17

  

In this study, we investigated the effect of kaffir 

lime peel extract (Citrus hystrix) on MDA levels in 

mice with SCM. The doses of kaffir lime peel extract 

used in this study were 5, 10, and 20 mg/20gBB. 

 

METHOD 

 This research is true experimental with a 

post-test only controlled group design. The subjects 

of this study used experimental male mice aged 2-3 

months. The research was conducted from August to 

October 2021. This research received ethical 

clearance from the Research Ethics Commission of 

the Faculty of Medicine, Diponegoro University on 

August 25, 2021 with the number 101/EC/FK-

UNDIP/VIII/2021. 

The study was conducted at the Biomedical 

Laboratory of the Faculty of Medicine, Diponegoro 

University and the Central Laboratory of RSND/FK 

UNDIP using 30 mice which were divided into 5 

groups, namely healthy control (K+), negative 

control (K-), Treatment 1 (P1) extract 5 mg/20gBB 

/day, Treatment 2 (P2) extract 10 mg/20gBW/day, 

Treatment 3 (P3) extract 20 mg/20gBW/day. Kaffir 

lime peel extract was administered on days 2-7 and 

SCM 1 mg/kgBW/day was injected intraperitoneally 

on days 1-7. The inclusion criteria were healthy male 

mice weight 20-40 grams and 2-3 months old and the 

exclusion criteria were dead or sick mice. On day 8, 

each group was drawn blood and tested for TBARS 

to measure MDA levels in mice plasma. 

The MDA levels obtained were statistically 

analyzed using the Shapiro-Wilk test. MDA level 

data results were normally distributed (P>0.05), so it 

was continued using the test One-Way ANOVA and 

Post Hoc LSD test to see differences between groups 

(P <0.05). 

Dementia in mice was obtained from induction of 

scopolamine 1 mg/kg/day for 7 days that can lead to 

an increase in lipid peroxidation in the hippocampus 

and memory impairment.
10 

 

RESULTS 

The analysis of MDA levels obtained is a type of 

numerical ratio data with a sample of less than 50, so 

the Shapiro-Wilk test and Levene test is used (table 

1).  

MDA levels were found to be normally 

distributed (P>0.05) based on the normality test 
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results. The analysis test then was carried out One-

Way ANOVA test and the Post Hoc LSD. 

Based on the homogeneity test, it was found that 

the significance based on the mean on the MDA 

content data was 0.997 (P>0.05) so it can be 

concluded that the variation in the content data in the 

five groups was homogeneous.  

Based on One-Way ANOVA significance of 

0.877 (P>0.05) was found by so there was no 

significant difference in the MDA levels of mice, so 

the Post Hoc test was not performed. 

 

 

Table 1. Mean Plasma MDA Levels, Shapiro-Wilk test, Levene test, One-Way ANOVA test 
Group mean ± SD 

MDA levels 

(nmol/mL) 

Shapiro-

Wilk test 

(p) 

Levene 

test 

(p) 

One-Way 

ANOVA test 

(p) 

K+ 4,212 ± 2,272
 

0,335
 

0,997 0, 877 

K- 4,644 ± 2.348
 

0,180
 

  

P1 3,481 ± 2,094
 

0,443
 

  

P2 4,555 ± 2,533
 

0,978
 

  

P3 4,733 ± 1,969
 

0,056
 

  

 

 

 
 Description: 

 P1  : Group treatment 1 P2  : Group treatment 2 P3  : Group treatment 3 

 Figure 1. Graph Box Plot of MDA levels between groups.  

 

 

DISCUSSION 

This study is part of a joint study to examine the 

effect of kaffir lime peel extract on spatial memory 

function and MDA levels of mice induced by SCM. 

The total sample of the study was 30 mice. In the 

treatment period until the blood sample was taken, 1 

mice died in the treatment group 3 and 1 mice failed 

during the blood collection due to red blood cell 

lysis. The cause of death was probably due to 

aspiration during oral administration. 

 

 

In this joint study, it was found that the difference 

in travel time was significant in the group that was 

given SCM injection (K-) compared to mice that 

were only given standard feed (KS). The negative 

control group had a longer travel time than the 

healthy control. This indicates that the induction with 

scopolamine was successful in causing dementia in 

mice. 
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 Figure 2. Spatial memory chart vs MDA serum level 

 

The results of the Post Hoc LSD spatial memory 

test showed a significant difference (P<0.05) 

between the K(-) group and the P1 group. P2 and P3. 

The travel time in the P1, P2, or P3 water maze test 

was significantly faster than the K(-) group. This 

shows that the administration of kaffir lime peel 

extract (Citrus hystrix) can improve spatial memory 

in SCM-induced dementia mice. There was no 

significant difference in travel time between groups 

P1, P2, and P3, indicating that the effect of kaffir 

lime peel extract on dementia had no dose effect 

relationship. 

In this study, the measurement of MDA levels on 

the 8th day showed that the MDA levels of the K(-) 

group were relatively slightly higher than the K(S) 

group, but were not statistically significant (figure 2). 

These results indicate that the induction using 

scopolamine did not increase MDA levels (P>0.05), 

this is not in accordance with previous studies which 

stated that administration scopolamine could induce 

oxidative stress in the rat brain. Scopolamine can 

damage cellular antioxidant defense mechanisms by 

suppressing and inhibiting antioxidant activity 

resulting in an increase in free radicals such as 

reactive oxygen species (ROS).
7
  

The MDA levels in the 5, 10, and 20 

mg/gBW/day groups did not statistically differ 

significantly. This is not in accordance with previous 

research.
18

 Kaffir lime peel extract contains 

antioxidant compounds such as flavonoids, saponins, 

hesperidin, and others that function to reduce the 

number of free radicals in the body, including the 

central nervous system. This study is not in 

accordance with previous studies which showed that 

flavonoids have been shown to have an effect on 

improving memory, learning, and cognition in 

experimental animals.
16,18

  

Orange peel contains Diosmin and Naringenin, 

flavonoid compounds that have been shown to have 

antioxidant properties. Research conducted by 

Shabani examined the effect of Diosmin doses of 50 

and 100 mg/kgBW on dementia rats induced by 

scopolamine. It showed a neuroprotective effect and 

decreased levels of antioxidants including the pro-

inflammatory cytokine TNF-alpha.
19

 This study is 

not in accordance with Shabani's research, possibly 

because the levels of Diosmin contained in kaffir 

lime peel extract at doses of 5, 10, 20 mg/gBW/day 

(5, 10, 20 gram/kgBW) are not high enough to have 

an antioxidant effect. Diosmin levels contained in 

orange juice are 13 g/mL.
20

  

Naringenin has been shown to have a 

neuroprotective effect in scopolamine-induced 

dementia rats.
16

 Induction using scopolamine caused 
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memory impairment, increased acetylcholinesterase 

activity and oxidative stress levels in the rat brain. 

Naringenin doses of 50 and 100 mg/kg for 7 days 

improved memory function and decreased 

acetylcholinesterase and oxidative stress levels.
21

 

This study is not in accordance with previous study, 

possibly because the levels of Naringenin contained 

in kaffir lime peel extract at doses of 5, 10,20 

mg/gBW/day (equivalent to 5, 10, 20 grams/kgBW) 

were insufficient. 

 

CONCLUSIONS  

There was no significant difference between the 

treatment group and the control group. There was no 

effect of giving kaffir lime peel extract on plasma 

MDA levels in mice with dementia. There was no 

difference in the effect of stratified dose between the 

study treatment groups. 

 

SUGGESTIONS 
This study needs further research on the 

examination of ROS and RNS levels to prove the 

effect of giving kaffir lime peel extract on oxidative 

stress, examination of histopathological analysis of 

the brain of mice to determine the level of tissue 

damage due to induction scopolamine, and 

examination  analysis of MDA levels using a sample 

of mice brain tissue. 

 

CONFLICT OF INTEREST 

The authors declare no conflict of interest in this 

study. 

 

FUNDING 

No spesific funding was provided in this article. 

 

AUTHOR CONTRIBUTIONS 

Conceptualization, MI, MM, and YN; 

methodology MM, YN, and EM; formal  analysis,  

MI, MM, and YN; resources, writing—original draft  

preparation, MI and YN.; writing—review and   

editing MM AND YN, project   administration,   MI. 

 

REFERENCES 

1.  WHO. Dementia [Internet]. 2020 [cited 2021 

Feb 4]. Available from: 

https://www.who.int/news-room/fact-

sheets/detail/dementia. 

2.  KM, Lisiswanti R. Faktor Risiko Demensia 

Alzheimer. Majority. 2016;5(4):86.  

3.  Zalukhu ML, Phyma AR, Pinzon RT. Proses 

Menua, Stres Oksidatif, dan Peran Antioksidan. 

Cermin Dunia Kedokt. 2016;43(10):733–6.  

4.  Khaira K. Menangkal Radikal Bebas dengan 

Anti-Oksidan. J Saintek. 2010;2:183–7. doi: 

10.31958/js.v2i2.28. 

5.  Andryani PG, Setyawati NA, Dini ERI, 

Saraswati I. Pengaruh Ekstrak Kulit Buah Naga 

Merah terhadap Kadar Malondialdehid Tikus 

setelah Aktivitas Fisik Maksimal. J Kedokt 

Diponegoro. 2018. 

6.  Situmorang N, Utara US, Utara S. 

Malondialdehyde. J Keperawatan dan Fisioter. 

2020;2(2):117–23. doi: 10.35451/jkf.v2i2.338. 

7. Tang KS. The cellular and molecular processes 

associated with scopolamine-induced memory 

deficit: A model of Alzheimer’s biomarkers. 

Life Sci. 2019;233:116695. 

8.    Mahdi O, Baharuldin MTH, Nor NHM, Chiroma 

SM, Jagadeesan S, Moklas MAM. Chemicals 

used for the induction of Alzheimer’s disease-

like cognitive dysfunctions in rodents. Biomed 

Res Ther [Internet]. 2019 Nov 27;6(11):3460–

84. Available from: 

http://www.bmrat.org/index.php/BMRAT/articl

e/view/575. 

9. Hernández-Rodríguez M, Arciniega-Martínez 

IM, García-Marín ID, Correa-Basurto J, 

Rosales-Hernández MC. Chronic 

Administration of Scopolamine Increased 

GSK3βP9, Beta Secretase, Amyloid Beta, and 

Oxidative Stress in the Hippocampus of Wistar 

Rats. Mol Neurobiol. 2020;57(9):3979–88. 

 10. Rahimzadegan M, Soodi M. Comparison of 

Memory Impairment and Oxidative Stress 

Following Single or Repeated Doses 

Administration of Scopolamine in Rat 

Hippocampus. Basic Clin Neurosci J. 2018 Jan 

1;9(1):5–14.  

11. Tan BL, Norhaizan ME, Liew W-P-P, Sulaiman 

Rahman H. Antioxidant and Oxidative Stress: A 

Mutual Interplay in Age-Related Diseases. 

Front Pharmacol. 2018 Oct 16;9(OCT):1–28. 

doi: 10.3389/fphar.2018.01162. 

12. Eldutar E, Kandemir FM, Kucukler S, Caglayan 

C. Restorative effects of Chrysin pretreatment 

on oxidant-antioxidant status, inflammatory 

cytokine production, and apoptotic and 



JURNAL KEDOKTERAN DIPONEGORO 
(DIPONEGORO MEDICAL JOURNAL) 
Online : http://ejournal3.undip.ac.id/index.php/medico 
E-ISSN : 2540-8844 

DOI : https://doi.org/10.14710/dmj.v11i5.35304    
JKD (DMJ), Volume 11, Number 5, September 2022 : 257-262 
 

Muhammad Ilham, Endang Mahati, Muflihatul Muniroh, Yora Nindita 
 

262 
  

autophagic markers in acute paracetamol-

induced hepatotoxicity in rats: An experimental 

and biochemical study. J Biochem Mol Toxicol. 

2017 Nov;31(11):2. doi: 10.1002/jbt.21960. 

13. Gulcin İ. Antioxidants and antioxidant methods: 

An updated overview. Archives of toxicology. 

2020 Mar;94(3):651-715. 

14. Nabilla II, Indrayudha P. Aktivitas Sitotoksik 

Ekstrak Etanol, Fraksi Etanol, Etil-Asetat, dan 

Heksana Kulit Jeruk Purut (Citrus hystrix DC.) 

terhadap Sel Kanker Payudara T47D. 

Pharmacon J Farm Indones. 2019 Jul 

15;16(1):11–7. doi: 

10.23917/pharmacon.v16i1.8173. 

15. Santoso LM, Widyastuti, Riyanto. Pengaruh 

Ekstrak Kulit Jeruk Purut (Citrus hystrix DC.) 

Terhadap Penurunan Kadar Asam Urat Mencit 

Jantan ( Mus musculus L .) Yang Diinduksi 

Kalium Bromat. J Pembelajaran Biol. 

2017;4(1):15–27. doi: 

10.36706/fpbio.v4i1.4946. 

16.  Agouillal F, M. Taher Z, Moghrani H, Nasrallah 

N, El Enshasy H. A Review of Genetic 

Taxonomy, Biomolecules Chemistry and 

Bioactivities of Citrus hystrix DC. Biosci 

Biotechnol Res Asia. 2017 Mar 28;14(1):285–

305. doi:  10.13005/bbra/2446. 

17. Kementan Pertanian RI. Ayo Mengenal 

Tanaman Obat. Pusat Perpustakaan dan 

Penyebaran Teknologi Pertanian; 2020.21–22 p.  

18.  Arifin B, Ibrahim S. Struktur, Bioaktivitas dan 

Antioksidan Flavonoid. J Zarah. 2018 Apr 

1;6(1):21–9.  

19.  Shabani S, Mirshekar MA. Diosmin is 

neuroprotective in a rat model of scopolamine-

induced cognitive impairment. Biomed 

Pharmacother. 2018;108(April):1376–83. A doi: 

10.1016/j.biopha.2018.09.127. 

20.  Hajimahmoodi M, Moghaddam G, Mousavi 

SM, Sadeghi N, Oveisi MR, Jannat B. Total 

Antioxidant Activity, and Heseperidin, 

Diosmin, Eriocitrin and Quercetin Contents of 

Various Lemon Juices. 2014;13(June):951–6.  

21.  Zaki HF, Abd-El-Fattah MA, Attia AS. 

Naringenin protects against scopolamine-

induced dementia in rats. Bull Fac Pharmacy, 

Cairo Univ. 2014;52(1):15–25. doi: 

10.1016/j.bfopcu.2013.11.001. 

 


