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	 Malaria is a disease that still haunts Indonesia today. The high level of anti-malarial 
resistance and the severity of the disease cause high mortality in malaria cases. Previous 
research found that Moringa oleifera can eliminate the Plasmodium berghei parasite and is an 
immunomodulator in mice. But how moringa works at the cellular level is still unclear. This 
study aimed to analyse effect of Moringa oleifera treatment in lipid vacuolization of liver, number 
of pyknosis cell, and organ enlargement in Mus musculus infected by Plasmodium berghei. 
True experimental design use 40 mice were divided into 5 group: negative control, positive 
control treated by dehydroartemisinin piperaquine, group 1,2, and 3 treated by 25%, 50%, and 
75% Moringa extract respectively. Parasite count was determined by blood smear with giemsa 
staining, and their organs were collected for histopathological analysis via hematoxylin-eosin 
staining. Lipid vacuolization, pyknotic cell of liver was observed under light microscope. Index 
of Liver, spleen, and kidney were examiden by organ weight per mice body weight using digital 
scale. All data tested by One-Way ANOVA. The results of the study stated that Moringa oleifera 
reduce lipid vacuolization and reduce index of the spleen and kidney organs. However, there 
were no significant difference effect of Moringa oleifera in liver index and pyknotic cell. As 
conclusion Moringa oleifera reduce lipid vacuolization, pyknotic cell and organ enlargement 
in mus musculus infected by Plasmodium berghei.

Keywords: Histopathology; lipid vacuolization; malaria; Moringa oleifera;
Organ index; Nuclear pyknosis.

	 Indonesia is one of the many countries 
with a tropical climate. This tropical climate is 
like a double-edged sword, bringing advantages 
and disadvantages. The benefit of a tropical 
environment is its year-round sunshine to the 
region. However, the disadvantages include higher 

temperatures, the absence of winter, and health 
issues. Health problems resulting from this climate 
include skin cancer due to prolonged exposure to 
sunlight and the spread of several diseases that 
thrive in tropical climates 1.
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	 Anopheles mosquitoes are one of the 
insects that thrive well in tropical climates. These 
mosquitoes even live while spreading the diseases 
they carry. One such disease is malaria, caused by 
infection from Plasmodium sp. Malaria is a disease 
that attacks red blood cells, with the main issue 
being the number of red blood cells resulting in 
anemia 2.
	 In Indonesia, malaria has been a major 
problem in recent decades. Despite being endemic, 
malaria remains prevalent among the population. 
According to data from the Ministry of Health of 
the Republic of Indonesia, in 2021, there were 
approximately 94,610 active malaria cases in 
Indonesia 3. The highest cases are in Papua, West 
Papua, and East Nusa Tenggara. 4

	 In malaria infection, the liver, spleen, 
and kidneys play important roles 5–7. The liver 
is a site for developing one of the life cycles of 
Plasmodium sp. parasites 8. Additionally, the liver 
is also a site for the metabolism of drugs used 
to combat malaria infection. The spleen plays a 
role in eliminating infected red blood cells. This 
includes the immune cell’s function in eliminating 
parasites 6. The kidneys are affected during malaria 
infection due to the characteristics of Plasmodium 
sp., which undergo rosetting, cytoadherence, and 
sequestration in the blood vessel. Kidney damage 
can worsen malaria infection and indicate severe 
malaria 5,7. Previous research has shown that 
Moringa leaf extract has anti-malarial activity by 
suppressing parasitemia levels 4, but how it works in 
cellular morphology and reduce severe degradation 
feature has not been investigated yet. Furthermore, 
researchers aim to examine the histopathological 
changes in organs crucial to malaria infection. 
This research aimed to analyse effect or Moringa 
oleifera treatment in lipid vacuolization, liver 
cell pyknosis, and organ index (liver, spleen, and 
kidney) in Mus musculus infected by Plasmodium 
berghei. 

Material And Methods

	 This research was conducted at the 
Biomedical Laboratory of the Faculty of Medicine 
and Health Sciences, Warmadewa University, 
and the Histology Laboratory of the Faculty of 
Medicine, Udayana University. This research 
use male BALB/c mice aged 7 to 8 weeks. 

BALB/c mice was selected as animal model 
because of it good respons in plasmodium berghei 
infection, and produce good immune respons 
bot plasmodium infection and extract treatment. 
All mice were infected with 0.2mL of blood 
containing Plasmodium berghei via intraperitoneal 
injection 9. There were five groups in this study: 
a negative control and did not receive any 
treatment, group 1 received therapy with 25% 
concentration of Moringa extract, group 2 received 
50% concentration of Moringa extract, group 3 
was treated with 75% concentration of Moringa 
extract, and positive control group was treated by 
Dihydro-Artemisin-Piperaquine (DHP) produced 
in Indonesia by PT. Mersifarma TM (6O96’15.8"S 
106O78’73.9"E), with the batch number MTA-
124486296. Moringa leaves were obtained from 
the local market in Denpasar City (08°142 173 
S 115°052 023 E). The Moringa leaves were 
extracted with 70% ethanol for three days 4. The 
process was continued with evaporation to obtain 
100% Moringa extract. It was then dissolved in 
distilled water to achieve concentrations of 25%, 
50%, and 75%. Moringa extract was administered 
orally at 0.5 mL daily to the mice for five days. 
Following the 5-day administration period and 
an additional two days of observation, the mice 
were terminated, and their organs were collected 
4. The organs were preserved in 10% formalin10. 
Parasitemia were counted by blood smear. All 
organ were measured by digital scale. Index organ 
was counted by organ weight  per total body 
weight. Lipid vacuolization and pyknotic cell in 
liver section stained by Haematoxyline eosin was 
examined under light microscope.11 
Hematoxylin-eosin staining
	 Initially, the organs were fixed in a 
neutral buffered formalin solution at 10% for 
approximately 24 hours. This was followed by 
embedding the organs in paraffin blocks and 
slicing the paraffin blocks into thin sections. 
Subsequently, the tissue sections were mounted 
on microscope slides, followed by rehydration 
and dehydration processes for staining and further 
analysis. Rehydration involved 3 × 10 minutes 
in xylene (deparaffinization), 3 × 1 minute in 
100% alcohol, 1 × 1 minute in 95% alcohol, 1 × 
1 minute in 70% alcohol, followed by rinsing in 
distilled water. Dehydration is the reverse of the 
rehydration process 10,12. The slides were stained 
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with hematoxylin and eosin staining, each for 3 
minutes. Samples were thoroughly rinsed with 
distilled water between and after staining steps to 
remove excess background staining 10,12.
Analysis of histological slides
	 The slides were analyzed using the 
microscope in the Biomedical Laboratory of 
the Faculty of Medicine and Health Sciences, 
Warmadewa University. The variable of lipid 
vacuolization was observed for the presence of 
lipid droplets, inflammatory cells, and ballooning 
13. The data was compared by Chi-square test. 

Hepatic cell nuclei pyknosis was assessed based 
on cells and nuclei smaller than surrounding 
cells, intact cell membranes, and the absence of 
inflammatory cell infiltration around the cells14. 
The variable of nuclear pyknosis was assessed by 
counting the number of cells undergoing pyknosis 
in 5 fields of view 15. The last variable, organ index, 
was calculated by dividing the organ weight in 
grams by the total weight of the mice, multiplied 
by 100% 6. Nuclear pyknosis and organ index will 
generate quantitative data analyzed using SPSS 
version 29.0th for Mac with a confidence level of 

Fig. 1. Liver section was presented above. (A) Negative Control swhoe more lipid vacuolization and pyknotic 
cell, (B) Moringa oleifera Extract 25%, (C) Moringa oleifera Extract 50%, (D) Moringa oleifera Extract 75%, (E) 

Positive Control. The arrows indicate lipid vacuolization. The arrowheads indicate pyknotic nuclei.
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Table 1. Cross-tabulation of Lipid Vacuolization

Group	                              Lipid vacuolization		  N	 P
	 Exist (Percentage)	 None (Percentage)		

Negative	 14 (70%)	 6 (30%)	 20	 0.002
Extract 25%	 2 (40%)	 3 (60%)	 5	
Extract 50%	 1 (6.67%)	 14 (93.33%)	 15	
Extract 75%	 4 (26.7%)	 11 (73.3%)	 15	
Positive	 1 (20%)	 4 (80%)	 5	

Table 2. The Difference of Pyknotic  Cell number 
between Group 

Group	 N	 Mean	 SD	 P

Negative	 20	 1.15	 1.1531	 0.827
Extract 25%	 5	 1.00	 1.000	
Extract 50%	 15	 1.53	 1.125	
Extract 75%	 15	 1.07	 0.884	
Positive	 5	 1.20	 0.837	

95%. Tests to be conducted are descriptive analysis 
and comparison tests using One-Way ANOVA and 
6,15.

Results and Discussion

	 As seen in Figure 1, Lipid vacuolization 
was present in the negative group, which did 
not receive therapy, with a percentage of 70%. 
Malaria model mice treated with 50% Moringa 
oleifera extract showed the lowest rate of lipid 
vacuolization at 6.67%. Based on the Pearson 
Chi-Square test, a p-value of 0.002 was obtained, 
indicating a significant relationship between the 
differences in interventions in mice infected with 
Plasmodium berghei and the incidence of lipid 
vacuolization in hepatocytes, as described in Table 
1 16.
	 The highest number of hepatocyte 
pyknotic nuclei, as seen in Table 2, was found in 
the 50% Moringa oleifera extract group, with an 
average of 1.53. Meanwhile, the lowest average 
of pyknotic nuclei was found in the 25% Moringa 
oleifera extract group, with an average of 1. Based 
on the One-Way ANOVA test, a p-value of 0.827 
was obtained, indicating no significant difference 
in the number of hepatocyte nuclei undergoing 
pyknosis in malaria cases after treatment with 

Moringa oleifera extract, as in Table 2 16. When 
comparing each group with the others through the 
LSD Post Hoc Test, no significant differences were 
found.
	 The highest hepatic organ index was 
found in the positive group, reaching 8.80000 ± 
3.39411. The 50% extract group yielded the lowest 
hepatic index result of 7.7143 ± 0.88587, as shown 
in Table 3. Based on the One-Way ANOVA test, 
a significance value of approximately 0.887 was 
obtained, indicating no significant difference in 
the hepatic organ index between groups 16.
	 The highest spleen organ index obtained 
by dividing the organ weight by the mice weight 
and multiplying by 100% was in the negative 
group, reaching 24.0000 ± 4.89898. The lowest 
spleen index was found in the 50% extract group, 
with a spleen index of 2.2286 ± 0.39036, as shown 
in Table 3. The mean spleen organ index in the 
positive group reached 4.6000 ± 0.28284. The One-
Way ANOVA test indicated a significant difference 
in the spleen organ index with a p-value of <0.001 
16.
	 The left kidney organ index in the negative 
group yielded the highest value with a mean of 
24.8000 ± 3.34664, as shown in Table 3. In the 25% 
extract group, the left kidney index had the lowest 
value, with a mean of 2.0000. A comprehensive 

analysis of the kidney index through the One-
Way ANOVA test revealed a significance value of 
<0.001, indicating a significant difference in the 
left kidney organ index between groups 16.
	 The right kidney organ index in the 
negative group also showed the highest mean 
value of 24.8000 ± 5.21536, as shown in Table 3. 
In the 25% extract group, the right kidney index 
had the lowest mean value of 2.0000. Based on the 
One-Way ANOVA test, a p-value of <0.001 was 
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Table 3. The Difference of Organ Index Between Group

Organ	 Group	 N	 Mean (%)	 SD	 P

Liver	 Negative	 5	 8.2400	 1.40285	 0.887
	 Extract 25%	 1	 8.0000	 .	
	 Extract 50%	 7	 7.7143	 0.88587	
	 Extract 75%	 6	 8.0667	 1.08566	
	 Positive	 2	 8.8000	 3.39411	
Spleen	 Negative	 5	 24.0000	 4.89898	 <0.001
	 Extract 25%	 1	 2.8000	 .	
	 Extract 50%	 7	 2.2286	 0.39036	
	 Extract 75%	 6	 3.1333	 1.30026	
	 Positive	 2	 4.6000	 0.28284	
Left Kidney	 Negative	 5	 24.8000	 3.34664	 <0.001
	 Extract 25%	 1	 2.0000	 .	
	 Extract 50%	 7	 2.2857	 0.19518	
	 Extract 75%	 6	 2.6000	 0.65727	
	 Positive	 2	 4.2000	 0.28284	
Right Kidney	 Negative	 5	 24.8000	 5.21536	 <0.001
	 Extract 25%	 1	 2.0000	 .	
	 Extract 50%	 7	 2.2857	 0.30237	
	 Extract 75%	 6	 2.3333	 0.30111	
	 Positive	 2	 3.8000	 0.84853	

obtained, indicating a significant difference in the 
right kidney organ index between the untreated 
group, the group treated with Moringa oleifera 
extract, and the group treated with DHP as the 
standard malaria drug 16.

Discussion
	
	 Lipid vacuolization in hepatocytes during 
malaria is a common manifestation of severe 
malaria. In malaria infection, IFN-ã levels increase 
as an inflammatory response 17. This cytokine can 
activate the expression and synthesis of nitric 
oxide, leading to microvascular infiltration by lipid 
cells in the liver, which can develop into fatty liver 
17. This accumulation of lipid cells also benefits 
the malaria-causing parasite Plasmodium, which 
requires exogenous lipids to aid in its maturation, 
especially in the hepatic stage 18.
	 Interferon-ã activates macrophages, the 
first line of defense against Plasmodium. On the 
other hand, macrophages, particularly Kupffer 
cells, play a crucial role in forming fatty liver 
19. Increased NF-êB p65 levels will enhance the 
incidence of fatty liver 18. Moringa oleifera extract 

can inhibit the production of proinflammatory 
mediators such as IL-1, IL-6, TNF-á, PTGS2, and 
NF-êB (P50) and reduce the expression of NF-êB 
p65 20. It can be concluded that Moringa oleifera 
enhances macrophages to combat Plasmodium sp. 
infection while inhibiting the likelihood of fatty 
liver incidence 2122such as the vacuolization of lipid 
cells, can be minimized.
	 Nuclear pyknosis is a process of nuclear 
condensation, resulting in reduced size with denser 
DNA or Deoxyribonucleic Acid. Pyknotic nuclei 
are one of the signs of necrosis or cell death, 
occurring due to the loss of membrane integrity, 
leading to cell contents leaking and triggering an 
inflammatory reaction 14. Necrosis occurs due to 
the destruction of cells, including their organelles. 
The initial cell changes involve decreased ATP 
synthesis, possibly due to oxygen deficiency or 
hypoxia 23. In malaria infection, hypoxia occurs 
due to hemolysis-induced anemia or reduced 
hemoglobin levels due to the destruction of infected 
red blood cells 24. Decreased ATP can lead to the 
failure of active transport of sodium and potassium, 
resulting in calcium and water influx. Increased 
calcium levels can damage the mitochondria 
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responsible for ATP production. Failed oxidative 
phosphorylation processes in mitochondria result 
in the accumulation of oxidative stress 14. Oxidative 
stress can cause cell damage and inflammation. 
Ultimately, a vicious cycle is formed 25. Malaria 
infection can induce oxidative stress through 
several mechanisms, including hemoglobin 
destruction, the body’s response to Plasmodium 
sp. infection, and direct production by the parasite 
26. The use of antimalarial drugs can also induce 
oxidative stress production, which can have 
adverse effects on the body 27.
	 Moringa oleifera is effective against 
Plasmodium sp., the causative parasite of malaria, in 
several studies 28,29. Even at a dose of 500mg/kgbw, 
it suppresses parasitemia by 77%. Compounds 
present in its leaves can protect mitochondrial 
function from the numerous proinflammatory 
mediators produced during malaria infection 30. 
This occurs due to the increased production of anti-
inflammatory factors post-Moringa therapy. The 
antioxidants in Moringa oleifera protect against 
oxidative stress 31. Preserving mitochondrial 
function also ensures no ATP depletion, thus 
thwarting the mechanisms leading to necrosis, one 
of which is marked by pyknotic nuclei 32. 9,33

	 The Moringa oleifera extract in this study 
did not yield significant results compared to the 
positive control (DHP) or the untreated negative 
control. The use of Moringa oleifera in malaria 
cases is often processed by boiling rather than 
extracting with 70% ethanol, as in this study 28. 
Using ethanol as a solvent may induce toxicity 
symptoms in mice, resulting in more significant 
damage compared to the effects of Moringa 
oleifera 34. However, Moringa oleifera is non-
toxic to the liver 35. 3636Based on the results of 
this research, giving Moringa oleifera, showed 
effective in reducing the incidence of damage to 
the liver, one of which is the pyknosis nucleus37.
	 Dihydroartemisinin-piperaquine, or 
DHP, is known to increase oxidative stress on 
parasites, which can have adverse effects on 
patients 27. Studies have reported increased lipid 
peroxidase associated with oxidative stress and 
lower antioxidant levels at specific doses 26. So far, 
DHP has not shown hepatotoxic symptoms 38,39. 
To ensure research outcomes, further research is 
needed to determine whether DHP doses for mice 
have toxic effects on the liver. 

	 Hepatomegaly, or liver enlargement in 
malaria, is fundamentally related to the malaria life 
cycle. One of the cycles, known as the schizont, 
involves liver cells infected by Plasmodium 
sp., which can damage the liver.89 Pathological 
evaluation reveals necrotic lesions with Kupffer 
cell hyperplasia containing hemozoin, the malaria 
pigment 40. Previous research has shown that 
antimalarial treatment results in a smaller liver 
organ index than no treatment 6. 414142A similar 
mean of liver index among all groups cannot be 
determined whether Moringa leaf extract can 
maintain liver conditions resembling those of a 
healthy individual37.
	 Splenomegaly, or enlargement of the 
spleen in malaria, occurs due to hemozoin 
accumulation within macrophages and infected 
erythrocytes in the spleen. This enlargement 
is also associated with red and white pulp 
expansion due to increased activity during malaria 
infection 43. The red pulp is filled with infected 
erythrocytes awaiting destruction according to 
spleen physiology, while the white pulp contains 
macrophages working harder to eliminate and 
destroy infected erythrocytes from circulation. 
Plasma cell infiltration also occurs during malaria 
infection in the spleen 43. Spleen physiology also 
changes, including increased forming of new 
erythrocytes to replace infected ones and the 
maturation and differentiation of lymphocytes 44. 
Significant differences were observed in the spleen 
organ index, indicating that Moringa leaf extract 
can alleviate clinical symptoms of splenomegaly. 
The organ index results are consistent with 
parasitemia levels, with the 50% extract group 
showing the lowest parasitemia 4. Previous research 
has shown a smaller spleen organ index in treated 
groups compared to untreated ones 6. 45,464729

	 Kidney enlargement in malaria is associated 
with conditions such as glomerulonephritis, acute 
tubular necrosis, acute interstitial nephritis, and 
chronic kidney disease 48,49. Initially, Plasmodium 
sp. antigens adhere to the glomerulus, leading 
to inflammatory processes. Nephrotic syndrome 
symptoms such as proteinuria may also occur 
49. Additionally, due to the nature of infected 
erythrocytes undergoing rosetting, cytoadherence, 
and sequestration, the kidney’s microvasculature is 
likely affected 50. 51This study yielded significant 
results regarding kidney organ index, indicating 
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that Moringa extract successfully preserves 
kidney function during malaria infection. Previous 
research has shown similar results, with smaller 
kidney organ index in treated groups compared to 
untreated ones 6. 52

	 However, this study still has several 
limitations. Further research is needed regarding 
using solvents in the Moringa oleifera leaf 
extraction process, which will be tested on malaria-
model mice. The processing methods of Moringa 
oleifera leaves must be compared to yield the 
best outcomes. Additionally, it is necessary to 
ascertain whether DHP, as the standard treatment 
in malaria model mice, has any side effects and 
its ideal dosage range. Consideration can also be 
given to using other animal models such as Rattus 
norvegicus or Wistar rats or hamsters. Liver and 
kidney biomarker examinations such as AST, ALT, 
Bilirubin, BUN, and creatinine need to be carried 
out to provide a better characteristic of organ 
damage. 28,33

Conclusion

	 Based on the research findings and 
discussions, it can be concluded that Moringa 
oleifera effective in reducing lipid vacuolization. 
The 50% of Moringa oleifera leaf extract had better 
effect compared with other group because of dose 
level tolerated by mice liver, higher dose may cause 
toxic effect. Pyknosis cell not significaltly different 
compared with another groups. Moringa effective 
in prevent organ eblargement due to reducing 
organ index. Further study must be conducted 
to investigate molecular mechanistic action of 
Moringa oleifera in Plasmodium infection.
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