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1. Introduction
Hypercholesterolemia is a disorder and lipid me-

tabolism dysfunction characterized by elevated levels of 
low-density lipoprotein (LDL), triglycerides, and total 
cholesterol, alongside reduced levels of high-density li-
poprotein (HDL) [1]. Hypercholesterolemia is a contrib-
uting factor to the development of atherosclerosis [2, 3]. 
Hypercholesterolemia can lead to the formation of ath-
erosclerotic plaques through increased lipid oxidation 
accompanied by a reduction in antioxidant enzymes [4, 5]. 

Hypercholesterolemia can trigger the formation of free 
radicals [1, 6]. Free radicals cause LDL to oxidize into 
oxidized LDL (LDL-ox) [6, 7]. Oxidized low-density li-
poprotein (LDL-ox) leads to an endothelial inflammato-
ry response [3, 7]. Macrophages ingest oxidized LDL, 
leading to the formation of fatty streaks [6, 8]. Fat-
ty streaks consist of foam cells and represent the initial 
stage of atherosclerosis [6, 8]. 

Atherosclerosis is characterized by the stiffening 
and fragility of arteries due to the thickening and harden-
ing of blood vessel walls [9, 10]. This condition is marked 
by endothelial dysfunction [5, 11]. Endothelial dysfunc-
tion is caused by oxidative stress, which can increase 
macrophage formation [12, 13]. Endothelial dysfunction 

leads to the accumulation of LDL in the intima layer, 
enhancing vascular permeability and resulting in the 
migration of monocytes to the intima. These monocytes 
transform into macrophages, which then develop into 
foam cells, indicating the onset of atherosclerosis [10, 14]. 
The accumulation of lipids, macrophages, and platelets in 
the intima and media can cause thickening of the blood 
vessel walls, leading to the narrowing of the lumen diam-
eter [12]. Additionally, the presence of foam cells, along 
with smooth muscle cell proliferation and migration, can 
also contribute to the thickening of the vessel walls and 
further narrowing of the lumen diameter [6, 15]. More-
over, the narrowing of the blood vessel lumen can be 
exacerbated by the rupture of atherosclerotic plaques, 
leading to thrombus formation [7].

One approach to managing atherosclerosis is by 
reducing cholesterol levels [6]. Cholesterol reduction can 
be achieved using statin drugs [5, 6]. Statin works by in-
hibiting the enzyme HMG-CoA reductase, thereby low-
ering cholesterol levels [4, 13]. Long-term use of such 
medications can be costly and may lead to potentially 
harmful side effects [6, 12]. Due to these side effects, 
there is a need for alternative methods to lower cholester-
ol levels, such as the use of medicinal plants [7, 12].

UDC 615.2
DOI: 10.15587/2519-4852.2025.336968

EFFECTS OF NONI LEAF EXTRACT (MORINDA CITRIFOLIA L.) ON THE 
HISTOPATHOLOGICAL APPEARANCE OF MOUSE AORTA

Ruqiah Ganda Putri Panjaitan, Andi Besse Tenriawaru, Nurul Hayati,  
Hurriah Dewi Sartika Panjaitan, Dona Fitriawan

Hypercholesterolemia is a metabolic disorder that can lead to the formation of atherosclerotic plaques. One method 
to manage atherosclerosis is by lowering cholesterol levels. Cholesterol reduction can be achieved through the use of 
medications or medicinal plants. One of the plants that can be used to lower levels is the noni leaf (Morinda citrifolia L.). 
The aim. The aim of this study is to investigate the histopathological changes in the aorta of mice after treatment 
with noni leaf extract.
Materian and methods. This study was conducted using 25 male mice aged 2–2.5 months with a body weight of 
25–30 grams, divided into 5 treatment groups, each consisting of 5 mice. The first group was left untreated as the 
normal control (KN). The second group was given 0.5% CMC-Na at a dose of 0.28 ml/20 g body weight as the 
negative control (K(–)). The third group received simvastatin at a dose of 0.026 mg/20 g body weight as the positive 
control (K(+)). The fourth (P1) and fifth (P2) groups were administered noni leaf extract at doses of 5.6 mg/20 g 
body weight and 11.2 mg/20 g body weight, respectively. 
Result. The results of the study indicate that the histopathological findings of the mouse aorta in each treatment 
group are consistent with the average damage scores obtained for each group. The histopathological findings of 
the aorta in the normal control, negative control, positive control, extract dose 1, and extract dose 2 groups showed 
average damage scores of 0.00, 0.20, 1.40, 0.53, and 0.27, respectively. 
Conclusion. It can be concluded that the noni leaf extract at doses of 5.6 mg/20 g body weight and 11.2 mg/20 g 
body weight can improve, reduce, and diminish the histopathological damage to the mouse aorta, although not as 
effectively as simvastatin at 0.026 mg/20 g body weight
Keywords: atherosclerosis, histopathological findings of mouse aorta, hypercholesterolemia, noni leaf extract

How to cite:
Panjaitan, R. G. P., Tenriawaru, A. B., Hayati, N., Panjaitan, H. D. S., Fitriawan, D. (2025). Effects of noni leaf extract (Morinda citrifolia L.) on the 
histopathological appearance of mouse aorta. ScienceRise: Pharmaceutical Science, 6 (58), 45–51. http://doi.org/10.15587/2519-4852.2025.336968

© The Author(s) 2025
This is an open access article under the Creative Commons CC BY license 



ScienceRise: Pharmaceutical Science	 № 6(58)2025

46 

One plant that can lower cholesterol levels is 
noni (Morinda citrifolia L.) [16]. Noni originates from 
tropical Asia and has spread to several countries, including 
Indonesia [17]. Noni is widely available in Indonesia [18] 
and growing abundantly in yards and gardens [19]. Noni 
fruit has been shown to reduce total cholesterol levels in 
male Wistar rats at a dose of 200 mg/kg body weight [16]. 
Phytochemical tests have revealed that noni fruit contains 
alkaloids, tannins, flavonoids, steroids, saponins, and phe-
nolics [20, 21]. Flavonoids, in particular, can lower choles-
terol levels by stabilizing free radicals and inhibiting the 
activity of HMG-CoA reductase, thus reducing cholesterol 
biosynthesis [1, 7]. On the other hand, previous studies 
have reported that noni leaves contain saponins, tan-
nins [22, 23], alkaloids, flavonoids [18, 23], triter-
penoids [18, 22], steroids [18, 23], phenols [22], polyphe-
nols, and quinones [18]. Furthermore, previous studies 
have also reported that noni leaves can lower blood glu-
cose levels [23, 24]. Although there is currently no re-
search on noni leaves’ potential to lower blood cholesterol 
levels, the compounds present in the noni fruit are also 
found in the noni leaves. Therefore, it can be assumed that 
noni leaves may also have the potential to reduce blood 
cholesterol levels. If one organ of a plant has a particular 
potential, it is assumed that other organs may have similar 
potential [25]. Therefore, this study aims to investigate the 
histopathological changes in the aorta of mice after treat-
ment with noni leaf extract

2. Planning (methodology) of the research
Hypercholesterolemia is a metabolic disorder that 

can cause atherosclerotic plaque. One way to treat athero-
sclerosis is by lowering cholesterol levels. Lowering 
cholesterol levels can be done with alternative treatments 
using plants such as noni. In a study, noni fruit can lower 
cholesterol levels in mice. Noni fruit contains alkaloids, 
tannins, flavonoids, steroids, saponins, and phenolics. 
However, on the other hand, noni leaves also contain 
compounds in the form of saponins, tannins, alkaloids, 
flavonoids, triterpenoids, steroids, phenols, polyphenols, 
and quinones. Therefore, noni leaves are also assumed to 
be able to lower cholesterol levels. The aim of this study 
was to investigate the histopathological changes in the 
aorta of mice after treatment with noni leaf extract. The 
research method plan used can be seen in (Fig. 1).

3. Materials and methods
3. 1. Tools and materials
The tools used in this study include filter paper, 

mouse cages, a gastric tube, a 1 cc syringe, surgical in-
struments, and a microscope. The materials utilized are 
Morinda citrifolia L. leaves, male white mice, Standard 
AD II feed (PT Japra Comfed, Indonesia), pure cholester-
ol 95% (PT Sigma Aldrich, USA), 96% ethanol, distilled 
water, CMC-Na 0.5% (PT Sigma Aldrich, USA), and 
simvastatin (PT Novell Pharmaceutical Laboratories, 
Indonesia).

3. 2. Preparation of test animals
The test animals used in this study were 25 male 

white mice aged 2 to 2.5 months, with a body weight of 
25–30 grams. Prior to testing, the mice were acclimated 
for seven days with a standard AD II diet and water pro-
vided ad libitum. During the acclimation period, the 
mice’s health was monitored, including regular body 
weight measurements. This study received ethical clear-
ance with the number 048/FIKES/PL/V/2023, issued by 
the Health Research Ethics Committee of the Faculty of 
Health Sciences, Universitas Respati Yogyakarta.

3. 3. Extraction
The plant sample used in this study is noni 

leaves (Morinda citrifolia L.), which were collected 
from Sami Village, Bonti District, Sanggau Regency, 
West Boneo, Indonesia. Noni leaves have been identi-
fied at the Biology Laboratory, Faculty of Mathemat-
ics and Natural Sciences, Tanjungpura University, 
with the number 288/A/LB/FMIPA/UNTAN/2025. 
The collection of noni leaves was conducted in 
March 2023. A total of 2 kg of noni leaves were used. 
The leaves were sorted, cleaned with running water, 
cut into small pieces, and dried to obtain a dry weight 
of 310 grams. Subsequently, the dried leaves were 
macerated with 96% ethanol for 3 × 24 hours, with the 
ethanol being replaced every 24 hours. The filtrate 
obtained from the maceration process amounted to 
27,870 ml, which was then concentrated using a rotary 
evaporator (Buchi Labortechnik AG, Swis) at a tem-
perature of 40°C to yield a thick noni leaf extract 
weighing 54.35 grams. 

3. 4. Qualitative phytochemical testing
Qualitative phytochemical analysis of noni leaf 

extract included tests for alkaloids, flavonoids, sapo-
nins, terpenoids, steroids, and phenolics, following 
Harborne’s methods (1987). The results of the qualita-
tive phytochemical analysis of Morinda citrifolia leaf 
extract were documented in the Certificate of Analysis 
numbered 020/LABKIM/X/2023 issued by the Chemis-
try Laboratory, Faculty of Mathematics and Natural 
Sciences, Tanjungpura University.

3. 5. Testing the anti-hypercholesterolemic ac-
tivity of noni leaf extract

This study was conducted using a Completely 
Randomized Design (CRD) with 5 treatment groups, Fig. 1. Research method plan
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each consisting of 5 male mice. The first group re-
ceived no treatment as the normal control (KN). The 
second group was administered 0.5% CMC-Na at a 
dose of 0.28 ml/20 g body weight as the negative con-
trol (K(–)) [26]. The third group received simvastatin 
at a dose of 0.026 mg/20 g body weight as the positive 
control (K(+)) [27]. The fourth (P1) and fifth (P2) 
groups were administered Morinda citrifolia leaf ex-
tract at doses of 5.6 mg/20 g and 11.2 mg/20 g body 
weight, respectively. The dose of Morinda citrifolia 
leaf extract administered to the fourth group was 
based on previous research that used Morinda citrifo-
lia fruit extract as an anti-hypercholesterolemia agent, 
which reduced total cholesterol levels in rats with a 
dose of 200 mg/kg body weight of fruit extract con-
verted to mice [16]. The dose administered to the fifth 
group was a multiple of the dose administered to the 
fourth group.

Testing the anti-hypercholesterolemic efficacy 
of noni leaf extract refers to previous research by [26]. 
On day 0, all mice were fasted for approximately 15 
hours, followed by measuring their cholesterol levels 
to ensure they were in normal condition. Subsequently, 
from day 1 to day 55, groups 2 to 5 were induced with 
pure cholesterol at a dose of 11.2 ml/20 g body weight 
once daily [27]. On day 56, groups 1 to 5 underwent 
cholesterol level measurement to confirm the increase 
in cholesterol levels indicating hypercholesterol-
emia (> 82.4 mg/dl) [28]. From day 57 to day 70, each 
group received the test preparation once daily. On day 71, 
surgery was performed to collect the mice’s aorta. 

3. 6. Preparation of aortic histopathology 
specimens

Histopathological preparation of aortic speci-
mens involves initially euthanizing experimental ani-
mals via cervical dislocation, followed by dissecting the 
aorta from each animal. The aortic segments are then 
washed with physiological NaCl and processed using 
standard histological techniques. Subsequently, stain-
ing is performed using hematoxylin-eosin (HE), and 
after processing, the slides are examined under a micro-
scope. The histopathological assessment of the aorta is 
described using a scoring system based on the extent of 
aortic damage, with scores ranging from 0 (no patholog-
ical changes) to 2 (vacuolization and thickening of vas-
cular tissue) [26].

3. 7. Data analysis
The data analysis of the observed histopathologi-

cal images of mice aortic sections was conducted using 
ANOVA, followed by Tukey’s post hoc test (p < 0.05) 
using SPSS. If the data were not normally distributed, the 
analysis was performed using the Kruskal-Wallis 
test (p < 0.05) in SPSS.

4. Result
4. 1. Qualitative phytochemical testing
Qualitative phytochemical testing of noni leaf ex-

tract indicated the presence of alkaloids, flavonoids, sa-

ponins, terpenoids, and steroids. The results of the qual-
itative phytochemical testing of noni leaf extract are 
presented in (Table 1). 

Table 1
Phytochemical testing results of noni leaf extract

Test parameter Test results
Alkaloid (Mayer) +
Alkaloid (Wagner) –

Alkaloid (Dragendroff) –
Flavonoid ++
Saponin +++

Terpenoid ++
Steroid ++

Phenolic –

Note: (–) – does not contain; (+) – low concentration; (++) – mod-
erate concentration; (+++) – high concentration.

4. 2. Histopathological observations of mouse aorta
Histopathological observations of mouse aorta 

in five treatment groups (Fig. 2) revealed that the KN 
group, which received no treatment, displayed a nor-
mal aortic structure with neatly organized intima (TI), 
media (TM), and adventitia (TA) layers (Fig. 2, a). In 
contrast, the K(–) group, treated with 0.5% CMC-Na at 
a dose of 0.28 ml/20 grams of body weight, showed 
hypercholesterolemia with disorganized intima, me-
dia, and adventitia layers, endothelial cell damage (e) 
in the intima, smooth muscle proliferation (p) in the 
media, cell infiltration in collagen fibers (k) in the 
adventitia, and macrophages (m) in all three layers, 
with foam cells (b) in the intima and media and throm-
bus (t) in the intima (Fig. 2, b). Histopathological ob-
servations of mouse aorta in the K(+) group, treated 
with simvastatin at a dose of 0.026 mg/20 grams of 
body weight, showed that the intima, media, and ad-
ventitia layers were neatly organized, with small and 
few foam cells (b) in the media and adventitia (Fig. 2, c). 
Similarly, in the P1 group, which was given noni leaf 
extract at a dose of 5.6 mg/20 grams of body weight, 
the intima, media, and adventitia were neatly arranged, 
with small and few foam cells (b) in the intima and 
media (Fig. 2, d). The P2 group, treated with noni leaf 
extract at a dose of 11.2 mg/20 grams of body weight, 
also displayed neatly organized intima, media, and 
adventitia layers, with small and few foam cells (b) in 
the intima and media (Fig. 2, e).

The histopathological damage scores of mouse 
aorta observations showed that the average score was 
lowest in the KN group, which did not differ significant-
ly from the K(+) and P2 groups but was significantly 
different from the P1 and K(–) groups. The average his-
topathological damage score in the K(–) group was sig-
nificantly different from the KN, K(+), P2, and P1 groups. 
However, the average damage scores in the K(+), P2, and 
P1 groups did not differ significantly. The histopatholog-
ical damage scores for the mouse aorta are detailed 
in (Table 2).
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Table 2 
Average histopathological damage scores of mouse aorta

Treatment groups Histopathological 
score of the aorta

Normal Control Group (KN) 0.00a ± 0.00
Negative Control Group (K(–)) 1.40c ± 0.51
Positive Control Group (K(+)) 0.20ab ± 0.41

Treatment Group with Extract Dose 1 (P1) 0.53b ± 0.52
Treatment Group with Extract Dose 2 (P2) 0.27ab ± 0.46

Note: the data presented show the mean ± standard deviation; 
superscripts with the same notation indicate that the average 
histopathological damage scores of mouse aorta are not sig-
nificantly different (p > 0.05).

5. Discussion
Hypercholesterolemia is a condition characterized 

by increased levels of LDL, triglycerides, and total cho-
lesterol, along with decreased HDL levels, which can 
lead to atherosclerosis [1, 12]. Atherosclerosis begins 
with hypercholesterolemia, which triggers the formation 
of free radicals that can increase LDL oxidation [8, 11]. 
Elevated oxidized LDL can result in endothelial dysfunc-
tion [5, 13]. This endothelial dysfunction leads to LDL 
accumulation in the intima, increasing vascular permea-
bility and resulting in the migration of monocytes into 
the intima. Monocytes then transform into macrophages, 
which further convert into foam cells [10, 14]. The accu-
mulation of lipids, macrophages, platelets in the intima 

and media, as well as foam cells, proliferation, and mi-
gration of smooth muscle cells, can cause thickening of 
the vessel wall, leading to lumen diameter narrow-
ing [6, 15]. Lumen narrowing can also be caused by ath-
erosclerotic plaques that rupture, forming a thrombus [7].

The study results indicate that the histopathologi-
cal images of the mouse aorta in each treatment group 
are consistent with the average damage scores obtained 
for each group (Fig. 2, Table 2). The results show that the 
KN group exhibited normal histopathological images of 
the mouse aorta with the lowest average damage score. 
This is in line with [7, 9], who state that normal aorta 
condition consists of a neatly arranged intima with a 
single layer of flattened endothelial cells, media with 
smooth muscle cells bounded by neatly arranged elastic 
tissue, and adventitia composed of collagen fibers. In 
contrast, the histopathological images and average dam-
age scores of the mouse aorta in the K(–), K(+), P1, and 
P2 groups, which were induced with pure cholesterol at a 
dose of 11.2 mg/20 grams of body weight, showed chang-
es with average damage scores of 1.40, 0.20, 0.53, and 
0.27, respectively. Histopathological damage is charac-
terized by an intima, media, and adventitia that are not 
neatly organized [7, 9]. Additionally, histopathological 
damage is marked by the formation of macrophages, 
foam cells, and thrombus [7, 9]. The damage to the histo-
pathological images of the aorta is caused by pure choles-
terol induction, which can lead to hypercholesterolemia, 
triggering free radical formation and an inflammatory 

Fig. 2. Histopathological images of mouse aorta for each treatment group are as follows: a – the normal control group (KN), 
which received no treatment; b – the negative control group (K(–)), which was given 0.5% CMC-Na at a dose  

of 0.28 ml/20 g body weight; c – the positive control group (K(+)), which was treated with simvastatin at a dose  
of 0.026 mg/20 g body weight; d – the treatment group with extract dose 1 (P1), which was given noni leaf extract at a 

dose of 5.6 mg/20 g body weight; e – the treatment group with extract dose 2 (P2), which was given noni leaf extract at a 
dose of 11.2 mg/20 g body weight. The histopathological images show that the aortic vessels consist of TI – tunica intima; 

TM – tunica media; TA – tunica adventitia. Additionally, the images reveal: e – endothelial cell damage; p – smooth muscle 
proliferation; k – cell infiltration in collagen fibers; the presence of m – macrophages; b – foam cells; t – thrombus

a b c

d e
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response with the development of macrophages, foam 
cells, and thrombus, ultimately resulting in damage to 
blood vessels [7].

In the K(–) group, which was administered 0.5% 
CMC-Na at a dose of 0.28 ml/20 grams of body weight, 
the histopathological images of the mouse aorta showed 
the highest average damage score. This indicates that 
CMC-Na at this dose did not improve, reduce, or dimin-
ish the damage to the aorta’s histopathological structure. 
This finding is consistent with [25], and [29], who report-
ed that 0.5% CMC-Na is neutral and lacks compounds 
with antihypercholesterolemic properties, thus unable to 
ameliorate the histopathological damage. In contrast, the 
histopathological images of the aorta in the K(+), P1, and 
P2 groups showed relatively low average damage scores. 
This suggests that the K(+) group, treated with simvasta-
tin at a dose of 0.026 mg/20 grams of body weight, the P1 
group, treated with noni leaf extract at a dose of 
5.6 mg/20 grams of body weight, and the P2 group, treat-
ed with noni leaf extract at a dose of 11.2 mg/20 grams of 
body weight, were able to improve, reduce, and diminish 
the histopathological damage to the mouse aorta. 

Simvastatin was used in the K(+) group as a com-
parison because simvastatin is often used as the first line 
of treatment for hypercholesterolemia [30, 31]. In addi-
tion, simvastatin is relatively inexpensive and is provided 
by the Social Security Agency on Health (BPJS Keseha-
tan Indonesia) for patients with hypercholesterolemia in 
Indonesia [32, 33]. According to [8, 12], simvastatin can 
improve, reduce, and diminish histopathological damage 
in the mouse aorta. Simvastatin, a statin class medication, 
acts as an antihypercholesterolemic agent by inhibiting 
the enzyme 3-hydroxy-3-methylglutaryl-coenzyme A 
reductase (HMG-CoA reductase), which is essential in 
the production of mevalonate [6, 26]. Based on the histo-
pathological images and average damage scores of the 
mouse aorta, it is assumed that noni leaf extract has anti-
hypercholesterolemic properties that can improve, re-
duce, and diminish histopathological damage to the 
mouse aorta. Although not as effective as simvastatin, 
noni leaf extract at doses of 5.6 mg/20 grams of body 
weight and 11.2 mg/20 grams of body weight can also 
improve, reduce, and diminish histopathological damage. 
Furthermore, higher doses of noni leaf extract led to bet-
ter histopathological outcomes in the mouse aorta. 

The antihypercholesterolemic properties of noni 
leaf extract can improve, reduce, and diminish histopatho-
logical damage to the mouse aorta due to its phytochemi-
cal content. Qualitative phytochemical tests show that noni 
leaf extract contains alkaloids, flavonoids, saponins, ter-
penoids, and steroids. Alkaloids can lower cholesterol 
levels by inhibiting pancreatic lipase activity, which leads 
to increased fat secretion through feces [26, 29]. Flavo-
noids work by inhibiting HMG-CoA reductase, resulting 
in decreased cholesterol production and increased LDL 
receptor density in the liver [7, 8]. Saponins lower choles-
terol levels by binding bile salts, preventing their reabsorp-
tion, and facilitating their excretion in feces [7, 8]. Steroids 
reduce cholesterol levels by competing to inhibit cholester-
ol absorption in the intestines [29, 34].

Practical relevance. Noni leaf extract can be used 
as an alternative treatment for aortic damage caused by 
hypercholesterolemia.

Research limitations. This study was conducted 
using only two doses of noni leaf extract, namely 
5.6 mg/20 grams of body weight and 11.2 mg/20 grams of 
body weight. In addition, the parameters presented in 
this paper are limited to histopathological descriptions of 
the aorta of mice.

Prospects for further research. Next, testing can 
be conducted to determine the effective dose range of 
noni leaf extract as an antihypercholesterolemic agent. In 
addition, acute toxicity and subchronic toxicity tests can 
be conducted on this preparation. 

6. Conclusion
Noni leaf extract at doses of 5.6 mg/20 grams of 

body weight and 11.2 mg/20 grams of body weight can 
improve, reduce, and diminish histopathological damage 
to the mouse aorta, although it is not as effective as sim-
vastatin at a dose of 0.026 mg/20 grams of body weight. 
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