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Abstract: Hyperlipidemia, especially elevated Low-Density Lipoprotein (LDL) 
cholesterol, is a global health problem that increases the risk of cardiovascular disease. 
Conventional treatment with statins is effective, but it often causes side effects. This 
study aims to evaluate the potential of sandalwood (Santalum album L.) leaf, biduri 
(Calotropis gigantea) leaf, and arabic bidara (Ziziphus spina-christi L.) leaf as an 
antihypercholesterolemia agent using ethanol extract to lower cholesterol levels in 
mice.  Extraction is carried out through maceration with 96% ethanol for 3 x 24 hours, 
then evaporated to produce a thick extract.  The samples used in the 
antihyperocholesterolterol test were extracts of Santalum album L., Calotropis gigantea, 
and Ziziphus spina-christi L. Six groups, six mice each, consisted of: negative control (I), 
positive control (II), simvastatin drug control (III), and three test dose groups (IV: 3.5 
mg/20 g BW, V: 7 mg/20 g BW, VI: 14 mg/20 g BW). Cholesterol levels were measured 
by the Point of Care Testing (POCT) Method using a cholesterol strip test after a blood 
draw.  The results showed that simvastatin can lower cholesterol by 59 mg/dl. 
Moreover, Santalum album L. leaf extracts provided the most significant reduction in 
cholesterol (33 mg/dl), followed by Ziziphus spina-christi L. (31 mg/dl) and Calotropis 
gigantea (28 mg/dl).  Although simvastatin showed a greater decrease, the plant extract 
still exerted significant effects as an alternative to antihypercholesterolemia therapy. 
This decrease in cholesterol is related to the content of active compounds, such as 
flavonoids and phenolics, that reduce LDL oxidation. These findings suggest that 
Santalum album L. has promising potential as an herbal antihypercholesterolemic agent. 
 
Keywords: Antihypercholesterolemic; Calotropis gigantea; Leaf Extract; Santalum album 
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Introduction  
 

Hyperlipidemia, a condition characterized by 
elevated blood fat levels, has become a significant health 
issue, particularly among urban populations. Increased 
cholesterol levels, especially Low-Density Lipoprotein 
(LDL) cholesterol, can cause atherosclerosis in the blood 
vessels and are at high risk of causing cardiovascular 
disease, which is the leading cause of death in the world 
(Packard et al., 2021). 

The instantaneous modern lifestyle, coupled with 
the consumption of high-cholesterol, low-nutrient fast 

food, exacerbates the prevalence of this condition. 
Hypercholesterolemia, as part of hyperlipidemia, 
increases the risk of atherosclerosis and coronary heart 
disease (Simonen et al., 2023). Amid this trend, the 
search for safer, more effective, and affordable treatment 
solutions is crucial, both for health scientists and the 
broader community that requires more natural 
therapeutic alternatives (Bhattacharjee et al., 2023). 
Given the profound impact that this disease poses, it is 
important to explore alternative therapies, both through 
pharmacological approaches and the use of medicinal 
plants that have potential as anti-hyperlipidemia, which 
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are believed to be safer and have fewer side effects 
compared to synthetic drugs (Rachitha et al., 2023). 

Research related to the treatment of high 
cholesterol has been conducted using modern 
medications, particularly statins, which have been 
proven effective in lowering cholesterol levels 
(Christyaningsih et al., 2024). Continued use of statin 
drugs can cause side effects, such as myopathy, 
indigestion, skin rashes, and insomnia (Cheung et al., 
2023). Alternatively, numerous studies have led to the 
use of herbal plants, such as sandalwood (Santalum 
album L.), which has been shown to exhibit anti-
hyperglycemic (Phung et al., 2025), antibacterial 
(Sharmila et al., 2017), and anticancer properties 
(Pullaiah et al., 2021). However, research on the potential 
of sandalwood leaves as an anti-hyperlipidemia in mice 
has not been widely conducted. In addition, several 
studies have been conducted on the benefits of biduri 
(Calotropis gigantea) leaves, focusing on their anti-
inflammatory (Kumar et al., 2022) and antibacterial 
(Rengarajan et al., 2024), antimicrobial (Pattnaik et al., 
2017), and antioxidant properties (Ahmad Nejhad et al., 
2023). Ethanol extract of 70% biduri leaves is reported to 
contain flavonoids, phenols, tannins, saponins, 
terpenoids, and alkaloids (Alibasyah et al., 2023) which 
may have the potential to lower cholesterol levels. 
Furthermore, the leaves of bidara arabic (Ziziphus spina-
christi L) have also been researched as antioxidants 
(Rialdi et al., 2023),  antidiabetics (Nasution et al., 2024) 
and antibacterial (Muzayyidah et al., 2023). Bidara arabic 
leaves have also been reported to contain alkaloids, 
flavonoids, saponins, steroids, and tannins (Hastiana et 
al., 2022). 

There are shortcomings in existing research, 
particularly in testing the effectiveness of Santalum album 
L., Calotropis gigantea, Ziziphus spina-christi L. leaves 
extracts in lowering cholesterol levels or functioning as 
anti-hyperlipidemic agents. Most previous studies have 
focused more on the antioxidant or antimicrobial 
activity of the three plants and no one has specifically 
studied the effect of the extracts of the three leaves on 
cholesterol levels in the blood, especially in test animal 
models such as mice. Thus, this deficiency needs to be 
complemented to verify the potential of Santalum album 
L., Calotropis gigantea, Ziziphus spina-christi L. leaves as 
an alternative treatment for hyperlipidemia. 

This study aims to investigate the potential of 
Santalum album L., Calotropis gigantea, Ziziphus spina-
christi L. leaves as antihypercholesterolemic agents by 
utilizing ethanol extracts of these plants to reduce 
cholesterol levels in mice. This research is expected to 
make a significant contribution to the pharmaceutical 
field, particularly in the development of safer and more 
effective herbal medicines to address the issue of high 

cholesterol, as well as provide more affordable 
treatment options for the community. 
 

Method  
 
Tools and Materials 

The tools used in this study include rotary 
evaporators, water baths, stirring rods, glassware, 
sondes, syringes, scissors, analytical balances, 
cholesterol test strips, and cholesterol automatic testing 
tools (Easy Touch GCU). Meanwhile, the ingredients 
used consist of Santalum album L., Calotropis gigantea, 
Ziziphus spina-christi L. leaves powder, 96% ethanol, 
simvastatin, propylthiouracil, aquadest, alcohol swabs, 
and aquadest. 
 
Research Flow Diagram 

 
 
Extraction 

Samples of Santalum album L., Calotropis gigantea, 
Ziziphus spina-christi L. leaves were separately placed in 
a maceration container, and then 96% ethanol solvent 
was added until the simplicia were submerged. The 
maceration container is closed and stored for 3 × 24 
hours, with occasional stirring. After that, the sample is 
filtered and separated into the pulp and filtrate. The 
filtrate obtained is then evaporated for 40 minutes to get 
a thick extract. 
 
Antihypercholesterolemia Activity Test 

The Animal Research Ethics Committee of 
Universitas Nahdlatul Ulama Surabaya approved this 
research under approval number 
0258/EC/KEPK/UNUSA/2022, 
0260/EC/KEPK/UNUSA/2022, and 
0267/EC/KEPK/UNUSA/2022.  
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Six groups of test animals, each containing six mice, 
were divided into group I (negative control), group II 
(positive control), group III (simvastatin drug control), 
group IV dose 1 (3.5 mg/20 g BW), group V dose 2 (7 
mg/20 g BW), and group VI dose 3 (14 mg/20 g BW). 
The six groups were first adapted for 2 days and given 
CP511 concentrate feed to adjust to the new cage 
conditions. After adaptation, blood was taken from 
group I (negative control) for initial cholesterol 
examination. The next day, groups II, III, IV, V, VI, VII, 
VIII, IX, X, XI, and XII were given CP511 concentrate 
feed and propylthiouracil suspension as a cholesterol 
enhancer for 5 days. On the sixth day, blood was taken 
from group II (positive control) to determine the increase 
in cholesterol levels in mice. After administration of 
cholesterol enhancers, groups III, IV, V, VI, VII, VIII, IX, 
X, XI, and XII received therapy or treatment and 
continued to receive CP511 concentrate feed.  

Group III (simvastatin drug control) was given 
propylthiouracil suspension and simvastatin 
suspension, group IV (dose 1) was given 
propylthiouracil suspension and Santalum album L. leaf 
extract at a dose of 3.5 mg/20 g BW, group V (dose 2) 
was given propylthiouracil suspension and Santalum 
album L. leaf extract at a dose of 7 mg/20 g BW, and 
group VI (dose 3) was given propylthiouracil 
suspension and Santalum album L. leaf extract at a dose 
of 14 mg/20 g BW, group VII (dose 1) was given 
propylthiouracil suspension and Calotropis gigantea 
leaf extract at a dose of 3.5 mg/20 g BW, group VIII (dose 
2) was given propylthiouracil suspension and Calotropis 
gigantea leaf extract at a dose of 7 mg/20 g BW, and 
group IX (dose 3) was given propylthiouracil suspension 
and Calotropis gigantea leaf extract at a dose of 14 mg/20 
g BW, group X (dose 1) was given propylthiouracil 
suspension and Ziziphus spina-christi L. leaf extract at a 
dose of 3.5 mg/20 g BW, group XI (dose 2) was given 
propylthiouracil suspension and Ziziphus spina-christi L. 
leaf extract at a dose of 7 mg/20 g BW, and group XII 
(dose 3) was given propylthiouracil suspension and 
Ziziphus spina-christi L.  leaf extract at a dose of 14 mg/20 
g BW. Treatment or therapy in groups III, IV, V, VI, VII, 
VIII, IX, X, XI, and XII was carried out simultaneously 
for 3 days. On the ninth day, blood samples were taken 
to determine the decrease in cholesterol levels in mice. 
 
Measurement of Cholesterol Levels. 

Cholesterol levels were measured in mice using the 
Point-of-Care Testing (POCT) Method with a cholesterol 
strip test tool (Easy Touch). The chip is inserted into the 
chip holder in the tool, and the code is adjusted to the 
test strip. The cholesterol test strip is placed on the 
designated spot on the device. Then, a "blood droplet" 
sign will appear, indicating that the device is ready for 
use. The tail of the mouse is disinfected, then cut about 1 

mm. The first drop of blood that comes out is removed 
with a tissue or dry cotton swab, and the subsequent 
drop of blood is dripped at the end of the test strip until 
a beep is heard. After that, wait for 30 seconds; the 
results will appear on the tool screen. 

 

Data Analysis 
The data analysis technique of mice cholesterol 

levels was processed using Microsoft Excel, which was 
then made into a table. The decrease in cholesterol levels 
was calculated by calculating the difference between the 
positive control and the simvastatin drug control, and 
each treatment group from the Santalum album L., 
Calotropis gigantea, and Ziziphus spina-christi L. leaf 
samples. The decrease in cholesterol levels indicates the 
presence of antihypercholesterolemic activity caused by 
the three extracts. 

 
Result and Discussion 

 
Yield, Flavonoid Content, and Phenolic Content 

Table 1 shows the results of the measurement of 
yield, flavonoid content, and phenolic content of three 
leaf plant extracts, namely Santalum album L., Calotropis 
gigantea, and Ziziphus spina-christi L. These three 
parameters are measured to evaluate the potential 
phytochemicals present in the plant's leaves. 

 
Table 1. Yield, flavonoid levels, and phenolic levels of 3 
plant extracts 
Types of 
Observations 

Santalum 
album L. 

Calotropis 
gigantea 

Ziziphus 
spina-christi 

L. 

Yield (%) 6.88 6 15.86 
Flavonoid levels 
(mg QE/g extract) 

4.16 2.62 2.55 

Phenolic content 
(mg GAE/g 
extract) 

14.98 16.58 38.14 

 
Based on the data obtained, the data pattern 

showed a clear difference between the plant extracts 
tested in terms of yield, flavonoid content, and phenolic 
content. Ziziphus spina-christi L. yielded the highest 
amount (15.86%), indicating that this plant extract 
produces more ethanol-solvent-soluble ingredients 
compared to Santalum album L. (6.88%) and Calotropis 
gigantea (6%). In terms of flavonoid levels, Santalum 
album L. had higher levels (4.16 mg QE/g extract) 
compared to Calotropis gigantea (2.62 mg QE/g extract) 
and Ziziphus spina-christi L. (2.55 mg QE/g extract), 
which suggests that Santalum album L. extract is richer in 
flavonoid compounds. For phenolic levels, Ziziphus 
spina-christi L. had the highest phenolic levels (38.14 mg 
GAE/g extract), followed by Calotropis gigantea (16.58 



Jurnal Penelitian Pendidikan IPA (JPPIPA) June 2025, Volume 11, Issue 6, 846-852 
 

849 

mg GAE/g extract) and Santalum album L. (14.98 mg 
GAE/g extract). These data suggest that each plant has 
a distinct phytochemical content, which could 
potentially explain the variation in biological activity 
that each extract exhibits.  

In this study, the sample used for all plants is the 
leaf part. The extraction method used is maceration with 
ethanol peelers. The differences in yield amount, 
flavonoid content, and phenolic content between plant 
extracts are influenced by the chemical composition of 
the plant. The higher yield of Ziziphus spina-christi L. 
(15.86%) compared to other plants, such as Calotropis 
gigantea (6%), may be influenced by the content of more 
easily extracted materials or the structure of the plant 
that contains more compounds soluble in ethanol 
solvents (Dewatisari, 2020) (Amaliah et al., 2019) 
(Purwanto, 2014). The higher flavonoid levels in 
Santalum album L. (4.16 mg QE/g extract) suggest that 
the plant is rich in flavonoid compounds. 

In comparison, Ziziphus spina-christi L. has lower 
flavonoid levels (2.55 mg QE/g extract), which may be 
due to the chemical composition containing fewer 
flavonoids. The high phenolic levels in Ziziphus spina-
christi L. (38.14 mg GAE/g extract) indicate that these 
two plants have a greater ability to produce phenolic 
compounds in response to environmental factors or 
stress (Hanin & Pratiwi, 2017; Wardani et al., 2020). This 
difference highlights the significance of natural 
phytochemical characteristics and the impact of the 
extraction process on the resulting outcomes. 
 
Antihypercholesterolemia Test 

Table 2 presents the cholesterol levels of mice (in 
mg/dL) in the various treatment groups, including a 
negative control, a positive control, a drug control, and 
treatment with plant extracts of Santalum album L., 
Calotropis gigantea, and Ziziphus spina-christi L. at three 
different doses. Cholesterol levels were measured in six 
mice per group and averaged. 

  
Table 2. Mice’s cholesterol levels (mg/dl) after administration of the extract 

Test 
Animals 

Mice Cholesterol Level (mg/dl) 

Negative 
Control 

Positive 
Control 

Drug 
Control 

Santalum album L. Calotropis gigantea Ziziphus spina-christi L. 

Dose 
1 

Dose 
2 

Dose  
3 

Dose  
1 

Dose  
2 

Dose 
3 

Dose  
1 

Dose 
2 

Dose 
3 

1 129 185 129 157 148 159 157 146 158 169 148 139 
2 130 179 123 152 170 140 162 148 139 156 158 157 
3 139 170 119 171 161 131 153 140 162 182 139 149 
4 130 181 117 164 151 162 162 170 142 159 163 147 
5 129 172 108 178 164 143 175 158 149 149 149 136 
6 137 182 120 142 159 132 178 168 153 167 160 154 
Average 132 178 119 161 159 145 165 155 151 164 153 147 

 
The cholesterol levels of the negative control group 

were the lowest, at 132 mg/dL. In contrast, the positive 
control had the highest levels (178 mg/dL), indicating an 
increase in cholesterol levels resulting from the 
administered treatment. The control group receiving the 
drug (simvastatin) showed a significant decrease, with 
an average cholesterol level of 119 mg/dL, indicating the 
effectiveness of the drug in lowering cholesterol. In the 
group given the plant extract, cholesterol levels varied 
depending on the type of plant and the dose given. In 
Santalum album L., cholesterol levels range from 145 to 
161 mg/dL, whereas in Calotropis gigantea, they are 
slightly lower, ranging from 151 to 165 mg/dL. Ziziphus 
spina-christi L. showed slightly more stable cholesterol 
levels, ranging from 147 to 164 mg/dL at all doses. Thus, 
the three plant extracts have the potential to lower 
cholesterol levels, although the effects vary depending 
on the type of plant and the dosage used. Table 3 shows 
a decrease in mouse cholesterol levels (in mg/dL) after 
administration of plant extracts at a dose of 14 mg/20 g 
body weight (BW). A decrease in cholesterol levels was 

observed in both the control group treated with 
simvastatin and the treatment group receiving extracts 
of Santalum album L., Calotropis gigantea, and Ziziphus 
spina-christi L. 

 
Table 3. Decreased cholesterol levels in mice (mg/dL) 
after administration of the extract at a dose of 14 mg/20 
g BW 

Treatment 
Decreased cholesterol 
levels in mice (mg/dl) 

Simvastatin Drug Control 59 
Santalum album L. 33 
Calotropis gigantea 28 
Ziziphus spina-christi L. 31 

 
The highest decrease in cholesterol levels occurred 

in the control group of the drug (simvastatin), with a 
reduction of 59 mg/dl. In the plant extract group, 
Santalum album L. showed a reduction of 33 mg/dL, 
followed by Ziziphus spina-christi L. with a decrease of 
31 mg/dL, and Calotropis gigantea with a reduction of 27 
mg/dL. These data show that simvastatin has a more 
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substantial cholesterol-lowering effect than plant 
extracts; however, plant extracts still provide significant 
cholesterol reduction, albeit not as potent as simvastatin. 
This difference could be attributed to the content of 
active compounds in each plant, which play a role in 
lowering cholesterol levels. However, the effects vary 
depending on the type of plant being tested. Flavonoids 
are known to have antioxidant effects that can reduce the 
oxidation of Low-Density Lipoprotein (LDL), which 
plays a role in the formation of cholesterol plaques in 
blood vessels, thereby helping to lower harmful 
cholesterol levels (Emilia, 2023) (Muqowwiyah & Dewi, 
2021) (Puger, 2024). There is a tendency for lower 
cholesterol levels to be associated with higher levels of 
flavonoids, although this relationship is not always 
linear. Santalum album L., which has the highest levels of 
flavonoids, shows the most significant reduction in 
cholesterol.  

In contrast, Ziziphus spina-christi L., despite its 
slightly lower flavonoid levels, is still able to provide a 
significant reduction of cholesterol. This suggests that 
flavonoids play a role in lowering cholesterol; however, 
other factors, such as the content of phenolic compounds 
and the metabolism of each plant, also influence their 
effectiveness. Therefore, the reduction in cholesterol 
depends not only on the level of flavonoids, but also on 
the interaction between other active compounds in the 
extract of the plant. 

The relationship between phenolic levels and 
decreased cholesterol levels can be analyzed based on 
available data. Phenolic compounds have a special 
characteristic, namely the ability to oxidize, which 
makes them often used as antioxidants. Phenols are 
effective in reducing cholesterol oxidation, which can 
lead to LDL buildup in the blood, as well as preventing 
abnormal cell growth (Yunia et al., 2019). Santalum album 
L. had the highest phenolic content of 14.98 mg GAE/g 
extract and cholesterol reduction of 33 mg/dl, Calotropis 
gigantea had phenolic levels of 16.58 mg GAE/g extract 
with a cholesterol reduction of 28 mg/dl, and Ziziphus 
spina-christi L. had the highest phenolic content of 38.14 
mg GAE/g extract and cholesterol reduction of 31 
mg/dl. Although Ziziphus spina-christi L. has the highest 
phenolic levels, its cholesterol reduction is not as high as 
that of Santalum album L., which has lower phenolic 
levels. This suggests that although phenolic levels play a 
role in cholesterol reduction, other factors such as 
flavonoid levels and other bioactive components also 
affect the effectiveness of cholesterol lowering. 
Therefore, although higher phenolic levels tend to be 
associated with a decrease in cholesterol, this 
relationship is not entirely linear and is influenced by 
complex interactions between various active 
compounds in plant extracts. 
 

Conclusion  

 
This study evaluated the potential of Santalum 

album L., Calotropis gigantea, and Ziziphus spina-christi L. 
leaf extracts as antihypercholesterolemic agents in mice. 
The results showed that all three extracts were able to 
lower cholesterol levels, with Santalum album L. showing 
the greatest effect (33 mg/dL), followed by Ziziphus 
spina-christi L. (31 mg/dL) and Calotropis gigantea (28 
mg/dL). Although the reductions were still not 
comparable to those achieved by the standard drug 
simvastatin (59 mg/dL), the extracts showed significant 
potential. They could serve as adjuvant therapy with 
conventional statins. This study provides preliminary 
evidence to support the use of these plant extracts as 
alternative plant-based options for managing 
hypercholesterolemia. Further studies are needed to 
explore the molecular mechanisms involved and to 
assess their efficacy in a wider range of animal models 
or human subjects. 
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