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INTRODUCTION
Diabetes mellitus is a metabolic disease 
characterized by increased blood sugar levels due 
to decreased insulin secretion, weakened insulin 
activity or both.1,2 Insulin functions to convert sugar 
into energy and fat synthesis. Low body insulin 
conditions result in excess sugar in the blood. 
Diabetes or Blood glucose levels above normal 
can potentiate the occurrence of lipidemia by 
increasing levels of total cholesterol, triglycerides, 
LDL (Low-Density Lipoprotein), and decreased 
HDL (High-Density Lipoprotein) levels.3,4 The 
Centers for Disease Control and Prevention in 
2014 reported that 70-97% of individuals with 
diabetes experience dyslipidemia.

Hyperlipidemia or hypercholesterolemia is one 
of the lipid fraction abnormalities in the blood 
or better known as dyslipidemia. This condition 
occurs due to disorders of lipoprotein metabolism 
which is often called the lipid triad that consists 
of increased concentrations of Very Low-Density 
Lipoprotein (VLDL) or triglycerides, decreased 
concentration of HDL, and the formation of LDL 
which is atherogenic.5 Insulin resistance that affects 
metabolism in the body can result in changes in the 
process of production and disposal of lipoproteins 
in plasma. Lipoproteins are molecules made up 
of proteins and lipids. Lipogenesis is reduced and 
lipolysis increases due to a decrease in the effect of 
insulin on adipose tissue. An increase in the lipid 
fraction in plasma is a sign of lipid metabolism 
disorder due to diabetes mellitus, which is called 
dyslipidemia.6

As a countermeasure for antidiabetic and 
antihyperlipidemic, many medicines have been 
developed from natural ingredients that have 
proven to be effective as alternative therapies.7-9 
Conventional medical therapies such as pioglitazone 
and oral hyperlipidemic drugs have many side 
effects, such as weight gain, edema, and increased 
likelihood of bone fractures.10 On the other hand, 
alternative medicine can be used using natural 
ingredients to overcome the side effects,11-13 for 
example, traditional medicine, by processing natural 
ingredients to be used as medicine.14 Indonesia 
has an abundant diversity of plants, one of which 
is sapodilla (M. zapota). Taxonomically, sapodilla 
comes from the Sapotaceae family and can be used 
in traditional medicine.

Several previous studies stated that the sapodilla plant 
has the potential to be used as an antihyperlipidemic 
drug , including the study conducted by Barbalho et 
al. (2015)15 which showed that Male rats were given 
the juice from the leaves or fruit of M. zapota for 50 
days, and the results showed considerably decreased 
levels of glycemia, insulin, leptin, cholesterol, and 
triglycerides and increased levels of HDL-c in 
the treated rats. Another research that has been 
conducted by Karle et al. (2022)16 also shows that 
Manilkara fruit doses of 300 and 600 mg/kg showed 
significant antihyperglycemic effects, improved 
lipid profiles, increased body weight, and improved 
glomerulosclerosis. 

Based on some of these studies and considering that 
there are still very few antihyperlipidemic studies 
using sapodilla leaves, the researchers would like 
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to carry out further research on the effects of the ethanol extract of 
sapodilla leaves (M. zapota) obtained by maceration method on total 
cholesterol of diabetic mice alloxan induced. In this study sapodilla 
leaf extract was carried out using the maceration method with the 
consideration that this method can be carried out on a large scale and 
is quite easy for the community to do. Ethanol was chosen because it 
has several advantages, such as being relatively more selective, difficult 
for mold and germs to grow, non-toxic, neutral, and less heat required 
for the concentration.

MATERIALS AND METHODS

Tools and materials
The tools and materials used in this study was the leaves of sapodilla 
manila obtained from Puri District, Mojokerto Regency. The other 
tools and materials that were used in this study were male Wistar mice 
strain, saline solution, alloxan, pioglitazone, CMC (Carboxy Methyl 
Cellulose), glucometer (Accu Chek Instant), Accu Chek Instant blood 
glucose test strips, blood serum lipid diagnostic kit (Azmoon kit), 
automatic analyzer abbot (Alcyon 300), centrifuge, strainer, rotary 
evaporator, beaker glass, stir bar, aluminum foil, 96% ethanol, water, 
Hi-Pro-Vite Pokphand 511 feed, sawdust, 0.9% NaCl, distilled water, 
and 70% alcohol. 

Animal care 
This study uses healthy male Wistar mice, mice aged ± 3 months and 
have body weights of around 25-35 grams. Mice were placed in a 
cage with size (50cm x 50cm x 40cm). The bottom of the cage is lined 
with husk as thick as 1 cm and replaced every two days. Mice cages 
have good ventilation and humidity of 40-60% with a temperature 
of 22-25°C, the mice were given feed and drinking water twice a day. 
Ethical code, institutional, and national regulation of live animals 
were rigorously followed, and the Health Research Ethical Clearance, 
Faculty of Veterinary Medicine, Airlangga University, granted ethical 
clearance for the animals used in this inquiry (No. 2.KEH.068.06.2022).

Extraction of Sapodilla leaves (M. zapota L.)
Sapodilla manila leaves ( M. zapota L.) were washed with clean water 
and put in the oven at 60°C, then ground and sieved until a dry powder 
was obtained. Sapodilla leaf powder was soaked in 96% ethanol with 
a ratio of 1: 7, stirred several times, and left for 24 hours at room 

temperature. After 24 hours, it was filtered, the macerate was separated, 
and the dregs were re-macerated with the addition of 96% ethanol in a 
ratio of 1: 4. After filtering, all macerate was evaporated at 60°C until a 
thick extract was obtained.

Enter the thick extract obtained inside the beaker glass, cover it with 
aluminum foil, and then store it in the fridge to prevent damage extract. 
The solvent used is a Carboxymethyle Cellulose (CMC) concentration 
of 0.5 % to produce the extract wanted.

Diabetes induction mellitus
Making mice models of diabetes mellitus was carried out after seven 
days after adaptation. Mice Wistar strain-adapted males were injected 
with alloxan single dose of 150 mg/kg BW dissolved in NaCl 0.9%.17 
Mice with blood glucose levels ≥ 200 mg/dL were categorized as 
diabetes mellitus mice and continued with with the next stages of 
extract therapy.18

Antihyperlipidemic test
In this study, 30 male mice were used as experimental animals, which 
were randomly divided into five groups, each group consisting of 
6 mice. The division of the group is as follows:18 Treatment of non-
diabetic mice by administering 1.5 mL of physiological NaCl solution, 
treatment of diabetic mice by administering 1.5 mL of physiological 
NaCl solution,treatment of diabetic mice by administering Pioglitazone 
at a dose of 2 mg/kg BW, extracts of manila sapodilla leaf (M. zapota L.) 
dose 100 mg/ kg BW, and extracts of manila sapodilla leaf (M. zapota 
L.) dose 300 mg/ kg BW.

Observations were made on the 14th day, after administration of 
sapodilla leaf extract, mice were given light anesthesia and serum lipid 
profiles (total cholesterol, triglycerides, HDL, and LDL) were measured 
using diagnostic kits (Pars Azmoon Kit) and automatic analyzer 
(Abbot, model Alcyon 300).

RESULTS AND DISCUSSION
In TC, there was a significant difference in pioglitazone and 100 mg leaf 
extract (c) against negative control (a), 300 mg leaf extract (b) and diabetes 
control (d). In TG, there was a significant difference in pioglitazone and 
300 mg leaf extract (a) against negative control (b), 100 mg leaf extract 
(c) and diabetes control (d). In LDL, there were significant differences 
in the 100 mg, 300 mg leaf extract and pioglitazone (b), against negative 
control (a), and diabetes control (c). In HDL, there was a significant 
difference in negative control and 300 mg leaf extract (c), against 100 
mg leaf extract (b), pioglitazone (b), and diabetes control (a).

Diabetes induction in mice was carried out with a single dose of alloxan 
(150 mg/kg BW) which was injected intraperitoneally. In the body, 
alloxan is reduced to dialuric acid and then produces superoxide, which 
damages pancreatic cells, thereby inhibiting insulin production.19,20 
Diabetic hyperglycemia will be achieved in ± 48 hours.21 

Laboratory test results showed that the lowest TC value was found in 
negative control group with 86.2 ± 3.56a, whereas the highest TC value 
was found in diabetes control group with 149 ± 3.57d. Diabetes group 
had the highest total cholesterol compared to negative control group 
and treatments group M. zapota leaf extract because alloxan damage 
pancreatic β-cells. Pancreatic β-cells produce insulin which regulates 
lipase enzymes, such as lipoprotein lipase (LPL) and lipoprotein 
sensitive hormone (LSH). Lipase enzyme activity will increase 
when insulin levels decrease, therefore lipid metabolism disorder 
characterized by an increase total cholesterol levels.22 The lowest TG 
value laboratory test results was found in treatment group pioglitazone 
2 mg/kg BW with 90 ± 6.52a, whereas the highest TG value was found 
in diabetes control group with 185.6 ± 3.78d. High TG values in diabetic 
mice due to increased sensitive hormone lipase enzyme activity, thus 

No Chemical Substance Results
1 Alkaloids Positive
2 Flavonoids Positive
3 Saponins Positive
4 Polyphenols Positive
5 tannins Positive
6 Quinone Positive
7 Steroids Positive
8 terpenoids Negative

Table 1: The phytochemical results of sapodilla leaves.

Group
Lipid Protein
TC TG LDL HDL

Negative control 86,2 ± 3,56a 99,8 ± 3,03b 30,8 ± 6,57a 70 ± 7,9c

Diabetes control 149 ± 3,67d 185,6 ± 3,78d 98,8 ± 6,46c 40,4 ± 5,9a

Extract 100 mg/kg BW 114,6 ± 6,07c 121,6 ± 4,98c 57,8 ± 2,05b 58 ± 4,47b

Extract 300 mg/kg BW 94,8 ± 7,01b 92,8 ± 6,22a 50,8 ± 7,15b 65,6 ± 3,78c

Pioglitazone 2 mg/
kg BW 118,6 ± 5,81c 90 ± 6,52a 53,8 ± 6,94b 52 ± 5,7b

Table 2: Lipid profile of the 14th-day Wistar mice.
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non-esterified fatty acids (NEFA) release from triglycerides stored in 
adipose tissue. This condition encourages the liver to produce more 
triglycerides, thus liver has high level cholesterol. Cholesterol rate in 
liver is regulated by HMG-CoA, when glucagon levels increase HMG-
CoA reductase sustain phospholiration and becomes inactive.23

The lowest low-density lipoprotein (LDL) laboratory results data was 
found in the negative control group with 30.8 ± 6.57a, whereas the 
highest value was in diabetes control group with 98.8 ± 6.46c. The lowest 
high-density lipoprotein (HDL) value was found in diabetes control 
with 40.4 ± 5.9a, whereas the highest value was found in the negative 
control group with 70 ± 7.9c. Decrease in HDL-cholesterol level of 
diabetic mice induced with alloxan can be attributed to the mechanism 
of action of alloxan that reacts with two –SH groups on glucokinase 
sugar-binding site resulting in the inactivation of enzyme. Reduction 
of alloxan will form dialuric acid that will get reoxidized, establishing 
a redox cycle that release free radical in the form of superoxide.24 
Superoxide can release Fe 3+ from ferritin and reduced it to Fe 2+ , as 
well as HA- that is able to reduce ferric ion. Superoxide radical will be 
turned into hydrogen peroxide. During redox cycle, alloxan will form 
reactive oxygen species (ROS) and excessive free radicals.24 This will 
cause oxidative stress that ruin pancreatic beta cells function resulting 
in decrease of insulin production. Decrease in insulin causes an 
elevation in blood glucose level as insulin mediated glucose transport 
into cell decreases. Insulin regulates enzyme useful in lipid metabolism 
such as lipoprotein lipase and hormone-sensitive lipase, hence 
why a decrease in insulin level will result in the disturbance of lipid 
metabolism. Lipoprotein lipase is responsible to hydrolyzing tryglyceride 
in the circulation, whereas hormone-sensitive lipase will hydrolyze 
triglyceride stored in adipocytes.25 This will causes an increase of lipid in 
circulation and decrease of it in the adipocytes. Increased hydrolyzing of 
triglyceride causes more fatty acids to be found in blood. Free fatty acid will 
be transported into liver and binds to albumin.

Excess acly CoA in the liver will be turned into Acetyl CoA. Acetyl CoA 
will form HMG-CoA that will be reduced into mevalonate with the 
help of HMG-CoA reductase.26 In the liver mevalonat will be turned 
into cholesterol.

Elevation of cholesterol level will accelerates HDL uptake from the 
circulation and decrease Apo-A1 resulting in the lowering of serum 
HDL-cholesterol level. Alloxan is a diabetogenic agent that can 
be used in many experimental animals to induces diabetes using 
various dosages. Based on the previous study by Uddin et al. (2021) 
administration of alloxan 150 mg/kg BW significantly reduces HDL 
level in induced diabetic mice.27

Decrease of LDL-cholesterol level after the administration of sapodilla 
leaves extract can be attributed to the activity of flavonoid, alkaloid, 
saponin, tanin, polyphenol, quinon, and steroid. Flavonoid acts 
as exogenous antioxidant that prevents damage of cell caused by 
oxidative stress through direct and indirect mechanism. Directly 
through donating hydrogen ion so that toxic effect of free radicals can 
be neutralized and indirectly by enhancing expression of antioxidant 
gene.28

Sapodilla leaves contains flavonoid that is able to prevent oxidation of 
LDL. Flavonoid directly and indirectly inhibit HMG-CoA reductase 
resulting in the reduction of cholesterol synthesis. Inhibition of HMG-
CoA reductase obstructs conversion of Acetyl-CoA into mevalonat in 
the cholesterol synthesis pathway resulting in subsiding cholesterol 
synthesis of the liver. Flavonoid is able to improve LCAT which can 
convert free cholesterol into more hydrophobic cholesterol esther. 
Cholesterol esther then binds with lipoprotein forming new HDL. 
Antioxidant will improve HDL-cholesterol by producing Apo-A1 
which will be the enzyme cofactor for LCAT.29 Elevation of Apo-A1 
will improve HDL-cholesterol of serum.30

Alkaloid works as an antioxidant by donating hydrogen ion just like 
flavonoid.31 It also inhibits pancreas lipase activity thereby increasing 
lipid secretion through feces, consequently absorption of lipid by the 
liver is inhibited and can not be turned into cholesterol.32 Reduced 
pancreatic lipase activity can lower triglyceride deposits from small 
intestine as those enzyme are responsible in converting triglyceride 
into two monoglyceride and two free fatty acids that can enter blood 
vessel.33

Tannins can be used to lower blood glucose level by metabolizing 
glucose and lipid so that excess calorie can be avoided.34 Tannin 
prevents absorption of lipid in intestine by interacting with mucosal 
proteins and intestinal epithelial cells.35 Furthermore, tannin 
precipitates mucosal protein on small intestine surface, thus reducing 
the effectiveness of cholesterol and lipid absorption. Amino acid and 
protein from feed may be precipitated by tannin from sapodilla leaves 
resulting in disturbance of lipid absorption. Those process causes 
cholesterol transport by chylomicron to liver not directly proportional 
to the concentration of cholesterol in feed.

Polyphenol were reported to be capable to lower total cholesterol and 
inhibit atherosclerosis through its antioxidant activity.36 Sapodilla 
leaves contains saponin that is able to lower cholesterol by hindering 
the reabsorption of bile acids that were synthesized from cholesterol 
by intestinal cells, thus causing bile acid to be excreted with feces and 
to compensate bile acid loss, cholesterol will be converted by liver into 
new bile acids, resulting in reduced cholesterol level in blood.

Diabetic mice were treated with single doses of M. zapota leaf extract 
(100 and 300 mg/kg BW) and Pioglitazone (2 mg/kg BW) for 14 days. 
M. zapota leaf extract at a dose of 300 mg/kg was found to be the most 
effective in maintaining a normal lipid profile. These results indicate 
that M. zapota leaves can improved plasma lipids, as stated in a study 
by Barbalho et al. (2015).15 Pioglitazone is commonly used to treat 
type 2 diabetes, although the mechanism is not well understood. This 
drug lowers total cholesterol levels, triglyceride levels, low-density 
lipoprotein levels, and can increase high-density lipoprotein levels.37

CONCLUSION
From the above discussion it can be concluded that the ethanol extract of 
M. zapota leaves contains several phytochemical compounds including 
alkaloids, flavonoids, saponins, polyphenols, tannins, quinones, and 
steroids. M. zapota leaves extract (100 mg/kg and 300 mg/kg) exhibited 
a significant effect on improvement in protein lipid profiles, making it 
useful in the treatment of antihyperlipidemic. 
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