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ORIGINAL ARTICLE

Most animal owners provide fatty food with high cholesterol level that exceeds the needs of their pets. The pattern
of giving a high-fat diet causes interference with the cholesterol synthesis in the body. It can damage the liver by
causing fatty degeneration, hepatic cirrhosis, and eventually necrosis of the liver. The purpose of the current study
was to determine the effectiveness of Purslane extract (Portulaca oleracea L.) on the liver histopathological image
of white rats (Rattus norvegicus) with a high-fat diet. The current study used an experimental method with a
completely randomized design on 20 males white mouses (Rattus norvegicus) divided into five treatment groups.
There were two control groups, the first group received standard feed (Pellet) and Carboxymethyl Cellulose Sodium
1%, while the second was given standard feed and a high-fat diet. Three treatment groups which included P1, P2, P3
were given standard feed, a high-fat diet, and purslane extract solution with 54 mg/day, 108 mg/day, and 216
mg/day, respectively. Research results from the mean rank of fatty degeneration which was measured using the
Kruskal Wallis test presented significant differences, and the results from the mean of fatty degeneration using the
Mann Whitney test did not indicate any significant difference. Liver cell necrosis from the two tests presented a
significant difference. Purslane extract (Portulaca oleracea L.) was confirmed to be effective in reducing or
decreasing hepatocyte cell damage after receiving a high-fat diet.
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INTRODUCTION
Recently many animal owners, especially pet owners have been providing fatty food with high cholesterol levels that
exceed the normal needs of the pet body (Lichtenstein et al., 2006). Cholesterol is a result of the body metabolism of
edible fats (Ghadir et al., 2010). Increased exogenous fat, such as consumption of a high-fat diet, will increase the
triglyceride content in the liver. In a study on mice, an increase in hepatic triglyceride content ultimately occurred within
10 days after receiving a high-fat diet (Den Boer et al., 2004). The pattern of giving a high-fat diet interference with the
cholesterol synthesis of the body. It can damage the liver, which causes fatty degeneration, necrosis, and in a state of
continuation, can cause liver cirrhosis and chronic liver disease since the cholesterol is synthesized, especially in the
liver and intestinal wall (Murray et al., 2003).
High consumption of fat can produce free radicals or oxidants through chemical changes process which is called
"oxidation" (Calleja et al., 1999). The main target of free radicals are proteins, unsaturated fatty acids, lipoproteins, and
DNA. The earliest known and most widely studied mechanism of cell or tissue damage due to free radical attack is lipid
peroxidation. Most lipid peroxidation occurs in cell membranes, especially in unsaturated fatty acids which are the
important components that make up cell membranes. This lipid peroxidation will affect fluidity, structure, and function
of cell membranes and affect individual metabolism, including lipid metabolism, and cause lesions in the liver tissue in
the form of lipotoxicity (Chao et al., 2001; Koch et al., 2007).
One type of herb that has the potential to reduce cholesterol levels and contains enough antioxidants that can be used
to improve damaged cell function is Purslane (Portulaca oleracea, Babazadeh et al., 2021). Purslane is one of the weeds
that can be used as a source of natural antioxidants. It has high iron and omega-3 content (Balk et al., 2006; Cheng et al.,
2021). Purslane contains the highest omega-3 fatty acids among vegetables that have been studied previously. The
Purslane omega-3 fatty acids prevent the formation of free radicals by donating an electron to the lipid biomembrane, as
a result, the stability and functional integrity of the cell membrane will be increased (Besong et al., 2011).
The utilization of purslane as a therapeutic agent for hypercholesterolemia has begun to spread. Thus, the current
study aimed to determine the effectiveness of Purslane extract provision (Portulaca oleracea L.) on liver
histopathological images in white rats (Rattus norvegicus) with a high-fat diet.
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MATERIALS AND METHODS
Ethical approval
All experimental protocols and procedures were approved by the Institutional Animal Care of Indonesia.
Experimental design
This study had an experimental research design with a completely randomized design. The variables included
independent, dependent, and control variables. The independent variable was the dose of Purslane leaf extract (Portulaca
oleracea L.), the dependent variable was the microscopic histopathology of the white rat liver and the control variables
were experimental animals and their gender, body weight, food, age, and environment
Materials
Materials used in the current research included 10 kg fresh Purslane leaf extract (Portulaca oleracea L.) which had
been cut into small pieces, then aerated until it became dry, then it was made into simplistic powder. Simplisia was
immersed in 96% ethanol for three days and then given a multilevel dose (Besong et al., 2011). Another material that had
been used as a high-fat diet was lard. The common dose of lard for humans is 150 mg/day, then the dose was converted
for white rats and it was equaled to 0.018 × 150 grams = 2.7 grams/ 200 grams BW/day. Thus, the provision of lard in
white rats was 3 grams/200 grams BW/day (Ariantari et al., 2010). A high-fat diet suspension was made by mixing 300
grams (399.9 mL) of lard and 200 grams (230 mL) of duck egg yolk into 100 mL water and 1% Carboxymethyl
Cellulose Sodium (CMC Na 1%) 1 ml.
Sampling
The experiment was performed on the livers obtained from 20 male white Wistar strain rats aged 8-12 weeks with an
average body weight of 150-200 grams. Standard feed and drinking water were given ad libitum to all-white rats (Rattus
norvegicus). A total number of 20 male white rats, were randomized completely based on 5 treatments (with 4 rats in
each group) and each treatment had 4 replications (Kusriningrum, 2012). Rats were placed in individual cages by
randomization. Prior to the treatment, the rat was adapted for seven days in the Experiment Animal Cage of the Faculty
of Veterinary Medicine, Universities Airlangga, Surabaya. This study lasted one year. Each treatment group consisted of
four rats. The negative control group (K-) received standard feed (Pellet) for 56 days and 1mL of Carboxymethyl
Cellulose Sodium 1% (CMC Na 1%) from the 29th day to the 56th day. The positive control group (K+) received
standard feed and a high-fat diet for 56 days. The P1, P2, P3 treatment groups were given standard feed and a high-fat
diet for 56 days, and Purslane extract solution with 54 mg/day, 108 mg/day, and 216 mg/day doses which were added
from days 29 to 56, respectively.
Histopathology of rat liver
At the end of the study, the rats were euthanized and their livers were removed. The rats had been euthanized under
direct observation and samples from their liver were taken for histopathological preparations such as Hematoxylin-Eosin
(H&E) staining. Observation of the histopathological changes of rat hepatocytes included a picture of cell degenerations,
such as fat vacuole in the cytoplasm (microvesicular or macrovesicular) and the presence or absence of necrosis signs
(cell death), i.e., the hepatocyte nucleus appeared pycnotic, karyorrhexis, and karyolysis in five visual fields. To
distinguish the severity of hepatocyte changes from one rat liver to another, the researchers classified them into five
categories based on the average percentage of hepatocytes experiencing degeneration and necrosis. In the first category,
liver cell damage did not occur in five fields of view. In the second, third, fourth, and fifth categories, 0-25%, 25-50%,
50-75%, and 75-100% of liver cells degenerated or experienced necrosis in five visual fields, respectively (Brunt et al.,
1999). The magnification was set at 100× to determine which area would be observed, a magnification of 400× was used
to more closely observe the characteristics of cells undergoing degeneration and necrosis. Observations were done using
an Olympus CX 21 microscope, starting from the central venous area and other areas until five fields of view were
obtained. Observational data based on the severity of liver cell damage were statistically analyzed.
Statistical analysis
The obtained results were then put under the difference test with the Kruskal Wallis statistical analysis test. If there
was a significant difference (p < 0.05), the Mann-Whitney test would be carried out to find out the differences between
groups. All data were processed using the SPSS application, Statistical Program for Social Science 20 for windows.
RESULTS
The fatty degeneration of white rats (Rattus norvegicus) hepatocytes
Histopathological examination of the rat’s liver treated with extract of purslane was followed by induction of a highfat diet. The results of mean ranks of fatty degeneration tested with the Kruskal Wallis test indicated significant
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differences (p < 0.05) and the results of the mean fatty degeneration using the Mann Whitney test did not indicate any
significant difference between the treatment groups. The mean rank values of fatty degeneration of white rat hepatocytes
are presented in Table 1.
As can be seen in Table 1, the mean value of fatty degeneration in each treatment group decreased although it was
not significant. This was due to the different treatment which the K- treatment group was only given 1% CMC Na 1 mL
on the 29th day, while the P3 treatment group was given Purslane extract therapy with a dose of 216 mg/kg BW, but still,
differences were not significant. The P1 and P2 groups were, respectively, treated with Purslane extract at a dose of 54
mg/BW kg and 108 mg/BW kg, both groups also represented mean degeneration values that were not significantly
different from the K-treatment group which was only given CMC Na 1% of 1 ml. Histopathological images of white rats'
livers that experienced fatty degeneration can be seen in Figure 1.
Based on the degeneration image, it could be clearly seen that there was a cytoplasm of hepatocyte cells in the fat
vacuole as pointed by arrows. The picture was taken with a 400× magnification with H&E staining. The image results of
the P1 treatment group did not indicate a significant difference from the P2 treatment. The K+ treatment group indicated
the most severe fatty degeneration, compared to the other treatments since the K+ was not treated by using Purslane
extract and was only given a high-fat diet for 56 days. The P3 treatment represented the least fatty degeneration of
hepatocytes after a high-fat diet for 56 days with Purslane extract which was given for 28 days at a dose of 216 mg/kg
BW, compared to the P1 and P2 treatment groups after high-fat diet given for 56 days and with Purslane extract at a dose
of 54 mg/kg BW and 108 mg/kg BW. This indicated that the administration of Purslane extract at a dose of the P3
treatment group was able to repair hepatocyte damage after a high-fat diet.

Table 1. Mean values of fatty degeneration in the liver
cells of rats given Purslane extract on a high-fat diet
Treatment
K+
KP1
P2
P3

Mean rank of fatty degeneration ± SD
1.60 c ±0.01
a

0.55 ±0.01
c

1.45 ±0.01

0.432
0.412
0.191

0.85

ab

±0.01

0.251

0.60

ab

±0.01

0.432

* Different superscripts (a, b, and c) in the same column show
significant differences (p < 0.05). K+: Positive control group,
K-: Negative control group, P1, P2, and P3: Treatment groups
with the Purslane extract therapy at the doses of 54, 108, and
216 mg/day, respectively. SD: Standard Deviation.

Figure 1. Image of fatty degeneration in rat hepatocytes in
treatment group P2 as was given Purslane extract therapy
with a dose of 108 mg/kg/BW

White rat hepatocytes necrosis
Microscopic observations of liver cell necrosis were analyzed by using the Kruskal Wallis test and indicated
significant differences (p < 0.05), the results from the analysis were tested using Mann Whitney test and presented
significant differences (p < 0.05) between treatment groups. The results of statistical analysis of hepatocyte necrosis
observations can be seen in Table 2.
According to Table 2, the K-treatment group that was only given 1 mL of CMC Na 1% was significantly different (p
< 0.05) from the treatment groups P1, P2, and P3 who were given Purslane extract with sequential doses of 54 mg/Kg
BW, 108 mg/Kg BW and 216 mg/Kg BW, respectively, which experienced decreased mean rank of necrosis. The
decrease of necrosis means value in the P3 treatment group that was given Purslane extract at a dose of 216 mg/kg BW
was the most significant, with the K-treatment group only given 1 mL of CMC Na 1%. Histopathological images of the
liver in white rats that experienced necrosis can be seen in Figure 2.
Histological image of white rat hepatocytes in the P3 group which was treated with Purslane extract at a dose of 216
mg/Kg BW resulted in the presence of a normal nucleus of hepatocyte cells as indicated by the yellow arrow and
karyolysis appearing of the nucleus as indicated by the red arrow. The picture was taken with H&E staining at 400×
magnification. The K+ treatment group presented the most severe necrosis compared to the P3 treatment group. This was
due to the K+ was not given a treatment with Purslane extract and was only given a high-fat diet for 56 days, whereas,
P3 treatment was given Purslane extract at a dose of 216 mg/kg BW which demonstrated smaller necrosis that was equal
to 1.20 ± 0.000 approaching the mean value of necrosis in the negative treatment group that is equal to 1.00 ± 0.000.
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Table 2. Mean values of hepatocyte necrosis of rats
given Purslane extract on a high-fat diet
Treatment
K+
KP1
P2
P3

Mean rank of necrosis ± SD
1.85d±0.01

0.412

a

0.000

cd

0.191

bc

0.191

b

0.000

1.00 ±0.01
1.55 ±0.01
1.25 ±0.01
1.20 ±0.01

Different superscripts (a, c) in the same column show significant
differences (p < 0.05). K+: Positive control group, K-: Negative
control group, P1, P2, and P3: Treatment groups with the Purslane
extract therapy at the doses of 54, 108, and 216 mg/day, respectively.
SD: Standard Deviation.

Figure 2. Description of necrosis in rat liver hepatocytes in
treatment groups

DISCUSSION
High-fat diets can result in the formation of free radicals in the body (Lobo et al., 2010). In the current study, in the
control group with no Purslane extract, the fatty degeneration was worse than the treatment group with Purslane extract.
This condition can lead to various degenerative diseases, such as diabetes, cancer, diseases of the heart organ, and
nervous system attacking diseases (Apostolova et al., 2011). The formation of free radicals causes serious damage to the
health of the body including ischemia of the liver (Cichoż-Lach and Michalak, 2014).
In the present study, Purslane extract was able to repair damage to the liver of rats on a high diet. In P3 treatment,
after giving a high-fat diet for 56 days and Purslane extract for 28 days at a dose of 216 mg kg/BW, the least amount of
fatty degeneration in hepatocytes was observed. The tendency of Purslane extract in repairing hepatocytes damage is due
to the presence of antioxidants and other compounds, including organic acids (oxalic acid, caffeine acid, malic acid, and
citric acid), alkaloids, coumarin, flavonoids, cardiac glycosides, anthraquinone glycosides, alanine, catecholamines,
saponins, and tannins (Boroushaki et al., 2004; Xin et al., 2008). In addition, Purslane also contains the highest
concentration of omega-3 fatty acids, β-sitosterol (Rasheed et al., 2004), and beta carotene (Barbosa-Filho et al., 2008).
Thus, the Purslane content can inhibit the occurrence of degenerative diseases and protect other compounds from
oxidation
Several endogenous enzymes can ward off free radicals (Muriel, 2009). However, if the number of free radicals is
excessive, due to a high-fat diet, the body needs exogenous antioxidants to ward off free radicals, therefore, antioxidants,
such as Purslane extract, are needed as a medicinal ingredient to reduce the excess of free radicals in the body (PhamHuy et al., 2008). The last phase of ischemia is the occurrence of necrosis (Parola and Robino, 2001). The K+ treatment
indicated a very severe image of necrosis, compared to other treatment groups. Liver necrosis is generally a continuation
of a chronic history of liver disease (Parola and Robino, 2001). The decrease in necrosis is not yet significant because the
number of active substances that act as antioxidants in purslane extract at these doses is still not effective enough to fight
free radicals.
Liver damage necrosis can occur both focal or massive. Focal necrosis is local necrosis and affects only a few
hepatocytes. However, massive necrosis or extensive necrosis affects the entire liver lobe. Cell death occurs as a result of
plasma membrane damage and is preceded by several morphological changes such as cytoplasmic edema, dilatation of
endoplasmic reticulum, triglyceride accumulation, mitochondria swelling, separation of organelles and their nuclei. The
liver can regenerate, but extensive liver necrotic can lead to liver damage and even failure (Hodgson, 2004).
In the liver, free radicals due to the interference with cell membrane permeability and its function can cause
oxidative stress which is characterized by damage to cell membranes and proteins, including enzymes (Mohssen, 2001;
Babazadeh et al., 2021). Damage to cell membranes disrupts the ion channel process. The disturbed ion channel will
cause ionic leakage and an increase in the amount of intracellular Ca 2+. Increased intracellular Ca2+ can also be affected
by damage to the function of Ca2+ATPase and the Na+-Ca2+ exchanger system as a result of free radical attacks
(Halliwell, 2007).
CONCLUSION
Purslane extract can reduce hepatocyte cell damage after giving high-fat diets. However, it has not been able to
overcome the occurrence of necrosis yet. High-fat diets have not yet given the effect of triglyceride accumulation in
hepatocytes in the form of fat vacuoles above normal limits.
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