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ABSTRACT. Dyslipidemia damages the liver characterized by increased inflammatory markers such as 

CRP (C-reactive protein) and histopathological alterations. Ling Zhi mushroom could improve the 

complications of dyslipidemia in the liver.  The research objective was to determine the effect of ethanolic 

extract of Ling Zhi mushroom and to find the effective dose on the improvement of lipid profile, CRP and 

liver histopathology in dyslipidemia rats. The experiment methods were true experiments with post test 

only with control group design to 30 rats, were divided into 6 treatment groups, in example group 1 

(healthy), group 2 (dyslipidemia), group 3 (dyslipidemia + simvastatin 0.18 mg/200 KgBW), group 4 

(dyslipidemia + 200 mg/KgBW extract), group 5 (dyslipidemia + 400 mg/KgBW extract) and group 6 

(dyslipidemia + 800 mg/KgBW extract). Examining lipid profiles using the principle of enzymatic reaction 

reagents such as cholesterol oxidase peroxidase aminoantypirin (CHOD-PAP), glyserol peroxidase 

phosphat acid (GPO-PAP), LDL direct and phosphotungstat reagent, CRP using ELISA method, and 

observing liver histopathology using an Olympus CX23 microscope with 100x and 400x magnification, 

computed using Scheuer scoring. The Brown Forsthe and Games Howell tests for CRP and LDL, as well 

as One Way ANOVA and Post hoc LSD testing for lipid profiles, were used for the statistical analysis. 

There were no significant differences (p values>0.05) between groups 4, 5, and 6, and the results indicated 

that the lipid profiles and CRP values in groups 4, 5, and 6 compared to group 2 exhibited significant (p 

values<0.05).  The ethanolic extract of Ling Zhi mushrooms at a dose of 800 mg/KgBW and 200 mg/KgBB, 

respectively, improved the histopathological conditions in the portal and lobular areas, respectively, with 

an improvement in inflammation but no necrosis. It concluded that there was an effect on the improvement 

of lipid profile, CRP and liver histopathology from the dose of 200 mg/KgBW ethanolic extract of Ling 

Zhi mushroom. 
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INTRODUCTION 

Dyslipidemia is one of the chronic diseases in Indonesia and data from RISKERDAS 2018 shows 

that 54.4% of the population aged ≥15 years have abnormal cholesterol levels (Azqinar et al., 2022). 

The prevalence of dyslipidemia in Indonesia in the age group 25-34 years is 9.3% and increases with 

age to 15.5% in the age group 55-64 years (Lainsamputty & Gerungan, 2022).   Unhealthy lifestyle 

conditions such as smoking, lack of physical activity and a high-fat diet led to dyslipidemia (Agung, 

2021; Aman et al., 2022; Pappan and Rehman, 2022). 

Continuous dyslipidemia conditions cause damage to the liver with the accumulation of lipid 

deposits in the form of droplets in hepatocytes. The composition of the droplets are triglycerides and 

https://creativecommons.org/licenses/by/4.0/
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fatty acids as a result of unbalanced lipid metabolism. Steatosis is a condition where hepatocytes 

accumulate large amounts of fat (fatty liver). Factors that cause steatosis are an increase in free fatty 

acids from adipose tissue into the liver, increasing of lipogenesis in the liver and decreasing of 

oxidation process of fatty acids in hepatocytes and the imbalance of the releasing of triglycerides 

from hepatocytes derived from very low density lipoprotein (VLDL). The histological analysis of the 

lobular area, fibrosis, and portal area shows the type of injury. There are three types of injury that are 

evident: necrosis, fibrosis, and inflammation (Theise, 2013; Arvind et al, 2019). Damage to the liver 

causes hepatocytes to secrete an acute phase protein called C-reactive protein (CRP) with stimulation 

from the proinflammatory cytokine interleukin-6 (IL-6) released by macrophages in hepatocytes 

(Badimon et al., 2018; Sproston and Ashworth, 2018). Increased levels of CRP in the form of 

pentameric CRP (pCRP) result in plaque in the blood vessels by activating nuclear factor kappa B 

(NF-κB) and increasing the expression of adhesion molecules such as E-Selectin and monocyte 

chemoattractant protein-1 (MCP-1) and inducing polarization of monocytes. On the other hand, CRP 

monomers (mCRP), which are activated by low-density lipoprotein (LDL) through oxidation, are 

present in blood vessels during the atherogenesis stage. Isomeric changes from the pCRP and mCRP 

forms are due to the process of apoptosis of leukocytes which will produce reactive oxygen species 

(ROS) and increase the chemotaxis of monocytes (Badimon et al., 2018). 

Dyslipidemia-related organ damage can have catastrophic consequences, but medicinal herbs can 

be used for a long time with minimal danger of side effects and undesired drug interactions. 

Ganoderma lucidum, also known as Ling Zhi fungus, is one of the commonly utilized medicinal 

plants in Chinese medicine. Ethanolic extracts from Ling Zhi mushrooms are able to improve 

inflammatory conditions in the liver by increasing the status of mitocondrial antioxidants and 

suppressing the process of mitcondrial stress (Lin and Yang, 2019). Ling Zhi mushrooms contain 

bioactive compounds such as terpenoids, sterols, steroids, peptides and polysaccharides. Triterpenoid 

compounds such as ganoderic, lucidenic and ganodermic acids can be acts as antioxidants, 

antidislipidemia, antimicrobial and hepatoprotective. Amino acids such as histidine, lysine, 

phenylalanine and leucine act as antioxidants. Ganoderic acid is able to inhibit cholesterol synthesis 

by inhibiting 3-hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA) reductase. Terpenoid 

compounds are also able to inhibit the process of reducing the inflammatory response by reducing 

CRP values by inhibiting NF-κB and activator protein-1 (AP-1) in the nucleus (Chiu et al., 2017; 

Chan et al., 2021). 

The goal of this study was to ascertain the optimal dosage of ethanolic Ling Zhi mushroom 

extract for reducing inflammation, enhancing dyslipidemia symptoms, and repairing liver damage. 

 

MATERIALS AND METHODS 

Study area.  The research method using experimental method with post test only with control 

group design using dyslipidemia animal model. The study's exclusion criteria are if any of the white 

mice used in the experiment die, while the inclusion requirements are that the mice must be male, 

have a body weight of ± 200 grams, and be between 10 and 12 weeks old. The mice will be of the 

Wistar strain (Rattus novergicus). The number of animals using the Federer formula obtained 24 rats 

which were divided into 6 groups with each group of test animals amounting to 4 heads with an 

estimated drop out of 10% so that each rat treatment tested was 5. The number of experimental 

animals using the Federer formula is (k-1)(n-1)≥15, where k is the number of treatments. and n is the 

number of samples (Nelder and Federer, 1955). The treatment of the groups are group 1 (experimental 

animals given standard feed, group 2 (experimental animals given high fat diet/HFD), group 3 

(experimental animals given high fat diet and simvastatin at a dose of 0.18 mg/200g BW), group 4 

(experimental animals given a high-fat diet and Ling Zhi mushroom ethanolic extract 200 mg/KgBB), 

group 5 (experimental animals given a high-fat diet + Ling Zhi mushroom ethanolic extract at 400 

mg/KgBB) and group 6 (experimental animals given a high-fat diet + Ling Zhi mushroom ethanolic 

extract at 800 mg/KgBB). High fat diet is made up of premade pellets for pigs (Pokphand 551), mice 
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fed 30 g/head/day of cat pellets (BOLT), and tubers like carrots and cassava fed three times a day. a 

week, one medium-sized fruit every three months each drum. This research held on Laboratory of 

Research, and Laboratory of Experimental Animal, Faculty of Medical, Universitas Jenderal 

Soedirman, Clinical Laboratory Medico Labora Purwokerto, and Laboratory of Anatomical 

Pathology Waskitha Yogyakarta and using ethical number No.003/KEPK/PE/XI/2022 from Ethic 

commission, Faculty of Medical, Universitas Jenderal Soedirman. 

Extraction of Ling Zhi mushroom. The mushroom is collected from CV Asa Agro Corporation 

in Cianjur, West Java. Mushroom are determined in Laboratory of Mycology, Faculty of Medical, 

Universitas Jenderal Soedirman, by detrermination number No.001/01.MF/X/2022. Extraction held 

in Laboratory of Plant Physiology, Faculty of Biology, Universitas Jenderal Soedirman. The 

extraction process begins macerated of Ling Zhi mushroom body by the stepping powder from Ling 

Zhi mushrooms weighing 1000 g was dissolved with 2500 ml of 96% ethanol, stirred until all parts 

of the mushroom were evenly distributed and macerated at 60oC for 72 h using a macerator. The 

extract was filtered using coarse filter paper, dried using a vaccum rotary evaporator at 40oC and at a 

pressure of 100 mBar to remove the remaining liquid and obtain a thick ethanolic extract of Ling Zhi 

mushroom. The extract is poured into a cup and evaporated on a hot plate (Endah, 2017; Chairunnisa 

et al., 2019; Ratnaningtyas et al., 2018). 

Dyslipidemia animal model. Animals were made dyslipidemic by giving propylthiouracil 

(PTU) at a dose of 12.5 mg/day in two divided doses so that each administration was 6.25 mg for 14 

days. The dose for each administration was dissolved with distilled water 2 ml by dissolving 2 PTU 

tablets (100 mg PTU) dissolved with 64 ml of distilled water to obtain a PTU concentration of 3.125 

mg PTU/ml and also giving duck egg yolk and quail egg yolk given as much as 2 ml every day. The 

administration of duck egg yolk and quail eggs is given orally once a day as much as 2 ml.  PTU 

administration as an inducer of dyslipidemia because it can inhibit the production of thyroid hormones 

by inhibiting the deidonase enzyme that catalyzes the change from triiodothyronine (T4) to thyroxine 

(T3) in the thyroid gland and peripheral tissues, resulting in hyportiroidism. This condition has a 

direct effect on lipoprotein metabolism, namely an increase in cholesterol levels, especially LDL, 

caused by suppression of LDL receptor protein 1 (LRP1), the decreasing of the enzymes hepatic 

lipase like lipoprotein lipase (LPL) and cholesterol ester transfer protein (CETP) so that there is a 

decrease in LDL degradation and lipid metabolism is disrupted (Abdi et al, 2019; Untari and 

Pramukantoro, 2020; Wu et al., 2020). 

Administration of simvastatin and ethanolic extract of Ling Zhi mushroom. Simvastatin 10 

mg was dissolved into 100 ml of aquadest to obtain a simvastatin concentration of 0.1 mg/ml. Group 

3 was given a simvastatin dose of 0.18 mg and the volume of simvastatin solution given was 2.0 ml. 

Simvastatin administration is given once a day for 21 days.  The dose of group 4 was given  extract 

in  200 mg/kgBB or 0.2 mg/gBB with the  body weight of ± 200 grams then the calculation of  dose 

of Ling Zhi mushroom as much as the Ling Zhi mushroom dose (mg/gBB) x rat body weight (0.2 mg 

/ gBBx 200 grams) = 40 mg, at a dose of 400 mg/kgBB given 80 mg and at a dose of 800 mg/kgBB 

given 160 mg. Ling Zhi mushroom extract was taken orally once a day after being diluted in 2.0 ml 

of purified water for 21 days (Furi and Wahyuni, 2011). 

Blood plasma collection. Blood was drawn by inserting a heparin microhematocrit capillary 

tube into the retro orbital vein of the right eye of the rat as much as 3 ml, then the blood was put into 

a purple tube containing ethylenediaminetetraacetic acid (EDTA) to prevent lysis of blood cells. 

(Nugroho, 2018). Blood samples were centrifuged at 6000 rpm for 10 minutes. In this study, the 

plasma part was taken at the top. 

Lipid profile examination. Lipid profile examination (total cholesterol, LDL, HDL and 

triglycerides) uses enzymatic principles, for the examination of total cholesterol using cholesterol 

oxidase peroxidase aminoantypirin reagent (CHOD-PAP), triglycerides using glycerol peroxidase 

phosphat acid reagent (GPO-PAP) and LDL using LDL direct reagent and HDL using 

phosphotungstat reagent (Ministry of Health, 2010). The procedure for lipid profile examination was 
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carried out by taking 200 μL of plasma and adding 500 μL with each reagent for lipid profile 

examination. The sample was allowed to stand for 10 minutes, centrifuged for 10 minutes at 6000 

rpm (Department of Health, 2010). After mixing, the next process is that the test tube is labeled with 

a standard blank and the test tube is purchased with a sample label, and adjusted to the number of 

samples examined. The mixture was homogenized with a vortex and incubated for 10 minutes at 

room temperature and measured the absorbance of standards and samples using a spectrophotometer 

with a wavelength of 546 nm (Ministry of Health, 2010). 

CRP examination. The CRP examination was carried out using the ELISA method by taking 40 

μl of rat blood plasma, putting it into the well and adding 10 μl of CRP biotin antibody. As a standard, 

CRP standards with concentrations of 75 ng/L, 150 ng/L, 300 ng/L, 600 ng/L and 120 ng/L were 

used. CRP samples and standards were added with horseradish peroxidase (HRP) of 50 μl each and 

incubated for 1 hour at 370C and then washed with wash buffer 3 times @ 350 ml using an ELISA 

washer and added chromogen A and B substrates of 50 μl each. After incubating in the dark for 15 

minutes, 0.1 N HCl stopping solution @ 100 μl was added. The absorbance of samples and standards 

was measured on an ELISA reader with a wavelength of 450 nm and the results of the standard 

calibration curve were used to determine CRP levels in rat blood plasma (BT Laboratories, 2012). 

Termination of animal experiment. After blood samples are taken, the experimental animals 

are anesthetized with ether and terminated by cervical dislocation, which is a holding the rat's neck 

with a strong enough holder or held using the thumb and other parts of the body with the procedure 

the tail is pulled as hard as possible so that the rat dies quickly. The advantage of using this method 

is that it does not affect the examination results, especially on organs (Abdillah et al., 2020; Leary et 

al., 2020). 

Histopathological examination of liver. Liver was taken from the peritoneal cavity then cutted 

to smaller size and then put into a container containing 0.9% NaCl solution. Preparation of liver 

histological preparations by cutting using a microtome with a thickness of 3-5 mm. The stages of 

making hepatic organs are as follows fixation, trimming, dehydration, embedding, cutting, staining, 

and reading. Staining using hematoxylin-eosin (HE). The reading in this study was done using an 

Olympus cx23 microscope with magnification of 100x and 400x (Jusuf, 2009; Setyawati et al, 2016; 

Berata et al., 2018). 

Statistical analyze. Lipid profile and CRP data were calculated for mean and standard deviation 

then tested for normality using Shapiro-Wilk test and data homogeneity test using Levenes's test. The 

parameters of total cholesterol, HDL, and triglycerides were examined using One Way ANOVA to 

see changes between treatments, and the Post Hoc LSD test was then used to determine whether there 

were significant differences between the groups. One Way ANOVA and Post Hoc LSD tests and 

Brown-Forsythe test and Games-Howell test if the data were normally distributed but not 

homogeneous. In liver histopathology, the degree of damage to the porta, lobular and fibrosis areas 

was calculated using the Scheuer scoring method. 

 

RESULTS AND DISCUSSION 

Effect of Ling Zhi mushroom ethanolic extract on lipid profile. Dyslipidemia is characterized 

by increased levels of total cholesterol, LDL, triglycerides and decreased HDL values caused by 

changes in lipid metabolic pathways. The cause of exogenous factors with a high-fat diet is an 

increase in the absorption of fatty acids, total cholesterol and triglycerides in the small intestine form 

chylomicrons whereas endogenous factors caused by lipid metabolism disorders such as changes in 

genes that regulate lipid metabolism. Liver r secretes VLDL and will be converted into LDL or HDL 

by lipoprotein lipase (LPL). Another type of LDL is lipoprotein a (Lp(a)) which is an LDL molecule 

with added Apo.A. and increased levels of Lp(a) are associated with the risk of arterosclerosis (Mosca 

et al., 2022). In dyslipidemia, cholesterol accumulation increases intercellular adhesion molecule-1 

(ICAM-1) and E-Selectin which causes monocyte adhesion. Adhesion will cause monocytes to turn 
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into macrophages and produce (MCP-1), increase ox-LDL and increase radical oxygen species (ROS) 

which cause endothelial dysfunction resulting in inflammation (Bereda, 2022).  

 

 
Fig. 1. Total cholesterol level after treatment, K1 (healthy group), K2 (dyslipidemia group), K3 (dyslipidemia group + 

Simvastatin 0.18 mg/200g BW, K4 (dyslipidemia group + mushroom extract 200 mg/KgBB, K5 (dyslipidemia group + 

mushroom extract 400 mg/KgBB) and K6 (dyslipidemia group + mushroom extract 800 mg/KgBB). Note:  * = significant 

difference between K2 and K1, K3, K4, K5, K6 (Post Hoc LSD; p > 0.05). 

 

The results of the lipid profile examination in figure 1, 2, 3, and 4 show that the average value of 

group 1, the values of LDL, HDL, triglycerides and total cholesterol are in the normal range, because 

in group 1 the experimental animals only given standard feed. The increasing in total cholesterol 

value was observed in group 2 in 94.44%, LDL by 156.75%, triglycerides by 100.98% and a decrease 

in HDL by 54.38%. The average of group 3 was decreased of total cholesterol, triglycerides, LDL 

and increased the value of HDL. The use of simvastatin as a dyslipidemia agent with statin mechanism 

inhibits the HMG-CoA reductase enzyme which is an enzyme that converts HMG-CoA into 

mevalonic acid and produces sterols to produce cholesterol in the liver. Another method for reducing 

LDL is to increase absorption at LDL receptors, which will cause a drop in plasma LDL levels (Zodda 

et al., 2018). The mean values of groups 4, 5, and 6 given Ling Zhi mushroom ethanolic extract at a 

dose of 200 mg/KgBB, 400 mg/KgBB and 800 mg/KgBB decreased in LDL, triglyceride and total 

cholesterol levels and increased HDL values. There was no significant difference with statistical 

calculations between groups 4, 5 and 6 (p value> 0.05) this indicates that starting from a dose of 200 

mg/kgBB ethanolic extract of Ling Zhi mushroom is able to improve the condition of dyslipidemia. 
 

 

 
Fig. 2. Total LDL level after treatment, K1 (healthy group), K2 (dyslipidemia group), K3 (dyslipidemia group + 

Simvastatin 0.18 mg/200g BW, K4 (dyslipidemia group + mushroom extract 200 mg/KgBB, K5 (dyslipidemia group + 

mushroom extract 400 mg/KgBB) and K6 (dyslipidemia group + mushroom extract 800 mg/KgBB). Note:  * = significant 

difference between K2 and K1, K3, K4, K5, K6 (Post Hoc Games Howell, p > 0.05) 
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Fig. 3. Total HDL level after treatment, K1 (healthy group), K2 (dyslipidemia group), K3 (dyslipidemia group + 

Simvastatin 0.18 mg/200g BW, K4 (dyslipidemia group + mushroom extract 200 mg/KgBB, K5 (dyslipidemia group + 

mushroom extract 400 mg/KgBB) and K6 (dyslipidemia group + mushroom extract 800 mg/KgBB). Note:  * = significant 

difference between K2 and K1, K3, K4, K5, K6 (Post Hoc LSD; p > 0.05) 

 

 
Fig. 4. Total triglyceride level after treatment, K1 (healthy group), K2 (dyslipidemia group), K3 (dyslipidemia group + 

Simvastatin 0.18 mg/200g BW, K4 (dyslipidemia group + mushroom extract 200 mg/KgBB, K5 (dyslipidemia group + 

mushroom extract 400 mg/KgBB) and K6 (dyslipidemia group + mushroom extract 800 mg/KgBB). (Note: * = significant 

difference between K2 and K1, K3, K4, K5, K6 (Post Hoc LSD; p > 0.05) 

 

 
Fig. 5. Total CRP level after treatment, K1 (healthy group), K2 (dyslipidemia group), K3 (dyslipidemia group + 

Simvastatin 0.18 mg/200g BW, K4 (dyslipidemia group + mushroom extract 200 mg/KgBB, K5 (dyslipidemia group + 

mushroom extract 400 mg/KgBB) and K6 (dyslipidemia group + mushroom extract 800 mg/KgBB). (Note: * = significant 

difference between K2 and K1, K3, K4, K5, K6, # = significant difference between K3 and K1, K4, K5, K6 (Post Hoc 

LSD; p > 0.05) 
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Fig. 6. Hepar histology of Rats after treatment. Observations at 100x and 400x magnification using an Olympus cx23 

microscope. Staining using Hematoxylin-Eosin (HE).  K1 (healthy group), K2 (dyslipidemia group), K3 (dyslipidemia 

group + Simvastatin 0.18 mg/200g BW, K4 (dyslipidemia group + mushroom extract 200 mg/KgBB, K5 (dyslipidemia 

group + mushroom extract 400 mg/KgBB) and K6 (dyslipidemia group + mushroom extract 800 mg/KgBB). Note: arrows 

A (Blood vessels), B (Necrosis characterized by cell lysis), C (Inflammation characterized by lymphocyte inflitration) 

 

An additional mechanism contributing to the amelioration of dyslipidemia conditions is the 

upregulation of ABC transporters (ABC1 and ABCG1) in the heparin, which is essential for the 

creation of HDL (Lai et al, 2020). Alteration also occurs in lipid metabolism in the hepar, namely by 

lipid excretion through increased bile acids through feces through increased activity against the 

CYP7A1 enzyme (Lai et al, 2020). 

Triterpenoid compounds also increase the expression of the liver X receptor alpha (LRXα) gene 

in the liver and small intestine (Lai et al., 2020). The LRXα gene contributes increasing of ABCA1 

and ABCG5, where the function of ABCA1 plays a role in converting cholesterol into apolipoprotein 

A1 (APOA1), which is the formation of HDL whereas ABCG5 plays a role in changing from 

cholesterol to bile acids by increasing the function of RCT through an increase in CYP7A1 (Lai et 

al., 2020).  Triterpenoid compounds also inhibit cholesterol absorption in the small intestine through 

the increasing of expression of ABCG5/8 (Lai et al., 2020). In the inflammatory process with the 

formation of foam cells in the blood vessels, triterpenoid compounds are able to increase the 

expression of LRXα in macrophages through an increase in ABCA1 and ABCG1 so that it will bring 

cholesterol back into the liver so that foam cells do not occur (Lai et al, 2020). 

Effect of Ling Zhi mushroom ethanolic extract on CRP. A marker of inflammatory reaction 

is the measurement of CRP, an acute phase protein that characterizes tissue damage. Elevated levels 
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of CRP are risk factor for cardiovascular diseases such as myocardial infarction, stroke, and 

atherosclerosis because it induces vasoconstriction, proliferative, and inflammatory molecules. CRP 

production with activating of the NF-κB complex. NF-κB is a transcription factor involved in various 

biological processes such as in immune response, cell survival, and cell maturation. NF-κB 

transcription factor consists of five genes namely NFKB1, NFKB2, RELA, REL, and RELB which 

produce RelA (p65), RelB, c-Rel, p50, and p52 proteins respectively. Activation of NF-κB involves 

phosphorylation-dependent degradation of IκB protein IKKβ resulting in inflammation (Wynants et 

al., 2013). 

In this study, it was found that the mean value of CRP values was highest in group 2 then decrease 

in groups 3, 4, 5, and 6 as shown in figure 5 and decreased in group 3 due to the administration of 

statin drugs can reduce LDL, triglyceride and total cholesterol levels and increase HDL levels. 

Dyslipidemia conditions will cause inflammatory conditions. With this condition, there will be a 

decrease in CRP as a response to the decrease in the inflammatory process. Statin drugs reduce CRP 

by inhibiting the mechanism of pro-inflammatory cytokine IL-6 which stimulates CRP production in 

the liver and by reducing LDL levels by statins will also reduce ox-LDL where if ox-LDL has high 

levels it will trigger arterosclerosis and increase CRP production from endothelial cells through 

suppression of adhesion molecules on endothelial cells (Kandelouei et al., 2022). The mean values in 

groups 4, 5 and 6 decreased CRP higher than group 3 but the decrease between groups 4, 5 and 6 

showed that at a dose of 200 mg / kg BW the ethanolic extract of Ling Zhi mushrooms could 

significantly reduce CRP levels compared to the statin group, although not statistically significant. 

This is due to bioactive compounds, namely tritepenoids and sterols contained in Ling Zhi 

mushrooms, which inhibit the response of pro-inflammatory cytokines and inhibit NF-κB so that there 

is a decrease in the inflammatory response (Özden et al., 2022). Tritepenoid compounds which are 

derivatives of terpenoid compounds inhibit 10% cyclooxygenase-2 (COX2) and reduce iNOS. 

Another mechanism is related to its antioxidant properties by providing H+ ions to ONOO- thus 

neutralizing free radicals derived from lipid peroxidation (Tiyah et al., 2023). 

Effect of ethanolic extract of Ling Zhi mushroom on hepatic histopathologic features. In 

this study no fibrosis condition was found in all groups of rats. In the porta area, no damage was 

found in group 1 but damage was found in groups 2, 3, 4 and 5 as shown in figure 6. The form of 

damage found was inflammation in the port area in all treatment groups 2, 3, 4 and 5 and the mild 

piecemal necrosis to zone 1 hepar in was found in samples 2.2 and 4.2 and in group 6 the liver 

histopatologycal are normal. Inflammatory conditions were also found in the lobular area in all 

treatment of groups 2, group 3 (3.1 and 3.2) and inflammatory conditions were found in group 4 (4.2). 

Damage to the liver organ as a result of dyslipidemia conditions is caused by changes in lipid 

metabolic pathways and inflammatory trigger factors (NF-κB) which will increase the number of 

kupffer cells and activation of hepatic stellate cells and the production of collagen matrix and cause 

inflammatory conditions in the hepatic organ (Byrne and Targher, 2015; Li et al, 2021). The necrosis 

condition is caused by damage to the cell membrane as a result of inflammation causing an increase 

in the concentration of Ca2+ ions into the cytoplasm (Byrne and Targher, 2015; Li et al, 2021).  The 

increasing of Ca2+ ions result in depolarization of the mitochondria and a subsequent reduction in 

proton ions and ATP production resulting in an increase in the size of the mitochondria and damage 

to the outer membrane that will cause damage to cell organelles (Byrne and Targher, 2015; Li et al, 

2021).  Another mechanism related to the process of necrosis is the activation of NFκB and a decrease 

in caspases and an increase in receptor interacting protein-1 (RIP1) (Byrne & Targher, 2015; Li et al, 

2021). This increase in RIP 1 will result in the formation of necrotic bodies and increase the 

occurrence of ROS and oxidative phosphorylation so that damage to cell membranes and organelles 

will occur (Byrne & Targher, 2015; Li et al, 2021). 

Triterpenoid compounds in cases of damage complications of dyslipidemia reduce cholesterol 

and triglyceride levels by activating the mechanism of the action of the enzyme acetyl-CoA 

carboxylase (ACC) which affects suppression of fatty acid oxidation and reduction of ROS by giving 
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H+ ions from triterpenoid compounds to free radicals in the form of oxygen radicals which comes 

from the process of lipid peroxidation and also increasing superoxide dismutase (SOD) enzyme 

activity (Ratnaningtyas et al., 2018; Ahmad et al., 2023). 

This study showed that at a concentration of 800 mg/KgBW of Ling Zhi mushroom ethanolic 

extract it was able to repair damage to the liver in the form of mild inflammation and piecemal 

necrosis in zone 1 of the liver in the portal area and at a dose of 200 mg/kgBW it was able to improve 

inflammatory conditions in the portal area which can be seen in the histopathological examination of 

the liver. This is because the triterpenoid compounds contained in the Ling Zhi mushroom suppress 

the expression of NF-κB, iNOS, COX-2 and IL-6 and reduce apoptotic cell death (Qiu et al, 2019; 

Zhao et al, 2019). Another repair mechanism is by increasing the endogenous antioxidant and 

decreasing the process of lipid peroxidation (Qiu et al, 2019; Zhao et al, 2019). Increasing SOD is 

able to reduce free radical levels so as to maintain the integrity of the cell membrane. Free radicals in 

dyslipidemic conditions are generated as a result of lipid peroxidation which produces the compound 

malondialdehyde (MDA) which is captured by SOD which acts as an antioxidant (Qiu et al, 2019; 

Zhao et al, 2019). Triterpenoid compounds are also able to inhibit the activity of the β-glucoronidase 

the enzyme as an indicator of liver damage by acting as an antioxidant mechanism and keeping Ca2+ 

ion levels in normal hepatocytes. Reduced hydropic degeneration in hepatocytes and a decrease in 

the quantity of cells exhibiting necrotic conditions are signs of necrotic conditions, which are caused 

by an excessive increase in Ca2+ ions from the endoplasmic reticulum as a result of inflammatory 

conditions. (Qiu et al, 2019; Zhao et al, 2019). 

Future research is expected to observe the other organs that are affected by dyslipidemia such as 

the kidneys and heart by observing the biochemical parameters and histopathological examinations. 

Another suggestion is that it is necessary to examine the levels of β2-microglobulin in the kidneys 

and NT-proBNP in the heart because β2-microglobulin and N-terminal prohormone of brain 

natriuretic peptide (NT-proBNP) are one of the parameters to see the damage of kidney and heart. 

The limitations in this study were not examining other organs affected by dyslipidemic conditions 

such as the kidneys and studying the expression of β2-microglobulin protein and histopathological 

features of the kidneys. The other limitation is the Federer formula which does not consider type I 

and type II errors that leads to increased bias in the research. 

 

CONCLUSION 

Ling Zhi mushroom ethanolic extract at doses of 200 mg/Kg BW, 400 mg/Kg BW and 800 

mg/Kg BW was able to reduce LDL levels, total cholesterol, triglycerides and CRP and increase HDL 

levels and improve liver histopathological conditions in dilipidemic rat models. The effective dose of 

ling zhi mushroom ethanolic extract to improve lipid profile, CRP and improve liver histopathological 

condition is 200 mg/KgBW in dyslipidemia rat model. 
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