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 A high fat diet (HFD)is one of the main causes of obesity and is closely linked to 
metabolic disorders brought on by stress and malfunctioning tissues. Propolis (Trigona Honey) is 
considered to be helpful in treating inflammatory diseases because it has also been demonstrated 
to have anti-inflammatory and anti-free radical properties. This study to demonstrate how 
much propolis supplementation affects BW, NF-kB, CysC, and ACE2 levels in Wistar rats 
(Rattus norvegicus) fed a HFD. Post-test and control group designs in an experimental setup. 
A total of twenty-four rats were randomly assigned to four groups of six. Group I received a 
normal diet for sixteen weeks (ND), Group II received a high fat diet (HFD) for sixteen weeks 
(HFD), Group III received an HFD for sixteen weeks plus propolis for eight weeks (HFD-8), and 
Group IV received an HFD and propolis for sixteen weeks (HFD-16). Using the Enzyme-Linked 
Immunosorbent Assay (ELISA), body weight (BW), serum NF-kB, Cys C, and ACE2 levels were 
measured before treatment (week 0), after 8 weeks of HFD (HFD-8) (week 8), and after 16 weeks 
of HFD (HFD-16). The mean starting weight in the ND, HFD, HFD-8, and HFD-16 groups did 
not differ significantly (p > 0.001). By week eight, the HFD group's body weight had increased 
considerably (254.83 grams vs. 202.0 grams) in comparison to the ND group (p<0.001). The 
HFD and HFD-8 groups' body weight increased significantly at week 16 in comparison to the 
ND group (334.83 grams and 269.50 grams vs. 208.67 grams) (p<0.001). At week 16, there 
was no discernible difference in mean BW between ND and HFD-16 (p > 0.001). There was 
no significant difference found in the mean initial NF-κB levels between the ND, HFD, HFD-8, 
and HFD-16 groups (p > 0.001). At week 8, NF-κB levels in the HFD group were significantly 
higher (5,038 ng/ml vs. 3,655 ng/ml) (p<0.001) than in the ND group. At week 16, NF-κB levels 
in the HFD and HFD-8 groups were notably higher than those in the ND group (p<0.001), at 
6,136 ng/ml and 4,378 ng/ml, respectively, compared to 3,775 ng/ml. Between ND and HFD-16, 
there was no significant distinction in the mean NF-κB levels at week 16 (p>0.001). There was 
no significant difference observed in the mean CysC and ACE2 between the ND, HFD, HFD-8, 
and HFD-16 groups (p > 0.001). CysC and ACE2 levels in the HFD group were significantly 
higher than those in the ND group at week 8, and in the HFD and HFD-8 groups, they were 
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significantly higher than those in the ND group at week 16. When propolis is administered 
for eight weeks, the rise in BW, NF-κB, CysC, and ACE2 is suppressed until the eighth week, at 
which point it increases once more until the sixteenth week. Propolis administration, however, 
will halt the rise in BW, NF-κB, CysC, and ACE2 until the sixteenth week. Conclusion: Propolis 
administration for 16 weeks can suppress the increase in BW, LI, RI, NF-kB, CysC and ACE2 
levels in rats given a high fat diet (HFD).

Keywords: ACE2; Body Weight (BW); CysC; High fat diet (HFD); Lee Index;
NF-κB; Obesity; Propolis (Trigona Honey); Rohrer Index; Wistar rat (Ratus Norvegicus).

 Obesity is found in adults, adolescents 
and children. Over 1.9 billion adults worldwide 
are overweight, and over 650 million adults are 
obese. According to the WHO, obesity results in 
the death of 2.8 million adults annually.1 Nationally, 
data from the 2018 National Health Research 
(Riskesnas) of Indonesia showed that 26.6 percent 
of the adult population aged over 18 years had 
central obesity and shows a rapid increase from 
2007 where the population experiencing central 
obesity reached 18.8 percent. South Sulawesi, 
Indonesia is one of 18 provinces with the highest 
prevalence of central obesity.2 
 One of the dominant causes of obesity 
is a high fat diet, where the amount of a high fat 
diet correlates strongly with the degree of obesity.3 
Obesity contributes to the risk for several diseases, 
such as cancer, metabolic syndrome, cardiovascular 
disease, hypertension, and diabetes, and decreases 
the body’s defenses and immune system.4 and is 
a major contributor to the risk of kidney diseases, 
such as chronic kidney disease (CKD).5,6 
 Metabolic diseases caused by stress and 
dysfunction of tissues are strongly associated with 
obesity. Obesity can cause the body to react in 
various ways, such as producing more T helper 
1 and 17, which in turn trigger the inflammatory 
process by producing proinflammatory cytokines 
like IL6, IL-2, and IFNg.7,8  
 By increasing metabolic rate and renal 
tubular reabsorption, obesity may increase the 
possibility of developing CKD in its earliest phases. 
This results in compensatory renal vasodilatation, 
glomerular hyperfiltration, elevated glomerular 
capillary pressure, and glomerular hypertrophy. 
Although the altered renal hemodynamics and 
increased glomerular filtration rate (GFR) initially 
compensate the increased tubular reabsorption and 

allowed a balance between salt and water intake 
and output, which must be maintained, gradually 
increasing mechanical stress on the glomerular 
capillaries may lead to slow injury development.9,10 
 Several studies have been done in traditional 
herbal medicine including Propolis.11,12,13,14,15,16,17,18  
Propolis is useful in the world of health with various 
therapeutic effects including anti-inflammatory, 
antioxidant, anticarcinogenic, antibacterial, 
antifungal, antiprotozoal, antiviral, antidiabetic.19,20 
Flavonoids are one of the main compounds 
involved in this function.21 Several previous 
studies on the compounds found in propolis have 
yielded similar levels of accuracy in identifying 
the presence of phenolic compounds in propolis 
using the HPLC-MS/MS and HPLC-UV methods.22 
Similarly, the literature has described a few of 
propolis’s biological activities as well as those of 
its isolated compounds.23

 Furthermore, an evaluation of the 
potential bioactive compounds and antioxidant 
activity of propolis which contains phenolic and 
flavonoid compounds has been carried out. The 
results showed a high total phenolic and flavonoid 
content.24 Fifty-nine phenolic compounds were 
found and quantified in the hydroalcoholic propolis 
extract using a novel targeted HPLC-PDA-ESI/MS 
method, which also demonstrated the antioxidant 
activity of propolis samples.25

 Analysis of phenolic compounds 
(flavonoids and phenolic acid derivatives) in 
propolis using HPLC-MS/MS is the main active 
constituent of the propolis resin fraction and 
Propolis ethanol extracts from Spain, Argentina 
and Italy indicate approximately the same total 
ion chromatogram (TIC) profile, according to an 
analysis of flavonoids from propolis using online 
HPLC-electrospray mass spectrometry.26.27 Overall, 
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several previous studies show that phenolic 
compounds and their derivatives are the main 
active components of propolis.
 Propolis has also been proven to be a 
potential anti-inflammatory agent and an agent 
for reducing the production of free radicals so it 
is thought to be useful for treating inflammatory 
diseases.28 In in vivo tests to see the benefits 
of propolis on the respiratory system in mice’s 
defence against cigarette smoke and propolis 
administration was found to be able to restore 
the levels of antioxidant enzymes such as 
glutathione peroxidase, superoxide dismutase, 
and catalase, as well as biochemical markers of 
inflammation and oxidative stress such as nitrite 
and myeloperoxidase.29 
 NF-kB is a key player in the regulation 
of inflammation and has been linked to metabolic 
abnormalities like obesity.30 NF-kB achieves this 
by encouraging the production of several pro-
inflammatory genes. As a well-studied modulator 
of inflammation and immunity, the NF-kB pathway 
relates the inflammatory and metabolic responses 
in obesity and serves as a starting point for a 
more comprehensive understanding of metabolic 
disorders and the development of novel therapeutic 
approaches.31

 Furthermore, NF-kB has strongly related 
to inflammatory processes in musculoskeletal 
injury and acne vulgaris via activated Toll-like 
receptor17; infectious diseases32 and inflammation 
causing the progression of cardiovascular damage 
by Doxorubicin induction.33  
 It has been demonstrated that serum CysC 
is an early and reliable biomarker of chronic kidney 
disease (CKD). This is especially useful for patients 
for whom elevated creatinine is not a suitable 
marker or for whom more sophisticated glomerular 
filtration rate (GFR) measurement techniques are 
not feasible.34 
 The renin-angiotensin system (RAS) 
pathway produces the inflammatory hormone 
ACE2, which is secreted by excess adipose 
tissue in obesity. Insulin resistance and obesity 
are closely linked to RAS activity. Furthermore, 
RAS function is modulated by oxidative stress, 
inflammatory responses, and mitochondrial 
dysfunction. When RAS function is compromised, 
the detrimental processes stated above cause 

widespread dysfunction in the majority of 
tissues.35,36 
 The purpose of this study is to find out 
the extent to which propolis affects the following 
parameters: body weight (BW), NF-kB, CysC, 
Rohrer Index (RI), and ACE2 levels in Wistar rats 
(Ratus norvegicus) fed a high-fat diet (HFD)

METHODS

Animal experiment
 This type of research is an experimental 
study that uses a control group and a post-test 
design. A total of thirty rats were split into five 
groups at random, with the same number (n=6) in 
each group. The experimental animal groups were 
divided into three groups: group I received a normal 
diet (ND-0) for two weeks, group II received a 
high-fat diet (HFD-8) for eight weeks, and group 
III served as the control. were given a normal diet 
for eight weeks (ND-8), group IV received a high-
fat diet for sixteen weeks (HFD-16), and group V 
received a normal diet for sixteen weeks (ND-16). 
 All experimental animals have free 
access to food and drink (ad libitum). Weight 
measurements were carried out every week in 
order to know the increase in body weight of each 
rat. In each group, blood samples were taken by 
intravenous to determine NF-kB , CysC and ACE2  
levels. 
Obese rats
 Male Wistar strain white rats (Rattus 
norvegicus) that have been fed a high-fat diet 
(HFD) are referred to as obese rats. The Lee’s 
index and the Rohrer’s index were used to calculate 
the obesity of rats. If the Rohrer index is more 
than 30 and the Lee index is more than 300, mice 
are considered obese.37 A high-fat diet, defined 
as one that contains the following macronutrient 
composition: 4.1% ash/minerals, 21.4% fat, 50% 
carbohydrates, 3.5% fibre, and 7.5% protein, 
has been shown to induce weight gain and/or 
obesity.36,38

Propolis Treatment 
 The propolis is part of Trigona Honey, 
obtained from beekeeping in the Masamba 
subdistrict, South Sulawesi, Indonesia, and then 
through honey processing. In this place, the process 
is through settling, filtering, and then it is obtained 
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into Trigona honey in Medicinal Plants Laboratory 
of Hasanuddin University Research Center, 
Indonesia.18,19 The dose of Propolis according to the 
previous study is 0.27 ml.18 The dose of Propolis in 
this study is 0.27 ml per oral every day for 8 weeks 
for Group HFD-8 and 16 weeks for Group HFD-
16. The dose of Propolis according to the previous 
study is 0.27 ml. The dose of Propolis in this study 
is 0.27 ml per oral every day for 8 weeks for Group 
HFD-8 and for 16 weeks for Group HFD-16. 
Examination of NF-kB, CysC and ACE2 levels 
using the ELISA
 Using a 19–21 gauge tail intravenous 
needle, 0.5 ml of blood was drawn. The blood was 
then placed in a sample tube, and the serum was 
separated using a 500x rpm centrifuge.
 Using the Enzyme Linked-Immunosorbent 
Assay (ELISA) Technique, the levels of CysC, 
ACE2, and NF-kB protein were examined. Before 
use, the serum from the intravenous rat samples 
was taken out of the -80oC freezer and placed on 
ice. To ensure that the ELISA results were valid, 
each sample was duplicated. The first step involved 
filling each well with 100 µL of Assay Diluent that 
contained protein buffer. Next, each well received 
100 µL of Standard solution, which contained 
diluted samples from rat serum or recombinant rat 
NF-kB targets from the established kit. 
 Next, it was incubated at room temperature 
for two hours. After filling each well with the 
liquid, rinse with sterile PBS. We did this washing 
procedure four times in a row. Each well was then 

filled with 200 µL of conjugate liquid containing 
streptavidin HRP, covered with a plastic cover, 
and allowed to incubate for two hours at room 
temperature. The liquid was drawn in, and four 
more times, sterile PBS was used for washing. The 
following procedure involved adding 200 µL of 
TMB-containing Substrate Solution to each well, 
which was then read using an ELISA Reader 270 
(Biomerieux, France).11

Data analysis
 A significance level of < 0.001 was 
applied to all data analyses performed using SPSS 
version 25.0. Figures, tables, and narratives will be 
utilized for presenting the results of the analysis.
 To assess differences in BW, LI, RI, NF-
kB, CysC and ACE2 levels between groups given 
Propolis, HFD and ND, a one-way ANOVA test 
was used. To determine the correlation between 
duration of Propolis administration and BW, LI, RI, 
NF-kB, CysC,and ACE2, the Pearson correlation 
test is used. The correlation between the Propolis 
group and BW, LI, RI, NF-kB, CysC, and ACE2 
was determined using the same test.

RESULTS

Effect of Propolis on increasing BW on HFD
 Table 1 shows the effect of giving Propolis 
for both 8 weeks and 16 weeks on BW in Wistar rats 
(Rattus Norvegicus) model with HFD compared 
to ND. At the beginning of the study, weight was 
measured (week 0) and then measurements were 

Table 1. Effect of Propolis on BW in HFD

Group Time                                                         BW (gram)
  mean ± SD p value

Normal Diet Week 0 vs 8 197.83 ± 2.31 vs 202.0 ± 3.74 >0.001
 Week 0 vs 16 197.83 ± 2.31 vs 208.67 ± 6.83 >0.001
 Week 8 vs 16 202.00 ± 3.74 vs 208.67 ± 6.83 >0.001
HFD Week 0 vs 8 198.50 ± 3.14 vs 254.83 ± 28.18 <0.001
 Week 0 vs 16 198.50 ± 3.14 vs 334.83 ± 11.94 <0.001
 Week 8 vs 16 254.83 ± 8.18 vs 334.83 ± 11.94 <0.001
HFD + Propolis Week 0 vs 8 197.33 ± 1.86 vs 214.33 ± 7.73 >0.001
(8 weeks only) Week 0 vs 16 197.33 ± 1.86 vs 269.50 ± 9.33 <0.001
 Week 8 vs 16 214.33 ± 7.73 vs 269.50 ± 9.33 <0.001
HFD + Propolis Week 0 vs 8 197.67 ± 3.88 vs 214.67 ± 7.60 >0.001
(16 weeks) Week 0 vs 16 197.67 ± 3.88 vs 223.83 ± 11.01 <0.001
 Week 8 vs 16 214.67 ± 7.60 vs 223.83 ± 11.01 >0.001

p value <0.001 is significant different 
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Table 2. Effect of Propolis on Lee Index (LI) in HFD 

Group Time Lee Index
  mean ± SE p value

Normal Diet Week 0 vs 8 222.00 ± 12.00 vs 234.00 ± 13.00 >0.001
 Week 0 vs 16 222.00± 12.00 vs 250.00 ± 19.00 >0.001
 Week 8 vs 16 234.00 ± 13.00 vs 250.00 ± 19.00 >0.001
HFD Week 0 vs 8 220.00 ± 21.00 vs 335.00± 24.00 <0.001
 Week 0 vs 16 220.00 ± 21.00 vs 375.00± 13.00 <0.001
 Week 8 vs 16 335.00± 24.00 vs 375.00± 13.00 <0.001
HFD + Propolis Week 0 vs 8 222.00± 15.00 vs 258.00± 27.00 >0.001
(8 weeks only) Week 0 vs 16 222.00± 15.00 vs 310.00± 14.00 <0.001
 Week 8 vs 16 258.00± 27.00 vs 310.00± 14.00 <0.001
HFD + Propolis Week 0 vs 8 221.00± 17.00 vs 257.00± 13.00 >0.001
(16 weeks) Week 0 vs 16 221.00± 17.00 vs 272.00± 15.00 <0.001
 Week 8 vs 16 257.00± 13.00 vs 272.00± 15.00 >0.001

p value <0.001 is significant different 

Table 3. Effect of Propolis on RI in HFD  

Group Time                                   Rohrer Index
  mean ± SE p value

Normal Diet Week 0 vs 8 27.34 ± 1.82 vs 29.28 ± 1.41 >0.001
 Week 0 vs 16 27.34 ± 1.82 vs 30.55 ± 1.33 >0.001
 Week 8 vs 16 29.28 ± 1.41 vs 30.55 ± 1.33 >0.001
HFD Week 0 vs 8 27.25 ± 1.27 vs 51.58 ± 2.20 <0.001
 Week 0 vs 16 27.25 ± 1.27 vs 62.87 ± 1.44 <0.001
 Week 8 vs 16 51.58 ± 2.20 vs 62.87 ± 1.44 <0.001
HFD + Propolis Week 0 vs 8 27.34 ± 1.59 vs 30.29 ± 1.27 >0.001
(8 weeks only) Week 0 vs 16 27.34 ± 1.59 vs 44.74 ± 1.38 <0.001
 Week 8 vs 16 30.29 ± 1.27 vs 44.74 ± 1.38 <0.001
HFD + Propolis Week 0 vs 8 27.29 ± 1.51 vs 30.33 ± 0.85 >0.001
(16 weeks) Week 0 vs 16 27.29 ± 1.51 vs 32.82 ± 2.09 <0.001
 Week 8 vs 16 30.33 ± 0.85 vs 32.82 ± 2.09 >0.001

p value <0.001 is significant different 

carried out at week 8 (week 8) and week 16 (week 
16).
 The initial mean weight in the ND group 
was 197.83 grams and increased to 202.00 grams 
at week 8 and 208.67 grams at week 16. There was 
no significant increase in weight in the ND group 
between weeks 0 and 8 or 16 (p >0.001).
 On the other hand, there was a noteworthy 
increase in body weight (p<0.001) in the HFD 
group from weeks 0–8. The initial mean weight in 
the HFD group was 198.50 grams, then increased 
to 254.83 grams at week 8 and 334.83 grams at 
week 16 (Table 1).

 In the HFD group with 8 weeks of 
Propolis administration, the initial mean BW was 
197.33 grams and 214.33 grams at week 8. At 
week eight, there was not a significant increase (p 
>0.001) in BW between the pre-and post-8 weeks 
of propolis administration (HFD-8). The average 
body weight (BW) of the HFD-8 group at week 16 
was 269.50 grams, and the BW of the HFD group 
increased significantly (p<0.001) between weeks 0 
and 16 and between weeks 8 and 16 after receiving 
8 weeks of propolis (HFD-8).
 Furthermore, there was not a significant 
increase in body weight (197.67 grams vs. 223.83 
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Table 4. Effect of Propolis on NF-kB in HFD 

Group Time                             NF-kB (ng/ml)
  Mean ± SE p Value

Normal Diet Week 0 vs 8 3.65± 0.12 vs 3.74 ± 0.06 >0.001
 Week 0 vs 16 3.65 ± 0.12 vs 3.77 ± 0.06 >0.001
 Week 8 vs 16 3.74 ± 0.06 vs 3.77 ± 0.06 >0.001
HFD Week 0 vs 8 3.68 ± 0.15 vs 5.038± 0.20 <0.001
 Week 0 vs 16 3.68 ± 0.15 vs 6.13± 0.05 <0.001
 Week 8 vs 16 5.03± 0.20 vs 6.13 ± 0.05 <0.001
HFD + Propolis Week 0 vs 8 3.69 ± 0.14 vs 3.78 ± 0.09 >0.001
(8 weeks only) Week 0 vs 16 3.69 ± 0.14 vs 4.37 ± 0.14 <0.001
 Week 8 vs 16 3.78 ± 0.09 vs 4.37 ± 0.14 <0.001
HFD + Propolis Week 0 vs 8 3.70 ± 0.12 vs 3.81 ± 0.12 >0.001
(16 weeks) Week 0 vs 16 3.70 ± 0.12 vs 3.85 ± 0.08 >0.001
 Week 8 vs 16 3.81 ± 0.12 vs 3.85 ± 0.08 >0.001

p value <0.001 is significant different 

Table 5. Effect of Propolis on serum CysC level in HFD

Group Time                      Serum Cystatin C level  (ng/ml)
  mean ± SE p value

Normal Diet Week 0 vs 8 1.042 ± 0.02 vs 1.06 ± 0.03 >0.001
 Week 0 vs 16 1.04 ± 0.02 vs 1.10 ± 0.02 >0.001
 Week 8 vs 16 1.06 ± 0.03 vs 1.10 ± 0.02 >0.001
HFD Week 0  vs 8 1.04 ± 0.02 vs 1.35 ± 0.08 <0.001
 Week 0  vs 16 1.04 ± 0.02 vs 1.90 ± 0.10 <0.001
 Week 8 vs 16 1.35 ± 0.08 vs 1.90 ± 0.10 <0.001
HFD + Propolis Week 0  vs 8 1.04 ± 0.03 vs 1.08 ± 0.03 >0.001
(8 weeks only) Week 0  vs 16 1.04 ± 0.03 vs 1.47 ± 0.16 <0.001
 Week 8 vs 16 1.08 ± 0.03vs 1.47 ± 0.16 <0.001
HFD + Propolis Week 0  vs 8 1.04 ± 0.02 vs 1.08 ± 1.128 >0.001
(16 weeks) Week 0  vs 16 1.04 ± 0.02 vs 1.12 ± 0.06 >0.001
 Week 8 vs 16 1.08 ± 1.12 vs 1.12 ± 0.06 >0.001

p value <0.001 is significant different 

grams) between weeks 0 and 8 in the HFD-16 
group that received propolis. Between week 0 and 
week 16, the mean body weight (BW) of the HFD-
16 group increased significantly (p<0.001), from 
197.67 grams to 223.83 grams. But in the HFD-16 
group, there was not a significant increase in mean 
BW between weeks 8 and 16 (214.67 grams vs. 
223.83 grams) (p>0.001). (Table 1)
 The pattern of BW increase following 
HFD, HFD + Propolis for 8 weeks (HFD-8) and 
HFD + Propolis for 16 weeks (HFD-16) is shown 
in Figure 1 starting from the study’s beginning 

(week 0), week 8, and week 16. The HFD group’s 
weight increased significantly between weeks 
eight and sixteen. The ND group’s weight did not 
significantly increase between weeks eight and 
sixteen. Meanwhile, an increase in weight was 
found in the HFD-8 group that was in line with 
the ND group. and HFD-16 at week 8, but by week 
16 there had been a significant increase in weight. 
However, the increase in weight at week 16 was 
lower than with HFD. In contrast, the HFD-16 
group shown an increase that was almost in line 
with the ND group both at week 8 and week 16. 
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Table 6. Effect of Propolis on plasma ACE2 level in High Fat Diet HFD   

Group Time                     Plasma ACE2 (ng/ml)
  mean ± SE p value

Normal Diet Week 0 vs 8 1.86 ± 0.04 vs 1.94 ± 0.08 >0.001
 Week 0 vs 16 1.86 ± 0.04 vs 2.03 ± 0.12 >0.001
 Week 8 vs 16 1.94 ± 0.08 vs 2.03 ± 0.12 >0.001
HFD Week 0  vs 8 1.86 ± 0.04 vs 3.70 ± 0.31 <0.001
 Week 0  vs 16 1.86 ± 0.04 vs 4.91 ± 0.05 <0.001
 Week 8 vs 16 3.70 ± 0.31 vs 4.91 ± 0.05 <0.001
HFD + Propolis Week 0  vs 8 1.86 ± 0.07 vs 2.08 ± 0.12 >0.001
(8 weeks only) Week 0  vs 16 1.86 ± 0.07 vs 3.52 ± 0.08 <0.001
 Week 8 vs 16 2.08 ± 0.12 vs 3.52 ± 0.08 <0.001
HFD + Propolis Week 0  vs 8 1.87 ± 0.03 vs 2.06 ± 1.13 >0.001
(16 weeks) Week 0  vs 16 1.87 ± 0.03 vs 2.11 ± 0.08 >0.001
 Week 8 vs 16 2.06 ± 1.13 vs 2.11 ± 0.08 >0.001

p value <0.001 is significant different 

Fig. 1. Effect of Propolis on Body Weight (BW) in the ND, HFD groups, Propolis Administration for 8 weeks on 
HFD+Propolis (HFD-8) and Propolis Administration for 16 weeks on HFD+Propolis (HFD-16)

Between the beginning of the study and weeks eight 
and sixteen, there was not a significant increase in 
the ND group.
Effect of Propolis on increasing LI on HFD
 Table 2 shows the effect of giving Propolis 
for both 8 weeks and 16 weeks on the LI in 
Wistar rats (Rattus Norvegicus) model with HFD 
compared to ND. LI was measured in week 0 of 
the study, and further measurements were carried 
out in weeks 8 and 16 of the study.

 In the ND group, the mean LI started 
at 222.00 and increased to 234.00 at week 8 and 
250.00 at week 16. There was no statistically 
significant increase in LI in the ND group between 
weeks 0 and 8 or 16 (p>0.001).
 In contrast, the HFD group shown a 
significant increase in LI between weeks 0, 8 and/
or week 16 (p<0.001). The initial mean LI in the 
HFD group was 220.00, then increased to 335.00 
at week 8 and 375.00 at week 16 (Table 2).
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Fig. 2. Effect of Propolis on the Lee Index (LI) in the ND, HFD groups, Propolis Administration for 8 weeks on 
HFD+Propolis (HFD-8) and Propolis Administration for 16 weeks on HFD+Propolis (HFD-16)

Fig. 3. Effect of Propolis on the Rohrer Index (RI) in the ND, HFD groups, Propolis Administration for 8 weeks 
on HFD+Propolis (HFD-8) and Propolis Administration for 16 weeks on HFD+Propolis (HFD-16)

 The initial mean LI in the HFD group 
receiving 8 weeks of Propolis was 222.00, and at 
week 8, it was 258.00. At week eight, there was not 
a significant increase in LI (HFD-8) between pre- 
and post-8 weeks of propolis (p>0.001). At week 

16, the HFD-8 group’s average LI was 310.00. 
The LI in the HFD group significantly increased 
(p<0.001) between weeks 0 and 16 and between 
weeks 8 and 16 following the administration of 8 
weeks of propolis (HFD-8).
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Fig. 4. Effect of Propolis on the NF-kB in the ND, HFD groups, Propolis Administration for 8 weeks on 
HFD+Propolis (HFD-8) and Propolis Administration for 16 weeks on HFD+Propolis (HFD-16)

Fig. 5. Effect of Propolis on the CysC in the ND, HFD groups, Propolis Administration for 8 weeks on 
HFD+Propolis (HFD-8) and Propolis Administration for 16 weeks on HFD+Propolis (HFD-16)

 Furthermore, there was not a significant 
increase in LI between weeks 0 and 8 in the HFD-
16 group that received propolis administration 
for 16 weeks (221.00 vs 257.00). Between 
week 0 and week 16, the HFD-16 group’s mean 
LI significantly increased (221.00 vs. 272.00) 
(p<0.001). Nonetheless, the HFD-16 group’s mean 
LI did not see an increase significantly between 

weeks 8 and 16 (257.00 vs. 272.00) (p>0.001). 
(Table 2)
 Figure 2 shows the pattern of increasing 
LI after administering HFD, HFD + Propolis for 8 
weeks (HFD-8), and HFD + Propolis for 16 weeks 
(HFD-16) beginning at the beginning of the study 
(week 0), week 8, and week 16. In the HFD group, 
LI increased significantly between weeks eight and 
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sixteen. From week 8 to week 16, the ND group 
did not show a statistically significant increase in 
LI. Meanwhile, in the HFD-8 group, an increase in 
LI was seen which was in line with the ND group. 
and HFD-16 at week 8, but then the increase in LI 
was quite sharp at week 16. However, the increase 
in LI at week 16 was lower than with HFD. In 
contrast, the HFD-16 group shown an increase 
that was almost in line with the ND group both at 
week 8 and week 16. In the ND group there was no 
significant increase seen from the start of the study 
until week 8 and week 16. Overall, the pattern of 
LI increase in line with the increase in BW based 
on the length of administration of Propolis.
Effect of Propolis on increasing RI on HFD
 Table 3 shows the effect of giving Propolis 
for both 8 weeks and 16 weeks on the RI in the 
Wistar rat (Rattus Norvegicus) model with a HFD 
compared to a ND. RI was measured in week 0 of 
the experiment, and additional measurements were 
performed in weeks 8 and 16 of the study. The 
initial mean RI in the ND group was 27.340 and 
increased to 29.28 at week 8 and 30.55 at week 16. 
In the ND group there was no significant increase 
in RI between week 0, week 8 and/or week 16 
(p>0.001).
 RI increased significantly (p<0.001) in 
the HFD group between weeks 0–8 and/or 16 in 
contrast. In the HFD group, the mean RI started at 
27.25 and was up to 51.58 at week 8 and 62.87 at 
week 16 (Table 3).

 The initial mean RI in the HFD group 
receiving 8 weeks of Propolis administration was 
27.34, and at week 8, it was 30.29. At week eight 
(p>0.001), there was not a significant increase in 
RI between the pre- and post-8 weeks of propolis 
administration (HFD-8). At week 16, the HFD-8 
group’s average RI was 44.74, and after receiving 
8 weeks of propolis (HFD-8), the HFD group’s RI 
significantly increased between week 0 and 16 and 
between week 8 and 16.
 Moreover, there was not a significant 
increase in RI between weeks 0 and 8 in the HFD-
16 group that received propolis administration 
for 16 weeks (27.29 vs 30.33). Between week 0 
and week 16, the mean RI in the HFD-16 group 
increased significantly (27.29 vs 32.82) (p<0.001). 
Nonetheless, the HFD-16 group’s mean RI was not 
found to increase significantly between week 8 and 
16 (30.33 vs 32.82) (p>0.001). (Table 3)
 Figure 3 demonstrates the pattern of 
increasing RI after receiving HFD, HFD + Propolis 
for 8 weeks (HFD-8), and HFD + Propolis for 16 
weeks (HFD-16) following the start of the study 
(week 0), week 8, and week 16. In the HFD group, 
RI increased significantly between weeks eight and 
sixteen. From week 8 to week 16, the ND group 
failed to show a statistically significant increase in 
RI. Meanwhile, in the HFD-8 group, an increase in 
RI was seen which was in line with the ND group. 
and HFD-16 at week 8, but then the increase in RI 

Fig. 6. Effect of Propolis on the ACE2 in the ND, HFD groups, Propolis Administration for 8 weeks on 
HFD+Propolis (HFD-8) and Propolis Administration for 16 weeks on HFD+Propolis (HFD-16)
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was quite sharp at week 16. However, the increase 
in RI at week 16 was lower than with HFD. On 
the other hand, the HFD-16 group saw an increase 
that was almost in line with the ND group both at 
week 8 and week 16. In the ND group there was no 
significant increase seen from the start of the study 
until week 8 and week 16. Overall, the RI pattern 
increased in line with changes in the increase 
in BW and LI based on the duration of Propolis 
administration.
Effect of Propolis on increasing NF-kB on HFD
 Table 4 shows the effect of giving Propolis 
for both 8 weeks and 16 weeks on NF-kB in the 
Wistar rat (Rattus Norvegicus) model with a HFD 
compared to a ND. At the beginning of the study 
NF-kB was measured (week 0) and after that, 
measurements were taken at weeks eight (week 8) 
and sixteen (week 16).
 After starting at 3.65 ng/ml, the mean NF-
kB in the ND group increased to 3.74 ng/ml at week 
8 and 3.77 at week 16. There was no statistically 
significant increase in NF-kB in the ND group from 
week 0 to week 8 or week 16 (p>0.001).
 On the other hand, NF-kB significantly 
increased in the HFD group between weeks 0–8 
and/or week 16 (p<0.001). Before increasing to 
5,038 ng/ml at week 8 and 6,136 ng/ml at week 
16, the HFD group’s mean NF-kB was 3.68 ng/
ml (Table 4).
 The initial mean NF-kB in the HFD group 
receiving 8 weeks of Propolis administration was 
3,698 ng/ml, and by week 8, it had increased to 
3.78 ng/ml. 
 There was no significant increase in NF-
êB between before and after 8 weeks of propolis 
administration (HFD-8) at week 8 (p>0.001). The 
mean NF-kB in the HFD-8 group at week 16 was 
4.37 ng/ml and there was a significant increase in 
NF-kB in the HFD group after administering 8 
weeks of propolis (HFD-8) between week 0 and 
16 and between week 8 and week 16 (p<0.001).
 Additionally, there was not a significant 
increase in NF-kB between week 0 and 8 in the 
HFD group that received propolis for 16 weeks 
(HFD-16) (3.70 ng/ml vs 3.81 ng/ml). Between 
week 0 and week 16, the mean NF-kB in the HFD-
16 group did not significantly increase (3.70 ng/ml 
vs. 3.85 ng/ml) (p>0.001). Similarly, in the HFD-16 
group, there was no statistically significant increase 

in mean NF-kB between week 8 and week 16 (3.81 
ng/ml vs. 3.85 ng/ml) (p>0.001). (Table 4)
 Figure 4 demonstrates the pattern of 
increase in NF-kB following HFD, HFD + Propolis 
for 8 weeks (HFD-8), and HFD + Propolis for 16 
weeks (HFD-16) after the study’s start (week 0), 
week 8, and week 16. From week 8 to week 16, 
there was a significant increase in NF-kB in the 
HFD group. From week 8 to week 16, there was not 
a significant increase in NF-kB in the ND group.
 In the meantime, NF-kB increased in 
the HFD-8 group in line with the ND group. and 
HFD-16 at week 8, but at week 16, there was a 
seen increase in NF-kB. In contrast to the HFD 
group, the increase in NF-kB at week 16 was, 
nevertheless, smaller. On the other hand, at week 
8 and week 16, the HFD-16 group saw an increase 
that was similar to the ND group. 
 In the ND group there was no significant 
increase seen from the start of the study until week 
8 and week 16. Overall the pattern of increase 
in NF-kB in line with changes in the increase in 
BW, LI and RI based on the duration of Propolis 
administration.
Effect of Propolis on increasing CysC on HFD
 Table 5 shows the effect of giving Propolis 
for both 8 weeks and 16 weeks on serum CysC 
levels in Wistar rats (Rattus Norvegicus) model 
with HFD compared to ND. At the start of the 
study CysC was measured (week 0) and then 
measurements were carried out at week 8 (week 
8) and week 16 (week 16).
 In the ND group, the mean CysC started 
at 1.04 ng/ml and went up to 1.06 ng/ml at week 
8 and 1.10 at week 16. There was not a significant 
increase in CysC in the ND group from week 0 to 
week 8 or week 16 (p>0.001). On the other hand, 
there was a noteworthy increase in CysC in the 
HFD group during weeks 0–8 and/or 16 (p<0.001). 
In the HFD group, the mean CysC started at 1.04 
ng/ml and went up to 1.35 ng/ml at week 8 and 
1.90 ng/ml at week 16 (Table 5).
 The mean initial CysC in the HFD group 
receiving 8 weeks of Propolis administration was 
1.04 ng/ml, and by week 8, it had increased to 1.02 
ng/ml. At week eight, there was not a significant 
increase in CysC between pre- and post-8 weeks 
of propolis administration (HFD-8) (p>0.001). At 
week 16, the mean CysC in the HFD-8 group was 
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1.47 ng/ml. CysC in the HFD group increased 
significantly (p<0.001) after 8 weeks of propolis 
treatment (HFD-8) both between weeks 0 and 16.
 Furthermore, in the HFD group given 
propolis for 16 weeks (HFD-16) there was no 
significant increase in CysC between week 0 and 
week 8 (1.04 ng/ml vs 1.08 ng/ml). There was no 
significant increase in mean CysC in the HFD-16 
group between week 0 and week 16 (1.04 ng/ml 
vs 1.12 ng/ml) (p>0.001). Likewise, there was no 
significant increase in mean CysC between week 
8 and week 16 in the HFD-16 group (1.08 ng/ml 
vs 1.12 ng/ml) (p>0.001). (Table 5)
 Figure 5 demonstrates the pattern of 
increasing CysC following HFD, HFD + Propolis 
for 8 weeks (HFD-8) and HFD + Propolis for 16 
weeks (HFD-16) after the study’s start (week 0), 
week 8, and week 16. From week 8 to week 16, 
there was a significant increase in CysC in the HFD 
group. From week 8 to week 16, the ND group 
failed to show a statistically significant increase in 
CysC. Additionally, there was a gradual increase 
in CysC in the HFD-8 group. with the ND and 
HFD-16 groups at week 8, but by week 16, there 
had been an apparent increase in CysC. In contrast 
to the HFD group, the increase in CysC at week 16 
was, nevertheless, smaller.
 On the other hand, at week 8 and week 
16, the HFD-16 group saw an increase that was 
nearly comparable to the ND group. There was 
not a significant increase in the ND group from 
the beginning of the study until weeks eight and 
sixteen.
 Overall the pattern of increase in CysC 
in line with changes in the increase in BW, LI, 
RI and NF-kB based on the duration of Propolis 
administration. 
Effect of Propolis on increasing ACE2 on HFD
 Table 6 shows the effect of administering 
Propolis for both 8 weeks and 16 weeks on plasma 
levels of ACE2 in Wistar rats (Rattus Norvegicus) 
model with HFD compared to normal diet ND. At 
the start of the study ACE2 was measured (week 
0) and then measurements were carried out at week 
8 and week 16.
 In the ND group, the mean ACE2 started 
at 1,863 ng/ml and went up to 1.94 ng/ml at week 
8 and 2.03 at week 16. There was not a significant 
increase in ACE2 in the ND group from week 0 to 
week 8 or week 16 (p>0.001).

 However, ACE2 increased significantly 
(p<0.001) in the HFD group between weeks 0–8 
and/or week 16 as well. In the HFD group, the 
mean ACE2 started at 1.86 ng/ml and went up to 
3.70 ng/ml at week 8 and 4.91 ng/ml at week 16 
(Table 6).
 The initial mean ACE2 in the HFD group 
receiving 8 weeks of Propolis was 1.86 ng/ml, 
and by week 8, it had increased to 2.08 ng/ml. At 
week eight, there was not a significant increase in 
ACE2 between pre- and post-8 propolis (HFD-8) 
administration. (p>0.001). At week 16, the average 
ACE2 in the HFD-8 group was 3.52 ng/ml. The 
ACE2 in the HFD group increased significantly 
(p<0.001) between week 0 and 16 and between 
week 8 and 16 following 8 weeks of propolis 
administration (HFD-8).
 Additionally, there was not a significant 
increase in ACE2 between weeks 0 and 8 in the 
HFD-16 group that received propolis (1.87 ng/
ml vs 2.06 ng/ml). Between week 0 and week 
16, the mean ACE2 in the HFD-16 group did not 
significantly increase (1.87 ng/ml vs 2.11 ng/ml) 
(p>0.001). In the HFD-16 group, there was also 
not a significant increase in mean ACE2 between 
weeks 8 and 16 (2.06 ng/ml vs. 2.11 ng/ml) 
(p>0.001). (Table 6)
 Following HFD, HFD + Propolis for 8 
weeks (HFD-8) and HFD + Propolis for 16 weeks 
(HFD-16), Figure 6 demonstrates the pattern of 
increase in ACE2 starting from the beginning of 
the study (week 0), week 8 (week 8), and week 16 
after giving HFD. From week 8 to week 16, there 
was a significant increase in ACE2 in the HFD 
group. There was not a significant increase in ACE2 
in the ND group between weeks 8 and 16. In the 
meantime, the HFD-8 group’s ACE2 increased in 
a pattern in line with that of the ND group. and 
HFD-16 at week 8, but at week 16, there was a 
noticeable increase in ACE2. 
 In contrast to the HFD group, there was a 
less significant rise in ACE2 at week 16. However, 
at weeks eight and sixteen, the HFD-16 group saw 
an increase that was closely comparable to that 
of the ND group. In the ND group there was no 
significant increase seen from the start of the study 
until week 8 and week 16. 
 Overall the pattern of increase in ACE2 
in line with changes in increasing BB, LI, RI, NF-
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kB, and CysC based on the duration of Propolis 
administration.

DISCUSSION

 Overweight and obesity are thought to be 
the cause of 2.6 million deaths annually, according 
to WHO reports.1 Previous study revealed that 
the relationship between obesity and renal failure 
through several pathways still unclear. 
 From a biochemical perspective, obesity 
results from excess triacylglycerol in fat tissue 
due to daily energy intake exceeding daily 
energy expenditure. Obesity is associated with a 
significant increase in the morbidity of chronic 
diseases, including depression, type II diabetes, 
cardiovascular disease, and immobility. Childhood 
obesity increases the risk of developing chronic 
kidney disease (CKD) in adulthood and causes the 
same conditions to manifest earlier than usual.39

 Several critical physiological responses, 
including apoptosis, cell adhesion, proliferation, 
differentiation, and inflammation, are regulated by 
the NF-kB family of transcription factors.11,12,29,33  
The NF-kB pathway relates to the metabolic and 
inflammatory responses. Being a major contributor 
to inflammation, the NF-kB pathway can be used 
as a starting point to find out more about metabolic 
diseases like obesity caused by a high-fat diet.40  
 Previous studies have demonstrated that 
a high-fat diet (HFD) increases the activation of 
NF-kB associated with increased levels of NADPH 
oxidase components. Additionally, HFD can cause 
oxidative stress in prostate tissue by involving 
NADPH oxidase activity and NF-kB, which may 
result in intraprostatic inflammation and be a 
potential cause of prostate diseases such as BPH 
and prostate cancer.41

 According to our study, administering 
Propolis during a high-fat diet can effectively 
reduce the increase in NF-kB levels. According 
to current studies, nutritional overload and 
metabolic stress cause the fat cell transcriptome 
to be reprogrammed toward inflammation through 
NF-kB signaling. According to certain studies, 
inhibiting NF-kB signaling could assist with the 
metabolism of inflammation in adipose tissue 
associated with obesity.42

 An essential protein identified as CysC 
is filtered by the glomerulus after being non-

glycosylated, and it is used as an indicator to assess 
kidney function. The information demonstrates a 
possible genetic connection between non-alcoholic 
fatty liver disease in children and chronic kidney 
diseases. 
 Adult studies indicate a positive 
relationship between CysC levels and BMI. Based 
on some studies, elevated CysC levels in obese 
children may serve as an early prognostic marker 
of vascular risk.43 
 According to the study’s findings, 
administering propolis can reduce an increase in 
Cys C in animal models of high-fat diets (HFD), 
which indicates that propolis administration can 
reduce the risk of obesity-related chronic kidney 
disease (CKD).
 It has been demonstrated that serum 
CysC is an early and reliable biomarker of chronic 
kidney disease (CKD). This is especially useful 
for patients for whom creatinine is not a suitable 
marker or for whom more complex techniques for 
determining glomerular filtration rate (GFR) are 
not practicable.34  
 Through ectodomain shedding, the 
membrane-bound ectoenzyme ACE2 is released 
into the bloodstream. The renin-angiotensin 
system’s positive or negative feedback is thought 
to be responsible for either ectodomain shedding 
caused on by medication administration or disease, 
genetic factors, or differential gene expression. It 
is difficult to establish the relative contributions 
of each tissue to the blood’s release of ACE2, as 
circulating proteins originate from nearly every 
part of the body.44 
 According to the study’s findings, propolis 
administration can stifle the rise in plasma ACE2 
in animal models of high-fat diets (HFD), which 
means that propolis administration can be utilized 
to prevent the decline in kidney function that results 
from an HFD in obesity.
 Angiotensin 2 (AT2), a hormone with 
inflammatory characteristics that is generated in 
the renin-angiotensin system (RAS) pathway, 
is secreted by excess adipose tissue in obesity. 
Insulin resistance and obesity are closely linked 
to RAS activity. Furthermore, RAS function is 
modulated by oxidative stress, inflammatory 
responses, and mitochondrial dysfunction. Through 
the detrimental mechanisms outlined above, a 
disruption in RAS function results in widespread 
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dysfunction in the majority of tissues.35 Renin 
converts angiotensinogen to angiotensin I (ATI) 
at the cellular level. To synthesize angiotensin 2 
(AT2), the angiotensin converting enzyme (ACE) 
cleaves AT1. After AT2 interacts with type I G 
protein-coupled receptors on the cell surface, AT1R 
initiates a series of conditions that include insulin 
resistance, oxidative stress, vasoconstriction and 
inflammation.35,45 
 In a conclusion of this study, giving 
propolis for 16 weeks can prevent obesity, suppress 
the inflammatory process, prevent the risk of CKD 
and prevent damage to kidney function in obesity 
due to HFD. This shows that giving Propolis can 
be used as a supplement to suppress increases in 
BW, NF-kB, CysC and ACE2 in obesity.
 The limitation of this study is that it only 
looks at the upstream molecular mechanisms of 
Propolis as an anti-obesity agent and does not yet 
explore in detail at the pathway of NF-kB activity 
which is related to pro-inflammatory cytokines 
such as IL6 and TNFa. Other than that, no studies 
have been done to explore how propolis influences 
the dynamics of the process in terms of preventing 
glomerular damage and performing as an anti-
obesity agent.   

CONCLUSION

 Propolis administration can suppress the 
increase in BW, LI, RI, NF-kB, CysC and ACE2 
protein levels in the HFD group after administration 
of propolis for 8 weeks and 16 weeks. Furthermore, 
a positive correlation was found between BW, LI, 
RI, NF-kB, Cy C and ACE2 protein levels in the 
HFD group after giving propolis for 8 weeks and 
16 weeks compared to and normal diet in Wistar 
rats with HFD.
 Further study is needed to explore in the 
downstream molecular mechanisms of Propolis 
as anti-obesity and anti-inflammatory and a more 
detailed in the pathway of NF-kB activity related 
to pro-inflammatory cytokines such as IL6 and 
TNFa is needed.
 Also, further study is needed to explore 
on the dynamics of changes in BW, LI, RI, NF-kB, 
CysC and ACE2 protein levels and the process 
as an anti-obesity and anti-inflammatory after 
Propolis treatment.
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