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ABSTRACT
Background: Hyperglycemia conditions in diabetes mellitus (DM) can turn on pro-inflam-
matory cytokines like IL-6 and TNF-α. These cytokines play a role in insulin resistance and 
the development of DM complications. People in Indonesia have used Phaleria macrocarpa 
to treat diabetes, but the leaf of this plant has not been studied to see if it can reduce in-
flammation. Objective: This study aims to analyze the effect of ethanolic extract of Phale-
ria macrocarpa leaves (EEPML) in serum IL-6 and TNF-α levels of diabetic rats. Methods: 
This study was an experiment with a post-test-only control group design. Thirty 8-week-old 
male Wistar rats were used in the study. They were split into six groups: K1 was the normal 
control group; K2 was the DM control group; K3, K4, and K5 were given EEPML at doses 
of 125, 250, and 500 mg/KgBW; and K6 was given metformin 45 mg/KgBW orally once 
a day for 14 days. A high-fat diet and a 30 mg/KgBWi.p injection of streptozotocin were 
used to make the diabetic rat model. ELISA method for measuring serum IL-6 and TNF-α 
levels. The Kruskal-Wallis and the Mann-Whitney test were used to examine the differences 
between the groups. Results: There were significant differences between treatment groups 
in the mean levels of serum IL-6 (p=0.017), but there were no significant differences in the 
mean levels of serum TNF-α (p>0.05). Conclusion: Administration of Phaleria macrocarpa 
leaf ethanol extract 125 mg/KgBW reduced serum IL-6 levels but could not significantly 
reduce serum TNF-α levels in diabetic rats.
Keywords:	TNF-α,	IL-6,	serum,	ethanol	extract	of	Phaleria	Macrocarpa	leaf.

1. BAcKGROUND
When someone has hyperglycemia, pro-inflammatory cytokines can be 

turned on. These cytokines play a role in insulin resistance and the develop-
ment of diabetic complications. One way glucose can be harmful is through 
protein glycation, linked to cytokines like IL-6, IL-12, and TNF-α as solid 
factors in developing diabetic microangiopathy. Chronic inflammation in the 
disease is shown by a rise in IL-6 and TNF-α (1, 2).

People in Indonesia and Malaysia have used Phaleria macrocarpa, a Papua 
plant, as a traditional medicine to treat diabetes, allergies, liver disease, vas-
cular disease, cancer, kidney failure, high blood pressure, and stroke (3). The 
Phaleria macrocarpa fruit has been tested for toxicity and mutagenicity, and 
the results show that it is safe to use as medicine (4). The fruit of Phaleria 
macrocarpa is the part that has been studied the most. On the other hand, 
the leaves have not been studied as much.

The leaves of Phaleria macrocarpa are said to have flavonoids, polyphe-
nols, saponins, tannins, and steroids. Falerin is one of its anti-inflammatory 
substances that work (5, 6). It can also fight free radicals and stop tyrosinase 
from working (7, 8). The anti-inflammatory effect of low-dose extract Phale-
ria macrocarpa leaves contained in chitosan nanoparticles was able to sup-
press TNF-α expression in the colon tissue of mice (9). More research needs 
to be done to find out how the leaves of Phaleria macrocarpa affect pro-in-
flammatory cytokines in diabetes cases. This will make using these medicinal 
plants more theoretically and practically accurate.
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2. OBJEcTIVE
This study aims to analyze the effect of ethanolic ex-

tract of Phaleria macrocarpa leaves (EEPML) in IL-6 
and TNF-α serum levels of diabetic rats.

3. MATERIAL	AND	METhODS
Animal and treatments 
This study was an experiment with a post-test-only 

control group design. Thirty 8-week-old male Wistar 
rats weighing 200-230 grams were used in the study. 
They were split into six groups: K1 was the normal con-
trol group; K2 was the DM control group; K3, K4, and 
K5 were given EEPML at doses of 125, 250, and 500 mg/
KgBW; and K6 was given metformin 45 mg/KgBW oral-
ly once a day for 14 days. A high-fat diet (HFD) and a 
30 mg/KgBWi.p injection of streptozotocin (STZ) were 
used to make the diabetic rat model. They were kept in a 
controlled environment (room temperature of 22–24°C 
and relative humidity of 40–60%) for one week before 
the experiment. During that time, they had free access 
to food and distilled water. Each group’s body weight 
and blood glucose level were examined every week. On 
the 14th day after the extract was given, blood was taken 
from each treatment group and checked for serum IL-6 
and TNF-α levels using the ELISA method.

Procedure and ethical considerations 
The study plan was approved by the Ethical Commit-

tee of Universitas Sumatera Utara, with the number 
459/KEP/USU/2021. The researcher thought about how 
ethical it was to use animals in experiments, based on 
the Helsinki Declaration of 1983’s standards for animal 
ethics.

Measures
Rat IL-6 ELISA BZ-08185310-EB kit and Rat TNF-α 

ELISA BZ 08184670EB kit were used to measure serum 
IL-6 and TNF-α levels. The Kit’s instructions were fol-
lowed to prepare for the TNF-α and IL-6 measurements. 
The OD values were measured with a microplate reader 
and a wavelength of 450 nm, and the results were turned 
into ng/L using a standard linear curve.

Statistical analysis
The SPSS software version 26.0 (IBM, NY, USA) was 

used to analyze the data statistically. Shapiro - Wilk was 
used to testing data normality. Data with a normal dis-
tribution were tested with one-way ANOVA test, while 
data with abnormal distribution were tested with Kru-
skal - Wallis test followed by a Mann-Whitney test. All 
values are presented as the mean ± SD; p <0.05 was con-
sidered statistically significant.

4. RESULTS
Sample characteristics
The diabetic rat model in this study successfully cre-

ated used a combination of HFD and STZ induction. A 
total of 25 rats were weighed initially, with an average of 
204.60 ± 3.24 grams. After being given HFD for 2 weeks, 
the rats’ body weight increased to >20% of their initial 
body weight with an average of 247.10 ± 6.01 grams. 
STZ-induced rats had an initial mean fasting blood glu-
cose level of 93.32 ± 8.89 mg/dL and experienced an in-

crease in the average fasting blood glucose level of >200 
mg/dL to 225.68 ± 20.80 mg/dL.

The results measuring the average IL-6 level K1 group 
(2.41 ± 0.30 ng/L) were lower than the K2 group (2.16 ± 
0.284 ng/L). This result proves that the DM condition 
increased levels of IL-6. The mean IL-6 level in the K3 
group showed the lowest result (2.06 ± 0.33 ng/L). Sta-
tistical analysis using the Kruskal-Wallis test showed a 
significant difference in the mean IL-6 between treat-
ment groups (p=0.017), as shown in Table 1. This shows 

Groups IL-6 (ng/L)
(Mean ± SD)

TNF-α (ng/L)
(Mean ± SD)

K1 2,16 ± 0,28 67,71 ± 6,31
K2 2,41 ± 0,30 74,32 ± 5,45
K3 2,06 ± 0,33 61,52 ± 5,61
K4 2,81 ± 0,53 68,16 + 16,07
K5 2,62 ± 0,20 66,19 ± 7,52
K6 2,66 ± 0,52 61,58 ±9,00
p-value 0,017 a* 0,266 b

Table	1.	Differences	in	serum	IL-6		and	TNF-α	levels	between	
groups. aKruskal	Wallis	test,	*p	<0,05	significantly	different;	
bOne-way ANOVA test

Figure	1.	comparison	of	mean	serum	IL-6	levels	between	
groups.	K1:	normal	control,	K2:	DM	control,	K3:	EEPML	125	mg/
KgBW,	K4:	EEPML	250	mg/KgBW,	K5:	EEPML	500	mg/KgBW,	K6:	
Metformin	45	mg/KgBW.	aMann	Whitney	post	hoc	with	K1,	bpost	
hoc	Mann	Whitney	with	K3,	*p<0.05.

Figure	2.	comparison	of	mean	serum	TNF-α	levels	between	
groups.	K1:	normal	control,	K2:	DM	control,	K3:	EEPML	125	mg/
KgBW,	K4:	EEPML	250	mg/KgBW,	K5:	EEPML	500	mg/KgBW,	K6:	
Metformin	45	mg/KgBW.
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that the administration of EEPML affects the average 
serum IL-6 level in diabetic rats. A comparison graph 
of the average IL-6 levels can be seen in Figure 1. The 
Mann-Whitney test showed no significant difference 
between the average IL-6 level in K1 and K3 groups 
(p=0.251). This proves that EEPML 125 mg/KgBW’s 
ability to reduce the average IL-6 level to close to the ex-
pected value is statistically significant. From the results 
of this study, it can be concluded that the administration 
of EEPML reduced the average serum IL-6 level in dia-
betic rats. The most effective dose in reducing IL-6 lev-
els in diabetic rats is low-dose EEPML (125 mg/KgBW).

The highest average TNF-α level was in the K2 group 
(74.32 ± 5.45 ng/L). This shows that diabetic conditions 
increase TNF-α levels compared to the K1 group (67.71 
± 6.31 ng/L). The mean TNF-α levels in K3, K4, K5, and 
K6 groups were lower than in the K2 group, as shown 
in Table 1. This shows that administering EEPML and 
metformin in the diabetic rat group reduced their se-
rum TNF-α levels. TNF-α levels in the K3 group showed 
the lowest levels (61.52 ± 5.61 ng/L) and were close to 
the K6 group (61.58 ± 9.00 ng/L). Nevertheless, statis-
tical analysis using the one-way ANOVA test showed 
no significant difference in the mean TNF-α between 
treatment groups (p=0.266). A comparison graph of the 
average TNF-α levels can be seen in Figure 2. Based on 
the findings of this study, we concluded that the admin-
istration of EEPML reduced the average serum TNF-α 
level in diabetic rats, but the decrease was not statisti-
cally significant. The most effective dose in reducing the 
average serum TNF-α level in diabetic rats was low-dose 
EEPML (125 mg/KgBW).

5. DIScUSSION
Another study that used STZ induced diabetes rat 

model showed that diabetic rats had higher levels of IL-6 
in their blood (10). Patients with type 2 diabetes mellitus 
(T2DM) also had an increase of about 3.3 times that of 
patients without T2DM (p< 0.05) (11). Hyperglycemia 
causes oxidative stress and markers of inflammation in 
cells and higher levels of IL-6, especially in patients with 
T2DM, because AGEs stimulate adipose tissue and leu-
kocytes (2). In this study, giving diabetic rats EEPML re-
duced the average IL-6 level significantly (p=0.017). This 
result is similar to a study that showed intensive insulin 
therapy in critically ill people with high blood sugar low-
ered their IL-6 levels (p=0.023) (12). Metformin can also 
lower IL-6 in people with T2DM while raising the levels 
of IL-10 (13).

In diabetic rats, a low dose of EEPML (125 mg/KgBW) 
was the most effective way to lower the average serum 
IL-6. This is because the leaves of Phaleria macrocar-
pa have flavonoids as an antioxidant compound. Flavo-
noids protect the body from ROS’s destructive effects, 
make radical products more stable, and do not react as 
much. Flavonoid compounds are primary antioxidants 
whose main job is to bind minimal amounts of free rad-
ical compounds. Giving many flavonoids changes their 
properties into pro-oxidants that speed up oxidative 
stress reactions (14).

The diabetic rats had higher TNF-α levels than the 
normal rats, but the difference was insignificant. An-
other study also shows that blood glucose levels and 
HOMA IR are unrelated to serum TNF-α levels in 
T2DM patients (15). However, a study found that the 
average TNF-α level in T2DM patients who were under 
control was much higher in those who were not under 
control. This shows how vital reasonable glycemic con-
trol is to keep complications from diabetes from hap-
pening (16). ROS production will increase when there is 
much glucose outside of cells. This will eventually lead to 
more TNF-α expression and worsening oxidative stress. 
TNF-α can trigger insulin resistance by reducing the 
autophosphorylation of insulin receptor substrates, re-
stricting the activity of insulin receptor tyrosine kinase, 
lowering the GLUT, raising the circulation of fatty acids, 
changing how cells work, elevating glyceride levels, and 
lowering HDL levels (17). High TNF-α levels are linked 
to other cytokines, making it more likely that complica-
tions from T2DM will happen. Increased TNF-α, nitric 
oxide (NO) metabolites and fat indicate dysfunctional 
endothelium in T2DM (18).

In this study, giving EEPML to diabetic rats lowered 
the mean serum TNF-α levels, but the drop was not sta-
tistically significant (p=0.266). This result is similar to a 
study that showed intensive insulin therapy in critically 
ill people with high blood sugar could not lower their 
TNF-α levels (p=0.078) (12). The effects of herbal plants 
that contain flavonoids potentially decreased TNF-α ex-
pression in pancreatic tissue and repaired that damaged 
pancreatic tissue, and decreased the severity of insulitis 
(p<0.05) (19). Researchers have already looked at the ef-
fect of Phaleria macrocarpa extract on lowering TNF-α 
levels in Preeclampsia-Induced Human Umbilical Vein 
Endothelial Cell (HUVEC) cell cultures, which showed 
that Phaleria macrocarpa causes endothelial dysfunc-
tion (20).

Oxidative stress and inflammation in diabetics can be 
affected by how long they have had the disease. When 
diabetes has been going on for longer, there is a more 
significant rise in ROS. Lipid peroxide levels, which 
show the number of free radicals in plasma, also rise 
significantly in people with diabetes, whose disease has 
been going on for more than 5 years (21). The malond-
ialdehyde level increases by 25% in people with diabe-
tes after 4 to 6 weeks (22). The concentration of the test 
substance and how long it is also significant given affect 
how much TNF-α and IL-6 levels go down (23).

6. CONCLUSION
Administration of Phaleria macrocarpa leaf ethanol 

extract 125 mg/KgBW reduced serum IL-6 levels but 
could not significantly reduce serum TNF-α levels in di-
abetic rats.
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