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ABSTRACT

Introduction: Chronic inflammation can mediate diabetes mellitus and periodontitis and will exacerbate these con-
ditions through a bidirectional relationship. Periodontitis-induced inflammation triggers immune cell activation, one 
of which is macrophages. The study aimed to determine the effect of kecombrang flower (Etlingera elatior) ethanolic 
extract on macrophage number in periodontitis of Wistar rats induced with hyperglycemia. Methods: A 70% ethano-
lic extract of kecombrang flowers was prepared, with flavonoid content identified through Thin Layer Chromatogra-
phy (TLC). Thirty-two Wistar rats induced by hyperglycaemia and periodontitis were divided into two groups of equal 
size, namely treatment and control group. Induction of hyperglycaemia was carried out by intraperitoneal injection 
of streptozotocin (40 mg/kg BW). Periodontitis was induced using silk ligature with size 3/0 in the subgingival area 
of the mandibular incisors for 7 days. The treatment group received intraperitoneal injections of the extract (100 mg/
kg BW) while control administered saline, daily for seven days. Gingival tissue was collected on days 1, 3, 5, and 7 
post-injections, processed histologically by Haematoxylin-Eosin staining, followed by macrophage counting. Two-
way ANOVA and LSD post hoc test (p>0.05) were used to analyze data. Results: Hyperglycaemia and periodontitis 
were indicated by fasting blood sugar of 369.6 mg/dL and clinical signs. The macrophage counts reached peak on 
day 3 then decreased gradually on days 5 and 7. The macrophage counts in the saline group were higher than those 
in the treatment group. Conclusion: Injection of 70% ethanolic extract of kecombrang flower as an anti-inflammatory 
agent effectively reduces macrophage number in hyperglycemic and periodontitis.
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INTRODUCTION

Hyperglycemia refers to high blood sugar, >200 mg/dL 
under normal circumstances, >126 mg/dL when fasting, 
or when HbA1c levels are 6.5% or higher. It is typically 
attributed to individuals with decreased activity levels, 
increased obesity, and an aging population (1, 2, 3). 
Hyperglycaemia is the main characteristic of diabetes, 
which is diagnosed in 537 million people worldwide 
and causes 6.7 million deaths a year (4). Individuals 
with uncontrolled diabetes are more susceptible to 
periodontitis, but ironically, one increases the risk of 
diabetes when suffering from periodontitis (5). 

Periodontitis is one periodontal disease that 
inflammation has spread from the gingiva to the 
cementum and periodontal ligament, damaging the 
tissue and causing alveolar bone resorption (6, 7). It 
manifests as gingival inflammation and or recession, 
loss of clinical attachment, alveolar bone loss, increased 
probing depth, bleeding on probing (BOP), and tooth 
mobility (8, 9). 

The central feature of both hyperglycaemia and 
periodontitis is inflammation, which causes an elevation 
in macrophage count (10, 11). Diabetic individuals with 
periodontitis exhibit a skewed macrophage population, 
favouring pro-inflammatory M1 cells over tissue-
repairing M2 cells, causing periodontal tissue repair in 
diabetic patients to be much less efficient (12). 

Inflammation in periodontitis and hyperglycaemia is 
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generally treated with non-steroidal anti-inflammatory 
drugs (NSAIDs) and hypoglycaemic drugs such as 
metformin. It is important to note that the use of 
combination drugs carries the risk of various side 
effects, such as severe lactic acidosis and acute renal 
failure (13, 14, 15, 16, 17). To address these concerns, 
the indigenous Indonesian plant, kecombrang (Etlingera 
elatior), offers an accessible, safe, and cost-effective 
solution due to its flavonoid content (18, 19). 

Previous in vivo study has proven the effect of 
70% ethanolic extract of Etlingera elatior as an 
antihyperglycemic agent in rats suffering from diabetes 
due to alloxan induction (20). Due to the lack of previous 
research regarding the anti-inflammatory potential 
of kecombrang flowers, this study explored the anti-
inflammatory effect of ethanol extract of kecombrang 
flowers (Etlingera elatior) on the macrophage number in 
periodontitis-induced hyperglycemic Wistar rats (Rattus 
norvegicus)

MATERIALS AND METHODS

Ethical clearance was issued by the Research Ethics 
Committee of the Faculty of Dentistry, Universitas 
Gadjah Mada (UGM), number 178/KE/FKG-UGM-
EC/2022. Research permits at the Plant Systematics 
Laboratory, Faculty of Biology UGM, Pharmacognosy-
Phytochemical Laboratory for Pharmaceutical Biology 
Unit II, Faculty of Pharmacy UGM, Integrated Research 
and Testing Laboratory (LPPT) UGM Unit IV for 
Experimental Animal Breeding (UPHP), and Integrated 
Research Laboratory Unit, Faculty of Dentistry UGM 
had been obtained prior to this research. 

Raw kecombrang flowers were collected from Ngaglik, 
Sleman, Yogyakarta, and identified as Etlingera elatior. 
The kecombrang flowers were determined at the Plant 
Systematics Laboratory, Faculty of Biology, UGM 
according to letter No. 0128/S.Tb./VII/2022. The 
ethanolic extract was obtained through maceration, 
where the kecombrang flowers were cleaned and dried 
in an oven at 45°C for 48 hours, processed into a fine 
powder, dissolved in 70% ethanol, and stirred for 24 
hours. The process was repeated twice, with solvent 
replacement done every 24 hours at room temperature. 
The results were concentrated using a rotary evaporator 
at a temperature of 40°C, obtaining 22.60 g of extract 
from 2000 g of kecombrang flowers. Its flavonoid content 
was confirmed through phytochemical screening 
using thin-layer chromatography (TLC), presenting the 
formation of brownish-yellow stains after being steamed 
with ammonia under visible blue light at UV 366 nm. 

Thirty-two healthy Wistar rats (Rattus norvegicus), 
male, with an average weight of 200-300 g, were fed 
and hydrated ad libitum. The rats were induced with 
hyperglycemia and periodontitis on the same day. 

Both groups were anesthetized with a mixture of 
xylazine 10 mg/kgBB (XylaTM, Netherlands) and 
ketamine 80 mg/kgBB (KeproTM, Netherlands). The rats 
were then injected intraperitoneally with a single dose 
of streptozotocin 40 mg/kg BW (STZ®) dissolved in 1 mL 
of citrate buffer to induce hyperglycemia, followed by 
subgingival ligation on the mandibular incisors using 3/0 
silk ligature (Serenity®, China) to induce periodontitis 
(21). Fasting blood glucose (FBG) was measured using 
GCU’s EasyTouch® glucometer 3 days (72 h) after 
the administration of STZ® to confirm induction of 
diabetes. The rats were declared to be hyperglycaemic 
if the fasting blood glucose was 369.6 mg/dL (>200 mg/
dL). The ligation was removed 7 days post-induction. 
Periodontitis and hyperglycemic rats were then evenly 
separated into two groups: treatment and control. 

The treatment group received 70% Etlingera elatior 
ethanol extract (100 mg/kg BW) intraperitoneally once 
a day for seven days, while the control group received 
saline injections with the same amount, method, and 
frequency. Gingival samples were collected on days 1, 
3, 5, and 7 after the first injection, and the rats were 
euthanized by cervical dislocation. The mandibles were 
cut and placed in 10% formalin buffer with pH 7.4 for 
24 hours in preparation for histological processing. 
The retrieved specimens were processed, stained with 
Haematoxylin-eosin, mounted into glass slides, and 
labelled. The observers counted the macrophages in five 
visual fields using a light microscope equipped with an 
Optilab® camera at 400x magnification. 

The data obtained were analyzed using two-way 
ANOVA, followed by the Multi Comparison Least 
Significant Difference (LSD) post hoc test with a 
significance level of 95% (p<0.05).

RESULT

Data of blood glucose (mg/dL) before and after induced by 
streptozotocin (40 mg/kg BW) and treatment are shown 
in Figure 1. All the rats were declared hyperglycaemic 
after 3 days with fasting blood glucose of 369.6 mg/dL 
(>200 mg/dL). After 7th days of treatment (kecombrang 

Figure 1: Blood glucose level before and after induced by 
Streptozotocin 40 mg/kg BW and 7 days after treatment.
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flower), the fasting blood glucose decreased with an 
average of 294 mg/dL while the average the control 
group was 444,7 mg/dL. In the treatment group, blood 
sugar levels decreased until on the 14th day blood sugar 
levels were seen almost to those before STZ induction 
while the control group showed that their blood sugar 
was still high (>200 mg/dL).

After the ligature was removed from the rats’ mandibular 
incisors, Wistar rats showed clinical signs of periodontitis, 
in the form of redness, swelling, tooth mobility, gingival 
recession, bleeding on probing (BOP), and the formation 
of periodontal pockets with a depth of 2-3.5 mm.

In this study, we observed the number of macrophages 
after experimental animals suffered hyperglycaemia and 
periodontitis then were treated with kecombrang flower 
extract as treatment and saline as negative controls so 
we did not have data on the number of macrophages 
before treatment.

DISCUSSION

This study explored the anti-inflammatory effect of 
ethanol extract of kecombrang flowers (Etlingera 
elatior) on macrophage count in periodontitis-induced 
hyperglycaemic Wistar rats. Upon streptozotocin 
(STZ) injection, the Wistar rats showed clinical signs 
of diabetes in the form of 3Ps, namely increased 
frequency and volume of urine (polyuria), increased 
food consumption (polyphagia), and increased water 
consumption (polydipsia), malaise, and fasting blood 
glucose <200 mg/dL. Injection of STZ at medium doses 
in the range of 40-55 mg/kg BW was carried out to induce 
partial insulin secretion disorders (21). STZ entered cells 
via low-affinity GLUT2 transporters, predominantly 
affecting pancreatic β cells due to their heightened 
glucose uptake. The methyl nitrosourea group in STZ 
causes DNA methylation, leading to energy depletion 
and cell necrosis. 

After 7 days of cervical ligation of the mandibular incisors, 
the Wistar rats showed clinical signs of periodontitis in 
the form of redness, swelling, accumulation of plaque, 
teeth mobility, gingival recession, bleeding on probing 
(BOP), and the formation of periodontal pockets. 
Cervical ligation of rat teeth using 3/0 silk ligature could 
induce periodontitis (22). The initial lesion phase occurs 
2-4 days after plaque accumulation (23, 16). On the 7th 
day after plaque accumulation, an early lesion phase 
occurred, followed by an established and advanced 
lesion phase, in which the gingiva lost its attachment 
and showed clinical signs of periodontitis according to 
the findings in this study. 

The chronic inflammatory phase of periodontitis is 
characterized by chronic inflammatory cell migration. 
One of them is macrophages, which are differentiated 
monocytes. Monocytes in blood vessels migrate to 
connective tissues following signals from apoptotic 
neutrophils, which are induced by stimulants such 
as lipopolysaccharide, IL-8, TNF-ɑ, and macrophage 
chemoattraction protein-1 (MCP-1) (24). Fibroblasts in 
connective tissue produce Granulocyte Macrophage 
Colony Stimulating Factor (GM-CSF), which induces the 
differentiation of monocytes into macrophages (25). 

The results of the histological observation (Figures 2 and 
3) showed an increase in the macrophage count in the 
control and treatment groups and reached a peak on day 
3. The highest peak number of macrophages occurred on 
day 3 after treatment or 10 days after induction of STZ or 
binder to induce periodontitis. This is probably because 
the experimental animal model has suffered chronic 
inflammation since the induction of hyperglycaemia 
and periodontitis. The macrophage count in the control 
group was higher than that in the treatment group on all 
days of observation. A decrease in the macrophage count 

Figure 2: Number of macrophages in the treatment group and control 
group on days 1, 3, 5, and 7 post-injections.

Figure 3: Histological evaluation of macrophage in the treatment 
group and control group on days 1, 3, 5, and 7 post-injections 
(magnification 400x)

The results showed macrophage count reached its peak 
on day 3, followed by a gradual decrease on day 5 
and day 7. This trend was found in both treatment and 
control groups.The data were interpreted as normal (p 
>0.05) and homogenous (p >0.05) using Shapiro-Wilk 
and Levene test. The average macrophage count in the 
treatment group was significantly less than that in the 
control group (p < 0.05) (Fig. 2). Histological observation 
can be seen in Figure 3.
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could activate antioxidant pathways that render an anti-
inflammatory effect. Flavonoids may inhibit the secretion 
of enzymes, such as lysozymes and β-glucuronidase, 
and inhibit the secretion of arachidonic acid, which 
reduces inflammatory reactions (32). COX-2 inhibitors 
could reduce the macrophage count in gingival tissue 
by inhibiting the production of prostaglandins (33).

The pathway of kecombrang flower extract in the 
peritoneum could induce macrophages in the oral cavity, 
which can be through a complex mechanism involving 
the immune system. The active content of kecombrang 
flower extract is likely to interact with receptors 
expressed on the surface of macrophages including 
mannose receptors, scavenger receptors, dectin-1 
receptors, tuftsin, CD44 cluster of differentiation, 
folate-β receptors, and phosphatidylserine receptors 2. 
This mechanism such as polymer nanoparticle-based 
drug delivery through the peritoneal cavity, is one 
method that can target macrophages, although further 
research is still needed (34). 

The flavonoid content in kecombrang flowers (E. elatior) 
is known to have antihyperglycemic activity through 
inhibiting the enzymes α-glucosidase and α-amylase and 
also has functions as an anti-inflammatory. Inhibition of 
this enzyme is thought to limit carbohydrate absorption 
and reduce postprandial sugar absorption so that it can 
regulate the hyperglycemia status of diabetes sufferers, 
thereby reducing blood glucose levels (35). It is hoped 
that intraperitoneal administration of kecombrang 
flower extract can be developed as a systemic 
treatment for hyperglycaemia. This is because the 
natural antioxidant content of kecombrang flowers has 
potential as an ingredient for preventing or treating DM 
(36). Other study showed E. elatior as a natural source 
that has anti-inflammatory and antioxidant compounds 
so it may could manage diabetes and prevent diabetic 
nephropathy (37).

Reducing systemic inflammatory conditions is thought 
to have an effect on reducing periodontitis through the 
mechanism of peritoneal resident macrophages (PRM) 
which play an important role in immune surveillance 
in the peritoneal cavity. These macrophages initially 
originate from embryonic progenitor cells and can 
be replenished by bone marrow-derived monocytes 
during inflammation and aging (38), although the direct 
pathway from the peritoneum to the oral cavity is not 
well-established. Further research is needed to fully 
understand the complex mechanisms.

CONCLUSION

This study concluded that injecting 70% ethanol 
extract of Etlingera elatior as an anti-inflammatory 
agent successfully reduced the macrophage number in 
periodontitis-induced hyperglycemic Rattus norvegicus.

was seen starting on day 5 or 12 days after induction 
hyperglycaemia and periodontitis. 

On days 1 to 7 after ligation, an acute to chronic 
inflammatory phase occurred, characterized by red 
gingiva, swelling, gingival recession, and the occurrence 
of periodontal pockets. Macrophages appeared at the site 
of inflammation 2–3 days after injury and phagocytized 
debris, pathogens, and remaining apoptotic neutrophils 
(26, 27). In this study, it appeared that there were many 
macrophages on day 1 after treatment or 8 days after 
induction hyperglycaemia and periodontitis, which 
reached a peak on day 3. In this study we did not count 
the number of macrophages after STZ and periodontitis 
induction so we did not have data before treatment and 
control. The decrease in the average macrophage counts 
on days 5 and 7 in the negative control group that 
was given saline injection showed the tissue’s normal 
physiological response to inflammation.  Macrophages 
undergo apoptosis after carrying out their duties in the 
form of phagocytosis of bacteria and their products and 
apoptotic neutrophils. Macrophage apoptosis occurs 
8-16 hours after phagocytosis is completed (28). 

The decrease in the macrophage count starting on 
day 5 after treatment indicated a lesion that occurred 
at the established stage. The macrophage count in the 
treatment group was lower than that in the control 
group, possibly due to the active component of the 
kecombrang flower. In the treatment group, the decline 
in the macrophage count indicated the success of 
the 70% Etlingera elatior ethanolic extract injection. 
Kecombrang flowers (Etlingera elatior) contain 763 mg 
QE/100 g flavonoids, which show anti-inflammatory 
properties by inhibiting prostanoid biosynthesis (COX, 
LOS, and iNOS) (29, 30). Flavonoids act as dual 
inhibitors of the enzymes cyclooxygenase-2 (COX-
2) and 5-lipoxygenase (5-LOX) (31). Arachidonic acid 
(AA) produces metabolites in the form of prostaglandins 
and leukotrienes through metabolic processes mediated 
by COX and 5-LOX enzymes. The COX enzyme is 
a catalyst for converting AA into prostaglandin G2 
(PGG2), then into prostaglandin H2 (PGH2), which then 
transforms into a number of types of prostaglandins and 
thromboxane. 

COX-1 plays a role in the integrity of the haemostatic 
system, gastric mucosal defense, kidney function, 
and platelet aggregation, while COX-2 plays a role in 
inflammation. The prostanoid inhibition process acts to 
inhibit COX-2 without interfering with COX-1 function, 
so gastrointestinal and renal toxicity do not occur. In 
addition to COX-2, 5-LOX is a catalyst for the oxidation 
of AA to leukotrienes. LTB4, as a leukotriene mediator, 
regulates innate immune responses and chronic 
inflammation. Flavonoids affect several arachidonic 
acid pathways, resulting in an effective treatment 
because they inhibit the effects of COX-2 and 5-LOX 
without interfering with COX-1 action. Flavonoids 
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