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صلختسمنمةفلتخمزيكارتريثأتةساردىلإثحبلااذهفدهي:ثحبلافادهأ
يفةثللاباهتلاءافشىلعةيطغضرهكةراشقدربمكيونانلااتريهنويبرفلا
.راتسيونارئف

بللانيسحتقيرطنعةقبطلاةيئانثصارقلأاريضحتمت:ثحبلاةقيرط
ددعومجحعمةجلاعملاتقوليفاضلإاريثأتلاليلحتمت.ذفنملاهبشءاشغلاو
نمنيتفلتخمنيتجردمادختسامت.ةدعملاصارقلألنابوذلافلمىلعةحتفلا
.ماسمللنيلكشمكعفدلاةقبطوةيساسلأاةقبطلايفنيلثيإيلوبلاديسكأ

نمعونصمةيطغضرهكلاةيتوصلاقوفتاجوملابةراشقديربتلماع:جئاتنلا
45ىلعكلذءارجإمت.ةينويلأاملهتلاةقيرطبيونانلااتريهنويبرفلاصلختسم
؛تاعومجمسمخىلإتاناويحلاميسقتمت.ةغلابلاراتسيونارئفروكذنم
تازيكرت(يونانلااتريهنويبرفلاصلختسمبديربتلالماعةجلاعمةعومجم

،ةيبلسلاةرطيسلاتاعومجمو،)اتريهنويبرفلانم%35و%30و25%
ثحلاوماطحلازاجتحلايريرحطابرمادختسامت.ةيباجيلإاةبقارملاتاعومجمو
ةراشقمادختسابسايقلاءارجإمت.نارئفللةيولعلاعطاوقلايفةثللاباهتلاىلع
عمجمت.ةعومجملكلبسانملاجلاعلادعبةيطغضرهكلاةيتوصلاقوفتاجوملاب
مادختسابةبقارملاءارجإمت.جلاعلادعب21و14و7و5و3مايلأايفتانايبلا
ةيومدلاةيعولأانيوكتتانايبليلحتمت.سكا400ريبكتةردقببلايتبوأ
دنعةقحلالاناكندتارابتخاو،هاجتلاايئانثنيابتلاليلحتللاخنمتلادعلاو
.٪95ةيمهأىوتسم
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ديربتلماعكيونانلااتريهنويبرفلاصلختسمنأاندجودقل:تاجاتنتسلاا
ةثللاباهتلاءافشعيرستززعينأنكميةيطغضرهكلاةيتوصلاقوفتاجوملاب
هاجتلاايئانثافونأليلحترهظأ.٪25زيكرتدنعةصاخ،راتسيونارئفيف
لكوةطباضلاةعومجملانيبتلادعلاوةيومدلاةيعولأانيوكتيفاريبكافلاتخا
ددعطسوتميفةريبكتافلاتخاةقحلالاناكندةبرجتترهظأوةيجلاعةعومجم
رهظتمل.21و،3،5،7،14مايلأايفتاعومجملانيبةيعولأادلوتوتلادعلا
نعريبكفلاتخايأ%25ةبسنبونانلاصلختسمزيكرتبجلاعلاةعومجم
ديربتلماعكيونانلااتريهنويبرفلاصلختسممدق.ةيباجيلإامكحتلاةعومجم
ءافشلاريثأتزيزعتيفةديجةيجلاعجئاتنةيطغضرهكلاةيتوصلاقوفتاجوملاب
لحىلعيونانلااتريهنويبرفلاصلختسملمعينألمتحملانم.ةثللاباهتلانم
.ةيعولأادلوتوتلادعلاىلعريثأتلاللاخنم،ةثللاباهتلايفباهتللاا

ةيعولأانيوكت؛ةثللاباهتلا؛ديربتلالماع؛اتريهنويبرفلا:ةيحاتفملاتاملكلا
تلادعلا؛ةيومدلا

Abstract

Objectives: This research was aimed at investigating the

effects of various concentrations of Euphorbia hirta

nanoextract as a piezoelectric scaler coolant on gingivitis

healing in a Wistar rat model.

Methods: A piezoelectric ultrasonic scaler coolant was

made from E. hirta nanoextract through ionic gelation.

Experiments were conducted in 45 adult male Wistar rats

divided into three groups treated with E. hirta nano-

extract coolant (25%, 30%, and 35% concentrations),

and negative and positive control groups. A silk ligature

was used to trap debris and induce gingivitis in the

maxillary incisors of the rats. Scaling was conducted with

a piezoelectric ultrasonic scaler after the respective

treatment for each group. Data were collected on days 3,

5, 7, 14, and 21 after treatment. Observations were
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collected with an Optilab� camera at 400� magnifica-

tion. Angiogenesis and neutrophil data were analyzed

with two-way analysis of variance (ANOVA) and post

hoc Duncan tests at a 95% significance level.

Results: Use of E. hirta nanoextract as a piezoelectric

ultrasonic coolant accelerated gingivitis healing in Wistar

rats, particularly at a 25% concentration. Two-way

ANOVA indicated a significant difference in angiogen-

esis and neutrophil counts between the control group and

each treatment group (p < 0.05). Duncan’s post-hoc test

showed significant differences in mean neutrophil

numbers and angiogenesis among groups on days 3, 5, 7,

14, and 21. The group treated with 25% nanoextract

concentration showed no significant differences with

respect to the positive control group.

Conclusions: Use of E. hirta nanoextract as a piezoelec-

tric ultrasonic coolant had good therapeutic results in

promoting gingivitis healing. E. hirta nanoextract may

potentially resolve inflammation in gingivitis by modu-

lating neutrophils and angiogenesis.

Keywords: Angiogenesis; Coolant; Euphorbia hirta; Gingi-

vitis; Neutrophil

� 2023 The Authors. Published by Elsevier B.V. This is an

open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).
Introduction

Gingivitis is a pathological change associated with the

presence of microorganisms that adhere to the teeth and
accumulate in the gingival sulcus area. Products of patho-
genic gingivitis-inducing microorganisms, such as collage-
nase, hyaluronidase, chondroitin sulfatase, and endotoxins,

and substantial amounts of glycolic acid, damage epithelial
cells and connective tissue.1 These bacterial products activate
responses in the body leading to inflammation and tissue

destruction.3 The symptoms of gingivitis include redness
and swelling of the gingiva (bulbous-shaped interdental
papillae) and bleeding upon probing.1 This condition is

progressive, destructive, and reversible.1,2 The symptoms of
gingivitis also include halitosis. Sustained gingivitis can
develop into periodontitis with signs of attachment loss,

periodontal pockets, gingival recession, and tooth mobility.1

The prevalence of gingivitis in Indonesia, according to
Basic Health Research Indonesia, is 74.1%; thus, gingivitis is
among the most common oral health problems in this coun-

try.4 Scaling and polishing remove deposits (calculus, stain,
and debris) on the tooth surface that contain bacterial
plaque.5 Scaling can remove subgingival deposits, thus

inducing gingival healing, including complex cellular,
chemical, and vascular tissue processes.5,6 Scaling and root
planning are important to eliminate the causative factors of

periodontal disease during periodontal therapy that include
non-surgical, surgical, and maintenance phases.7 However,
scaling and root planning cannot fully eliminate certain
pathogens, such as Aggregatibacter actinomycetemcomitans,8
a pathogenic bacterium inducing infections such as gingivitis
and periodontitis.1 In cases of deep periodontal pockets,

additional treatment may include antimicrobial agents, but
the effectiveness of antimicrobial treatment and the risk
of antibiotic resistance must be considered. Therefore,

alternative treatments are needed to maintain a balanced
oral microflora and achieve successful periodontal therapy.8

Euphorbia hirta is a wild plant with bioactive compounds,

such as flavonoids, tannins, and saponins. This plant is
widely available and has not been optimally used in peri-
odontal therapy.9 Phytochemical tests have shown that
E. hirta contains 206.170 � 1.950 mg GAE/g total phenolic

compounds and 37.970 � 0.003 mg CE/g flavonoids.10 The
phenol fraction in E. hirta has antifungal and antioxidant
effects.9,10 Flavonoids play roles in wound healing by

suppressing fibroblast growth factor (FGF)-induced
angiogenesis.10,11 These bioactive compounds are a
potential natural source of anti-inflammatory agents for

treating various inflammatory diseases by accelerating
angiogenesis. E. hirta is rarely used in periodontal therapy,
despite its potential to provide a potential alternative to
enhance periodontal therapy efficacy.

Saponins are part of the plant defense system against
pathogenic microorganisms. Terpenoids or steroid glyco-
sides conjugate with one or more sugar chains; the glycosidic

bond in its structure has biological effects, including anti-
bacterial activity, angiogenesis stimulation, type I collagen
generation, and tissue epithelialization. Tannins also have

been found to limit secondary infections.12,13 Moreover,
E. hirta elicits concentration-dependent increases in anti-
inflammatory effects by decreasing inflammatory mediators

and cells.14

Nanoparticle technology can be used to increase drug
bioavailability and create controlled drug delivery systems.15

Nanoparticle-sized drug formulations have been shown to

influence the effectiveness of angiogenesis, even in cases of
treatment-resistant cancer.16 Nanoparticles, owing to their
small size, can interact with various cells and biomolecules,

thereby enhancing the delivery and clinical effects of
therapeutic agents. Chitosan, a polymeric product of the
synthetically produced chitin shells of marine animals, is an

example of an encapsulant or coating agent. This
compound is biodegradable, biocompatible, food-safe, and
easily prepared, and additionally has low toxicity.17 Chitosan

also has antibacterial effects, particularly against gram-
positive bacteria.18,19

The application of E. hirta in coolant water has not pre-
viously been studied, and its potential remains to be

demonstrated. Thus, this study was aimed at exploring the
potential of E. hirta as a piezoelectric ultrasonic coolant
affecting neutrophils and angiogenesis in an animal model.

Materials and Methods

Preparation of E. hirta extract

E. hirta identification was conducted in the Plant Labo-
ratory, Department of Biology, Universitas Gadjah Mada,
Special Region of Yogyakarta, Indonesia. E. hirta was

cultivated in Sleman, Yogyakarta, Indonesia. E. hirta extract
was obtained with the maceration method. The fifth leaves

http://creativecommons.org/licenses/by/4.0/
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from the roots were removed, and 1.59 kg was weighed. After
being washed, the leaves were dried for 24 h at 50 �C. Dried

leaves were crushed to obtain powder (250 g). Maceration
was performed by soaking the E. hirta powder in 70%
ethanol in a 1:10 ratio. The solvent was removed with a ro-

tary evaporator at 40 �C and 90 rpm. The resultant 75 g of
extract was stored in a sterile container at �10 �C until use.

Preparation of E. hirta nanoextract

E. hirta nanoextract preparation was performed with the
chitosan encapsulation ionic gelation method. Two grams of
E. hirta extract was dissolved in 0.2% chitosan solution with

an Ultraturax homogenizer for 30 min with gradual addition
of 40 mL of 0.1% NaTPP solution. Homogenates were
centrifuged to obtain E. hirta nanoextract. The obtained

E. hirta nanoextract underwent size characterization at the
Nanoparticle Technology Laboratory, Universitas Islam
Indonesia, Yogyakarta, Republic of Indonesia, performed

with a HORIBA Scientific SZ-100 instrument. The E. hirta
nanoextract was then dissolved in 0.1% ethanol to concen-
trations of 25%, 30%, and 35%.

Sample size determination

The necessary sample size was determined with the

following calculation.20

Minimum n ¼ 10

ðkÞðrÞ þ 1

¼ 10

ð5Þð3Þ þ 1

¼ 1:67 w 2

Maximum n ¼ 20

ðkÞðrÞ þ 1

¼ 20

ð5Þð3Þ þ 1

¼ 2:33e3

Minimum n ¼ ðminimum nÞðkÞðrÞ

¼ ð2Þð5Þð3Þ

¼ 30

Maximum n ¼ ðmaximum nÞðkÞðrÞ

¼ ð3Þð5Þð3Þ

¼ 45
N ¼ total number of rats
n ¼ number of rats per group

k ¼ number of groups
r ¼ number of measurements
Experimental model and housing

Forty-five male adult Wistar rats, purchased from a local

supplier, 2e3 months of age and weighing 200e250 g, were
randomly selected. The rats were fed AD2 pellets and given
reverse osmosis purified water. They were divided into a
negative control group (water coolant); a positive control

group (2% iodine glycerin coolant); and three groups treated
with nanoextract concentrations of 25%, 30%, and 35%.
Each group was randomly divided into five observation-

period subgroups, (3, 5, 7, 14, and 21 post-treatment days)
with three animals each. TheWistar rats were housed under a
constant temperature of 24 �C with good ventilation. The

rats were monitored by a veterinarian throughout the
experiment and were in good health. Intramuscular doses
10 mg/kg of ketamine hydrochloride and xylazine 2 mg/kg

were administered to the thigh muscles of each animal.

Treatment procedure

After anesthesia, a silk ligature (reverse cutting 4.0 3/8)was

placed in the central incisor area to promote debris accumu-
lation inducing gingivitis. The silk ligaturewas left in place for
7 days until characteristics of gingivitis (redness, edema, and

bleeding on probing) appeared. Rats in the negative control
group (scaling with water coolant water only), treatment
groups (25%, 30%, or 35% nanoextract coolant), and posi-

tive control group (scaling with 2% iodine glycerin coolant)
were anesthetized to remove the silk ligature, and scaling was
performed. At the specified observation times, the animals

were euthanized, and maxillary and mandibular histological
sampleswere obtained, particularly from the incisor area. The
tissue in the central incisor area, including the central incisor
teeth, gingiva, and periodontal bone, was collected. The

samples were fixed in phosphate-buffered formalin.

Histological examination and image analysis

Maxillary and mandibular periodontal tissue were decal-
cified with Von Ebner liquid for 24 h. Coarse slicing was
performedwith a scalpel (thickness 0.5mm), and dehydration

was subsequently performed with a graded alcohol series
(70%, 80%, 90%, and 100%) for 60 min. The tissue was
cleaned with xylol. Samples were placed under vacuum for

30 min to remove air from the tissue, then embedded in a
paraffin block (created at 60 �C). The paraffin block was
slicedwith amicrotome to 4mm.Hematoxylineeosin staining
was performed to identify neutrophils and angiogenesis.

Angiogenesis and neutrophil numbers were calculated with a
light microscope and Optilab� digital camera. Neutrophil
numbers and angiogenesis were calculated on days 3, 5, 7, 14,

and 21 in three visual fields in the junctional area of the
epithelium and gingival pocket, where neutrophil cell infil-
tration and angiogenesis processes occurred. The gingival

histological specimens were observed at a magnification of
400� in three fields of view by three different observers.

Statistical analysis

Data were statistically analyzed in the SPSS 22.0 software
package for Windows. ShapiroeWilk test was used to
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determine the normality, and Levene’s test was used to
determine the homogeneity of the data. The data are pre-

sented as mean and standard deviation for eachmeasurement
in the control and treatment groups. Furthermore, the data
were analyzed with two-way ANOVA with a significance

threshold of p< 0.05, followed by a post-hoc Duncan test, to
examine differences among groups.
Figure 1: Histopathological appearance (400�) of gingival tissue on d

(4) 35%, and (5) positive groups. An arrow points to the events of gi

Figure 2: Mean (A) neutrophil number and (B) angiogenesis on days 3

30%, or 35% E. hirta nanoextract coolant water; and the positive gro
Results

E. hirta nanoparticle synthesis and characterization

Particle size analysis indicated an E. hirta nanoextract
particle size of 485 nm and a zeta potential of 43.6 mV.
Nanoparticles have diameters of 10e1000 nm in colloids or
ays 3 and 21 after treatment in the (1) negative, (2) 25%, (3) 30%,

ngival healing. A: angiogenesis; N: neutrophils.

, 5, 7, 14, and 21 in the negative group; groups treated with 25%,

up.



Table 1: Two-way ANOVA for neutrophil data.

Source df Mean square F Sig.

Treatment 4 59.89 117.57 0.000*

Day 4 121.50 238.51 0.000*

Treatment � day 16 2.54 5.00 0.000*

(*): significance (p < 0.05).

Table 2: Duncan’s post-hoc test for neutrophil data.

Day Negative

control

25% 30% 35% Positive

control

3 9.05g 8.38fg 7.83f 7.55f 7.55g

5 9.11g 5.44cde 4.55cd 4.33c 5.61e

7 10.27h 4.05c 1.44a 1.22a 1.00a

14 1.00a 2.00a 3.00b 4.00c 5.00cde

21 1.00a 2.00a 3.00b 4.00c 5.00cde

Note: Numbers followed by different letters indicate significant

differences (p < 0.05, e.g., p ¼ 0.00).

Table 3: Two-way ANOVA for angiogenesis data.

Source df Mean square F Sig.

Treatment 4 3.835 3.223 0.000*

Day 4 21.297 17.895 0.000*

Treatment � day 16 4.199 3.528 0.000*

(*): significance (p < 0.05).
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solids.21 A zeta potential higher than �30 mV facilitates the

stability of nanoemulsion droplets in a system, thus
preventing flocculation.22

Histological appearance of neutrophils and angiogenesis

Hematoxylineeosin staining showed that the neutrophils
had dark-purple staining, were oval in shape, and contained
multiple nuclei (Figure 1). Angiogenesis is the process of

formation of new blood vessels. Blood vessels appear as
cavities filled or without red erythrocytes surrounded by
endothelial cells.23 Mean � standard deviation neutrophil

counts are shown in Figure 2A, and angiogenesis is shown
in Figure 2B.

Data analysis

Numbers of neutrophils

The highestmean number of neutrophils was found on day
3, and subsequently decreased on days 5, 7, 14, and 21 in all
Table 4: Duncan’s post-hoc test for angiogenesis data.

Day Negative control 25%

3 7.38defgh 5.94bcdefg

5 1.83a 3.94abc

7 3.77abc 5.38bcde

14 3.22ab 9.44h

21 3.88abc 4.33abc

Note: Numbers followed by different letters indicate significant differe
groups. The ShapiroeWilk test indicated that the data were
normally distributed with a p-value >0.05. Levene’s test

showed that the data were homogeneous with a p-value
>0.05. Two-way ANOVA revealed significant differences
among all research groups (p ¼ 0.000) (Table 1). Duncan’s

post hoc test (Table 2) showed no differences in neutrophil
quantity and angiogenesis among groups on day 3.
Significant differences were observed between the control

groups and treatment groups (Table 2, p < 0.05), and the
mean number of neutrophils decreased by day 5. Significant
mean differences were found between the negative control
and 25% treatment groups, but no difference was found

between the negative control group and the 30% and 35%
treatment groups (Table 2, p > 0.05). The 25% E. hirta
nanoextract groups showed decreases in neutrophils by days

7, 14, and 21.
As shown in Table 1 and Figure 2, the effects of E. hirta

nanoextract were observed at the indicated healing times.

Inflammatory cells, particularly neutrophils, were recruited
and appeared in the first 3 days, and continued to be
recruited until day 7.

Angiogenesis

The angiogenesis data showed a normal distribution
(p > 0.05) and were homogeneous (p > 0.05). Two-way
ANOVA indicated that the mean angiogenesis in all groups

decreased by day 3 and subsequently increased by day 5 in the
30% and 35% treatment groups (Table 3). The mean
angiogenesis of all groups increased by day 7. The highest

angiogenesis occurred on day 14 and subsequently
decreased by day 21. Duncan’s post hoc test indicated no
significant differences in mean angiogenesis on day 3 among

groups (Table 4). On day 5, a significant difference in
angiogenesis between the control and treatment groups
(30% and 35%) was observed. Treatment with 25% E. hirta

nanoextract had the same effects as those observed in the
positive control group starting on day 5 and continuing
through day 14. This result suggested that 25% E. hirta
nanoextract had superior effects against gingivitis. As

shown in Table 2 and Figure 2, the effects of E. hirta
nanoextract on gingivitis in Wistar rats were demonstrated
to promote angiogenesis and healing of the gingiva.

Discussion

Use of E. hirta nanoextract as a piezoelectric ultrasonic
scaler coolant was found to affect neutrophil number and
angiogenesis in the gingiva in rats with gingivitis. The mean
number of neutrophils was lower in the gingiva in rats with

gingivitis treated with E. hirta nanoextract than with 2%
iodine glycerin and distilled water (Figure 2A). Higher mean
30% 35% Positive control

6.89cdefg 6.38cdefg 5.89bcdefg

6.00bcdefg 5.61bcde 4.50abcd

4.00abc 5.72bcdef 3.61abc

8.66 gh 7.55efgh 9.44h

7.55efgh 9.44h 8.55fgh

nces (p < 0.05, e.g., p ¼ 0.00).
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angiogenesis was observed in the gingiva in rats in the
treatment than the control groups. In addition, two way-

ANOVA demonstrated significant differences in neutrophil
numbers and angiogenesis between the control and treatment
groups. Significant differences were indicated by Duncan’s

post hoc test among the gingivitis groups given distilledwater,
E. hirta extract, and 2% iodine glycerin (Tables 2 and 4).

The increase in mean neutrophil number on day 3 indi-

cated an initial inflammatory response in the form of
neutrophil migration to the area of infection in the first 24 h.
The accumulated plaques were composed of bacteria, and
their metabolic products induced a gingival inflammatory

process characterized by erythema, edema, and bleeding upon
probing. The neutrophil number peaked in the initial
48�72 h. In infection areas, neutrophils enable the phagocy-

tosis of bacteria and debris. Neutrophils undergo apoptosis,
decrease in number, and are replaced by monocytes.21,22,24

The migrated monocytes transform into macrophages that

clean up matrix debris and tissue, including neutrophils that
have undergone apoptosis.25 Neutrophil clearance by
monocytes and a decreased inflammatory cell count indicate
healing of gingivitis.

Gingivitis has three development stages: initial lesions,
early lesions, and established lesions. The initial lesions occur
2e4 days after plaque accumulation, wherein the histological

changes begin with transient vasoconstriction followed by
dilatation of capillary vasculature, arteries, and venules in the
dentogingival plexus. These vascularization changes result in

the exudation of fluid and protein into tissue; subsequently
hazardous substances from bacterial products infiltrate the
tissue. The next stage is early lesions, which occur 4�7 days

after plaque accumulation. This stage is associated with
capillary proliferation and the formation of capillary circles
between rete ridges, thus resulting in bleeding upon probing.
Gingiva clinical signs begin to appear at this stage. The last

stage is established lesions, which occur 2�3 weeks after
plaque accumulation, as indicated by gingival erythema that
becomes bluish; bleeds upon probing; and shows changes in

consistency and texture, and increased gingiva sulcus depth.
This stage can remain stable for several years but can also
develop into destructive lesions, which cause deeper peri-

odontal tissue damage or periodontitis.1

The negative control group given distilled water had a
significantly higher number of neutrophils than the other

groups of rats (p < 0.05), thus suggesting that distilled water
does not have antibacterial or anti-inflammatory effects.
Significant differences in the mean numbers of neutrophils
among groups suggested that E. hirta nanoextract coolant

affected the inflammation process by decreasing the neutro-
phil number in rat gingiva.

E. hirta contains secondarymetabolites, such as flavonoids,

tannins, terpenoids, and saponins, which can have anti-
inflammatory effects. The flavonoids in E. hirta influence the
mean number of neutrophils through several mechanisms,

including the inhibition of cyclooxygenase, which enables
prostaglandin synthesis, and lipoxygenase, thus promoting the
synthesis of beta-4 leukotrienes, neutrophil degranulation
(exocytosis), and induction of apoptosis fromneutrophils.26e29

The inhibition of prostaglandin synthesis and leukotriene-4 in
neutrophil chemoactivity induces proinflammatory cytokines,
damages collagen fibers, and causes bone destruction, thereby

decreasing the average number of neutrophils.27,30 The
mechanism of inhibition of the release of neutrophil granules
can decrease neutrophil numbers, because neutrophil

granules contain pro-inflammatory toxic mediators.31

Moreover, neutrophil apoptosis accelerates the healing
process of gingivitis through the secretion of mediators

preventing neutrophil recruitment, including annexin 1.
Annexin 1 induces the clearance of neutrophils that have
undergone apoptosis by proinflammatory macrophages and

efferocytosis. This efferocytosis mechanism induces the
cessation of cytokine production and proinflammatory
mediators, and converts the macrophage phenotype to
macrophage type 2.32 Flavonoids can also form complexes

with microbial proteins, thereby inhibiting enzymes involved
in cell replication.33 The bioactivities of E. hirta metabolites
may indicate the potential mechanism underlying the

decrease in neutrophil count.
The decrease in neutrophil number in the treatment

groups was also indirectly influenced by the biological effects

of tannin, an antibacterial agent. Cell membranes of gram-
positive bacteria are more sensitive to active substances in
the extract than gram-negative bacteria, because the outer
membrane of gram-positive bacteria is composed of thick,

porous peptidoglycans that facilitate the absorption and
penetration of the extract. In contrast, absorption and
penetration of extracts in gram-negative bacteria is hindered

by the bacterial cell membrane bilayer, comprising a thin
layer of peptidoglycan and an outer layer composed of li-
popolysaccharides, lipoproteins, and phospholipids.33,34 In

addition, tannin has antibacterial properties, through
inhibition of reverse transcriptase and DNA topoisomerase
enzymes, thus preventing bacterial cell wall synthesis and

bacterial growth. Tannins also act as antioxidants that
bind free oxygen species and reactive radicals;
consequently, they tend to be stable and to have minimal
adverse effects. Tannins also accelerate wound contraction,

capillary growth, and fibroblast proliferation.35

Saponins function as antibacterial agents (through the
initiation of hemolysis of bacterial cells) and stimulate

angiogenesis by upregulating the expression of vascular
endothelial growth factor (VEGF), thus inducing endothelial
cell migration.34e37 Furthermore, terpenoids have anti-

inflammatory activity through molecular targets such as
pro-inflammatory cytokines, transcription factors, the
autophagy machinery, reactive oxygen species, membrane

receptors, and other inflammatory mediators. Terpenes act
as anti-inflammatory agents through various cell signaling
pathways, thereby increasing effectivity of the anti-inflam-
matory activities.38

Angiogenesis is the process through which new blood
vessels form from old blood vessels. Angiogenesis provides
an adequate supply of oxygen and nutrients as well as in-

flammatory cells in regenerating tissue; eliminates necrotic
tissue; and increases vascular permeability, endothelial pro-
liferation, and macrophage chemotaxis. The formation of

new blood vessels is characterized by the release of protease
enzymes from endothelial cells, which are activated by
angiogenic factors.37

The average number of blood vessels on day 3 was lowest,

owing to the migration of endothelial progenitor cells to the
blood circulation and granulation tissue. Formation of new
blood vessels occurs through the degradation of the extra-

cellular matrix, migration, proliferation of endothelial cells,
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and synthesis of new extracellular matrix. This stage is fol-
lowed by controlled blood vessel maturation to meet tissue

needs. After adequate tissue formation, migration and pro-
liferation of endothelial cells decreases, and apoptosis
removes excess endothelial cells.36,37

The average angiogenesis increased on days 5 and 7, and
was highest on day 14 in all groups, but tended to be higher
in the treatment than the control groups, presumably

because flavonoids and saponins in E. hirta accelerated
angiogenesis through VEGF stimulation. Angiogenesis, an
important process in healing gingivitis, involves growth
factors, particularly platelet-derived growth factor (PDGF),

VEGF, and bFGF, as well as endothelial progenitor cells.
Angiogenesis begins with the degradation of old blood ves-
sels that provide progenitor cells. The progenitor cells in turn

migrate distally to the capillaries and elicit angiogenic stim-
ulation. This migration of progenitor cells is influenced by
VEGF, which is produced by macrophages when blood

vessels are damaged and hypoxic. VEGF expression is also
regulated by growth factors such as transforming growth
factor-b (TGF-b) and PDGF. The proliferation of endo-
thelial cells begins with lumen formation through intracel-

lular and intercellular mechanisms, including recruitment
and proliferation of pericytes and smooth muscle cells to
support the endothelial wall and perform additional func-

tions.36e39

Increased angiogenesis plays an important role in accel-
erating tissue healing, by increasing the supply of oxygen,

nutrients, and inflammatory cells to injured tissues.
Increased angiogenesis is believed to prevent chronic hyp-
oxia, eliminate tissue-damaging microorganisms, form

granulation tissue, and increase re-epithelialization to cover
the injured area. These processes accelerate the inflammatory
and proliferative phases and entry into the remodeling phase,
thus restoring gingival integrity.37

Furthermore, the use of chitosan as an encapsulant affects
the mean neutrophil count. Chitosan inhibits bacterial cell
growth anddamages bacterial cells, particularly gram-positive

bacteria, such as Porphyromonas gingivalis.18 Interactions
between chitosan and bacterial cells are influenced by the
positive charge of chitosan and the negative charge of the

bacterial cell membrane. These interactions cause opening of
tight junction epithelium in bacterial cell membranes, thus
resulting in loss of intracellular components from bacteria.19

The size of the E. hirta extract coolant particles encapsulated
in nanometer-sized chitosan influences adhesion to, and
penetration of, cell membranes: a larger nanoparticle surface
facilitates interaction with larger amounts of cells and bio-

molecules.25 Decreases in neutrophil counts also occurred in
the positive control group treated with 2% iodine glycerin
coolant, an effective antibacterial and antifungal agent.39e42

Scaling and root planning have been found to significantly
decrease and debride periodontopathogen accumulation in
the periodontal pocket, and have been the gold standard non-

surgical periodontal therapy, including gingivitis treatment.
The high-frequency vibration of ultrasonic scaling effectively
removes calculus deposits, thus significantly decreasing
damage-inducing microorganisms.43 Ultrasonic scaling is

used to treat calculus deposits, because it does not damage
the cementum, produces the least surface roughness, and is
rapid.44 Mechanical removal of periodontopathogens might

be insufficient to achieve homeostasis to prevent tissue
damage; thus, a coolant with antibacterial and anti-
inflammatory activity might facilitate therapeutic effects by

reaching deep gingival tissue and inducing healing.45

A combination of mechanical removal with ultrasonic
scaling and chemical removal with bioactive agents has been

used to achieve better gingivitis healing. A previous study has
used chlorhexidine, povidone iodine, and cinnamon extract
as an ultrasonic coolant and has reported a decreased bac-

terial count.46,47 Beyond the potential anti-bacterial activities
of those coolants in gingivitis treatment, little research has
focused on their potential in treating gingival inflammation.
This study reported the potential development of E. hirta as

an ultrascaler coolant with anti-inflammatory and tissue-
healing inducing properties, marked by a decreased neutro-
phil count and promotion of angiogenesis. This potential

should be further explored by using various markers to
thoroughly understand the anti-inflammatory mechanisms
of this ultrasonic scaler coolant.

Conclusion

Our study revealed that use of E. hirta nanoextract as a

piezoelectric ultrasonic coolant achieved good therapeutic
results in promoting healing of gingivitis, particularly at a
25% concentration. E. hirta nanoextract effectively resolved

inflammation in gingivitis, particularly affecting neutrophils
and angiogenesis. Our findings confirmed that E. hirta
nanoextract may potentially be used as in gingivitis treat-

ment. Further studies should be conducted to isolate each
component of E. hirta and assess its pharmacodynamic and
pharmacokinetic properties to advance applications in the
treatment of gingivitis.
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