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 Objective: To determine the effective volume of eugenol on day 3 in the 
inflamed pulp. 
Methods: Experimental research with a posttest-only control group design 
The experimental animals used were 28 male Sprague-Dawley rats. The 
maxillary right molar tooth was prepared with a size of 1 mm and a depth 
of 1 mm. Eugenol was dropped on cotton pellets according to the 
treatment group, namely 0.1 µL, 0.08 µL, and 0.02 µL, and aquadest as a 
negative control was then put into the cavity and closed with a temporary 
seal. Rats were decapitated after 3 days, prepared, and stained with 
hematoxylin and eosin. Results were read with a 100x magnification 
microscope at 3 fields of view and with imageJ software. 
Results: The average number of macrophages in the cotton pellet 
application group with 0.1 µL eugenol volume was 22, the 0.08 µL eugenol 
volume group was 6.71, the 0.02 µL eugenol volume group was 44.43, and 
the negative control group was 34.29. The results of the one-way ANOVA 
test showed a significance of 0.000 (p<0.05). 
Conclusion: Eugenol volumes of 0.08 µL had the lowest average number of 
macrophages compared to eugenol volumes of 0.01 µL and 0.02 µL, and 
based on the post hoc test, there was a significant difference (p<0.05). 
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Introduction 

There is still a significant problem with dental 

and oral health in Indonesia. According to the 

findings of Riset Kesehatan Dasar conducted in 

2018, the percentage of dental and oral health 

concerns was 57.6% [1]. 

Pulpitis is a dental and oral health condition that 

manifests frequently and results in discomfort 

[2]. 

According to study conducted in Narayana, 

77.2% of respondents had suffered pulpitis [3].  

Pulp inflammation is a pathological indication 

that indicates inflammation and causes 

discomfort [4].  

Treatment should be administered immediately, 

especially to the youngsters in pain. A therapy 

with anti-inflammatory substances is one 

treatment that can release pain, and it is simple 

and quick to administer, such as eugenol [5]. 

The plant cloves (Eugenia caryophyllata) is the 

source of the essential oil known as eugenol [6]. 

There is empirical evidence that eugenol 

possesses various biological qualities, including 

antibacterial, analgesic, anti-inflammatory, 

antioxidant, anti-mutagenic, and anti-

carcinogenic actions [7]. 

Because of its anti-inflammatory properties, 

eugenol has the potential to take the place of 

certain nonsteroidal anti-inflammatory 

medicines, or NSAIDs [8]. 

Dentists frequently employ eugenol with a cotton 

pellet placed inside the cavity to treat pulpitis 

pain. The volume of eugenol used varied in 

different studies. Eugenol administration in 

cavities has been demonstrated to reduce pain 

within 72 hours [9]. 

No information was provided on the amount of 

eugenol used in this study. Based on 

Enggardipta's research [10], using a volume of 

0.1 µL of eugenol overwritten with 500-gram 

weights reduce inflammatory cells. Ates' research 

[11] states that 1 drop of eugenol can reduce 

pain. It has been established that too much 

eugenol use during pulpectomy treatment with 

mixed zinc oxide results in pathological root 

resorption. When used excessively, eugenol may 

potentially irritate the periapical tissues [12]. 

This study aimed to calculate the amount of 

eugenol that was useful on day 3 in pulp 

inflammation. 

Materials and Methods  

Study design 

The study was experimental with posttest-only 

control group design. Twenty-eight male 

Sprague-Dawley rats from LPPT Unit IV Gadjah 

Mada University Yogyakarta with inclusion 

criteria: male, healthy, 2-3 months old, and 300-

350 g of body weight. 

Research sites 

The research was conducted at Unit IV LPPT, 

Gadjah Mada University, Yogyakarta, and the 

Faculty of Veterinary Medicine, Gadjah Mada 

University, Yogyakarta. 

Precondition 

Rats were randomly divided into four groups, the 

treatment group with a volume of 0.1 µL, 0.08 µL, 

and 0.02 µL, and the negative control group with 

aquadest. Rats were adapted for 7 days by being 

given a standard feed of 360 g per day and 

drinking ad libitum. 

Pulp inflammation procedure 

Rats were anesthetized intramuscularly with 

ketamine HCL (0.1 mL/100 g of body weight). 

The maxillary right molar was prepared to form a 

class I GV black cavity with a diamond round bur 

number 010 (Edenta, Switzeland) mounted on a 

micromotor with a speed of 20,000 rpm without 

cooling water, a size of 1 mm, and a depth of 1 

mm. According to the treatment group, eugenol 

obtained from the dental supplier was dripped on 

cotton pellets. The cotton pellet that has been 

dripped with eugenol is inserted into the 

prepared cavity. The cavity is closed with a 

temporary filling (cavit). 

Procedure for making histological preparations 

After three days, the rats were decapitated.  

Mice were anesthetized intramuscularly with 

ketamine HCL (0.1 mL/100 gram body weight). 

The rat jaws were cut at the molar teeth, fixed 
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with 10% formalin for 24 hours, and decalcified 

for 10 days using 10% EDTA at 40 °C. The tissue 

was cut with a 0.5-1 cm thickness and washed for 

6 minutes under running water. Tissues were 

dehydrated with alcohol at 70%, 80%, 90%, and 

100% (absolute 1), 100% (absolute II), and 100% 

(absolute III) concentrations for 10 min. 

Followed by clarification agents, namely xylol I, 

xylol II, and xylol III, each lasting 5-10 min. 

Infiltrated with an oven temperature of 56 ᵒC. 

Specimens were put in xylol paraffin with a ratio 

of 1:1, followed by pure paraffin I, II, and III for 

60 min. 

Paraffin is poured into the paraffin block until it 

is complete, and air bubbles in the block are 

removed. Specimens were placed in liquid 

paraffin, and then cut to a thickness of 4 µm using 

a microtome and placed on a glass object [13, 14].  

Hematoxylin eosin staining procedure 

The dried preparations were deparaffinized in 

xylol three times (10-15 min each). 

Thereafter, it was put in 96% alcohol two times 

(each for 5 min), washed with running water 

until the alcohol is gone, and then it was put in 

hematoxylin paint for 7-10 min.  

After that, it was washed with running water 

until it does not fade. 

The preparations were dipped in HCl twice for 

decolorization, washed again with running water, 

soaked in water briefly until the colour turns 

blue, put in eosin paint for 3-5 min, and then 

washed under running water. Next, it was put 

into alcohol solution 1, and then into alcohol 

solution 2, and washed with running water. 

After that, the preparation was pressed with 

paper, wiped with cotton, and put in xylol. The 

preparation was then pressed again with paper, 

wiped with cotton, and then mounted and 

received a laboratory number. 

Calculation of the number of macrophages 

Readings of preparations were done using a light 

microscope with a magnification of 100 times. 

Calculation of the number of macrophage cells 

with imageJ software in 3 fields of view. 

Data analysis 

The data were analysed using the Shapiro-Wilk 

normality test, which showed a significance of 

0.059 (p > 0.05), and the homogeneity test with 

the Levene test, which showed a significance of 

0.410 (p > 0.05). The data was then tested by a 

one-way ANOVA test and a post hoc test. 

Result and Discussion 

Macrophages from this study were demonstrated 

by the presence of spherical mononuclear cells 

with an oval or kidney-shaped nucleus located 

eccentrically with the cytoplasm and containing 

granules (Figure 1). 

The results showed that the lowest average 

number of macrophages on day 3 was the 

eugenol volume of 0.08 µL. 

The average number of macrophages in the 

cotton pellet application group with 0.1 µL 

eugenol volume was 22, the 0.08 µL eugenol 

volume group was 6.71, the 0.02 µL eugenol 

volume group was 44.43, and the negative 

control group was 34.29 (Figure 2). 

The results of the one-way ANOVA test showed a 

significance of 0.000 (p <0.05) (Table 1). These 

results indicate a relationship between the use of 

eugenol in the dental pulp of Sprague-Dawley 

rats and the number of macrophages. To find out 

the relationship between treatment group and 

control group, the test was continued with a post 

hoc test (Table 2). 

Based on the study results, the order of number 

of macrophages in the treatment group from the 

lowest to the highest was 0.08 µL, 0.1 µL, and 

0.02 µL. Inflamed pulp tissue undergoes early 

vascular changes caused by the effects of 

bradykinin and fibrinopeptide as direct plasma 

enzyme mediators that promote vasodilation and 

increased vascular permeability[15]. 

Macrophages become active 24 hours after an 

injury, intending to replace neutrophils. They will 

continue to proliferate after day 5, at which point 

they will become the predominant cell type in 

wounded tissue [16]. 

Macrophages in body cells are resting and can be 

activated by various stimuli, such as the presence 

of cytokines produced by T cells, the presence of 

inflammatory mediators, and components of the 

bacterial cell wall [17]. 
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Figure 1: The application of cotton pellets wet with 0.02 µL of eugenol to the dental pulpitis of Sprague Dawley 

rats at 100x magnification under a microscope reading 

 

Figure 2: The average number of macrophages in the dental pulpitis of Sprague-Dawley rats 

Table 1: One-way ANOVA test on the effectiveness of using eugenol on the average number of 

macrophages in the dental pulpitis of Sprague-Dawley rats 

 Sum of Squares df Mean Square F Sig. 
Between Groups 5552.857 3 1850.952 228.311 0.000 
Within Groups 194.571 24 8.107   

Total 5747.429 27    
 

Table 2: Post hoc test between groups 0.08 µL with groups 0.1 µL, 0.2 µL, and negative control 

Volume Eugenol Volume Eugenol Mean Difference Std. Deviation Sig. 

0,08 µl kontrol -27.571* 1.522 0.000 

0.1 µl -37.714* 1.522 0.000 

0.02 µl -15.286* 1.522 0.000 
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Macrophages play a role in the phagocytosis of 

chronic infection stages and function as antigen-

presenting cells (APC) to lymphocytes, which are 

needed to initiate host responses for adaptive 

immunity [18]. 

Pulp inflammation occurs due to the 

accumulation of inflammatory cells such as 

phagocytic cells, PMN leukocytes, and monocytes 

in the extravascular area of the pulp, acting as a 

pathological sign indicating inflammation and 

causing pain [4]. When inflammation occurs, the 

pulp plays a role in fighting infection and 

preventing tissue damage through immune cells 

with the help of fibroblasts [18]. 

Inflammation of the pulp causes monocytes to 

increase and migrate to the connective tissue, 

where macrophages will be activated. 

Macrophages initiate the bacterial component of 

the inflammatory process by releasing cytokines 

and chemokines. Activated macrophages will 

secrete pro-inflammatory cytokines in response 

to pathogens [15]. 

Based on the results of this study, the volume of 

eugenol in the treatment group was 0.08 µL 

lower than that in the control group. During an 

infection, eugenol was shown to reduce 

inflammation, accompanied by decreased TNF 

and neutrophil infiltration. In the course of acting 

as an anti-inflammatory, eugenol will decrease 

the activity of COX-2 as a mediator. This is 

significant because COX-2 activity plays a part in 

decreasing the creation of prostaglandin, which 

subsequently activates the body's defense cells. 

Eugenol functions as an anti-inflammatory agent 

by preventing the formation of nitric oxide (NO) 

and the expression of cyclooxygenase-2 (COX-2). 

This is accompanied by the activation of 

lipopolysaccharide (LPS), which has can dampen 

the effects of inflammation [19]. 

According to the research findings, the 

application of 0.1 microliters of eugenol resulted 

in an average number of macrophages that was 

greater than the application of 0.08 microliters of 

eugenol. This may be because of too much 

eugenol was used, which can be hazardous to the 

tissue if there's too much of it. At higher 

concentrations, eugenol acts as a pro-oxidant by 

elevating ROS production. Eugenol's effects are 

dependent on the concentration level [20, 21].  

The use of eugenol in this study, at a 

concentration of 0.02 microliters, resulted in the 

greatest overall number of macrophages 

compared to both treatment and control groups. 

This condition is likely produced by the anti-

inflammatory action that has worn off, which 

causes an inflammatory response to be triggered 

once more. When it comes to pulp and 

fibroblasts, there is also the risk that very low 

amounts of eugenol could have harmful 

consequences [22]. 

Conclusion 

It was shown that the usage of cotton pellets 

soaked in eugenol for three days could 

significantly lower the number of macrophages 

that are present in the dental pulpitis of Sprague 

Dawley rats. When compared to eugenol volumes 

of 0.01 µL and 0.02 µL, eugenol volumes of 0.08 

µL had the lowest average number of 

macrophages, and the post hoc test results 

demonstrated that this difference was 

statistically significant (p<0.05). 
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