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ABSTRACT 
Background: Black honey contains higher flavonoids, phenols, and minerals, which serves as antiinflammatory agents and 
promote faster wound healing. Purpose: This study aimed to determine the effectiveness of black honey on macrophage cells 
and blood vessels in rats’ wounds infected with Staphylococcus aureus. Methods: This was an experimental study with a post-
test only control group design. This study involved 24 rats divided into 4 groups. The treatment was carried out for 5 days. 
The rats in the K1 group were wounded (cut) and given aquadest. The rats in the K2 group were wounded (cut), infected with 
Staphylococcus aureus, and given aquadest. The rats in the P1 group were wounded (cut), infected with Staphylococcus aureus, 
and treated with 2ml of black honey topically. The rats in the P2 group were wounded (cut), infected with Staphylococcus 
aureus, and treated with2ml of black honey orally. Observations were made histopathologicaly using hematoxylin-eosin (HE) 
staining by calculating the number of macrophage and blood vessels, and further using One-Way ANOVA. Result: The 
number of macrophages and blood vessels between groups was significantly different. The K2 group had the highest mean 
number of macrophage cells and blood vessels, and the K1 group was the least. The mean number of macrophage cells in the 
P1 group was more than the K1 group and less than the K2 and P2 groups, both significantly. Conclusion: Black honey was 
effective in reducing inflammation in wounds infected by Staphylococcus aureus. 
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BACKGROUND 

Wound is the loss or damage of part of the body's 
tissue which can be caused by trauma from sharp or 
blunt objects, changes in temperature, chemicals, 
explosions, electric shocks, or animal bites.1 Ministry 
of Health of the Republic of Indonesia reported that 
incision wounds treated in Indonesian hospitals are 
quite high, with 250 deaths annually.2 Commonly, 
open cuts are infected by bacteria, parasites, or fungi. 
Infected wounds will cause signs such as pyrexia, pain, 
edema, exudate, prolonged inflammation and wound 
healing, and unpleasant smells.3 Wound healing 
consisted of3 stages: the inflammatory phase, the 
proliferation phase, and the remodeling phase.4 During 
the inflammatory phase, macrophage cells in the 
injured tissue will secrete proinflammatory mediators.5 
During the proliferation phase, macrophages will also 
secrete growth factors and chemokines such as 
transforming growth factor (TGF), TGF-β, placental 
growth factors (PGF), platelet-derived growth factor 
(PDGF), and vascular endothelial growth factor 
(VEGF), which are proangiogenesis mediators to assist 

in the formation of new blood vessels from blood 
vessels around the injured blood vessels.6,7 The blood 
vessels are expected to help maintain the continued 
functioning of the injured tissues and organs.8 

Some natural ingredients have been known for 
their properties to promote wound healing, both in 
sterilized and infected wounds. Honey contains 
flavonoids, phenols, and various minerals that serve as 
antioxidants, antiinflammatory, antibacterial, and 
strengthen the immune system to promote further 
wound healing.9 High osmolarity, low pH, and 
hydrogen peroxide in honey also serve as effective 
antibacterial.10 Black honey has darker color compared 
and tends to taste bitter. This honey is made by 
Apisdorsata bees, which collect nectar from mahogany 
trees.11A study reported that dark-colored honey 
contains higher flavonoids, phenols, and minerals 
compared to light-colored honey.12 

Infected wounds would take a longer time to heal 
than uninfected wounds as intrinsic and extrinsic 
factors cause a longer inflammatory phase.6 This study 
aimed to determine the effectiveness of black honey as 
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an antiinflammatory in rats’ wounds infected by 
Staphylococcus aureus. The macrophage cells are an 
indicator of the inflammatory phase, and blood vessels 
are an indicator of the proliferation phase. This 
research is expected to contribute to wound healing 
theoretical and practical approaches, particularly those 
infected with Staphylococcus aureus. 
 
METHODS 

This was an experimental analytic study with a 
post-test only control group design. This study was 
carried out in the laboratory of the Department of 
Biochemistry, Microbiology, and Pathology Anatomy 
of the Faculty of Medicine, Airlangga University, in 
December 2019 to January 2020. The inclusion criteria 
were rats, males, 4–6 months old, 150–200 grams, and 
have no anatomical abnormality. As for the exclusion 
criteria, the rat did not appear to be active and died 
during the study. The study population was male rats 
(Rattus norvegicus) obtained from the experimental 
animal unit ofthe Biochemical Laboratory, Faculty of 
Medicine, Airlangga University. The rats (Rattus 
norvegicus) were given cut wounds at their backs. The 
study's provisional hypothesis was that black honey is 
an effective anti-inflammatory substance evidenced in 
a decreased number of macrophage cells and blood 
vessels in the histopathological preparations of the rat’s 
skin. 

This study used pure, genuine black honey, and 
for the standard histological method, 10% formalin 
buffer solution, hematoxylin-eosin (HE) dye, paraffin, 
alcoholic acid, ammonia, xylol, ethanol 90% and 96%, 
and distilled water. Also, bacterial colonies of 
Staphylococcus aureus, ketamine, xylazine (for rat 
anesthetic ingredients), food, and water for the rats 
were needed. Glass jars, funnels, thermometers, and 
stirrers to sterilize the honey. Deck glass, object glass, 
microtome, oven, paraffin molds, and tissue-specific 
tubes for the histological preparations. A microscope to 
read the results, minor surgical instruments for cutting 
wounds on the backs of rats, cages with drinking 
equipment, and bandages. 

The research procedure began with the 
pasteurization of honey aimed to kill the pathogenic 
microbes without damaging the honey. This was done 
by heating the honey to 63o Celsius for 30 minutes, 
soaking the honey container into ice and saltwater, and 
stirring the honey until it reaches room temperature. 
Finally, the honey was put in a sterilized jar15. Honey 
does not cause toxicity—both used topically and orally. 
However, research shows that the presence of 5-
hydroxymethylfurfural in honey that has been 
overheated and stored for too long can cause toxicity to 

the body characterized by nausea, vomiting, 
headaches, and convulsions. Therefore, honey that is 
not overheated and stored for too long is safe to use16. 

The bacterial preparation stage consisted of 
taking Staphylococcus aureus culture with inoculating 
loop (ӧse), dissolving it in 0.9% NaCl, stirring evenly 
with the vertex, adjusting the turbidity to 0.5 
McFarland, applying 0.5 ml to the wound surface, and 
covering the wound with bandages soaked in a 
bacterial solution and plaster for 24 hours. The 
effectivity test of black honey as an anti-inflammatory 
was done on 24 wounds. The rats were first adapted for 
1 week, and 1–1.5 cm length and 2–3 mm depth cut 
wounds were made at the rats' back. The rats were then 
into 4 groups, each groups consists of 6 rats. The first 
group was the control group 1 (K1), and in this group, 
the rats were given a clean-cut and distilled water for 5 
days. The second group was the control group 2 (K2), 
and in this group, the rats were given a cut wound 
infected with Staphylococcus aureus and aquadest for 
5 days. The third group was the treatment group 1 (P1), 
and in this group, the rats were a cut wound infected 
with the Staphylococcus aureus and treated with 2 ml 
black honey topically for 5 days. The fourth group was 
the treatment group 2 (P2), and in this group, the rats 
were a wound cut infected with Staphylococcus aureus 
and treated with 2 ml black honey orally for 5 days.  

The rats’ skin tissues were taken and fixed with 
formalin, then made histopathological preparations 
with HE staining were made. The number of 
macrophage cells and blood vessels in 3 visual fields 
were manually counted, add up, and averaged. This 
was supervised by an expert pathologist and supervisor 
of this study. The preparations were observed using a 
light microscope at a 400x magnification. The 
collected data were then analyzed with the Shapiro-
Wilk normality test and One-Way ANOVA in SPSS 
21.0. 

This research has been approved by the Ethics 
Committee of the Faculty of Medicine, Airlangga 
University No. 240/EC/KEPK/FKUA/2019, and this 
study received no sponsor from any parties. 
 
RESULT 

The samples were 24 male Wistar rats, and the 
average body weights of the rats for each group were 
obtained as in Table 1. The first parameter was the 
number of macrophage cells. The calculation results 
are presented in Table 2 and Figure 1. The second 
parameter was the number of blood vessels or 
capillaries. The calculations are presented in Table 3 
and Figure 2. 
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Table 1. Characteristics of research subjects (Rattus norvegicus). 

Group n 
Rat’s Weight 

Mean (g) Std. Deviation (g) 
Control 1  6 150.00 4.195 
Control 2  6 151.00 4.000 
Treatment 1 6 152.83 6.178 
Treatment 2 6 150.50 3.271 
Total 24 151.08 4.373 

 
Table 2. Distribution of macrophage cell count calculations. 

Group Mean 
(cell) Std. Deviation Minimum Maximum 

Control 1 6.67 1.506 5 9 
Control 2 29.83 2.317 27 33 
Treatment 1 11.33 1.366 9 13 
Treatment 2 15.50 2.074 13 19 

 

 
 

Figure 1. Comparison diagram of the number of macrophage cells between groups. 
 
Table 3. Distribution calculation of the number of blood vessels. 

Group Mean 
(cell) Std. Deviation Minimum Maximum 

Control 1 7.67 2.875 4 12 
Control 2 42 4.050 35 46 
Treatment 1 16.50 2.074 13 19 
Treatment 2 25.83 2.137 23 28 
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Figure 2. Comparison diagram of the number of blood vessels between groups. 
The normality test results of the Shapiro-Wilk test 

showed that macrophage and blood vessel calculation 
data in all groups had a p-value>0.05, indicating that 
the data was normally distributed. The homogenity test 
results of the Levene's showed that macrophage and 
blood vessel cell count data had a p-value> 0.05 
indicating that the data was homogeneous and no 
difference in data variations in all groups. The average 
number of macrophages and blood vessels that were 
normal and homogeneous, as evidenced in the One 
way-ANOVA test results. The One-way ANOVA test 
results on macrophage’s p-value is 0.000 and the blood 
vessels’s p-value is also 0.000. The p-value of the tests 
were <0.05, which means that there were statistically 
significant differences in the number of macrophage 
cells and blood vessels. 

Furthermore, we used the Post-Hoc test with the 
Bonferroni test to see which groups differed 
significantly from the other groups. The significance 
result of the Post-Hoc test is said to be significant if the 
p-value<0.05. The Post-Hoc test results showed that 
the p-value of macrophage cells was <0.05 in all 
groups, indicating a significant difference between 
groups. The Post-Hoc test results showed that the p-
value of blood vessels ranges from 0.000 to 0.05 in all 
groups, indicating a significant difference between 
groups. 
 
DISCUSSION 

The average number of macrophage cells and 
blood vessels in the K1 group was the lowest and 
significantly to other groups. On the other hand, the K2 
group had the highest number of macrophage and 
blood vessel cells, significantly to other groups. The 
average number of macrophages and blood vessels can 
illustrate the inflammation and wound healing 
experienced by each group. A higher number of 
macrophage cells and blood vessels indicates 
prolonged inflammation. An infection of 
Staphylococcus aureus has caused a prolonged 
inflammation in the K2 group. The bacterial infection 
has caused an imbalance between pro-inflammatory 
cytokines, chemokines, proteases, and inhibitors.13 
This imbalance will trigger inflammatory cells, 
especially neutrophil cells, to produce excessive ROS, 
which causes damage to extracellular membranes, cell 
membranes, or premature aging of cells.14 Macrophage 
will also produce elastase and MMP-9 and reduce 
MMP inhibitors level, which play an important role in 
reducing inflammation and usually found in 
atherosclerotic plaque.15 Therefore, wounds infected by 
Staphylococcus aureus bacteria in this study can be 
classified into chronic wounds that experience 

prolonged inflammation and longer wound healing. 
Meanwhile, wounds that are not infected with 
Staphylococcus aureus can be classified as an acute 
wound.5 

The mean number of macrophage cells and blood 
vessels of the K1 group was significantly lower than 
the P1 and P2 groups. It indicated that the cut wounds 
in the K1 group were acute, and no prolonged 
inflammation was observed, as in the K2, P1, or P2 
groups. The infected cut wounds in the K2 group were 
only treated with distilled water, and they had a 
significantly higher mean number of macrophage cells 
and blood vessels to the P1 and P2 groups. On the 
contrary, the wounds treated with black honey, as in the 
P1 and P2 groups, showed improvements in 
inflammation and wound healing marked by 
significantly fewer blood vessels and macrophage cells 
than the K2 group. 

The data analysis results suggested that black 
honey, both used topically or orally, helped reduce 
inflammation and accelerate wound healing in wounds 
infected by Staphylococcus aureus. Previous studies 
have reported that honey has an anti-inflammatory 
effect by reducing the activity of cyclooxygenase-1 and 
cyclooxygenase-2. Also, undissolved honey can reduce 
the concentration of prostaglandins such as 
prostaglandin E2 (PGE2), prostaglandin F2 (PGF2), 
and thromboxane B2 as measured in human 
plasma.17Furthermore, other studies found that honey 
was as effective in a colitis trial treatment using 
prednisolone.18 Other studies have also stated that 
honey can reduce inflammatory mediators such as 
COX-2 and TNF-α through inhibition of the NF-κB 
pathway. It is known that the activation of the NF-κB 
pathway plays an important role in inflammatory 
pathogenesis.19A study on the anti-bacterial effect of 
honey reported that honey could kill all bacteria used 
in the study in a 24-hour incubation period, including 
methicillin-resistant Staphylococcus aureus (MRSA) 
due to methylglyoxal content, defensing-1, and 
hydrogen peroxide contained in honey.20 Additionally, 
the basic composition of phenolic compounds in 
different varieties of honey is quite similar and includes 
p-coumaric acid, eugenol, ferulic acid, cafeic acid, 
pinobanksin, pinocembrin, chrysin, quercetin, 
apigenin, and naringin in diferent proportions. Gallic 
acid, protocatechuic acid, p-hydroxybenzoic acid, 
catechin, vanillic acid, syringic acid, epicatechin, p-
coumaric acid, ferulic acid, rutin, quercetin, apigenin, 
kaempferol, and isorhamnetin also can be detected in 
honey. Most of which work synergistically, which are 
useful as antioxidants that can prevent chronic injury 
and prevent pathological changes.21 
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We found that the topical use of black honey 
significantly lower the mean number of macrophage 
cells and blood vessels compared to the group given 
black honey orally. This illustrates that topical use of 
black honey gives better results at reducing 
inflammation and accelerating wound healing 
compared with oral administration in wounds infected 
by Staphylococcus aureus. This is in line with research 
conducted by Khanal, Baliga, and Uppal (2010), which 
proves that topical use of honey reduces scarring and 
inflammation in mouth ulcers.22 

The physicochemical nature of honey was 
responsible for better results in topical use compared to 
oral use. Honey has a very low pH that can kill bacteria 
because the atmosphere is too acidic, and the pH of 
honey promotes fibroblast activity (migration, 
proliferation, and organizing collagen). Similarly, high 
osmolarity in honey leaves very little water for the 
growth of microorganisms.9 The physical properties of 
honey also provide a protective barrier and, by 
osmosis, create a moist wound healing environment 
that does not stick to the underlying wound tissues and 
hydrogen peroxide (H2O2) in honey is important as an 
antiseptic and stimulates the wound healing process.23 

Blaser et al. (2007) observed the potential use of 
honey as a wound dressing to treat MRSA-infected 
surgical wound scars (which is confirmed by swabs in 
their study). The result showed that topical anti-
microbial treatment and vancomycin intravenously 
have failed to eradicate MRSA, while pure or honey 
mixed with alginate as a wound dressing results in the 
eradication of MRSA and help in wound closure.24 

Honey contains many useful ingredients for 
wound healing and reducing inflammation, but the 
topical use of honey has also further demonstrated 
better results than oral use. In clinical practice, black 
honey can be used as a natural source to reduce 
inflammation in the wound healing treatment. 

However, the study's limitations were that this 
study used a single dose and did not compare the route 
of administration. Future studies are suggested to 
compare the doses to find out the effective dose.  

This research concluded that black honey was an 
effective anti-inflammatory substance for a wound-
healing treatment, particularly in wounds infected by 
Staphylococcus aureus. This is characterized by a 
significant reduction in the number of macrophages 
and blood vessels in the groups treated with black 
honey, both topically and orally.  
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