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Effects of Gelam Honey (Melaleuca cajuputi) on Alveolar
Bone Loss in Experimental Periodontitis
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Gelam honey has been shown to exhibit antioxidant and anti-inflammatory activities in animal model. The aim of this study was
to determine the effects of Gelam honey (Melaleuca cajuputi) on alveolar bone level in experimental periodontitis. Thirty male
Sprague-Dawley rats were used in this study and randomly divided into four groups: ligated saline (LS), ligated honey (LH),
nonligated saline (NLS), and nonligated honey (NLH). Fifteen days after supplementation with Gelam honey (3 g/kg), the rats
were sacrificed and alveolar bone level was determined by radiography and histomorphometry.The number of osteoclasts was also
calculated for all groups. Both radiographic and histomorphometric analyses showed that alveolar bone resorption was severely
induced around the ligatedmolar in the LS and LH groups.There was no significant difference in alveolar bone level between the LS
and LH groups. However, there was a nonsignificant reduction of osteoclast number by 15.2% in LH group compared to LS group.
In the NLH group, there was less alveolar bone resorption and the number of osteoclasts was reduced by 13.2% compared to NLS
group. In conclusion, systemically supplemented Gelam honey was shown to have the potential of reducing osteoclast activity in
the experimental periodontitis rats, even though the effect on alveolar bone level was not well demonstrated and it warrants further
research.

1. Introduction

Periodontitis is one of the most common chronic inflam-
matory diseases among adults worldwide. It is characterized
by gingival inflammation, periodontal pocket formation,
and bacterial plaque formation which lead to alveolar bone
destruction and tooth loss. The pathogenesis of periodon-
titis involves the presence of plaque that may initiate local
inflammatory reaction in a predisposed host, thus evoking
edema, cell influx, and release of inflammatory mediators
which ultimately leads to alveolar bone loss [1]. Among
the inflammatory mediators, PGE2, Il-1, and TNF-𝛼 seem

to be the important mediators as causative agents of tissue
destruction [2]. In periodontal disease, the response of bone
to local factors, produced by the inflammatory process,
changes the bone remodeling balance, with a net effect of
alveolar bone resorption and loss of attachment [3].

Alveolar bone resorption can be measured using various
methods, that is, radiograph [4], two-dimensional/three-
dimensional imaging [5, 6], morphometric method [6], his-
tomorphometricmethod, [7] and immunocytochemistry [8].
Radiographically, alveolar bone loss can be determined by the
radiograph density changes usually seen at the interproximal
area. The changes are measured from the cementoenamel
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junction (CEJ) to the alveolar bone crest (ABC). Radiograph
helps to determine the severity of periodontitis and bone-
related damage but with limited sensitivity. The histological
analysis is considered as the gold standard, accurate, and
widely accepted technique in measuring alveolar bone loss in
vitro [9, 10]. Histomorphometrically, bone loss was measured
from the cementoenamel junction (CEJ) to the alveolar bone
crest (ABC), while, for osteoclast activity, it is determined by
morphologically quantifying the number of osteoclasts [7, 11].

Conventional treatment modalities for periodontitis
includemechanical removal of microbial plaque and calculus
by scaling and root debridement and in some patients may
need adjunctive chemotherapeutics [12]. Chemotherapeu-
tics may come in form of drugs or certain agents with
inhibitory properties either antibacterial, antiseptic, antimi-
crobial, anti-inflammation, or antioxidant. The inhibitory
agents involve natural products such as vitamin C, vitamin
D, calcium, and also sources of polyphenolic, flavonoids, and
carotenoids from natural fruit/vegetable/berry intake [13].
Several reviews [14, 15] have concluded that antimicrobials
used as adjunct to mechanical therapy improve therapeutic
outcome. Chlorhexidine mouthwash is one of the most
effective antimicrobial agents for plaque control [16], hence,
to prevent periodontal disease. Recent interest in natural and
alternative medicine has prompted the use of herbal and
natural products in dentistry field. Nayak et al. [17] reported
mouthwash containing Manuka honey had antimicrobial
effect as significantly comparable to chlorhexidine mouth-
wash. Aloe vera gel is another example of natural product
used as a local delivery medicament in treating periodontitis
[18].

Honey is considered as the oldest medicinal food and has
continued to be used throughout the ages. Gelam honey is
a Malaysian local honey taken from Gelam tree, Melaleuca
cajuputi. It has high phenolics and flavonoids contents such
as ellagic acid, chlorogenic acid, ferulic acid, quercetin, and
chrysin [19]. Gelam honey has also been shown to have
antibacterial, anti-inflammatory, antioxidant, and healing
properties [20–23]. However, to the best of our knowledge,
the therapeutic use of Gelam honey in dentistry field,
specifically for treating periodontal disease, has never been
explored. It is envisaged that Gelam honey, with its high phe-
nolics and flavonoids content, will alleviate the inflammatory
mediators raised during periodontal disease, thus preventing
bone destruction in an established lesion.

2. Material and Methods

2.1. Experimental Procedures. All procedures involving ani-
mals were approved by the animal ethics committee of Uni-
versity Kebangsaan Malaysia, (FD/PERIOD/2011/BADIAH/
23-NOVEMBER/395-NOVEMBER-2011-JULY-2012). We
used 30 male Sprague-Dawley rats weighing from 250 to
350 g. Rats were used because the periodontal anatomy of
the molar regions is similar to human and they are easier
to handle compared to other animal models such as dogs
or nonhuman primates. The rats were divided into four
groups (𝑁 = 7): ligated rats fed with saline (LS), ligated

rats fed with Gelam honey (LH), nonligated rats fed with
saline (NLS), and nonligated rats fed with Gelam honey
(NLH). Gelam honey given to the LH and NLH groups was
diluted according to the body weight. The dose needed was
3 g/kg daily. Meanwhile for saline, the amount given to rats
in LS and NLS groups was 3 g/kg daily. Gelam honey and
saline were fed to the rats via oral gavage using stainless steel
feeding needle from day 1 to day 15 once daily everymorning.
For baseline purpose, we sacrificed two rats at 0 day. The
periodontal disease was induced by placing silk ligature
around the left mandibular first molar. Ligature method has
been accepted as useful experimental model in assessing
alveolar bone loss in periodontitis as described by Toker et
al. [7], Liberman et al. [24], and Guimarães et al. [25]. All
rats were sacrificed at day 15 by cardiac puncture followed by
cervical dislocation. Mandible was surgically dissected and
immediately fixed in 10% paraformaldehyde.

2.2. Radiograph Measurement of Alveolar Bone Level. Hemi-
mandible was placed on a radiographic box at a distance of
20 cm from the X-ray source. Digital radiographic analysis of
control and test groups was performed with X-ray machine
of a 40 kW exposure for 0.01 sec and image analysis software
used was TrophyWindows Imaging software. For radiograph
image, alveolar bone loss was measured as the distance
between cementoenamel junction (CEJ) and the alveolar
bone crest (ABC).Three measurements were taken at mesial,
distal, and one furcation area and presented as distances in
millimetre (mm).

2.3. Tissue Preparation for H&E Staining. The mandibles
with intact surrounding tissue from each rat were dissected
and fixed in freshly prepared 10% paraformaldehyde. After
fixation, the specimens were decalcified in 10% formic acid
for aminimumof three weeks, as described by Toker et al. [7].
The 10% formic acid was changed daily. After decalcification,
the tissue was processed by an automated tissue processor.
The tissue block then embedded in paraffin for cryostat
sectioning. The paraffin block was then cut into mesiodistal
sections (5 𝜇m) parallel to the long axis of the first molar
mandibular teeth. The above preparation procedure was
described by Li and Amar [6]. Hematoxylin and eosin (H&E)
staining was done for the tissues sections.

2.4. Histomorphometric Measurement of Alveolar Bone Level
and Osteoclast Activity. For the histomorphometric image,
measurement of bone loss was made from cementoenamel
junction (CEJ) to the alveolar bone crest (ABC) in the
interproximal area between first and second mandibular
molar, at two different points, that is, distal of first molar and
mesial of second molar. For osteoclast activity, numbers of
osteoclast cells weremanually counted within analysis area of
10 𝜇m × 10 𝜇m from alveolar bone crest (ABC) downward at
the interproximal area between first and second mandibular
molar.

2.5. Reproducibility. Both analysis methods were carried out
by one examiner and intraexaminer reproducibility was
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Figure 1: Radiograph images of the left mandible. Cementoenamel
junction represented with yellow arrow and alveolar bone crest
represented with blue arrow. Image showing normal structure of
alveolar bone in rats at 0 day.

Figure 2: Radiograph images of the left mandible. Cementoenamel
junction represented with yellow arrow and alveolar bone crest
represented with blue arrow. Image showing normal structure of
alveolar bone in rats fed with saline at 15 days.

carried out within one-week interval. Intraclass correlation
coefficient statistic was used to check for reproducibility and
revealed a very high correlation (ICC = 0.98).

2.6. Statistical Analysis. Data was analysed using IBM SPSS
data editor version 20.0. All values were expressed as mean ±
standard error mean (SEM) of 𝑛 observation where 𝑛 rep-
resent the number of animals studied. One-way analysis of
variance (ANOVA) between groups was used to compare
alveolar bone loss measurement, followed by Tukey’s post-
hoc test to check for significance between groups. P value <
0.05 was considered as statistically significant in this study.

3. Results

3.1. Radiographic Analysis. Figures 1 and 2 show normal
structure of alveolar bone in rats fed with normal saline at 0
and 15 days, while Figure 3 shows normal structure of alveolar
bone in rats fed with Gelam honey.

The presence of the silk ligature around the first left
mandibular molar induced an inflammatory reaction to the
periodontal tissue causing alveolar bone destruction which
was clearly observed after 15 days of ligation (Figure 4).

Figure 3: Radiograph images of the left mandible. Cementoenamel
junction represented with yellow arrow and alveolar bone crest
represented with blue arrow. Image showing normal structure of
alveolar bone in rats fed with Gelam honey at 15 days.

Figure 4: Radiograph images of the left mandible. Cementoenamel
junction represented with yellow arrow and alveolar bone crest rep-
resented with blue arrow. Image showing alveolar bone destruction
in rats fed with saline at 15 days.

The supplementation of Gelam honey did not show any
modulating effect to the damaged alveolar bone (Figure 5).

Analysis of radiographs measurement of alveolar bone
level revealed increased alveolar bone resorption in ligated
groups (LS) and ligated group supplementedwith honey (LH)
compared to the baseline (0 day) and healthy/nonligated
groups (NLS and NLH) as shown in Figure 6.

3.2. Histomorphometric Analysis

3.2.1. Alveolar Bone Level. H&E-stained sections were eval-
uated for changes in alveolar bone level (Figures 7(a) to
7(e)). Figures 7(a) to 7(c) show normal alveolar bone level
in control groups (baseline rats and nonligated rats fed with
saline and Gelam honey 3 g/kg at 15 day). Figures 7(d) and
7(e) show marked increase of alveolar bone resorption in
ligated rats fed with saline and ligated rats fed with Gelam
honey 3 g/kg at 15 day. Supplementation of Gelam honey did
not show inhibition effect on the alveolar bone destruction
in periodontitis rats. Similar to the radiograph findings,
the histomorphometric analysis (Figure 8) shows increased
alveolar bone resorption in ligated groups (LS and LH)
compared to the baseline (0 day) and nonligated groups (NLS
and NLH).
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Figure 5: Radiograph images of the left mandible. Cementoenamel
junction represented with yellow arrow and alveolar bone crest rep-
resented with blue arrow. Image showing alveolar bone destruction
in rats fed with Gelam honey at 15 days.
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Figure 6: Mean ± SEM (mm) for radiographic measurement of
alveolar bone level among groups. NLS: nonligated saline, NLH:
nonligated honey, LS: ligated saline, and LH: ligated honey.

3.2.2.Osteoclast Activity. Osteoclasts (𝑛 = 5)were detected in
the baseline rats and increased numbers of osteoclasts (NLS =
7.57, NLH = 5.47, LH = 7.4, and the highest in LS = 11.29) were
detected in all the other groups. The ligated groups (LS and
LH) showed more numbers of osteoclasts compared to the
nonligated groups (NLS and NLH).

TheH&E staining slides were also evaluated for osteoclast
activity in each group (Figures 9(a)–9(e)). Figure 9(a) shows
no osteoclast activity in the baseline rat at zero day. Figures
9(b) and 9(c) show few osteoclasts in nonligated saline (NLS)
and nonligated honey (NLH) at 15 days. The number of
osteoclasts are less in the NLH group compared to NLS,
while Figures 9(d) and 9(e) show increased osteoclast activity
in the ligated rats fed with saline and ligated rats fed with
Gelam honey 3 g/kg at 15 day.The supplementation of Gelam
honey was able to reduce osteoclast activity and zone of bone
destruction compared to LS group.

Figure 10 showed the number of osteoclast from all the
groups. Osteoclasts were detected in small numbers in the
baseline rats (5) and higher numbers of osteoclasts were

detected in NLS (7.57), NLH (5.47), and LH group (7.4), and
the highest numbers were detected in LS group (11.29).

The reduction number of osteoclasts was observed
between the ligated and nonligated groups supplemented
with honey. Gelam honey shows 15.2% reduction of osteo-
clasts compared to ligated rats fed with saline, while 13.2%
reduction was found in the nonligated groups. However,
these findings were found not statistically significant (𝑃 =
0.651 and 𝑃 = 0.475, resp.) as shown in Figure 11.

4. Discussion and Conclusion

In periodontal disease, the response of bone to local factors,
that is, bacterial plaque and calculus, produced by the
inflammatory process, changes the bone remodeling balance,
with a net effect of bone resorption and loss of attachment
[26]. In this study, we have been able to show that the
placement of ligature around the first mandibular molar
inducedmarked bone loss in the ligated-groups rats. Our data
are in accordance with previous studies by Samejima et al.
[27], de Lima et al. [11], and Guimarães et al. [25] that also
showed marked bone loss in ligature-induced periodontitis
rats after 15 days. According to a study by Kuhr et al.
[10] ligature-induced bone loss is particularly visible on day
15 whereby a 200–300 𝜇m increase in the cementoenamel
junction (CEJ) to alveolar bone crest (ABC) distance in
ligature effect zone is observed.

Our study shows that Gelam honey was able to decrease
the number of osteoclast both in the diseased and in the
healthy groups. Similar findings were reported by Toker et al.
[7] and Cai et al. [28] where the supplementation of propolis
and baicalin also reduced the number of osteoclasts in
periodontitis induced rats.

According to Kassim et al. [23], Gelam honey and its
extracts, honey methanolic extract (HME) and honey ethyl
acetate extract (HEAE), contain high concentrations of phe-
nolic compounds, especially ellagic acid and gallic acid which
have been reported to inhibit iNOS (inducible nitric oxide
synthase) and COX2 (cyclooxygenese2), decrease histamine
release, and suppress proinflammatory cytokine production
in macrophage and P-selectin-mediated inflammation both
in vitro and in vivo [29, 30]. NO (nitric oxide) is known to be
an important mediator of acute and chronic inflammation.
The iNOS is upregulated in response to inflammatory and
proinflammatorymediators, and their products can influence
many aspects of the inflammatory cascade [23]. We postulate
that the inflammation cascade was altered by giving Gelam
honey to the diseased and healthy groups. All the proinflam-
matory cytokines were reduced thus leading to reduction of
osteoclasts activation or osteoclasts maturation.

Besides that, we also observed that the destruction of
alveolar bone loss seen was consistent with the increased
number of osteoclasts in the diseased groups.The same trend
in osteoclastic activity was reported by other studies [6, 8, 28],
where the increase in osteoclast number and activity corre-
lated well with the amount of alveolar bone resorption. Li
and Amar [6] discussed in their study that periodontal tissue
destruction increased with obvious inflammatory infiltration
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Figure 7: H&E of alveolar bone of baseline, healthy, and diseased rats (at 5x magnification). CEJ: cementoenamel junction; ABC: alveolar
bone crest. (a) shows normal alveolar bone level in control groups of baseline rats. (b) shows normal alveolar bone level in control groups
of nonligated rats fed with saline 3 g/kg at 15 days. (c) shows normal alveolar bone level in control groups of nonligated rats fed with Gelam
honey 3 g/kg at 15 days. (d) shows marked increase of alveolar bone resorption in ligated rats fed with saline 3 g/kg at 15 days. (e) shows
marked increase of alveolar bone resorption in ligated rats fed with Gelam honey 3 g/kg at 15 days.
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Figure 8: Mean ± SEM (mm) for histomorphometric measurement
of alveolar bone level among groups. NLS: nonligated saline, NLH:
nonligated honey, LS: ligated saline, and LH: ligated honey.

and the number of osteoclasts around the alveolar bone
surface also increased after infection.

Analysis of alveolar bone loss measurement in the modu-
lated rats was similar radiographically and histomorphome-
trically, where the diseased groups showed marked alveolar
bone resorption compared to the healthy group and this is
in accordance with Li and Amar [6]. Both analyses showed
no reduction of alveolar bone loss with supplementation of
Gelam honey within the diseased group, but some reduction
was shown in the healthy group. From our study, bone loss in
the diseased group was clearly increased than in the healthy
group. However, we were unable to demonstrate reduction of
alveolar bone resorptionwithGelamhoney supplementation.
This may suggest that microscopic changes are seen first
before macroscopic changes. Furthermore, our results are
similar to the study by Guimarães et al. [25] on the effects
of curcumin onmodulated periodontitis.They reported that,
after 15 days of supplementation, curcumin did not prevent
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Figure 9: H&E of osteoclast activity in baseline rats, healthy rats, and periodontitis rats (at 5x magnification). AB: alveolar bone, ABC:
alveolar bone crest, C: cementum, D: dentine, and PDL: periodontal ligament. Osteoclast cell represented with yellow arrow and zone of bone
destruction represented by black arrow. (a) shows no osteoclast activity in the baseline rat at zero day. (b) shows few osteoclasts in nonligated
rats fed with saline (NLS) at 15 days. (c) shows few osteoclasts in nonligated rats fed with Gelam honey (NLH) at 15 days. (d) shows increased
osteoclast activity in the ligated rats fed with saline 3 g/kg at 15 days. (e) Shows increased osteoclast activity in the ligated rats fed with Gelam
honey 3 g/kg at 15 days.
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Figure 10: Mean number of osteoclasts among groups. NLS:
nonligated saline,NLH: nonligated honey, LS: ligated saline, andLH:
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alveolar bone loss. Their team concluded that the lack of
effect on bone resorption may be related to a time delay to
reach levels high enough for biological effects of curcumin on
alveolar bone. Hence, this may clarify the inability of Gelam
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Figure 11: Percentage (%) number of osteoclasts in nonligated and
ligated groups.

honey to show effect on alveolar bone resorption evaluated
radiographically in our study.

On the contrary, Toker et al. [7] reported that propolis
was able to prevent alveolar bone loss in rat model when
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administered systemically for 11 days.We suggest that itmight
be due to different components in the honey and propolis
especially that the flavonoids in propolis are higher 5–26%
[31] while in pure honey flavonoids content is only 0.006%
[32]. Therefore, honey might take a longer duration to show
an effect on alveolar bone compared to propolis. However,
according to Kuhr et al. [10], episodes of alveolar bone loss
peak until day 15 and a stagnant period of alveolar bone loss
up to 60 days were observed. Thus, extending the duration
of Gelam honey supplementation in our study might prevent
further alveolar bone loss.

Many other types of honey or their extracts have been
proven to be useful as an adjunct in treating periodontitis
and have been commercialized. English et al. [33] reported
that chewing gum containing Manuka honey reduced plaque
index by 35%. Propolis was proven to have potential used
as a natural mouthwash, as an alternative to chemical
mouthwashes [34]; Persian Thymus vulgaris honey was used
as topical application in promoting wound healing after
periodontal surgery [35].

In conclusion, though Gelam honey did not inhibit
alveolar bone loss, it shows ability to reduce number of osteo-
clasts in induced periodontal disease among Sprague-Dawley
rats when analysed using the histomorphometric method.
Based on findings from this study and other previous stud-
ies which have proven the antibacterial, anti-inflammatory,
antioxidant, and antimicrobial effects of Gelam honey, we
highly recommended further study using Gelam honey or
its extracts for treating periodontal disease. Therefore, this
research may be useful for development of Gelam honey as a
local therapeutic agent replacing drugs and chemical agents
in the market currently.
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