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ABSTRACT

Background: Orthodontic tooth movement (OTM) is a process of tooth movement in the alveolar socket through a bone remodeling
process. Cocoa contains caffeine as a bioactive component. Purpose: This study aimed to determine the effect of caffeine in cocoa
administration on transforming growth factor 1 (TGF-f1) levels in the pressure side during OTM. Methods: Twelve Cavia cobaya
were divided into four groups: a control group and treatment groups with 2.3 mg caffeine in cocoa (Group 1), a 3.45 mg dose (Group
2), and a 4.6 mg dose (Group 3) (n = 3). A NiTi open coil spring with light force was applied to two lower incisor of Cavia cobaya.
TGF-p1 level in gingival crevicular fluid (GCF) of the pressure side was analyzed using ELISA on days 0, 1, 7, and 14. The data was
examined with two-way ANOVA (p < 0.05) and the least significant difference (LSD) post-hoc test. Results: The study found that
the control group had the smallest increase in TGF-f1 levels, followed by the caffeine group in Groups 1, 2, and 3 cocoa (p<0.05).
Conclusion: This study confirmed that caffeine in cocoa administration increases TGF-f1 levels during OTM on Cavia cobaya in the

pressure side.
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INTRODUCTION

Orthodontic tooth movement (OTM) is a process
of tooth movement in the alveolar socket through a
bone remodeling process. The mechanical pressure of
orthodontic forces causes reversible minor injuries to the
periodontal tissues, resulting in physiological adaptation
of the alveolar bone.! The early response of periodontal
tissue to mechanical stress is characterized by metabolic
changes that facilitate tooth movement. Minor changes in
the periodontal ligament’s thickness occur one hour after
the administration of orthodontic force, but considerable
alterations occur six hours later.> Shortly after the applied
orthodontic force, teeth position will shift, resulting in the
pressure side on one side of the periodontal tissue and the
tension side on the opposite side. Blood flow will decrease
on the pressure side, while the tension side will remain
stable or increase.! Orthodontic mechanical forces cause
bone resorption in the pressure side and apposition in the

tension side. The application of orthodontic mechanical
forces to teeth is characterized by an inflammatory process
through macrophage activation followed by cytokines
and growth factors release. The growth factor includes a
receptor activator of nuclear factor xf ligand (RANKL)
and transforming growth factor 1 (TGF-p1).?

One of the cytokines in the extracellular matrix that is
synthesized by osteoblasts and osteoclasts is TGF- (TGF-
B1, TGF-B2, and TGF-B3). TGF-B1 regulates various cellular
responses in mediating the effects of the immune response,
angiogenesis, wound healing processes, and regulation
of bone formation. It stimulates bone formation through
increased proliferation, osteoblast differentiation, type II
collagen level, and proteoglycan synthesis by precursor cells
chondrocytes.* TGF-B1 also plays a role in bone resorption
by stimulating the collection of osteoclast precursors from
the bone marrow, maturation, and apoptosis of osteoclasts.
TGF-B1 is known to cause osteoclast development based
on the results of osteoclast precursor cultures from bone
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marrow supplemented with RANKL and macrophage
colony-stimulating factor (M-CSF).>

Various approaches have been introduced to increase
OTM, including non-invasive methods. Non-invasive
methods are more acceptable to patients and are grouped
into drugs, mechanical stimulation, and non-surgical
treatment approaches.® The use of natural products as
a non-invasive method has been extensively evaluated.
Cocoa is a natural product derived from plants and widely
consumed by people. Cocoa contains polyphenol and
methylxanthine bioactive components. One type of active
compound in methylxanthine is caffeine.” Multiple studies
have revealed that caffeine affects bone metabolism. It
has been observed that caffeine use increases OTM in
rats via its effect on alveolar bone remodeling.® Caffeine
administration increases prostaglandin E2 (PGE2) levels
efficiently. PGE2 stimulates the formation of RANKL in
osteoblasts, which then increases the number of osteoclasts
and OTM.? This study aimed to determine the effect of
caffeine in cocoa administration on TGF-B1 levels in the
pressure side during OTM.

Figure 2. Caffeine administration to Cavia cobaya.

MATERIALS AND METHODS

This experimental laboratory study enrolled 12 male Cavia
cobaya, aged 2.5-3 months and weighing 300-350 grams.
The subjects were divided into four groups: an orthodontic
treatment-only control group and orthodontic treatment
groups with 2.3 mg caffeine in cocoa (Group 1), a 3.45 mg
dose (Group 2), and a 4.6 mg dose (Group 3). Each group
consisted of three Cavia cobaya. The experimental animal
was ethically approved by the Research Ethics Commission,
Faculty of Dentistry, Universitas Gadjah Mada, number
00320/KKEP/FKG-UGM/EC/2019. This study is a part
of first author's thesis in Faculty of Dentistry, Universitas
Gadjah Mada.

This study used the dose of caffeine in chocolate
according to FDA recommendations, namely a safe dose
of 100-200 mg/day. The human dose (70 kg) conversion to
Cavia cobaya (400 grams) was 3.1 mg. The weight of Cavia
cobaya used in this study was 300 grams, the minimum
dose conversion used was 2.3 mg, the average dose was
3.45 mg, and the maximum dose was 4.6 mg.

A light orthodontic force was applied at both lower
incisor of Cavia cobaya (Figure 1). The applied bracket
was made of a straight wire slot 0.022” (Marquis™, Ortho
Technology®, USA), wire round stainless steel 0.016”
(American Orthodontics®, USA), and NiTi open coil
springs (American Orthodontics®, USA). The open coil
spring length was 1.5 times the distance of the incisor inter
bracket with 35 grams of force, measured by a tension gauge
dynamometer (Medkraft Orthodontics, USA).

The treatment group was administered 1.37 g, 2.05 g,
and 2.74 g cocoa powder (Hershey’s natural unsweetened
cocoa, USA) dissolved in 3 ml distilled water. Three
different caffeine doses were adjusted at 2.3 mg (Group
1), 3.45 mg (Group 2), and 4.6 mg (Group 3). The cocoa
was administered orally using a gastric tube two times a
day (Figure 2).” The cocoa administration, twice a day
after 9 AM and 1 PM, was carried out to avoid interactions

Figure 3. Gingival crevicular fluid sampling on Cavia cobaya
with paper point.
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between caffeine and cortisol during the circadian rhythm,
which could affect the research results.'°

Gingival crevicular fluid (GCF) samples were retrieved
using size #15 paper points (Dentsply, Germany) on
the pressure side (distal to the incisor ) (Figure 3). GCF
retrieval was performed before and on the Ist, 7th, and
14th days after the orthodontics force application. Incisor
were wiped with cotton for deposit removal, isolated
by a cotton roll, and dried to eliminate residual saliva.
Paper points were inserted into the gingival sulcus at 1
mm depth for 30 seconds. The collected samples were
stored in Eppendorf tubes containing 350 uL of the saline
solution and then centrifuged at 2000 rpm for 25 minutes.
The supernatant solution was stored at -80°C until ELISA
was performed.

ELISA analysis was carried out in the Pharmacology
and Toxicology Laboratory Faculty of Medicine Public
Health and Nursing, Universitas Gadjah Mada, Yogyakarta.
Measuring the GCF of TGF-B1 from the supernatant
solution was conducted using ELISA kit TGF-B1 (Cusabio
®Biotech Co. Ltd., China). Optical density was determined
using a microplate reader at 450 nm wavelength.

TGF-B1 levels were tested for normality using the
Shapiro—Wilk test and homogeneity using Levene's test.
A two-way ANOVA test with a 95% confidence level was
carried out to evaluate the data (p < 0.05). In addition, the
least significant different (LSD) post-hoc test was executed.

Table 1.
crevicular fluid in Cavia cobaya

120

Statistical analysis was conducted using SPSS Version 26
(IBM, USA).

RESULTS

TGF-B1 levels varied among groups. Table 1 shows the
average and standard deviations of TGF-$1 levels measured
using ELISA.

The Shapiro—Wilk normality test and Levene’s
homogeneity test indicated normally distributed and
homogeneous (p > 0.05) data. Two-way ANOVA
confirmed significant improvement of TGF-B1 levels, with
the lowest average in the control group, followed by the
groups with the 2.3 mg dose of caffeine in cocoa (Group 1),
the 3.45 mg dose (Group 2), and the 4.6 mg dose (Group
3) (p < 0.05). The levels of TGF-B1 increased parallel to
the administered doses. Increased average of the TGF-f1
level was significant (p < 0.05) between the caffeine in
cocoa from day O to day 1 and day 1 to day 7. However,
day 7 to day 14 presented a significant decrease (p < 0.05).
Interaction between dosage and duration observations
also suggested a significant difference in TGF-B1 levels
(p <0.05) (Table 1).

Table 1 demonstrates a significantly increasing average
of TGF-B1 levels (p < 0.05) from day O to day 1 in all
treatment groups. No significant improvement in the control

Mean and standard deviation of TGF-B1 level (pg/ml) in all groups at days 0, 1, 7, and 14 on the pressure side of gingival

Amount of TGF-BI level

Days

Control group Group 1

Group 2 Group 3

0 106.64 + 5.55
1 108.57 = 1.65
7 113.00 = 1.87
14 93.71 £ 1.35

99.61 + 1.38%*

114.83 £2.03
81.56 + 1.52%

103.35 + 2.03*

90.59 + 1.39%
121.90 + 0.79%*
128.10 + 2.27*
102.57 + 2.69*

99.25 + 0.42%
117.56 + 2.05%*
123.84 + 1.88*
89.46 + 1.27*

*: compared to control group (p < 0.05)

130.00
125.00
120.00
115.00
110.00

105.00
100.00
95.00
90.00

TGF-BETA1 LEVEL (PG/ML)

85.00

80.00
0 1

7 14

DAYS AFTER THE COCOA ADMINISTRATION

Figure 4. The TGF-B1 levels on the pressure side Cavia cobaya gingival crevicular fluid after cocoa administration. The control
group (diamond) was not administered caffeine in cocoa. Three different caffeine doses were adjusted in treatment groups
for Group 1 (square), Group 2 (triangle), and Group 3 (cross). The TGF-B1 levels were significantly higher in the Group 3
than the other groups; higher in Group 2 than Group 1 and the control group; and higher in Group 1 than the control group.

Copyright © 2024 Dental Journal (Majalah Kedokteran Gigi) p-ISSN: 1978-3728; e-ISSN: 2442-9740. Accredited No. 158/E/KPT/2021.
Open access under CC-BY-SA license. Available at https://e-journal.unair.ac.id/MKG/index

DOI: 10.20473/j.djmkg.v57.i2.p118-123


https://e-journal.unair.ac.id/MKG/index
https://doi.org/10.20473/j.djmkg.v57.i2.p118-123

121 Fikri et al. Dent. J. (Majalah Kedokteran Gigi) 2024 June; 57(2): 118-123

group was observed from this study (p > 0.05). Day 1
marked a significant mean difference (p < 0.05) ascending
from Group 3, Group 2, Group 1, and the control group. It
significantly increased the mean (p <0.05) of day 1 to day 7
reported from all groups. Day 7 denoted a significant mean
difference (p < 0.05) from the highest average of Group
3, Group 2, Group 1, and the control group. A significant
decreasing average occurred from day 7 to day 14 in all
groups.

DISCUSSION

Administration of caffeine in cocoa could increase the
average amount of TGF-B1 levels in the treatment group
compared to the control group. A significantly increased
average of TGF-B1 levels was observed between the
control group and treatment groups with 2.3 mg (Group
1), 3.45 mg (Group 2), and 4.6 mg (Group 3) caffeine
in cocoa (Figure 4). Additional caffeine doses affect the
levels of TGF-B1. Different doses administered between
groups increased TGF-B1 levels. According to Rapuri et
al.,'! influencing factors for caffeine in bone metabolic
processes include dosage, route of administration, and
experimental animal age. In addition, the effect of caffeine
is also proportional to the subject’s body weight and height;
hence, the amount of caffeine must be raised as the subject’s
body weight increases.'? The TGF-1 levels of Group 3,
which was given 4.6 mg doses of caffeine on day 0, were
lower compared to Group 2 (3.45 mg), Group 1 (2.3 mg),
and the control group, but were higher compared to the
other groups on days 1, 7, and 14. Group 2 had higher
TGF-B1 levels compared to Group 1. The difference in the
average levels of TGF-B1 between the groups on day 0 was
possibly due to genetic variations between the experimental
animals, meaning their responses to the application of
orthodontic strength were different. The study findings are
in accordance with the report by Golshah et al.,'* who used
the injection of caffeine in doses of 25, 50, and 75 mg/kg
and reported that the number of osteoclasts, blood vessels,
and Howship’s lacunae significantly increased in rats under
caffeine therapy during OTM.

The effect of caffeine in OTM has been reported
in various studies. Caffeine, an adenosine antagonist,
can increase calcium excretion in urine by enhancing
prostaglandins (PGE) synthesis.'* Liu et al.'> proved
that low-concentration caffeine administration could
increase the cyclooxygenase-2 (COX-2) levels. During
the application of orthodontic force on the pressure side,
various inflammatory mediators are released, one of
which is a PGE. Increased COX-2 levels will increase
PGE production, which plays an essential role in bone
resorption.'® PGE activates osteoblasts for producing
RANKIL, colony stimulating factor-1 (CSF), and TGF-B1,
which play a significant role in osteoclast formation.!”
Caffeine influences tooth movement through changes in
RANKL, osteoprotegerin (OPG), and TGF-B1 levels.>'®

The average of TGF-B1 levels increased from day
0 to day 1 and day 1 to day 7, but there was a decrease
from day 7 to day 14. The results of this study are in
accordance with the research of Alhasyimi and Rosyida:'®
that administration of a dose of 2.7 mg of caffeine can
increase OTM through the mechanism of increasing
RANKL starting on days 0, 1, and 7. There is a difference
in the average levels of TGF-B1 between the control group
and treatment groups on day 0. It might be associated
with genetic variation between experimental animals
that affects their responses to applied orthodontics force.
In addition, only the caffeine in cocoa treatment group
experienced significantly increasing average TGF-f1
levels for 24 hours. The substantially increased average
TGF-pB1 levels are consistent with additional administered
caffeine doses. The findings are in line with the studies
done by Kikuta et al.'’, which indicate that increasing
TGF-B1 levels on the pressure side could be observed
in the first 24 hours after applying optimal orthodontics
strength. Applied mechanical orthodontics force to teeth
triggers the macrophages-mediated inflammatory process,
then, cytokines and growth factors are released. One
type of cytokine in the extracellular matrix synthesized
by osteoblasts and osteoclasts is TGF-B1. Administering
caffeine could increase levels of TGF-B1.>* Caffeine doses
of 2.3 mg, 3.45mg, and 4.6 mg were effective in increasing
TGF-B1 levels from day 0 to day 1, with the most effective
dose being 4.6 mg.

The increased average TGF-fB1 levels continued from
day 1 to day 7. The study result regarding the involvement
of TGF-B1 in bone remodeling in OTM using optimal
orthodontic force (10 g), showing that TGF-B1 protein is
expressed in the periodontal tissue on the pressure side on
day 7, aligns with the results found by Kikuta et al.'” TGF-
B1 produced by tooth movement stimulates bone resorption
on the pressure side through osteoclastogenesis activation.
TGF-B1 increases receptor activator of nuclear factor kappa
B (RANK) level to stimulate osteoclasts differentiation. An
enhanced number of osteoclasts are also found on the bone
surface after 7 days. The role of TGF-B1 in bone resorption
is to stimulate the recruitment of osteoclast precursors from
the bone marrow, maturation, and apoptosis of osteoclasts.
The results of osteoclast precursor cultures from the bone
marrow with the addition of RANKL, M-CSF, and TGF-$1
are known to induce osteoclast differentiation.’ The more
significant increase in the average TGF-f1 levels leads to
more osteoclast formation, affecting faster bone resorption
and increased OTM.

Several studies have shown that TGF-B1 has biphasic
effects on osteoclast maturation. At the initial phase
of the osteoclast maturation process, TGF-B1 induces
osteoclastogenesis from hematopoietic precursors by
activating nuclear factor kappa B (NF-«xB) levels and
RANK in osteoclast precursors. The RANKL-RANK
interaction is important for the survival and differentiation
of osteoclast precursors into osteoclasts. At the end stage
of osteoclast maturation, high concentrations of TGF-f1
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promote osteoblast OPG levels and decrease RANKL
levels. OPG inhibits the RANKL-RANK interaction,
causing osteoclast differentiation into active-inhibited
osteoclasts.?’

OTM depends on the rate of bone remodeling. The
increase in TGF-f1 occurs in both the pressure side and the
tension side. The increase in TGF-B1 levels during tooth
movement was significantly greater on the tension side
rather than on the pressure side. TGF-f1 levels have an
important role in OTM, as they can promote bone formation
and resorption.?! TGF-B1 stimulates bone formation in the
tension side through increased proliferation and osteoblast
differentiation.* TGF-B1 also plays a role in the process
of bone resorption in the pressure side by stimulating the
collection of osteoclast precursors from the bone marrow,
maturation, and osteoclast differentiation.’ The study result
aligns with those of Herniyati et al.:> that administration
of caffeine can increase the levels of TGF-B1 on the
pressure side and tension side, with the level of TGF-f1
on the tension side significantly greater than that on the
pressure side.

Decreased TGF-B1 levels occur from day 7 to day 14
in all groups. The decrease in the average TGF-B1 level
is reversely associated with caffeine administered doses,
due to the lag phase. The lag phase is characterized by
slight or no OTM. During this phase, OTM is suspended
for approximately 20-30 days. This phase is distinguished
by PDL hyalinization (necrotic tissues) until osteoclasts,
macrophages, and foreign body giant cells have removed
all of the necrotic tissues.”? TGF-B1 plays an important role
in the initial phase of osteoclast formation by stimulating
osteoclast differentiation from monocyte precursors with
RANKL induction.?

On day 14, bone resorption led to a considerable drop
in TGF-B1 levels, indicating an active participation in
OPG control via feedback mechanisms.'> TGF-B1 has
a double effect by inhibiting osteoclast differentiation
through an OPG enhancement mechanism causing inhibited
osteoclastogenesis.!! Once the initial formation phase
has been completed, the TGF-f1 osteoclast amount must
be diminished to avoid alteration in osteoclastogenesis.
Tsukada et al.’s?* research reported that a high level of
TGF-B1 on the seventh day after a large magnitude of
orthodontics force was applied could trigger root resorption
through increasing RANKL and interleukin-6 production
by the periodontal tissue cells. In contrast to their study,
this study applied minimal orthodontics strength, which
caused a decline in TGF-B1 levels from day 7 to day 14 as
a root resorption prevention mechanism.

According to Uematsu et al.,” an increase of TGF-
B1 in GCF during OTM was observed 24 hours to 168
hours after application of orthodontic force. Increased
levels of TGF-B1 resulted in 1.1 + 0.1 mm/168 hours
tooth movement. Alhasyimi and Rosyida,'® by measuring
OTM rates in guinea pigs that were given cocoa orally,
showed significantly greater movement from day 1 to
day 7. Comparison of OTM rates on day 7 between the

experimental and control groups was 1.317 £ 0.149 mm and
1.127 £ 0.219 mm. Administration of cocoa can improve
OTM rates in clinical practice.

This study demonstrated that cocoa administration
increases TGF-B1 level during OTM in Cavia cobaya on
the pressure side. Doses of 2.3 mg, 3.45 mg, and 4.6 mg of
caffeine in cocoa increased TGF-B1 levels, with the most
effective dose being 4.6 mg.
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