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Abstract

Orthodontic treatment is relatively long and various efforts have been made to speedup the movement
of orthodontic teeth. Coffee contains substances called caffeine (1,3,7 trimethylxanthine), chlorogenic acid
and caffeic acid, as well as flavonoids which have antioxidanteffects. Chlorogenic acid and caffeic acid are
antioxidants that can reduce oxidative stress in osteoblasts and promote osteogenesis. The study aimed to
analyze the expression of FGF2, Collagen 1 and ALP, on the movement of orthodontic teeth after
administration of Robusta coffeeextract. 24 wistar rats divided into 4 groups, namely groups C1 and C2:
Rats were givenorthodontic mechanical force (OMF) for 2 and 3 weeks and groups T1 and T2: Mice were
given OMF and Robusta coffee extract for 2 and 3 weeks. OMF in mice (rats) was carried out bymeans of
the right maxillary first molars teeth and on both maxillary incisors were given ligature wires. Then the
right maxillary first molars moved to the mesial with a Niti closed coil spring. Observations were made on
the day 15 and day 22 with immunohistochemical examinations to determine the expression of FGF2,
Collagen 1 and ALP. The results indicated that administration of Robusta coffee extract for 2 and 3 weeks
significantly increased the [expression of FGF2, Collagen 1 and ALP. The expression of FGF2, Collagen
1 and ALP (expression of GF81, IGF1 and PDGF). The expression of TGF1, IGF1 and PDGF during 3
weeks was greater than that at 2 weeks (p < 0.05. Robusta coffee extract can be used as an alternative
ingredient in accelerating orthodontic treatment.
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Introduction

Malocclusion is a deviation from the normal relationship between teeth with other teethin the same
jaw arch and/or with other teeth in the opposite jaw arch [1]. Malocclusion can causepsychosocial problems
related to dentofacial aesthetic disorders, impaired masticatory and phonetic functions, and increase the
risk of periodontal disease [2]. Malocclusion is one of the dental and oral health problems in Indonesia
which has a prevalence of 80 % and ranks third aftercaries and periodontal disease [3].

Orthodontic tooth movement occurs due to mechanical stimulation followed by remodeling of the
alveolar bone and periodontal ligament (PDL). Bone remodeling is the process of bone resorption in areas
of stress and bone formation in areas of tension. Bone resorption is carried out by osteoclasts on the tension
side and new bone formationby osteoblasts on the tensile side. In orthodontic tooth movement the forces
applied to the teeth will cause changes in the microenvironment around the PDL due to changes in blood
flow, leading to the secretion of inflammatory mediators such as cytokines, growth factors,
neurotransmitters, colony-stimulating factors, and arachidonic acid metabolites. As a result of this
secretion, bone remodeling occurs [4].

Basic fibroblast growth factor (bFGF) or fibroblast growth factor-2 (FGF2) is acytokine involved in
angiogenesis, tissue remodeling and stimulation of osteoblasts and osteoclasts. FGF2 is a polypeptide of
the FGF family that can be found in dentin. The role of this molecule is similar to that of VEGF and it is
involved in immigration and proliferation of endothelial cells, angiogenesis under in vivo conditions and
bone reconstruction [5]. FGF2, is a potent angiogenic factor that shows increased expression in hypoxic
conditions and during wound healing [6,7]. The role of thismolecule is similar to that of VEGF and is
involved in endothelial cell immigration and proliferation, in vivo angiogenesis and bone tissue
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reconstruction [5]. FGF2 is a potent angiogenicfactor that shows increased expression under hypoxic
conditions and during wound healing [6,7]. This growth factor increases endothelial cell proliferation and
induces endothelial cellgermination. FGF2 is also a component of the bone matrix and plays an important
role in regulating bone remodeling [8].

Collagen is the main protein that makes up the extracellular matrix and the most abundantprotein found
in the human body. Collagen is a component main fiber in bones, teeth, cartilage, dermis tendons and
cartilage [9,10]. Includes connective tissue composed of collagen fibers [9,10]. Bone metabolism can be
seen in biochemistry using bone formation markers. Bone formation markers consist of type I collagen,
alkaline phosphatase and osteocalcin [11]. Type I collagen is the most common type of collagen, distributed
in almost all connective tissue except in hyaline cartilage. Type I collagen is also the main protein in bone,
skin, tendons, ligaments, sclera, cornea, and blood vessels and comprises 95 % of the collagen content of
whole bones and about 80 % of the total protein in bones Type I collagen is the most common type of
collagen, distributed in almost all connective tissues except for hyalinecartilage. Type I collagen is also the
main protein in bone, skin, tendons, ligaments, sclera, cornea,and blood vessels and this type I collagen
accounts for 95 % of the collagen content of all bones and about 80 % of the total protein present in bone
[12]. The periodontal ligamen mainly containstype I and type I1I collagen fibers and type I is the predominant
collagen [13,14]. Type I collagenis the highest (90 %) collagen produced by osteoblasts, whereas
osteocalcin is a non-specific collagen produced only by osteoblasts. Both collagens have an important role
in matrix formationin the regeneration process [15].

Alkaline phosphatase (ALP) is a protein bound to cell membranes and synthesized by various tissue
cells. The biological response to orthodontic tooth movement involves changes in the surrounding bony
architecture. Bone metabolism is related to alkaline phosphatase (ALP) by osteoblasts and acid phosphatase
(ACP), by osteoclasts. ALP is a glycoprotein involved in the mineral formation of bone and cementum
tissue. This enzyme is thought to release phosphate ionsfrom organic phosphate esters leading to the
deposition of tissue phosphate salts [16]. The ALP enzyme is contributed in the blood from the liver,
placenta and intestine, ALP from the osteoblastmembrane and then enters the blood circulation plays a role
in the mineralization of new bone formation known as Bone Alkaline Phosphatase (BALP) tissue [17].
Continuous orthodontic forces can exert pressure that disrupts the integrity of the vascular compartment in
the PDL. Excessive pressure causes ischemia, gradual capillary reduction, presence of thrombus, impaired
nutrition and cell death [18], with the almost unavoidable formation of necrotic or hyaline zones, especially
on the pressure side. In contrast, dilated blood vessels were found on the side of pull [19].

The success of orthodontic treatment is influenced by a number of factors, including periodontal
health, oral hygiene, and orthodontic strength. Efforts to accelerate the movement of orthodontic teeth have
been made, including the use of drugs [20].

Coffee is a type of plantation crop that has long been cultivated and has high economic value. Coffee
is one of the popular drinks consumed by the public. Coffee, among other things, contains a substance
called caffeine (1,3,7 trimethylxanthine) [21], chlorogenic acid and caffeic acid, as well as flavonoids which
have antioxidant effects (22). Robusta coffee has high antioxidant activity compared to Arabica coffee and
others [23]. Flavonoids stimulate prolidase activity which catalyzes the final step of collagen and plays an
important role in collagen biosynthesis through integrin-mediated signaling [24].

The results showed that chlorogenic acid promoted osteogenesis in human adipose tissue derived
mesenchymal stem (hAMSCs), which wasindicated by increased mineralization [25].

The results also showed that giving 50 mg/kg caffeine to pregnant rats showed that rats had osteoblasts
with high osteogenic potential which was characterized by increased expression of osteocalcin, osteopontin,
sialoprotein, Runx-2, alkaline phosphatase and type 1 collagen and increased synthesis of mineralized
nodules [26].

The previous study shows showed that chlorogenic acid promoted osteogenesis in human adipose
tissue derived mesenchymal stem (hAMSCs), which was indicated by increased mineralization [25]. The
previous study also showed that administration of 50 mg/kg of caffeine to pregnant rats showed that the
rats had osteoblasts with high osteogenic potential, characterized by increased expression of osteocalcin,
osteopontin, sialoprotein, Runx-2, alkaline phosphatase, collagen type 1 and synthesis of mineralized
nodules. [26].

Tooth movement in orthodontic treatment which takes a long time, if efforts to accelerate treatment
are not carried out, malocclusion can negatively impact oral hygiene, making it more susceptible to
periodontal disease and caries. In addition, it creates a big psychological burden because the sufferer feels
embarrassed by his irregular teeth. The relatively expensive cost of orthodontic treatment will also add to
the patient’s economic burden, so efforts to accelerate orthodontic treatment need to be continued.
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The movement of teeth in orthodontic treatment that takes a long time, if no efforts are made to speed
up treatment, can have a negative impact on oral hygiene, making it more susceptible to periodontal disease
and caries. Besides, it causes a great psychological burden because the sufferer feels ashamed of the
condition of his teeth that are not good. The cost of orthodontic treatment which is relatively expensive will
also increase the economic burden of thepatient, so efforts to accelerate orthodontic treatment need to be
carried out continuously.

Orthodontic treatment to correct dental malocclusion requires a long time. Dental malocclusion can
have an adverse impact on oral hygiene, making it more susceptible to periodontal disease and caries.
Besides that, dental malocclusion causes a large psychological burden because sufferers feel embarrassed
by the condition of their teeth that are not good. The cost of orthodontic treatment which is relatively
expensive will also add to the economic burden of the patient, so efforts to speed up orthodontic treatment
need to be carried out continuously.

This study aimed to analyze the molecular aspects of Robusta coffee extract in the remodeling process
of periodontal tissue during orthodontic tooth movement through the expression of FGF2, Collagen 1 and
ALP using immunohistochemical techniques.

Materials and method

Research design

This laboratory experimental study was conducted using 24 male Wistar rats with an agerange of 3 - 4
months and a body weight of 250 - 300 g. The rats were in good health and wereselected who had complete
dental structures, healthy oral cavity conditions and periodontal tissue.

Settings & samples

Rats were randomly divided into 4 groups: Control group (C1 and C2): Rat mice were given
orthodontic mechanical force (OMF) and 2 mL of distilled water for observation time for 2 and 3 weeks
and treatment group (T1 and T2): Given OMF and freeze-dried extract 0.050 g of Robusta coffee
(equivalent to 1 cup of adult coffee) dissolved in 2 mL of distilled water, given twicea day, morning and
evening for 2 and 3 weeks of observation time. The orthodontic mechanical force on rats was performed
by using ketamine anesthesia for rats. The right maxillary first molarand both maxillary incisors were given
a ligature wire with a diameter of 0.20 mm.

Then the right maxillary the rightright maxillary first molar was moved mesial using Nickel Titanium
Orthodontic closed coil spring with a length of 6 mm. The orthodontic strength used was 3.5 0z measured
using an orthodontic force gauge [26].

Data collection procedures

Observations of expression of FGF2, Collagen 1 and ALP were made by sacrificing rats on the 15
and 22" days, then taking the right M1-1 and M-2 RA teeth and their periodontal tissue. Subsequently,
histological preparations were made and immunohistochemical examinations were carried out to determine
the expression of FGF2, Collagen 1 and ALP. Counting of the expression of FGF2, Collagen 1 and ALP
was carried out in alveolar bone osteoblasts in the tension area using a microscope with a magnification of
400x.

Statistical analysis

The expression data of FGF2, Kolagen 1 and ALP were analyzed using the independentt test and the
Mann Whitney test, with a confidence level of 95 % (a = 0.05). This research was approved by the research
ethics commission of the Faculty of Dentistry, University of Jember, Number: No.
1294/UN25.8/KEPK/DL/2021

Results and discussion

FGF?2 expression
The results of the research on the effects of Robusta coffee extract on FGF2 expression are shown in
Table 1. The results of immunohistochemical examination of expression are shown in Figure 1.



Trends Sci. 2023; 20(8): 6440 4of 11

Table 1 Mean and standard deviations of FGF2 expressions on day 15 and day 22 and different tests of
TGFBI1 expressions between day 15 and day 22 in each research group.

Group n Expression of FGI.?‘Z ‘ p
(Mean + Standard deviation)
Day - 15 Day - 22
Control 6 31.83 £1.169 48.33 £1.033 0.000
Treatment 6 49.33 £1.211 55.50 +1.049 0.000"
P 0.000" 0.000"

*p < 0.05 = significant
**p < 0.05 = not significant

Table 2 illustrates mean and standard deviations of FGF2 expression in the control group and treatment
group on day 15 and day 22.

Testing based on the independent t-test of FGF2 expression between the study groups on day 15 and
day 22 showed that the expression of FGF2 in the treatment group was greater than that in the control group
and there was a significant difference (p > 0.05).

Tests based on the independent t-test of FGF2 expression on day 15 and day 22 showed that FGF2
expression in the treatment groups was significantly greater than that in the control groups (p < 0.05).

Tests based on the independent t-test showed that the expression of FGF2 in the control and treatment
groups on day 22 was significantly greater than day 15 (p <0.05).

The histological image of FGF2 expression in the control group and the treatment groupis shown in
Figure 1.

Cc D

Figure 1 Expression of FGF2 alveolar bone observations on day 15 and day 22, indicated by arrows: In the
control group day 15 (A), the treatment group on day 15 (B), the control group on day 22 (C), and Treatment
group day 22 (D), bone (b), periodontal ligament (pdl), dentine (d). (Immunohistochemistry, 400x
magnification).

Basic fibroblast growth factor (bFGF) or fibroblast growth factor-2 (FGF2) is a cytokine involved in
angiogenesis, tissue remodeling and stimulation of osteoblasts and oteoclasts. FGF2 is a polypeptide from
the FGF family that can be found in dentine. The role of this molecule is similar to that of VEGF and is
involved in endothelial cell immigration and proliferation, in vivo angiogenesis and bone tissue
reconstruction [5].
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Coffee is one of the main sources of antioxidants in people’s daily diets. The beneficial health effects
of coffee are usually associated with high antioxidant activity (ability to inhibit oxidation processes).
Robusta coffee beans contain a lot of polyphenolic antioxidants, such as chlorogenic acid, caffeic acid,
ferulic acid and n coumaric acid. The main polyphenolic compounds in robusta coffee are chlorogenic acid
and caffeic acid. The amount of chlorogenic acid reaches 90 % of the total phenols found in coffee [22].

Continuous orthodontic force can apply pressure that disrupts the integrity of the vascular
compartment in the PDL. Excessive pressure causes ischemia, gradual reduction of capillaries, presence of
thrombus, impaired nutrition and cell death 18]. with the almost unavoidable formation of necrotic or
hyaline zones, especially on the pressure side. In contrast, dilated vessels are found on the traction side
[19]. These vascular changes may be mediated by different growth factors, such as fibroblast growth factor-
2 (FGF2) and vascular endothelial growth factor (VEGF). FGF2, also known as basic FGF, is a potent
angiogenic factor that exhibits increased expression under hypoxic conditions and during wound healing
[28,29]. This growth factor promotes endothelial cell proliferation and induces endothelial cell germination
[26]. Likewise, FGF2 is also a component of the bone matrix and plays an important role in regulating bone
remodeling [30].

The increased expression of FGF2 in osteoblasts when given Robusta coffee extract was caused by
the flavonoid content in coffee which is an antioxidant. Flavonoids in coffee can act as primary antioxidants,
namely antioxidants that prevent the formation of free radicals in cells. These antioxidants play an important
role in neutralizing free radicals that are formed by donating an electron to an unpaired electron in a free
radical, so that it becomes a relatively stable free radical [31].

Stable free radicals can protect cells and tissues from oxidative damage and can cause uninhibited
macrophage stimulation. Macrophages will secrete growth factors such as fibroblast growth factor (FGF),
platelet derived growth factor (PDGF), TGFp, and vascular endothelial growth factor (VEGF) which are
able to attract more fibroblasts to the wound area and synthesize collagen so as to accelerate the regeneration
of the periodontal ligament [32].

In addition, flavonoids also act as chelating agents for metal ions forming Reactive Oxygen Species
(ROS) such as Fe2+ and Cu+ ions. Binding of metal ions by flavonoids can reduce the catalytic activity of
Fe and Cu metals thereby reducing the formation of free radicals [28]. Flavonoids have anti-inflammatory
activity by inhibiting pro-inflammatory enzymes such as cyclooxygenase-2 (COX-2) and lipoxygenase
which causes decreased stimulation of phospholipid cell membranes so that arachidonic acid cannot be
released from phospholipid cell membranes through phospholipase activation. Cyclooxygenase and
lipoxygenase cycles that are inhibited will suppress prostaglandins, endoperoxidase, thromboxane, acid
hydroperoxidase and leukotrienes so that the inflammatory phase can be reduced and accelerate the process
of fibroblast proliferation [33].

Anti-inflammatory in flavonoids can also stimulate macrophages to secrete growth factors (TGF-8,
EGF, PDGF, bFGF, VEGF) and cytokines (Interleukin-1 (IL-1), Interleukin-4 (IL-4) and Interleukin-8 (IL)
-8)) which functions to induce migration and proliferation of fibroblast cells, as well as induce the
production of extracellular matrix such as collagen and proteoglycans [34].

Collagenl expression

The results of the research on the effects of Robusta coffee extract on Collagen 1 expression are
shown in Table 2. The results of immunohistochemical examination of Collagen 1 expression are shown
in Figure 2.

Table 2 Mean and standard deviation of Collagen 1 expression on day 15 and day 22 and differenttest of
IGF1 expression between day 15 and day 22 in each research group.

Expression of Collagen 1

Group " (Mean + Standard deviation) P
Day - 15 Day - 22
Control 6 25.17+1.169 31.83+1.169 0.000"
Treatment 6 30.83 +1.169 40.00 £ 0.894 0.000"
P 0.000" 0.000"

"p < 0.05 = significant
“p <0.05 = not significant
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Table 2 illustrates mean and standard deviations of Collagen 1 expression in the controlgroup and
treatment group on day 15 and day 22.

Testing based on the independent t-test of Collagen 1 expression between the study groups on day 15
and day 22 showed that the expression of Collagen 1 in the treatment group was greater than that in the
control group and there was a significant difference (p < 0.05) (p > 0.05).

Tests based on the independent t-test showed that the expression of collagen 1 in the control and
treatment groups on day 22 was significantly greater than day 15 (p <0.05).

Testing based on the independent t-test in the control group and in the treatment group showed that
the expression of Collagen 1 in group K and group P on day 22 was significantly greater thanday 15 (p <
0.05), which means that there was an increase in Collagen 1 expression. on day 22 significantly.

The histological image of Collagen 1 expression in the control group and the treatment group is shown
in Figure 2.

Figure 2 Expression of collagen 1 bone observations on day 15 and day 22, indicated by arrows: In the
control group day 15 (E), the treatment group on day 15 (F), the control group on day 22 (G), and Treatment
group day 22 (H), bone (b), periodontal ligament (pdl). (Immunohistochemistry, 400x magnification).

Collagen is the main protein that makes up the extracellular matrix and is the most abundant protein
found in the human body [9,10]. Bone metabolism can be seen in biochemistry by using bone formation
markers. Bone formation markers consist of collagen type I, alkaline phosphatase and osteocalcin [11].

One of the markers of bone formation is collagen type 1. Collagen type I is the most common type of
collagen, spread in almost all connective tissues except in hyaline cartilage. Type I collagen is the main
protein in bones, skin, tendons, ligaments, sclera, cornea, and blood vessels and this type I collagen includes
95 % of the collagen content of all bones and about 80 % of the total protein found in bones [12].

Fibroblasts are the most abundant connective tissue cells in the periodontal ligament which play a
role in synthesizing extracellular matrix proteins such as elastic, reticular and collagen fibers which are the
structural proteins of the periodontal connective tissue [35]. The formation of fibroblast cells is related to
the inflammatory response due to orthodontic tooth movement.

The initial phase of orthodontic tooth movement always involves an acute inflammatory reaction in
the periodontal tissues that lasts 1 - 2 days. Furthermore, a chronic inflammatory process occurs which is
characterized by the migration of monocytes to the wound area to differentiate into macrophages.
Macrophages are able to secrete anti-inflammatory cytokines such as IL-4, IL-10, IL-13, as well as growth
factors that stimulate fibroblast proliferation and collagen production. The next phase, namely the
proliferative phase, takes place from the 3™ to the 20" post-traumatic day, marked by the replacement of
the provisional matrix which was initially dominated by platelets and macrophages gradually being
replaced by migration of fibroblast cells and deposition of extracellular matrix synthesis [36]. In this phase,
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M2 macrophages produce growth factors (eg PDGF, FGF and TGF-) which induce fibroblast proliferation
and migration, and form the extracellular matrix [37].

Coffee is one of the popular drinks consumed by the community. Coffee, among other things, contains
a substance called caffeine (1,3,7 trimethylxanthin) [7], chlorogenic acid and caffeic acid, as well as
flavonoids which have an antioxidant effect [8]. Robusta coffee has high antioxidant activity compared to
Arabica coffee and others [9].

The increased expression of collagenl in fibroblasts when given Robusta coffee extract was due to
the coffee content which has an antioxidant effect which can increase the number of fibroblasts. The high
antioxidant content can convert the ROS that is released during the application of orthodontic appliances
into a stable product resulting in repair of the periodontal ligament by fibroblast cells [38].

The increased expression of collagenl in fibroblasts after administration of Robusta coffee extract
was due to the coffee content which has an antioxidant effect which can increase the number of fibroblasts.
High antioxidants can convert the ROS released during the application of orthodontic devices into stable
products, resulting in the repair of the periodontal ligament by fibroblasts.

ALP expression
The results of the research on the effects of Robusta coffee extract on ALP expression are shown in
Table 3.

Table 3 Mean and standard deviation of ALP expression on day 15 and day 22 and different testof IGF1
expression between day 15 and day 22 in each research group.

Expression of ALP

Group n (Mean + Standard deviation) P
Day - 15 Day - 22
Control 6 21.17+1.169 25.00 +0.894 0.000"
Treatment 6 27.00 + 0.894 33.00 £ 0.894 0.000"
P 0.000" 0.000"

*p < 0.05 = significant
**p < 0.05 = not significant

Table 3 illustrates. Mean and standard deviations of ALP expression in the control group and
treatment group on day 15 and day 22.

Testing based on the independent t-test of ALP expression between the study groups onday 15 and day
22 showed that the expression of ALP in the treatment group was greater than thatl in the control group and
there was a significant difference (p > 0.05).

Testing based on the independent t-test in the control group and in the treatment group showedthat
the expression of ALP in group K and group P on day 22 was significantly greater than day15 (p < 0.05),
which means that there was an increase in ALP expression. on day 22 significantly.

Tests based on the independent t-test showed that the expression of ALP in the control and treatment
groups on day 22 was significantly greater than day 15 (p <0.05)

The histological image of ALP expression in the control group and the treatment groupis shown in
Figure 3.
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K

Figure 3 Expression of ALP on bone observations on day 15 and day 22, indicated by arrows: Inthe control
group day 15 (I), the treatment group on day 15 (J), the control group on day 22 (K), and Treatment group
day 22 (L), bone (b), periodontal ligament (pdl). (Immunohistochemistry, 400x magnification).

In orthodontic tooth movement the forces applied to the teeth will cause changes in the
microenvironment surrounding the PDL due to changes in blood flow, leading to the secretion of
inflammatory mediators such as cytokines, growth factors, neurotransmitters, colony-stimulating-factors,
and arachidonic acid metabolites. As a result of this secretion, bone remodeling occurs [4].

Alkaline phosphatase (ALP) is a protein bound to cell membranes and synthesized by various tissue
cells. The biological response to orthodontic tooth movement involves changes in the surrounding bony
architecture. Bone metabolism is related to alkaline phosphatase (ALP) by osteoblasts and acid phosphatase
(ACP), by osteoclasts. ALP is a glycoprotein involved in the mineral formation of bone and cementum
tissue. This enzyme is thought to release phosphate ions from organic phosphate esters causing the
precipitation of tissue phosphate salts [5]. Osteoblast activity can be determined from alkaline phosphatase
(ALP). In orthodontic tooth movement ALP will be released which can increase the number of osteoblasts.
[39].

The results showed that administration of robusta coffee extract increased the number of osteoblasts
and bone formation due to the content of chlorogenic, ferulic, caffeic and n-coumaric acids which have
antioxidant properties [36]. This is because the content of chlorogenic acid and caffeic acid in robusta coffee
beans will act as antioxidants that can convert ROS released during the inflammatory process into stable
products by means of the process of transferring electrons through hydrogen atoms, namely H202 will be
converted to H20 and O2 [37-39].

Coffee is one of the main sources of antioxidants in people’s daily diets. The beneficial health effects
of coffee are usually associated with high antioxidant activity (ability to inhibit oxidation processes). Many
publications provide comparisons of the antioxidant activity in popular beverages such as coffee, tea and
cocoa. Robusta coffee beans contain many polyphenolic antioxidants, such as chlorogenic acid, caffeic
acid, ferulic acid and cuminic acid. The main polyphenolic compounds in robusta coffee are chlorogenic
acid and caffeic acid. The amount of chlorogenic acid reaches 90 % of the total phenols found in coffee
[22].

The increase in ALP expression in osteoblasts when given Robusta coffee extract was due to the
caffeine content in coffee increasing ALP expression. Caffeine binds to adenosine receptors and modulates
several other receptors including glucocorticoid receptors, insulin, estrogen, androgen, vitamin D,
cannabonoid, glutamate, and adrenergic receptors, all of which are expressed in osteoblasts or progenitor
cells and have important functions during osteoblast differentiation [40]. Therefore, this study is supported
by the results of previous studies which showed that giving 50 mg/kg of caffeine to pregnant rats had
osteoblasts with high osteogenic potential characterized by increased expression of osteocalcin,
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osteopointin, sialoprotein, RUNX-2, ALP, and type 1 collagen as well as increased synthesis of mineralized
nodules [26].

Caffeic acid in coffee, which is phenolic acid, has an antioxidant effect that can reduce oxidative
stress on osteoblasts [41]. Antioxidant activity is important in stimulating osteoblastic activity through
specific receptors [42], so that ALP expression in osteoblasts also increases.

The results showed that administration of Robusta coffee extract on day 15 and day 22 showed a
significant increase in ALP expression compared to controls (p < 0.05). This shows that Robusta coffee
extract was effective in increasing ALP expression on day 15 and day 22. ALP expression in the treatment
group on day 22 increased significantly compared to day 15 (p < 0.05). ALP is expressed in osteoblasts
which play a role in increasing bone formation in the alveolar bone remodeling process, so that the
administration of Robusta coffee extract can be used as an alternative ingredient in accelerating orthodontic
treatment.

Conclusions

The administration of Robusta coffee extract increased FGF2, Collagen 1, and ALP expression in
the periodontal ligament during orthodontic tooth movement.

Acknowledgements

The authors would like to thank the LP2M University of Jember, Indonesia who has funded this
research.

References

[1] WIB Houston, WJ Tulley and CD Stephens. 4 textbook of orthodontics. Butterworth-Heinemann,
Oxford, England, 1992.

[2] RM Sharaf and HS Jaha. Etiology and treatment of malocclusion: Overview. Int. J. Sci. Eng. Res.
2017, 8, 101-14.

[3] MAR Adha, D Wibowo and R Rasyid. Ambaran tingkat keparahan maloklusi menggunakan
handicapping malocclusion assesment record (HMAR) pada siswa SDN gambut 10. Jurnal
Kedokteran Gigi 2019; 3, 1-9.

[4] G Nimeri, CH Kau, NS Abou-Kheir and R Corona. Acceleration of tooth movement during
orthodonic treatment - a frontier in orthodonti. Progr. Orthod. 2013; 14, 42.

[5] DQu,JLi, YLi, Y Gao, Y Zuo, Y Hsu and J Hu. Angiogenesis and osteogenesis enhanced by bFGF
ex vivo gene therapy for bone tissue engineering in reconstruction of calvarial defects. J. Biomed.
Mater. Res. 2011; 6, 543-51.

[6] E Sako and J Hosomichi. Alteration of bFGF expression with growth and age in rat molar periodontal
ligament. Angle Orthod. 2010; 80, 904-11.

[7] KA Derringer and RWA Linden. Vascular endothelial growth factor, fibroblast growth factor 2,
platelet derived growth factor and transforming growth factor beta released in human dental pulp
following orthodontic force. Arch. Oral Biol. 2004; 49, 631-41.

[8] NE Lane, J Kumer, W Yao, T Breunig, T Wronski, G Modin and JH Kinney. Basic fibroblast growth
factor forms new trabeculae that physically connect with pre-existing trabeculae, and this new bone
is maintained with an anti-resorptive agent and enhanced with an anabolic agent in an osteopenic rat
model. Osteoporos. Int. 2003; 14, 374-82.

[9] AS Katili. Struktur dan fungsi protein kolagen. Jurnal Pelangi IImu 2019; 2, 9-29.

[10] IN Amirrah, Y Lokanathan, I Zulkiflee, MFMR Wee, A Motta and MB Fauzi. Review a
comprehensive review on collagen type 1 development of biomaterials for tissue engineering: From
biosynthesis to bioscaffold. Biomedicines 2022; 10, 2307.

[11] SR Gaspa, X Nogues, A Enjuanes, JC Monllau, J Blanch, R Carreas, L Mellibovsky, D Grinberg, S
Balcells, AD Perez and JP Botet. Simvastatin and atorvastatin enhance gene expression of collagen
type 1 and osteocalcin in primary human osteoblasts and MG-63 cultures. J. Cell. Biochem. 2007,
101, 1430-8.

[12] SV Carrin, P Gamero and PD Delmas. The role of collagen in bone strength. Osteoporos. Int. 2006;
17, 319-36.

[13] BN Nayak, KA Galil, W Wiltshire and PC Lekic. Molecular biology of orthothodondontic tooth
movement. J. Dent. Oral Health 2013; 1, 101.

[14] E Isparnadi, M Hidayat, A Aulanni’am and N Permatasari. Study of osteocalcin and collagen type 1


https://pubmed.ncbi.nlm.nih.gov/?term=Nimeri+G&cauthor_id=24326040
https://pubmed.ncbi.nlm.nih.gov/?term=Kau+CH&cauthor_id=24326040
https://pubmed.ncbi.nlm.nih.gov/?term=Abou-Kheir+NS&cauthor_id=24326040
https://pubmed.ncbi.nlm.nih.gov/?term=Corona+R&cauthor_id=24326040
https://pubmed.ncbi.nlm.nih.gov/?term=Qu+D&cauthor_id=21254386
https://pubmed.ncbi.nlm.nih.gov/?term=Li+J&cauthor_id=21254386
https://pubmed.ncbi.nlm.nih.gov/?term=Li+Y&cauthor_id=21254386
https://pubmed.ncbi.nlm.nih.gov/?term=Gao+Y&cauthor_id=21254386
https://pubmed.ncbi.nlm.nih.gov/?term=Zuo+Y&cauthor_id=21254386
https://pubmed.ncbi.nlm.nih.gov/?term=Hsu+Y&cauthor_id=21254386
https://pubmed.ncbi.nlm.nih.gov/?term=Hu+J&cauthor_id=21254386
https://pubmed.ncbi.nlm.nih.gov/?term=Sako%20E%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Hosomichi%20J%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Lane+NE&cauthor_id=12768279
https://pubmed.ncbi.nlm.nih.gov/?term=Kumer+J&cauthor_id=12768279
https://pubmed.ncbi.nlm.nih.gov/?term=Yao+W&cauthor_id=12768279
https://pubmed.ncbi.nlm.nih.gov/?term=Breunig+T&cauthor_id=12768279
https://pubmed.ncbi.nlm.nih.gov/?term=Wronski+T&cauthor_id=12768279
https://pubmed.ncbi.nlm.nih.gov/?term=Modin+G&cauthor_id=12768279
https://pubmed.ncbi.nlm.nih.gov/?term=Kinney+JH&cauthor_id=12768279

Trends Sci. 2023; 20(8): 6440 10of 11

[19]
[20]

[21]
[22]

(23]

[24]

[25]

[26]

[27]

(28]

[31]

[32]

[36]

[37]

in regeneration of atrophic non-union fracture based on bivalve anodonta-PRP formula and
mesenchymal stem cells as composite scaffold in regeneration of atrophic non-union fracture. /nt. J.
ChemTech Res. 2015; 8, 1041-16.

S Gokce, AO Bengi, E Akin, S Karacay, D Sagdic D, M Kurkcu and HS Gokce. Effects of hyperbaric
oxygen during experimental tooth movement. Angle Orthod. 2007; 78, 306-8.

S Gordon. Pattern recognition receptors: Doubling up for the innate immune response. Cell 2002;
111, 927-30.

C Hernandez, P Huebener and RF Schwabe. Damageassociated molecular patterns in cancer: A
doubleedged sword. Oncogene 2016; 35, 5931-41.

Y Mori, A Yoshimura, T Ukai, E Lien, T Espevik and Y Hara. Immunohistochemical localization
of tolllike receptors 2 and 4 in gingival tissue from patients with periodontitis. Oral Microbiol.
Immunol. 2003; 18, 54-8.

MYV Bohl and AM Kuijpers-Jagtman. Hyalinization during orthodontic tooth movement: A systematic
review on tissue directions. Eur. J. Orthod. 2009; 31, 30-6.

S Shenava, USK Nayak, V Bhaskar and A Nayak. Accelerated orthodontics - a review. Int. J. Sci.
Stud. 2014; 5, 35-9.

S Sukendro. Keajaiban dalam secangkir kopi. Media Pressindo, Yogyakarta, Indonesia, 2013.

A Yashin, Y Yashin, JY Wang and B Nemzer. Antioxidant and antiradical activity of coffee.
Antioxidants 2013; 2, 230-45.

M Richelle, I Tavazzi and E Offord. Comparison of the antioxidant of commonly consumed
polyphenole beverage (coffee, cocoa, tea) prepared per cup serving. J. Agr. Food Chem. 2001; 49,
3438-44.

MS Clarke, RW Caldewell, H Chiao, K Miyake and PL McNeil. Contraction-induced cell wounding
and release of fibroblast growth factor in heart. Circ. Res. 1995; 76, 927-34.

E Kardami, K Detillieux, X Ma, Z Jiang, S Jon-Jon, SK Jimenez and PA Cattini. Fibroblast growth
factor-2 and cardioprotection. Heart Fail. Rev. 2007; 12, 267-77.

R Baffour, R Berman, JLGarb, SW Rhee, J Kaufman and P Friedmann. Enhanced angiogenesis and
growth of collaterals by in vivo administration of recombinant basic fibroblast growth factor in a
rabbit model of acute lower limb ischemia: Dose-response effect of basic fibroblast growth factor. J.
Vasc. Surg. 1992; 16, 181-91.

UT Iwaniec, L Mosekilde, NG Mitova-Caneva, JS Thomsen and TJ Wronski. Sequential treatment
with basic fibroblast growth factor and PTH is more efficacious than treatment with PTH alone for
increasing vertebral bone mass and strength in osteopenic ovariectomized rats. Endocrinology 2002;
143, 2515-26.

AR Rizqgiawan, O Aprilia, RG Pakpahan, E Rodherika, A Setyowati and T Kei. Application of
mangosteen peel extract (Garcinia Mangostana Linn.) to TGF-1, PDGF-B, FGF-2 and VEGF-A
expression on human gingival fibroblast cell culture (in vitro study). J. Int. Dent. Med. Res. 2021; 14,
119-24.

SDS Banjarnahor and N Artanti. Antioxidant properties of flavonoids. Med. J. Indonesia 2014; 23,
239-44.

MI Fuadi, U Elfiah and M Misnawi. Jumlah fibroblas pada luka bakar derajat ii pada tikus dengan
pemberian gel ekstrak etanol biji kakao dan silver sulfadiazine. E J. Pustaka Kesehatan 2019; 3, 244-
8.

A Mescher. Junqueira’s basic histology: Text and atlas, thirteenth edition. McGraw-Hill
Education/Medical, New York, 2013.

N Primadina, A Basori and DS Perdanakusuma. Proses penyembuhan luka ditinjau dari aspek
mekanisme seluler dan molekuler. Qanun Medika Med. J. Facul. Med. Muhammadiyah Surabaya
2019; 3, 31.

A Sabir. Pemanfaatan flavonoid di bidang kedokteran gigi. Dent. J. 2003; 36, 81-7.

ILC Chapple and JB Matthews. The role of reactive oxygen and antioxidant spesies in periodontal
tissue destruction. Periodontology 2007, 43, 160-232.

M Kawakami and TT Yamamoto. Local injection of 1,25-dihydroxyvitamin D3 enhanced bone
formation for tooth stabilization after experimental tooth movement in rats. J. Bone Miner. Metabol.
2004; 2, 541-6.

MC Nicoli, M Anese, L Manzocco and CR Lerici. Antioxidant properties of coffee rews in relation
to the roasting degree. LWT Food Sci. Tech. 1997; 30, 292-7.

V Krishnan and D Ze’ev. Cellular, molecular, and tissue-level reactions to orthodontic force. Am. J.
Orthod. Dentofacial Orthoped. 2006; 129, 469.


https://scholar.google.co.id/citations?view_op=view_citation&hl=id&user=U_VJ5lEAAAAJ&citation_for_view=U_VJ5lEAAAAJ:hC7cP41nSMkC
https://scholar.google.co.id/citations?view_op=view_citation&hl=id&user=U_VJ5lEAAAAJ&citation_for_view=U_VJ5lEAAAAJ:hC7cP41nSMkC

Trends Sci. 2023; 20(8): 6440 11of 11

[38] IM Gostner, K Becker, D Fuchs and R Sucher. Redox regulation of the immune response. Redox Rep.
2013; 18, 88-94.

[39] LE Padgett, KA Broniowska, PA Hansen, JA Corbett and HM Tse. The role of reactive oxygen
species and proinflammatory cytokines in type 1 diabetes pathogenesis. Ann. New York Acad. Sci.
2013; 1281, 16-35.

[40] GE Wise and GJ King. Mechanisms of tooth eruptionand orthodontic tooth movement. J Dent. Res.
2008; 87, 414-34.

[41] JE Baek, JY Choi and JF Kim. Skeletal analysis and differential gene expression in Runx2/osterix
double heterozygous embryos. Biochem. Biophys. Res. Comm. 2014; 451, 442-8.

[42] G Banfi, EL Iorio and MM Corsi. Oxidative stress, free radicals and bone remodeling. Clin. Chem.
Lab. Med. 2008; 46, 1550-5.



