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Vitamin D and bee propolis: A comparative study about their 
effect on tooth movement and resorption 
Rana Mahdi Alobiedi       , Mohannad E. Qazzaz       , Ali R. Al-Khatib      

Abstract
The study aimed to evaluate and compare changes in some inflammatory markers involved in the inflammatory pathway associated with tooth movement, 
such as TRAP (tartrate-resistant acid phosphatase), RANKL (receptor activator of nuclear factor kappa beta ligand), ALP (alkaline phosphatase), and TNF-α 
(tumor necrosis factor alpha) in gingival tissues of the maxilla for second premolar in a dog’s model. The experimental sample consisted of 20 male dogs 
divided into 4 groups. The study involved dental arch division. Groups included control, injection bee propolis, oral propolis, and Vitamin D3 groups. 
Control groups received DMSO (Dimethyl sulfoxide) injections, while bee propolis was divided into two sections during dental treatment injected 150 
mg and 300 mg of propolis every 3 days. Oral propolis was administered as 100 mg/kg/day daily, while Vitamin D3 was administered as 25 units weekly. 
Immunohistochemistry expressions with scores were achieved for the 4 markers.  Results recorded a significant decrease in the TRAP, RANKL and TNF-α 
levels in both tension and compression sides in the injected Propolis groups, especially at dose 300 mg, while orally and injected propolis recorded 
significant increase in ALP in both tooth sides comparing with control groups. The vitamin D3 group revealed significantly increased in the TRAP and RANKL 
compared with propolis and control groups, in addition to significantly increased in the ALP particularly in the tension side but not like propolis group. 
In conclusion, vitamin D3 plays a higher role in tooth movement to the compression side than propolis, which is considered more beneficial in terms of 
time, but it resorption both the alveolar bone and tooth root apex, whereas propolis has very good influencing in the new bone formation comparing 
with vitamin D3 and well tooth movement to the compression side when comparing with ordinary orthodontic treatment. Both biomaterials, through 
complicated biological processes, promote bone health and effective orthodontic therapy.
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and triggering responses in the ligament and alveolar bone4. 
The RANKL/RANK/OPG system plays a role in stimulating bone 
remodeling by regulating formation and activation affecting 
bone resorption through hormones and cytokines5. Studies 
have shown that the expression of RANKL in gingival cells is 
significant for root resorption during treatment6.

Recent research suggests that fibroblasts also produce RANKL 
when subjected to compression force contributing to root 
resorption7. TRAP (Tartrate Resistant Acid Phosphatase) 
is an enzyme for breaking down bone tissue produced 
by osteoclasts during the process of bone resorption and 
degradation of components, in bones8. TRAP affects teeth 
and bones by breaking down proteins in the bone matrix 
leading to decreased bone density and increased resorption9. 

Additionally, stimulation of TRAP secretion may result in an 
increase in bone absorption, leading to bone loss and dental 
deterioration. Topical related to how vitamin D3 stimulates 
RANKL expression by local cells, which in turn activates bone-
resorbing cells, promotes their growth, and facilitates tissue 
renewal, particularly alveolar bone10.

Recently, there has been a growing interest in exploring natural 
derivatives that may provide apparent therapeutic effects with 
fewer side effects, given their natural composition and origin. 
Propolis, an effective antioxidant, antimicrobial, anticancer, and 
anti-inflammatory agent, may accelerate new bone formation 
in rodents11. Propolis inhibits the late stages of osteoclast 
maturation, including fusion of osteoclast precursors to form 
multinucleated cells and the formation of actin rings12. This 

INTRODUCTION
Malocclusion, or deviated jaws, is a topic within orthodontics, 
a specialized field of dentistry1. Through the application 
of orthodontic forces, local  hypoxia  and fluid flow are 
happen, initiating an aseptic inflammatory cascade 
culminating in  osteoclast  resorption in areas of compression 
and  osteoblast  deposition in areas of tension. On the 
compression side, regions known as resorption lacunae are 
created due to orthodontic tooth movement (OTM)2. Increased 
activity of bone resorbing agents is observed in areas subjected 
to compression force. Regions experiencing Compression 
can result in bone resorption and cell death. On other hand 
enhanced blood flow and osteoblastic activity support the 
creation of bone tissue in tension area3. Tooth movement 
occurs after bone remodeling as teeth are influenced to shift 
to their intended positions creating contact between bones 

https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.pharmacypractice.org/
https://orcid.org/0000-0003-1068-3127
https://orcid.org/0000-0001-7816-5321
https://orcid.org/0000-0003-1068-3127


www.pharmacypractice.org (eISSN: 1886-3655 ISSN: 1885-642X)
© the Authors

Rana M A, Mohannad E Q, Ali R Al-K. Vitamin D and bee propolis: a comparative study about their effect on tooth movement and 
resorption. Pharmacy Practice 2025 Jul-Sep;23(3):3198.

https://doi.org/10.18549/PharmPract.2025.3.3198

2

supports the hypothesis that propolis may be beneficial as 
a drug to reduce orthodontically induced root resorption13. 
Propolis is a complex mixture of various naturally occurring 
elements, also known as bee glue, a non-toxic, resinous 
substance produced by honey bees by mixing pharyngeal gland 
secretions with digested honey14. Although propolis is not a 
new drug, there is no valuable previous study that discussed or 
compared the effect of propolis on root resorption.

The study aimed to evaluate and compare changes in some 
inflammatory markers involved in the inflammatory pathway 
associated with tooth absorption, such as TRAP, RANKL, ALP, 
and TNF-α, in gingival tissues of the maxillary second premolar 
in dog’s model when given different concentrations of propolis 
and using two different methods.

MATERIALS AND METHODS
Ethical Approval

This study was approved by the Ethics Committee of the College 
of Dentistry at the University of Mosul the code number UOM. 
Dent 23\22 in date 2\5\ 2023.

Materials

Propolis extract capsule 2000 mg\cap. From COMVITA company 
in UK.  DMSO 99.9% from JINAN BOSS CHEM, Alfaxalone 
(Alfaxan; Jurox Pty Ltd., Rutherford, New South Wales, 
Australia), Medetomidine Hydrochloride (Tomidine; Provet 
Ltd., Istanbul, Turkey), Isoflurane (Fran Lee; Hanah Pharma Ltd., 
Republic of Korea) and used STEROGYL 15 “H” 600 000 UI/1,5 
ml, solution injectable IM en ampoule Ergocalciferol Solution 
injectable ampoule de 1,5 ml boîte de 1 ampoule

Animals

The experimental sample consisted of 20 healthy adult male 
local dogs with an average age of 12 months. They were 
acclimatized for one week before the experiment and housed 
in metal cages at a temperature of 22°C and light/dark periods 
of 12 hours to mimic natural conditions as much as possible. 
They had access to water and a balanced diet.

Experimental Design

A split-mouth experimental design was employed to study 
the oral cavity in the dog model:

Group 1 (Control): Each dental arch was divided into two 
sections. One section received only Dimethyl sulfoxide (DMSO) 
injection, and the other section received orthodontic treatment 
with DMSO injection.

Group 2 (Bee Propolis): Each dental arch was divided into 
two sections during orthodontic treatment. One section was 
injected with 150 mg of propolis every 3 days, and the other 
section was injected with 300 mg of propolis every 3 days.

Group 3 (Oral Bee Propolis): Orthodontic treatment was 
performed on dogs receiving oral propolis (100 mg/kg/day)15.

Group 4: Dogs were given orthodontic treatment with drug 
which is Vitamin D3. (25 units/week)16,17.  

General Anesthesia

General anesthesia was induced by Alfaxalone and 
Medetomidine Hydrochloride intramuscular, maintained at 2% 
Isoflurane with simultaneous administration of pure oxygen by 
inhalation administered according to the animal’s body weight 
and duration of action18.

Orthodontic Intervention

After general anesthesia of the dogs, impressions were taken 
using a three-dimensional dental scanner (cosmoLight: Heron 
IOS/Tscan/Biolase) for the upper dental arches of the dogs. Due 
to the thin and short roots of the first premolars in these dogs, 
the second premolars were selected as the movement unit. 
Additionally, canines (due to their long roots) were selected 
as anchorage units. Subsequently, the first premolars were 
extracted due to their proximity to the second premolars and 
the potential for interference with movement figure (1)18,19.

Therefore, crowns were made for the dogs’ upper canine and 
second premolars. In the dental laboratory, GAC Dentsply 
tubes sized 0.022 × 0.28 inches were bonded to the surfaces 
of all upper second premolars crowns and upper canines 
crowns using straight stainless-steel wires sized 0.021 × 0.025 
inches in the tube. Slots were made to secure the tubes in 
the same vertical and horizontal directions. The crowns were 
cast in low-melting metal alloys, finished, polished, and then 
sandblasted with aluminum oxide particles21. Once the crowns 
were received from the dental laboratory, the dogs were pre-
anesthetized and anesthetized to insert the crowns into the 
premolars and canines.

The crowns were reinforced using a third-generation 
permanent resin cement system (Brea, CA)22. A straight piece 
of stainless-steel wire sized 0.021 × 0.025 inches was inserted 
into the attachment tube with a closed-coil spring to reduce 
the distance between the two tubes (on the premolars and 
canines)23. To apply a force of 200 grams per device, which 
was measured using a force gauge. Orthodontic movements 
continued for two months24. The coil springs were evaluated 
and readjusted weekly23 to maintain a force level of 200 grams24.

Drug Intervention and Dosing

In Group 1 (Control), In 5 dogs, each dental arch was divided 
into two sections: one receiving only Dimethyl Sulfoxide 
(DMSO) through injection into the periodontal ligament on 
the mesial side (the midline was used for lingual/palatal 
groove measurement) of the upper second premolar, and the 
other receiving DMSO along with orthodontic intervention via 
injection. In Group 2 (Propolis), In 5 dogs, bee propolis was 
available as a solution at 300 mg/ml. This dose was determined 
based a pilot study, as the previous studies shown that 0.5mg 
had no significant effect 25 Therefore, for a 300 mg dose, 1 mL 
was injected into the periodontal ligament every 3 days using an 
insulin syringe, where reconstitution of 0.5 mL from the above 
stock with 0.5 mL of DMSO provides 150 mg/mL, on the other 
side of the dental arch after orthodontic intervention. Group 3 
(Oral Propolis), 5 dogs with orthodontic intervention received 
propolis orally (100 mg/kg/day). Finally, Group 4, 5 dogs with 
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orthodontic intervention received the reference drug, vitamin 
D3. (25 units/week). 17 All drug interventions began one week 
after the application of orthodontic force.

Immunohistochemistry (IHC)

Sections for the apical, middle and cervical thirds of 
mesial root of the upper second premolar were stained 
immunohistochemically. Wax was removed from the prepared 
sections using xylene and hydrated with water using ethanol. 
The biological markers studied for tooth movement and root 
resorption were TRAP, ALP, RANKL and TNF-α21,22.

Statistical Analysis

All statistical analyses were performed using SPSS 22.0 (Chicago, 
IL). The Shapiro-Wilk test was applied to assess the normality of 
the data before choosing the analysis set. Descriptive statistics 
were performed, comparing between sides for each group and 
between groups. Statistical significance level was set at P≤0.05.

RESULTS
The results in the (Table 1) revealed the effect of groups, the 
tooth part and their interaction on the Tension side (the side 
being pulled, the periodontal ligament on this side is stretched 
by which the osteoblasts are highly active. New bone is formed 
to stabilize the tooth in its new position. of TRAP which shows 
similar effects of treatments on TRAP side, with no significant 
differences in tooth parts. DMSO with ortho group and D3 
injection group outperformed others in cervical tooth segments, 

except for oral propolis group and right-side bee propolis 
injection150 mg. it increased significantly (P≤0.05) compared 
to DMSO without Ortho on the right-side group (2.18) and in 
propolis injection 300 mg on ​​the left side group (2.27), where 
no significant difference was recorded between them. Vitamin 
D3 injection group significantly increased average tension side 
in the apical part of root teeth, superior to DMSO treatments 
without ortho and propolis (Table 1).

The results of the TRAP in the compression side, (the side being 
pushed): The periodontal ligament on this side is compressed. 
Osteoclasts are highly activated. Bone is resorbed (broken 
down) to allow the tooth to move. showed that TRAP increased 
significantly in left side DMSO with ortho group and D3 injection 
group while right-side bee propolis injection150 mg group and 
oral propolis group had similar effects. Oral Propolis group and 
propolis injection 150 mg group were less effective compared 
to previous groups but still significantly higher than right-side 
DMSO without ortho group. There was significant increase in 
the TRAP in tooth apical regions of all groups compared with 
the tooth cervical and middle regions in the compression side 
(Table 2).

The results of the RANKL revealed that D3 injection group 
received the highest rating, while oral propolis group showed 
decreased in RANKL level. However, DMSO without ortho 
group on the right side had significantly lower ratings. There 
was a significant increase in the RANKL in tooth apical regions 
of all groups compared with the cervical and middle regions in 
the tension side (Table 3).

Figure 1. Illustrates orthodontic force Applying orthodontic force to the tooth causes compression of the periodontal ligament. The compressed side of the 
periodontal ligament is called the compression side and the side where the periodontal ligament is pulled is called the tension side. 20
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Table 2: Effect of Treatments, Tooth Part, and Their Interaction in the TRAP Scoring of compression Side   

Groups Tooth part Interaction between groups and tooth part Main effect on tooth part Main effect  for Groups

Right-side DMSO without 
ortho

Cervical 2.04+0.43 f 8.95+5.50 B

2.11+0.47   CMiddle 2.00+0.53 f 9.38+5.96   B

Apical 2.28+0.48 f 12.13+7.52 A

Left -side DMSO with 
ortho

Cervical 14.92+2.39 bc

 

17.49+4.1 AMiddle 15.8+1.92  bc

Apical 21.76+3.85 a

Right-side (bee proplis 
injection 150 mg)

Cervical 8.88+3.04 e

10.76+3.68  BMiddle 9.32+3.03 e

Apical 14.08+2.86 bcd

Left side (bee proplis 
injection 300 mg)

Cervical 3.68+0.77 f

3.83+1.51   CMiddle 3.4+0.94   f

Apical 4.4+2.42   f

Orally bee proplis

Cervical 10.16+4.66 de

11.12+3.47  BMiddle 10.68+2.84 de

Apical 12.52+2.92 cde

D3 injection

Cervical 14.04+2.9 bcd

15.61+4.21 AMiddle 15.08+5.34 bc

Apical 17.72+4.02 b

Small different letters refer to significant differences between interaction factors effect at (P≤0.05). Capital different letters refer to significant differences 
between main effects of factors at (P≤0.05).

Table 1: Effect of Treatments, Tooth Part, and Their Interaction in the TRAP Scoring of Tension Side 

Groups Tooth part Interaction between groups and tooth part Main effect on tooth part Main effect  for Groups

Right-side DMSO without ortho

Cervical 2.04+1.01 g 5.01+2.71 A

2.18+0.88   CMiddle 2.34+0.74 fg 4.63+2.36 A

Apical 2.16+1.05 g 4.67+2.55 A

Left -side DMSO with ortho

Cervical 7.24+2.05 a

 

6.93+1.75 AMiddle 7.04+1.41 ab

Apical 6.52+2.03 abc

Right-side (bee proplis injection 
150 mg)

Cervical 4.44+2.01 cdef

4.36+1.75 BMiddle 3.72+1.49 defg

Apical 4.92+1.89 bcde

Left side (bee proplis injection 
300 mg)

Cervical 2.76+1.49 efg

2.27+1.27   CMiddle 2.00+1.17 g

Apical 2.04+1.25 g

Orally bee proplis

Cervical 6.12+2.18 abc

5.96+1.87 AMiddle 7.04+1.10 ab

Apical 4.72+1.68 cde

D3 injection

Cervical 7.44+2.03 a

6.91+1.70 AMiddle 5.64+0.99 abcd

Apical 7.64+1.42 a

Small different letter refers to significant difference between interaction factors effect at (P≤0.05). Capital different letter refers to significant difference between 
main effects of factors at (P≤0.05).  
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The study found significant differences in RANKL scores 
between treatment groups in the compression side, with the 
lowest value being 0.69 for right-sided DMSO without ortho. 
The study also found that the lowest RANKL Scoring in the 
cervical part in the tension side of the tooth was achieved 
with Right-side DMSO without ortho group, while the highest 
compression was achieved with D3 injection group. The 
middle tooth part showed the highest RANKL Scoring in the 
compression side, with the lowest score in the compression 
side achieved with Right-side DMSO without ortho group. 
There was significant increase in the RANKL in tooth apical 
regions of all groups compared with the cervical and middle 
regions in the compression side (Table 4).

The result of alkaline phosphatase ALP in the tension side 
found that propolis injection at 300 mg significantly increased 
compared to vitamin D3 injection group. Vitamin D3 group had 
a higher effect than propolis 150 mg injection group and oral 
Propolis group, which were better than DMSO groups.

The study found that D3 injection group significantly improved 
ALP in the tension side of the cervical tooth part compared to 
Left-side bee propolis injection 300 mg group. This group also 
increased in the tension side of the middle part of the tooth 
compared to D3 injection group and Right-side bee propolis 
injection150 mg group. In the apical tooth part, Left-side bee 
propolis injection 300 mg group had a unique effect of ALP in 
the tension side, significantly superior to D3 injection (17.76), 
only on Left-side DMSO with ortho group (15.52), and increased 
significantly on Right-side DMSO without ortho group (3.32). 
There were significant increases in the ALP in tooth apical then 

middle regions of all groups compared with the cervical regions 
in the tension side (Table 5).

The results for alkaline phosphatase ALP in the compression 
side found significant differences in the cervical, middle, and 
apical tooth parts. Propolis injection group at a 300 mg dose 
on the left side significantly improved ALP in the compression 
side compared to oral propolis group and vitamin D3 injections 
group. In the middle part, these groups, along with vitamin D3 
injection, were more effective. There were significant increases 
in the ALP in tooth apical then middle regions of all groups 
compared with the cervical regions in the compression side 
(Table 6).

The results of tumor necrosis factor alpha TNFα scores found 
that DMSO with ortho group on the left side and D3 injection 
group significantly increased TNF in the tension side compared 
to Propolis injections groups and oral Propolis group. The apical 
part of the tooth had the greatest effect on TNFα in the tension 
side. The interaction between therapeutic groups and dental 
parts had no significant difference in cervical treatment. D3 
injections group had the most significant effect on TNFα levels.

Results for the effect of groups on TNFα in the compression 
side: The study found that Left-side DMSO group with ortho 
and vitamin D3 injection group significantly increase TNFα in 
the Compression side, but Right-side DMSO without ortho 
group being the least effective. The most affected tooth parts 
were the apical, middle, and cervical parts respectively as 
significant increases in the TNFα in apical then middle regions 
of all groups comparing with the cervical regions in the Tension 
side (Table 7).

Table 3: Effect of Treatments, tooth part and their interaction in the RANKL Scoring of Tension side

Groups Tooth Part Interaction between groups and tooth part Main effect on tooth part Main effect for Groups

Right-side DMSO without 
ortho

Cervical 0.40+0.001 j 2.27+1.74 B

0.56+0.14 DMiddle 0.68+0.11 hij 2.37+1.64 B

Apical 0.60+0.002 ij 3.91+2.75 A

Left-side DMSO with ortho

Cervical 2.48+2.14 defgh  

2.87+1.63BCMiddle 2.32+1.43 defghi  

Apical 3.80+1.02 bcde  

Right-side (bee proplis 
injection 150 mg)

Cervical 1.48+0.44 fghij  

2.11+1.2o CMiddle 1.28+0.52 ghij  

Apical 3.56+0.75  bcde  

Left side (bee proplis injection 
300 mg)

Cervical 1.44+1.36 fghij  

2.19+1.42 CMiddle 2.00+0.81 efghij  

Apical 3.12+1.66 bcdefg  

Orally bee proplis

Cervical 3.24+0.79  bcdef  

3.43+1.25  BMiddle 2.96+0.98 cdefg  

Apical 4.08+1.73  bcd  

D3 injection

Cervical 4.56+0.98  bc  

5.93+2.48 AMiddle 4.96+1.18  b  

Apical 8.28+2.97 a  

Small different letter refers to significant difference between interaction factors effect at (P≤0.05). Capital different letter refers to significant difference between 
main effect of factors at ( P≤0.05).
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Table 5: Effect of Treatments, tooth part and their interaction on ALP in Tension side  

Groups tooth part Interaction between groups and tooth part Main effect on tooth part Main effect for Groups

Right-side DMSO 
without ortho

Cervical 3.72+0.78 m 9.92+4.02   C

3.4+0.91 EMiddle 3.16+0.65  m 12.00+4.59 B 

Apical 3.32+1.29 m 15.12+5.68 A  

Left -side DMSO with 
ortho

Cervical 7.04+2.31 L

 

11.21+3.85 DMiddle 11.08+1.14 ik

Apical 15.52+0.61 cde

Right-side (bee proplis 
injection 150 mg)

Cervical 10.28+0.48 k

13.59+2.96 C  Middle 13.44+0.84 fgh

Apical 17.04+1.02 bc

Left side (bee proplis 
injection 300 mg)

Cervical 12.92+0.72 gh

17.08+3.41 A    Middle 17.48+0.83 b

Apical 20.84+0.26 a

Orally bee proplis

Cervical 10.84+0.41 ik

13.13+2.42 C  Middle 12.32+0.86 hi

Apical 16.24+0.43 bcd

D3 injection

Cervical 14.72+3.25 def

15.67+2.43 B   Middle 14.52+1.33 efg

Apical 17.76+0.43 b

Small different letter refers to significant difference between interaction factors   effect at ( P≤0.05). Capital different letter refers to significant difference between 
main effect of factors at (P≤0.05). 

Table 4: Effect of Treatments, tooth part and their interaction on RANKL Scoring of compression side

Groups Tooth part Interaction between groups and tooth part Main effect on tooth part Main effect for Groups

Right-side DMSO without ortho

Cervical 0.76+0.33 h 6.16+4.36 B

0.69+0.35 EMiddle 0.68+0.44 h 6.04+4.43 B

Apical 0.64+0.33 h 11.53+7.85 A

Left -side DMSO with ortho

Cervical 7.36+3.96 ef

 

9.87+5.04 BMiddle 7.08+3.62 ef

Apical 15.16+2.74 b

Right-side(bee proplis injection150 
mg)

Cervical 5.60+3.2  fg

7.32+3.39 CMiddle 5.96+2.44  fg

Apical 10.40+2.48  cde

Left side (bee proplis injection300 mg)

Cervical 2.68+1.25   gh

3.48+2.61 DMiddle 1.88+0.30 h

Apical 5.88+3.31  fg

Orally bee proplis

Cervical 8.76+2.27 def

10.12+3.3 BMiddle 8.64+2.02 def

Apical 12.96+3.69 bc

D3 injection

Cervical 11.80+1.79 cd

15.97+6.23 AMiddle 12.00+2.61 bcd

Apical 24.12+1.21 a

Small different letters refer to significant difference between interaction factors effect at (P ≤0.05). Capital different letter refers to significant difference between 
main effect of factors at (P≤ 0.05). 
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Table 7: Tumor Necrosis Factor-Alpha (TNF-α) Scoring Data in the Tension side.

Groups tooth part Interaction between groups and tooth part Main effect on tooth part Main effect for Groups

Right-side DMSO without 
ortho

Cervical 1.64+0.90 g 5.34+2.81   C

2.19+1.78   CMiddle 1.60+1.33 g 7.09+4.34  B

Apical 3.32+2.46 fg 10.47+4.75 A

Left -side DMSO with ortho

Cervcal 4.48+1.85 efg

 

10.31+5.21 AMiddle 12.08+4.09 ab

Apical 14.36+2.8 def

Right-side (bee proplis 
injection150 mg)

Cervical 5.88+2.88 def

7.63+4.79  BMiddle 5.80+4.73 abc

Apical 11.20+5.05 cdef

Left side (bee proplis 
injection300 mg)

Cervical 7.40+2.19 cde

8.21+3 ABMiddle 7.68+2.92 bcd

Apical 9.56+3.85 defg

Orally bee proplis

Cervical 5.64+1.19 def

7.43+3.12 BMiddle 6.12+2.30 abc

Apical 10.52+3.04 cdef

D3 injection

Cervical 7.00+3.34 bcd

10.04+3.64 AMiddle 9.28+1.75 a

Apical 13.84+1.34 a

Small different letters refer to significant difference between interaction factors effect at (P ≤ 0.05). Capital different letter refers to significant difference between 
main effect of factors at (P ≤ 0.05). 

Table 6: Effect of Treatments, tooth part and their interaction on   ALP in the compression side  

Groups Tooth part Interaction between groups and tooth part Main effect on tooth part Main effect for Groups

Right-side DMSO without 
ortho

Cervical 3.20+0.60 g 9.59+4.54   C

3.64+0.80 EMiddle 3.6+0.32 g 11.35+4.22 B

Apical 4.12+1.11 g 13.85+4.93 A

Left -side DMSO with ort

Cervical 7.24+0.68 f

 

10.12+2.39 DMiddle 10.52+0.9 e

Apical 12.60+0.71 de

Right-side (bee proplis 
injection150 mg)

Cervical 7.88+0.27 f

11.60+3.27 CMiddle 11.88+2.19   de

Apical 15.04+0.59 bc

Left side (bee proplis 
injection300 mg)

Cervical 15.68+4.39 bc

17.05+2.86 AMiddle 16.36+0.93 b

Apical 19.12+0.41 a

Orally bee proplis

Cervical 11.64+1.83 de

13.49+2.04 BMiddle 13.72+1.75 cd

Apical 15.12+0.73 bc

D3 injection

Cervical 11.92+2.38 de

13.68+3.08 BMiddle 12.04+2.09 e

Apical 17.08+1.20 ab

This table presents the mean values and standard deviations (Mean ± SD) for the interaction between groups and tooth parts, the main effect for tooth parts, and 
the main effect for groups. Different letters (e.g., g, f, e) indicate statistically significant differences within each column.
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The study found that Left-side DMSO with ortho group and D3 
injection group significantly increased TNFα in the compression 
side compared to right-side bee propolis injection 150 mg 
group, Left-side bee propolis injection 300 mg group, and Orally 
bee propolis group. The effect of tooth parts of TNFα in the 
compression side was significant, with the apical part having 
the most influence. The interaction between groups and tooth 
parts showed that the effects on TNFα in the compression 
side in the cervical tooth part were superior to D3 injection 
group, Left-side DMSO with ortho, and Left-side bee propolis 
injection 300 mg group. The middle part of the tooth had the 
highest effect of TNFα in the compression side, outperforming 
Right-side DMSO without ortho group. There were significant 
increases in the TNFα in tooth apical then middle regions of all 
groups comparing with the cervical regions in the compression 
side (Table 8).

“Ultimately, tooth movement was accelerated in the Vitamin 
D3 group compared to both the control and propolis groups. 
Additionally, the Vitamin D3 group exhibited increased 
resorption in the apical part of the tooth root. Conversely, the 
propolis group demonstrated an excellent anti-inflammatory 
response compared to both the control and Vitamin D3 groups.”

DISCUSSION 

The significant impact of propolis on TRAP activity can 
be attributed to its anti-inflammatory, antioxidant, 
immunomodulatory properties, its direct inhibitory effects 
on osteoclasts, regulation of bone metabolism, and influence 

on hormonal levels26. These combined effects contribute to 
the reduction of osteoclast activity and TRAP levels, whether 
propolis is administered particularly via injection. Regarding 
the effect of propolis on TRAP activity between the tension and 
compression sides of orthodontic treatment, the difference 
can be outlined as follows:

Current Study have shown that the use of propolis, taken by 
injection leads to a significant decline in TRAP and RANKL activity 
in both tension and compression side. The decrease in TRAP 
activity in the compression side with the use of propolis can be 
attributed to its anti-inflammatory and antioxidant properties, 
its direct inhibitory effects on osteoclasts, modulation of bone 
remodeling signals, and enhancement of osteoblast activity. 
These combined effects create a bone environment that 
favors reduced osteoclast activity and enhanced bone stability, 
leading to decreased TRAP levels27.

There were significant differences in the TRAP and RANKL 
in apical regions of all groups comparing with the cervical 
and middle regions in both sides, which indicating that the 
osteoblastic activity was high in the apical region of the tooth. 
This consistency could reflect the bioactivity of osteoblasts in 
the apical region.

Propolis also decrease TRAP activity on the compression side, 
although the effect may be less pronounced compared to 
the tension side. Propolis effectively decreases TRAP activity 
and thus osteoclast activity, facilitating new bone formation. 
This suggests a nuanced role of propolis in modulating bone 
remodeling during orthodontic treatments28. Compounds 

Table 8: Tumor Necrosis Factor-Alpha TNFα Scoring Data on compression side.

Groups Tooth part Interaction between groups and tooth part Main effect on tooth part Main effect for Groups

Right-side DMSO without 
ortho

Cervical 1.56+1.77 j 14.64+7.23   C

2.14+1.67   CMiddle 2.27+1.63 j 17.75+7.76  B 

Apical 2.60+1.80 j 22.13+9.65 A  

Left -side DMSO with 
ortho

Cervical 19.96+4.33 efgh  

 

25.05+5.83 A  Middle 23.40+2.60 bcde  

Apical 31.80+0.91 a         

Right-side (bee proplis 
injection150 mg)

Cervical 13.08+2.29 i 

19.83+5.78 BMiddle 21.8+2.06 cdef    

Apical 24.60+4.14 bcd      

Left side (bee proplis 
injection300 mg)

Cervical 16.76+4.07 ghi 

19.01+3.7 BMiddle 18.44+3.79 fgh  

Apical 21.84+0.36 cdef    

Orally bee proplis

Cervical 15.96+5.50 hi 

19.45+5.57 BMiddle 17.44+3.23 gh  

Apical 24.96+3.14 bc   

D3 injection

Cervical 20.52+1.43 defg   

23.56+3.02 A  Middle 23.16+0.71 bcde 

Apical 27.00+1.67 b    

Small different letters refer to significant difference between interaction factors effect at (P ≤ 0.05). Capital different letter refers to significant difference between 
main effect of factors at (P ≤ 0.05). 
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stimulation of osteoclasts, helping to maintain a balance 
between bone formation and resorption12,32. Additionally, 
propolis may contain elements that directly influence signaling 
pathways in osteocytes resulting in decrease TRAP production 
under circumstances and reduced expression of RANKL. 
This implies context specific effects of propolis on osteocyte 
signaling30. Propolis also includes substances that can influence 
the system, which can subsequently affect the equilibrium, 
between osteoblasts (bone forming cells) and osteoclasts 
(bone resorbing cells). This delicate equilibrium is part of the 
bone remodeling process.

In general, the impacts of propolis on TRAP and RANKL 
demonstrate its involvement in supporting bone health 
by maintaining a balance between bone formation and 
resorption33. When it comes to the compression side Vitamin 
D3 elevates RANKL levels to boost activity and assist in 
reshaping compressed bone34. Propolis work to decrease RANKL 
levels on the compression and tension side promoting bone 
development. Vitamin D3 in the compression side increase 
RANKL levels to stimulate activity for remodeling compressed 
bone. The objective on the tension side is to diminish activity 
for bone restructuring while on the compression side it is 
to amplify osteoclast activity for effective resorption and 
remodeling of compressed bones35. The contrasting effects 
of propolis and Vitamin D3 on RANKL levels between the 
tension and compression sides indicate their roles in regulating 
function based on varying mechanical stresses. 

By referring to Table 5 and Table 6 data we can observe how 
propolis influences alkaline phosphatase ALP activity differently 
between the tension and compression sides during treatment. 
The findings suggest that propolis usage in doses of 300 mg 
leads to a notable increase, in the ALP activity in the tension 
side. This uptick in ALP activity indicates heightened osteoblast 
function fostering bone formation in that area. Propolis boosts 
ALP activity by activating osteoblasts thereby contributing to 
bone formation and the bones ability to respond to stress36. 
While propolis also elevates ALP activity on the side, the 
impact may not be as pronounced as in the tension side. The 
rise in ALP activity on the side signifies the bones reaction to 
mechanical compression. Propolis spurs ALP activity on this 
side aiding in restructuring compressed bone and generating 
bone tissue.

Propolis exhibits impacts on ALP activity on both sides tension 
and compression during treatment encouraging both bone 
formation and reshaping processes. Though the surge in ALP 
activity is more conspicuous on the tension side propolis 
remains effective37.  According to the data provided in Table 7 
and Table 8 the study results suggest that the apical part of the 
root teeth exhibits levels of tumor necrosis factor alpha (TNFα) 
regardless of the type of group administered. This implies 
that cells, in the part are more prone to changes and respond 
differently to various treatments38.

The injection of 150 mg of Propolis group and oral propolis 
group had a lesser impact on TNFα levels. This could be due 
to differences in dosage and bioavailability between these two 
treatments. The lower propolis dosage may not be adequate, 

in propolis have been shown to directly inhibit osteoclast 
differentiation and function. This can occur through the 
downregulation of key signaling pathways involved in 
osteoclastogenesis, such as the RANK/RANKL/OPG pathway. 
By inhibiting osteoclast formation and activity, propolis directly 
reduces TRAP activity in bone tissues in the compression side12.

In the compression side, vitamin D3 also enhances osteoclast 
activity, but here the primary goal is to resorb compressed 
bone, allowing new bone formation to align with the required 
structural changes. The results of the current study in Table 3 
and Table 4 indicate that propolis and Vitamin D3 have different 
effects on RANKL levels between the tension and compression 
areas of the teeth during orthodontic treatment. The difference 
in the use of propolis between these areas and their effect on 
RANKL levels can be summarized as follows:

Propolis reduces the TRAP and RANKL levels which are related 
to osteoclasts, so it decreases tooth movement towards the 
compression side, whereas vitamin D3 increases the TRAP 
and RANKL and thus increases the bone resorption so increase 
movement of the tooth in the direction of compression side. 
It also reduces them in the tension side and increases the 
ALP, which is a marker related to osteoblasts, meaning the 
creation of new bone. Propolis increases ALP on both sides 
thus formation of new bone on both sides therefor it is not 
useful or slow influence in relation to the tooth movement 
towards the compression side, so it delays the process of tooth 
movement compared to vitamin D3, which is considered more 
beneficial in terms of time, as it resorbed the bone on the 
compression side and increases the bone remodeling around 
the tooth particularly in the tension side of the tooth, but it is 
also resorbed the bone in the tooth root apex. This process is a 
natural part of bone dynamics where a balance occurs between 
bone formation and resorption29.

One research has shown that using propolis along with Vitamin 
D3 can have effects on the compression side by boosting 
RANKL levels. Higher RANKL levels promote activity, which’s 
beneficial for reshaping compressed bone. When Vitamin D3 
is administered through injections it notably boosts activity 
by increasing RANKL levels in the compression area thereby 
enhancing both osteoblasts and osteoclasts functions to adapt 
to mechanical Compressions. The impacts of propolis on 
the decrease on TRAP activity could be due to the biological 
processes and cellular environments present on the two 
sides during orthodontic treatment. The bone formation is 
predominant, propolis might exert a stronger influence in 
reducing osteoclast activity to promote bone formation30.

Propolis reduces TRAP levels on both the tension and 
compression sides, indicating a decrease in osteoclast 
activity. The reduction is more significant on the tension side, 
promoting bone formation, while a more moderate effect on 
the compression side still supports necessary bone resorption 
during orthodontic treatment31.

The rise in TRAP and osteoclast activity on the tension side 
could be a reaction to adjustments that necessitate the 
removal of bone. Conversely reducing RANKL may reduce 
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for achieving desired results resulting in effective outcomes. 
Furthermore, when oral medications are taken, they have to 
go through the system before they can reach their intended 
target. This process can lead to a decrease in the concentration 
of the ingredients at the target site compared to injections.

The injection with 300 mg of Propolis group and the vitamin 
D3 group also yielded outcomes. This success can be attributed 
to propolis well-known antioxidant and anti-inflammatory 
properties although its impact may be less potent due to 
mechanisms of action. Vitamin D3 plays a role in regulating 
responses and might show promising results in boosting 
TNFα levels. Vitamin D3 influences the immune system by 
modulating the activity of various immune cells and TNFα 
levels. The involvement of propolis in controlling TNFα levels 
on both sides during treatment can be summed up as follows; 
Propolis demonstrates anti-inflammatory effects on one side 
resulting in a reduction in TNFα levels. TNFα serves as an 
indicator of inflammation. Decreasing its levels helps mitigate 
the inflammatory response that may occur during orthodontic 
procedures39.

By lowering TNFα levels propolis enhances the wellbeing of 
tissues. Reduces the chances of chronic or acute inflammation 
on one side. On the side propolis aids, in reducing TNFα levels 
well which helps ease the inflammatory response triggered by 
high mechanical compression40. Reducing the levels of TNFα, 
on the compression side aids in supporting bone adaptation 
and remodeling facilitating the process of tissue and bone 
regeneration in that area41

. Propolis plays a role in lowering 

TNFα levels on both the tension and compression sides during 
treatment improving the wellbeing of supporting tissues and 
reducing inflammation linked to orthodontic procedures42. 

Utilizing propolis as a supplement can enhance treatment 
results. Contribute to overall oral and dental health.

CONCLUSION
This study determined that vitamin D3 plays a higher role 
in tooth movement to the compression side than propolis, 
which is considered more beneficial in terms of time, but 
its resorption  both the alveolar bone and tooth root apex, 
whereas propolis produce  new bone formation  while 
protecting the tooth root from resorption, and well tooth 
movement to the compression side comparing with ordinary 
orthodontic treatment which is significant and micro implants 
stability. Vitamin D3 increases TRAP and RANKL activity 
during orthodontic therapy so it regulates bone cell function 
by increasing tooth movement to the compression side. 
Both biomaterials, through complicated biological processes, 
promote bone health and effective orthodontic therapy. Here’s 
a revised version: “We recommend a combined treatment of 
Vitamin D3 and propolis for clinical humans use”, however, 
further studies are required in this context.
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