Y
kel Sy adl ala
Olucse Aol

Nl A Al Al _
7 Q’Hiqan 1as
==\

Misan Journal of Academic Studie:

. ‘ U\J\

LI A |V\“r\)
r||,~ J 2 l-;\JU‘ Ly j)b\!

cu.n.uh.l.llq dicloinlMig duibuwiMl o glcll

PR ORI AL

<o
$
$
$

Misan Journal For Academic Studies
Humanities, Social and Applied Sciences

ISSN (PRINT) 1994-697X
(Online)-2706-722X

2026 394! 59 Aukal) 25 =t

2026- SEP 59 Issue 25 vol




Misan Journal for Academic Studies

MIAS

HumanitlEs, Social and Applied Sciences
Vole 25, Issue 59, SEP,2026

duoadBYI Silwlydl) Oluo dhxso
dudidailly delaixNlg Adludd! pglall
Olauto daol> /duwlwl s A1 45

2026 Jsb 59 ) 25 Al
2026 -SEP 59 Issue 25 Vole

WDOAJ

M)jw)l‘al@m’f\a.ujﬁ Isc
) AU 3 LSl ol
I I z‘ \Q I l‘f” RRATITHAAL I x:; :::; b The Global Index

Academic Scientific Journals e POTAL o

d ; Crossref @ @ @ @D

scholar

Google

20094ud 132643/ ,2l dido gl EAON] 3 &\ng’\ PEJ
journal.m.academy@uomisan.edu.ig
https://www.misan-jas.com/index.php/ojs
https://iasj.rdd.edu.ig/journals/journal/view/298

—
(-


mailto:journal.m.academy@uomisan.edu.iq
https://www.misan-jas.com/index.php/ojs
https://iasj.rdd.edu.iq/journals/journal/view/298

@Lsaujas HumanitlEs, Social and Applied Sciences
=\

Misan Journal for Academic Studies

MUIAS

Vole 25, Issue 59, SEP,2026

igaud] o i

1 15

The Contrastive Values Between VVoiced and Voiceless Sounds and Their Role
in Ibn Arabi's Usage
Enas Hamza Al-A'raji

16_41

Geographical Analysis of the Housing Crisis in Al-Maimouna City According
to Population Growth: A Study of Causes and Remedies
Aya Basim Saddam . Ahmed Syehood Hashim

42_64

Advertising and its Aesthetic and Expressive VVocabulary
Ali Zair Rasan Al-Muzani , Muhsin Ali Hussein

65 76

A Reading of Polygamy between Islamic Legal Texts and Contemporary
Transformations
(An Analytical Study According to the Ja‘fari School of Jurisprudence)
Ali CHalloob Elalbl

77 91

The Representations of the Zionist Soldier in the Collection of Stories "My
Short Stories" by Nachum Mendel
Ammar Muhammad Hattab

92_107

The Relationship Between Genetic Mutations and Autism Spectrum Disorder: A
Comprehensive Review
Raghad Jabbar Abdul Sahib, Zahraa Qasim Mousa, Rehal Jehad Husain

108_121

The Reflection of Iragi Reality in Feminist Poetry after 2003:
A Study in Selected Models
Hiba Salman Musa, Raad Hawir Sweilem

122 139

Humor and Seriousness in the Poetry of 1bn al-Mu'tazz
Saja Jassim Mohammed

140_161

The Juristic Premises of Martyr Muhammad Bagqir al-Sadr
(A Study of the Most Significant Rijal and Legal-Theoretical Opinions and
Their Impact on Fatwa)
Falah Abdul Hassan Hashem

162_175

The Mudarib’s Entitlement to Expenses during Hadar: A Jurisprudential Study
in Light of the Five Schools of Islamic Law
Lamia Majid Dhahid Al-Hajjaji Ahmad Mortezaei  Mohammad Amin-Fard

10

176189

The Effect of Poetic Image Proliferation in the Diwan of Al-Khalidiyyayn
Mahmoud Mohammed Allawi Jawad Al-Rawi

11

190_209

The Normative Level in Dr. Majid Al-Zamali's Al-Mustadrak ‘ala Tadhkirat al-
Katib: An Analytical Study
Murtadha Hamdan Ajib

12

210 229

The extent to which biology teachers possess TPACK skills and its relationship
to their achievement motivation and future outlook
Jaafar Khammat Jelow, Safaa Kamel Jaber, Mayada Abdel Sattar Abbas

13

230 248

Spatial and Temporal Variability of Groundwater Aquifer Properties in Eastern
Maysan Governorate, Southern Irag.
Ahmed M. Hashoosh, Alaa M. Al-Abadi

14

—
(-




Misan Journal for Academic Studies

MUIAS

HumanitlEs, Social and Applied Sciences
Vole 25, Issue 59, SEP,2026

Influence of Boswellic Acid on Enamel Microhardness in Initial Caries Lesions:

249 260 An in Vitro Study 15
Roa'a Jamal Abdulameer , Nada Jafer Mohammed Hassan Radhi
A Comparative Analysis of Sedentary Behavior and Dietary Behavior
261 278 in Relation to Dental Caries Among Resistance Trained Men 16
Sarah Bassil Abdulwhid, Alhan Ahmed Qasim
Semantic Challenges in Translating Road Signs
279_284 Falah Hussein Hanoon Al-Sari 17
Macroeconomic Indicators: Iraq and the Dynamics of Oil and Conflict in the
285 299 Arabian Gulf the Impact of Regional Wars (1950-2000) 18
Dhifaf Mahdi Hasson
Characterization and Classification of Soils in Al-Muwafagiyah and Al-Dujaili
Areas
300_320 | within Al-Kut District, Wasit Governorate, and Evaluation of Their Agricultural | 19
Suitability
Hasanain Mohammed Mahmood Alabooda

Deciphering the Unfamiliar: Generational Conflict and Cultural Transformation

321 332 in the Novels of Jhumpa Lahiri 20
Hussein Mnahi Munshid
Neuro-Symbolic and Federated Learning for Privacy-Preserving Intrusion
Detection
333355 Marwah Najm Mansoor, Manar Hasan Ali Al-Malik< Hanan Falah Mohammed 21
Taif talal Alwakeel

The Error Analysis two-dimension nonlinear convection diffusion problem by

356_380 using Crank- Nicolson Petrov Weak Galerkin 22
Wafaa S. Mohammed
Green Spectrophotometric and RP-HPLC Methods for the Quantification of
Cefdinir in Pharmaceutical Formulations: A Comprehensive Review
381 400 Abdalrhman Saad Abdaljaber Lamya A. Sarsam 23
Comparative evaluation of the efficiency of Endophytic Aspergillus and

401415 Penicillium spp. for gold nanoparticles biosynthesis 24

Azhar Mohammed Alewi

—
(-




Misan Journal of \cadenie Sudies,

MISAN JOURNAL FOR ACADEMIC STUDIES
HUMANITIES, SOCIAL AND APPLIED SCIENCES
VOLE 25 ISSUE 59 SEP,2026

MUIAS

ISSN (Print) 1994-697X
ISSN (Online) 2706-722X

DOI: https://doi.org/10.54633/2333-025-059-015

Received:23/Apr/2026
Accepted:25/May/2026
Published online:30/Sep/2026

@OHO

MJAS: Humanities, Social and Applied
Sciences
Publishers
The university of Misan.

College of Basic Education This article is an
open access article distributed under the terms
and conditions of the Creative Commons
Attribution

(CCBY NC ND 4.0)
https://creativecommons.org/licenses/by-nc-

nd/4.0/

Influence of Boswellic Acid on Enamel
Microhardness in Initial Caries Lesions: An

in Vitro Study
Roa'a Jamal Abdulameer, Nada Jafer Mohammed
Hassan Radhi*

Department of Pediatric and Preventive Dentistry,
College of Dentistry, University of Baghdad, Baghdad,
Iraq
Email: ruaa.abd2402m@codental.uobaghdad.edu.iq,
nada.radhi@codental.uobaghdad.edu.ig
ORCID: https://orcid.org/0009-0008-2867-2235
* Corresponding Author Email:
nada.radhi@codental.uobaghdad.edu.iq.

Abstract

Tooth decay is an extremely common condition that
needs a preventative mechanism. Acetyl-11-keto-B-
Boswellic acid (AKBA) is a natural product derived
from Boswellia serrata with numerous beneficial
properties and its impact on enamel remineralization
has not been investigated. This research examined how
AKBA affects the microhardness and surface
morphology of the enamel. For this investigation,
premolars that had been extracted for orthodontic
purposes were cleaned, wrapped individually, and
stored in distilled water until testing. Each sample
went through a total of three testing procedures. The
first baseline procedure was to measure the
microhardness of the enamel, which had yet to be
demineralized. The second demineralization procedure
involved demineralization by simulating early lesions

of the enamel in an acidic solution (pH. 4.5). After AKBA was applied, the samples were
remineralized and placed into containers with artificial saliva to recreate the conditions of the
oral cavity. The best results amongst the test concentrations were with 0.1 uM AKBA. This
indicated a more homogeneous surface that exhibited the greatest microhardness and sufficient
mineral content (p < 0.05) as confirmed by FESEM and EDX analyses. Overall, amongst the
other test concentrations, 0.1 uM AKBA was the best in increasing the hardness and
remineralization of the enamel as well as improving the enamel morphology. Based on the
evidence presented, AKBA has the properties of an adjunctive agent for enamel repair and the
prevention of demineralization and enhancing microhardness as well as modifying the surface

morphology of enamel.

Keywords: Boswellic acid, Enamel microhardness, Initial caries lesions, Remineralization,

Frankincense.
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Introduction

The enamel consists of 96-97 wt.% inorganic HA (Cal0(PO4)6(OH)2), along with 3 wt.% water
and 1 wt.% organic material (Fejerskov et al., 2015).

The body's most resistant calcified matrix. The cells that produce enamel, the ameloblasts,
degenerate upon eruption of the tooth into the oral cavity (Nanci, 2003), and thus, it is hard for
enamel to regenerate itself because of the insufficiency of calcium and phosphate ions in saliva
(Lacruz et al., 2017). Due to its high physicochemical reactivity and ionic exchange, enamel is a
dynamic tissue (Cochrane et al., 2010).

Because of its high mineral content, enamel is the body's most resistant tissue, providing strong
resistance to mechanical stress and wear. This is crucial because enamel cannot regenerate once
lost (Fehrenbach & Popowics, 2020). A strong bond at the dentinoenamel junction (DEJ) is essential
to resist masticatory forces. Enamel thickness is highest at the incisal and occlusal surfaces and
gradually decreases toward the cementoenamel junction (CEJ) (Boushell & Sturdevant, 2022). Dental
enamel consists mostly of hydroxyapatite (90-92%), with minor amounts of water, trace
minerals, and organic matrix (Ritter, 2025).

Recently, increasing attention has been directed toward bioactive natural extracts as safer and
effective alternatives or additions to synthetic drugs. Frankincense is among the most extensively
used medicinal plants due to its different biological activities (Abbood et al., 2022). Traditional
medicine has long used natural plants to treat several diseases. Frankincense (olibanum) is
recognized for its beneficial pharmacological effects and low toxicity, its name is derived from
the old French word for frankincense, which signifies pure incense, whereas “olibanum” traces
back to both Arabic and Latin origins (EI-Nagerabi et al., 2013; Van Vuuren et al., 2010).

The final product consists of about 30-60% resin, 30-55% polysaccharides, and 5-10% essential
and aromatic oils (Siddiqui, 2011). For centuries prior to their adoption in European cultural and
religious ceremonies, the resins from these Boswellia species were used in traditional medicine
across India, China, and the Arabian region. For twenty years, extensive studies have highlighted
frankincense’s potential as a therapy. Efferth and Oesch conducted a systematic review of
Boswellia species’ anti-inflammatory and anticancer effects, covering bioactive compounds such
as 3-O-acetyl-11-keto-B-Boswellic acid (AKBA) and other Boswellic acids (Efferth & Oesch, 2022).
Frankincense resin contains abundant triterpenoid Boswellic acids, comprising over twelve
known compounds. The most biologically relevant of these are 11-keto-f-Boswellic acid (KBA),
3-O-acetyl-11-keto-B-Boswellic acid (AKBA), and a- and B-Boswellic acids (Al-Yasiry &
Kiczorowska, 2016; WHO, 2009).

Aldandan et al. 2024 showed that Acetyl-11-keto-p-Boswellic acid (AKBA) promotes osteoblast
differentiation and bone regeneration, the present study investigated its effect on demineralized
enamel by evaluating changes in enamel microhardness as an indicator of remineralization
potential (Aldandan et al, 2024). Boswellic acid-based extracts show favorable safety,
biocompatibility, and soft-tissue compatibility, supporting their use as natural alternatives to
conventional dental chemical agents (Salman et al., 2021). Such evidence supports their use in the
current study as a safe, biologically active natural source with a proven effect.

Materials and Methods
Sample preparation

fifteen specimens were used to identify the optimal AKBA concentration with G*Power version
3.1.9.7. setting power at 95%, alpha error probability of 0.05, and a large effect size (f = 0.4), as

250



P{ MISAN JOURNAL FOR ACADEMIC STUDIES
N Sl  HUMANITIES, SOCIAL AND APPLIED SCIENCES M‘DAS
Misan Joarnal of Academie Mudies VO‘LE 25 IS‘SUE 59 SE{P,ZOQ@

calculated using As authorized by the health research committee (Ref No. 970, 18/11/2024),
fifteen sound human permanent maxillary first premolar teeth which had comparable
dimensions. The patients' age ranged from 12-20 years. The teeth were extracted as a part of
orthodontic treatment plan. Subsequently, the teeth underwent a one-week immersion in 0.1%
Thymol solution, an antimicrobial agent employed to inhibit bacterial growth. They were
thereafter stored in distilled water until required. All tooth roots were sectioned at the cemento-
enamel junction, perpendicular to the tooth's long axis. This was accomplished with a diamond
cutting disc fitted to a cutting machine including water cooling. (Isomet 1000, Buehler, Lake
Bluff, IL, USA) at CEJ consuming a water-cooled diamond blade (330-CA/RS-70300, Struers,
Detroit Rd. Westlake, LLC, Cleveland, OH, USA). Each crown was split into two halves, and
only one of the halves, the buccal half, was saved. Each surface was cut into 3 slabs as 4.0 mm
(length) x 4.0 mm (width) x 2.0 mm (thickness), and these slabs were embedded in epoxy resin
molds. All specimens were polished (Laryee Technology CO.LTD, China) under water-cooled
(silicon carbide) using a sequential pattern of P1200 for 10 s, P2500 for 10 s, and P4000 for 4
min to achieve smooth surfaces (Al-Shareefi et al., 2022; Shubbar et al., 2023) and then
ultrasonically cleaned for 4 min to remove smear layer. Afterwards, these slabs were subjected to
pH-cycling (4.5-7) for 10 days immersed in 25 mL of demineralization solution for 3 hours,
followed by 21 hours in artificial saliva, The specimens were incubated at 37°C.

(Ten Cate & Duijsters, 1982).

A 10-day remineralization pH cycling model was used to replicate oral pH dynamics, comprising
3 hours of demineralization and 21 hours of remineralization (151). For three days, the pH cycles
continued with no treatment applied (155). Subsequently, over the following days (after day 7),
the treatment was administered once daily after the demineralization period, for a duration
specific to each agent. Teeth from all groups were individually immersed in the demineralization
solution for three hours, exposed to AKBA (2-4 mins), rinsed thoroughly, dried, and then kept in
artificial saliva for twenty-one hours.

Artificial saliva preparation

The artificial saliva solution was prepared according to Amaechi and Higham 2001. The artificial
saliva solution consists of:

1. MgCI2.6H20 (0.148 mmol/l).

2. K2HPO4 (4.59 mmoll/l).

3. Dihydrogen Potassium Phosphate (KH2PO4), KCI, (8.39 mmol/l).

4. Calcium lactate (1.76 mmol/l), fluoride (0.05 ppm)

5. Sodium Carboxymethyl Cellulose (2.25 mmol/l).

6. methyl-4-hydroxybenzoate (13.14 mmol/l).

During the experimental time, no precipitation was seen in the solution when the pH was
changed to 7.2 using KOH (Potassium hydroxide). Artificial saliva is made to resemble real
saliva in texture and color by adding sodium carboxymethyl cellulose (CMC) to make it thicker
and preservative-free.

Preparation of the AKBA solutions

Boswellic acid was selected for its potential remineralizing and anti-inflammatory properties.
The material was taken in powder form and centrifuged to accomplish uniform particle
distribution, allowing fine particles to settle and products a homogeneous powder proper for
precise solution preparation.

251



P{ MISAN JOURNAL FOR ACADEMIC STUDIES
N Sl  HUMANITIES, SOCIAL AND APPLIED SCIENCES M‘DAS
Misan Joarnal of Academie Mudies VO‘LE 25 IS‘SUE 59 SE{P,ZOQ@

Acetyl-11-keto-pB-Boswellic acid (AKBA) powder (Cat. No. HY-N0892R, CAS No. 67416-61-9,
MW 512.72 g/mol) was purchased from MedChemExpress (MCE, USA). The compound was
provided as a research-grade material (for research use only) and stored at 4°C in a sealed
container, protected from moisture and light. A stock solution was then prepared by precisely
weighing the required amount of AKBA powder using an analytical balance (KERN ALS 220-
4N, KERN & Sohn GmbH, Balingen, Germany) and deionized water to get a final concentration
of 2 mm. The weighed powder was dissolved in 5 mL of deionized water, and the mixture was
completely stirred until a clear and homogeneous solution was achieved. From this stock
solution, three working concentrations were prepared: 1 pm, 0.1 pm, and 0.01 pum. These
dilutions were made using a micropipette and deionized water via serial dilution. All solutions
were kept in clean and sealed containers after being freshly prepared, labeled correctly, and used
according to the progress of work. All protocols were conducted under aseptic conditions at

room temperature to maintain the accuracy and repeatability of the investigation (Aldandan et al.,
2024).

A significant increase in enamel microhardness after demineralization via various treatment

techniques can be observed, suggesting that these may play a role in improving enamel resilience
(Al_Bazaz et al., 2023).

The microhardness enhancement was related to the morphology of the surface: less and non-
homogeneous coating at 0.01 uM and excessive agglomerates formed at 1 uM were both
characterized by the weakest results, as opposed to a uniform distribution at concentration 0.1
uM, which strengthened enamel to the greatest extent.

This increased hardness at 0.1 um might have been because it could produce a more protective
and well-integrated surface layer that functioned as remineralization by increasing surface
continuity, which improved resistance to mechanical stress. A uniform and adherent coating can
resist enamel from erosion and enhance the solidification of the outer wall. However, 1 um did
not produce a good interface due to over-compacted and disorganized layer coverage, while the
amounts of material for mechanical protection (0.01 pm) proved inadequate in such a
concentration. It thus tells that the optimally distributed layer could assist the enamel surface and
increasing its hardness by 0.1 um.

The FESEM analysis demonstrated that in comparison to untreated samples, the surface of the
AKBA 1 um treated enamel was characterized by increased surface roughness attributable to the
uneven deposition of a coating that altered the performance of the microhardness by preventing
the formation of a stable, well-adhered, and reinforcing layer as shown in Figure 1 (c).

The enamel that was coated with 0.1 um AKBA showed the most uniform and homogeneous
surface coating among the groups. FESEM images depicted a uniform and continuous layer with
low particle aggregation and preserved surface integrity of the enamel. This morphology was
paired with the highest microhardness values. This demonstrated that 0.1 pum AKBA most
effectively reinforced the surface of enamel and was the optimal concentration for improving the
strength of enamel as shown in Figure 1 (d).

The enamel surface coated with 0.01 um AKBA only showed a thin and discontinuous coating.
This coating, in comparison to the others, had a poor conforming surface coverage under
FESEM; many scattered particles and a poorly coated surface were present. Despite the lack of
aggregation, the small quantity of deposited substance was insufficient to exert a protective and
strengthening influence on the enamel. Therefore, this group displayed lower microhardness
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values, also indicating that the low concentration was not sufficient to improve the enamel
surface or mechanical properties as shown in Figure 1 (e).

det  HV
000 x ETD 30.00 KV| _inst

Figure 1. FESEM images illustrating enamel surface morphology at different experimental
stages, (a) baseline enamel exhibiting an intact and smooth surface with well-defined enamel
prisms, (b) demineralized enamel showing surface irregularities, increased porosity, and loss of
prism integrity, (c) FESEM micrographs of enamel surfaces treated with AKBA at 1 uM
showing dense aggregation and irregular morphology, (d) FESEM micrographs of enamel
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surfaces treated with AKBA at 0.1 uM demonstrating a uniform and continuous layer with
minimal aggregation, (e) micrographs of enamel surfaces treated with AKBA at 0.01 uM
showing discontinuous surface coverage with scattered particles.

In Energy-dispersive X-ray spectrometry (EDX), paired sample comparisons between
demineralization and treatment also confirmed this effect. In the 0.1 uM group, phosphorous and
calcium both demonstrated significant increases after treatment (p = 0.031 for phosphorous, p =
0.041 for calcium), implying effective remineralization. In the 1 uM and the 0.01 uM groups,
there was an improvement tendency; however, these changes were not statistically significant as
shown in Table 1.

Table 1. Paired sample statistics from demineralization to treatment phases in every group.

Groups Paired Differences (Mean) t p value
1 Dem. P - treat. P -3.200 -3.990 0.057
Dem. Ca - Treat. ca -8.100 -3.967 0.058
01 Dem. P - treat. P -4.033 -5.587 0.031
' Dem. Ca - Treat. ca -8.533 -4.764 0.041
0.01 Dem. P - treat. P -3.233 -5.332 0.033
' Dem. Ca - Treat. ca -8.233 -4.251 0.051

These mineral gain results agreed with the microhardness findings, which also showed that the
0.1 um solution had the highest increase in enamel hardness after treatment. In combination,
these findings suggest that 0.1 um AKBA showed maximum effectiveness for remineralization
of both the mineral level and mechanical strength of enamel when compared to other
concentrations evaluated.

Results

Enamel microhardness

According to the results of the ANOVA test, there were no significant differences in surface
microhardness values among all groups at the baseline and demineralization phases (p > 0.05),
while there were significant statistical differences among the four groups in the remineralization
phase, as revealed in Table 2.

Table 2. Descriptive and statistical test repeated measure one-way ANOVA of surface
microhardness in (kg/mm?) at the three time periods for every remineralizing agent.

Baseline Demin Treat F p value
N 15 15 15
Minimum 223.400 143.500 268.900
0.01 Maximum 331.600 148.600 304.900 811.368 0.000
Mean 288.800 146.045 291.289
+SD 54.157 2.133 12.706
N 15 15 15
Minimum 322.600 143.170 290.830
0.1 Maximum 328.400 147.700 318.030 931.541 0.000
Mean 326.413 146.096 300.227
+SD 1.910 1.655 9.768

254




MISAN JOURNAL FOR ACADEMIC STUDIES
HUMANITIES, SOCIAL AND APPLIED SCIENCES M‘DAS

VOLE 25 ISSUE 59 SEP,2026

N 15 15 15
Minimum 215.900 143.870 290.800
1 Maximum 331.500 149.170 311.530 891.091 0.000
Mean 301.620 146.640 298.581
+SD 51.845 2.137 8.935
F 1.560 0.220 1.613
p value 0.234 0.804 0.223

Table 2 reports the mean enamel surface microhardness values at baseline (sound surface),
demineralization, and after treatment. Following demineralization, all groups showed a
significant decline in enamel microhardness relative to baseline after chemical remineralization

therapy.

With the Bonferroni Honestly Significant Difference (Bonferroni) test, Table 3 displays
numerous pairwise comparisons of microhardness throughout phases. The demineralization
phase and the remineralization phase differ significantly (p < 0.05). In contrast to the
remineralization phase, all concentration mean differences during the baseline phase were larger
(p < 0.05).
The 0.1 uM AKBA had the highest microhardness value, while other concentrations had a lower
value than it (Figure 2).

Mean surface microhardness (VHN)
. - - . "
_ :
=
=
O e
L ~
& o
_ '
_ 2
- 7
o

*300.227*

30162 o
1 1

298581

Figure 2. Bar graph of surface microhardness for each concentration at different phases.

Table 3. Multiple pairwise comparison of surface microhardness among phases using

Bonferroni.
Conc. Phases Mean difference (1-J) p value
Baseline Demin. 142.755 0.000
0.01 Treat. -2.489 1.000
Demin. Treat. -145.244 0.000
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Baseline Demin. 180.316 0.000

0.1 Treat. 26.185 0.306
Demin. Treat. -154.131 0.000

Baseline Demin. 154.980 0.000

1 Treat. 3.039 1.000
Demin. Treat. -151.941 0.000

The 0.1 uM AKBA had the highest microhardness value, while the other concentrations had a
lower value than it.

Microscopic feature of the enamel surface by using Filed Emission Scanning

Electron Microscopy (FESEM)

The enamel surfaces treated with different concentrations of AKBA showed noticeable
variations in surface morphology and mechanical behavior, as displayed by FESEM analysis and
corresponding microhardness measurements.

Energy-Dispersive X-ray spectrometry (EDX)
The data obtained by EDX analysis for every group regarding the weight percentage of calcium
(Ca) phosphate (PO4). A lower mean weight percentage for Ca and PO4 was observed during
demineralization. Both elements’ weight percentages increased following remineralization with
the AKBA group.
Descriptive and statistical tests of Ca and PO4 in the AKBA group
See Table 4.

Table 4. Descriptive statistics of % atomic of calcium and phosphorus among groups.

Groups Baseline P | BaselineCa | Dem.P | Dem.ca | Treat. P | Trea. ca
Minimum 11.200 21.300 5.500 8.900 9.800 19.800
0.01 Maximum 11.400 21.600 7.800 14500 | 10.000 | 21.000
Mean 11.300 21.433 6.667 12.233 9.900 20.467
+SD .100 153 1.150 2.948 0.100 611
Minimum 11.300 21.200 5.200 8.900 10.000 | 19.900
01 Maximum 11.400 21.800 7.200 14.400 | 11.100 | 21.800
' Mean 11.367 21.433 6.500 12.233 | 10.533 | 20.767
+SD .058 321 1.127 2.930 0.551 961
Minimum 11.200 21.200 5.400 8.800 9.500 19.600
1 Maximum 11.500 21.900 7.400 14500 | 10.200 | 20.800
Mean 11.367 21.500 6.667 12.233 9.867 20.333
+SD 153 361 1.102 3.024 351 643

F and p value for treatment phosphorous is 2.908 and 0.131, while F and p value for treatment
phosphorous is 0.259 and 0.780.

Descriptive analysis showed a reduction in calcium and phosphorus atomic percentages after the
demineralization phase across all groups. Following the treatment phase, an improvement in both
elements was seen, with noticeable variation among the tested concentrations. The 0.1 pM group
displayed the most favorable remineralization response, revealing a greater increase in calcium
levels and better recovery in phosphorus compared to the 1 pM and 0.01 uM groups.
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Discussion

Earlier studies have exhibited that bioactive materials can improve enamel microhardness and
remineralization (Al-Ward & Radhi, 2023; Alateya et al., 2025). Similarly, the present study
proposes that AKBA may act as a bioactive agent promoting enamel reinforcement and
remineralization.

Herbal-based extracts have proved a protective effect on enamel by lowering mineral loss and
enhancing resistance to acidic challenges. In prior studies, siwak water extract, particularly at
higher concentrations, significantly reduced calcium ion dissolution compared to deionized
water, advocating improved enamel resistance (Hoobi et al., 2014).

This study aimed to observe the effect of varying concentrations of Acetyl-11-keto-f-Boswellic

acid (AKBA) on enamel microhardness and surface topography in an initial caries lesion After
demineralization, all groups exhibited a significant weakening in enamel microhardness values,
showing effective production of initial caries lesions (Figure 1 b). Following the remineralization
phase, the microhardness of enamel treated with 0.1 uM AKBA exceeded that of the 1 and 0.01
UM groups, demonstrating greater improvement in surface hardness.

The FESEM analysis showed clear differences in enamel surface morphology among the tested
concentrations. The 0.1 uM AKBA-treated enamel displayed a smooth, continuous, and well-
organized surface with minimal particle aggregation (Figure 1d). In contrast, the 1 uM group
showed a rough and uneven surface with high particle aggregation (Figure 1c), whereas the 0.01
uM group showed insufficient and discontinuous surface coverage with scattered particles
(Figure 1e).

Analysis by EDX showed that 0.1 uM had the highest remineralization where, compared to the
demineralized state, more calcium and phosphate were restored. This proves that AKBA at this
concentration had the ability to facilitate in the remineralization process and support the structure
of the enamel (Table 4).

Previous studies have reported antibacterial activity of AKBA against oral pathogens, including
Streptococcus mutans and Lactobacilli (Raja et al., 2011). This reported activity may represent a
possible biological mechanism associated with the effects of AKBA; however, antibacterial
activity was not directly evaluated in the present study and therefore cannot be considered a
direct explanation for the observed remineralization.

The present findings are also supported by Aldandan et al. (2024), who reported that AKBA
enhanced the mineralization potential of bone marrow mesenchymal stem cells by upregulating
osteogenic markers and promoting mineral deposition. Although enamel and bone are different
tissues, both contain hydroxyapatite as a major mineral component. Therefore, the
mineralization-promoting activity reported for AKBA may provide supportive evidence for the
mineral recovery observed in the present study.

Limitation

The study was achieved in an in vitro environment using artificial saliva and controlled
conditions, which may not completely replicate the complexities of the oral environment. Factors
such as salivary composition, pH variations, and the presence of bacteria, which enhance enamel
remineralization in vivo, are not reviewed.

Recommendations
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Further in vivo and clinical studies are suggested to estimate the effectiveness of AKBA under
oral conditions. Long-term studies should also be conducted to evaluate the durability and
stability of the remineralized enamel. In addition, the development of clinical delivery systems,
such as gels, varnishes, or toothpastes having AKBA, is suggested. Further examinations using
advanced analytical techniques, including FTIR, Transmission Electron Microscopy (TEM) and
Raman spectroscopy, are recommended to assess enamel surface and structural changes. Micro-
computed tomography may also be used to assess the penetration depth of AKBA into enamel
lesions. Finally, future studies should investigate the effect of AKBA on dentin remineralization
in addition to enamel.

Conclusion

Based on the in vitro data of this study, AKBA seems to be a promising remineralizing agent for
the management of initial enamel caries. The effectiveness was concentration-dependent, with
0.1 uM concentrations providing accumulation of superiority in the increase of enamel
microhardness, the preferred morphology, and the better recovery of calcium and phosphate
mineral content. This concentration, which affected the formation of a homogeneous and well-
adhered surface layer, was found to be significant in the reinforcing effect and enamel-repair
ability. Accordingly, 0.1 pM AKBA may be the optimal concentration for enamel
remineralization among all the concentrations examined here.
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