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Background: Recently, pharmacologic approaches have been seen in utilizing matrix
metalloproteinase inhibitors (MMP-I) to prohibit the destruction of connective tissue accom-
panied by erythrogenic inflammatory diseases such as periodontitis. However, curcumin
characteristics have been described to be effective in reducing inflammatory mediators and
matrix metalloproteinase (MMP). But, due to its poor solubility and bioavailability,
a chemically modified curcumin (CMC 2.24) has been used.

Objective: The purpose of this research is to review and analyze the animal attempts which
investigate the impact of CMC2.24 on periodontitis.

Materials and Methods: Our study was based on reviewing the English preclinical studies
using CMC2.24 on an induced periodontal disease which were published up to 2020, only
randomized control trials (RCTs) were included. Databases were used from electronic
websites including PubMed, ScienceDirect, and Google scholar.

Results: Seven experimental trials involving 162 rats and 8 dogs were included in the
present systematic review. Six studies investigated LPS-induced experimental periodontitis,
two of them worked on diabetes-associated periodontitis, while one study worked on
naturally occurring periodontitis. All included studies revealed that CMC 2.24 reduced
alveolar bone loss as well as inhibited the MMP.

Conclusion: Collectively, we concluded that CMC 2.24 has significant implications in
prohibiting the progression of bone loss.

Keywords: chemically modified curcumin, matrix metalloproteinase, cytokines,
periodontitis, CMC2.24

Introduction
Periodontitis (PD) is counted as the highest predominant inflammatory disease
encountered in individuals," where it affects around 50% of adults over 30 years
old around the world. It is distinguished by the immunological breakdown of soft
connective tissues and alveolar bone in the existence of microbial pathogenic
biofilm inside the periodontal pockets. When it is not managed or ineffectively
managed, it conducts progressive tissue-attachment damage, bone resorption and
tooth mobility.>* Worthy to be mentioned that periodontal health transgresses the
boundaries of the oral cavity and its correlation with numerous systemic diseases
have been documented, particularly endocrine diseases, chronic kidney diseases and
cardiovascular diseases.”” Besides, obesity, stress and smoking were reported to be
highly contributed to the progression of PD.*

Through the pathogenesis of PD, anaerobic gram-negative bacteria such as
T. forsythia, P. products,

P. gingivalis, intermedia and their bacterial
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lipopolysaccharide (LPS) or endotoxin trigger the immune
reactions,’ inducing the periodontal tissue inflammation
process. At the lesion of the disease, inflammatory cells
including neutrophils and macrophages are enrolled in the
infected area, elevating the quantities of cytokines and
other pro-inflammatory mediators involving Tumor necro-
tizing factor (TNF-alpha), Interleukins (IL-1 and IL-6) and
the prostaglandins (PGE,). Subsequently, excessive col-
lagenolytic enzymes and matrix metalloproteinase
(MMP) expression are produced and, the latter action
presents in the damage of periodontium and attachment
loss including apical migration of junctional epithelium,
connective tissues destruction and reduction of bone
level.*?

The primary purpose of PD therapeutic strategies is to
eliminate the inflammation by diminishing the adherent
pathogenic microorganisms but on the other hand, host
response plays an important role to complete the natural
balance for periodontal health. Scaling and root planning
(SRP) is counted as “the gold standard” for the mechanical
approach in treating PD via removing the soft and hard
microbial deposits. Nevertheless, in some conditions as in
deep pockets and unapproachable areas where instrumen-
tation is problematic to handle, auxiliary treatment is
required adjunctive to SRP, such as the use of local and
systemic antibiotics, antiseptics, and probiotics.® Further
data have been exhibited that SRP alone has an imperfect
effect on some pathogenic species where total bacterial
eradication is not succeeded, as some of these species can
inhabit in soft tissues, dentinal tubules, or cementum irre-
gularities, leading to failure of the PD management.’

However, some of these pharmacological strategies
have a direct effect on the bacterial count or its destructive
activity and influence the host response modulation which
helps in inhibiting the alveolar bone loss cascade.
Therefore recently, it has been seen attempts to use phar-
macologic approaches in utilizing matrix metalloprotei-
nase inhibitors (MMP-I) to prohibit the destruction of
connective tissue related to inflammatory conditions such
as periodontitis. However, natural curcumin characteristics
have been reconnoitered to be effective in the remission of
inflammatory mediators and MMPs. Curcumin is a natural
hydrophobic yellow polyphenol spice that is obtained from
the rhizome of Curcuma Longa.® ' Many investigations

L2 concluded

of pre-clinical models and clinical studies
that Curcumin is a multipurpose molecule with consider-
able advantageous impacts on inflammatory infections as

it has anti-inflammatory, anti-oxidant and anti-microbial

features,® which make it, propounded as a potent adjunc-
tive factor in periodontal therapy.'’

Because of its inferior bioavailability and short-term
life in plasma, it should be delivered in large quantities,
which in turn limits its application clinically.'® This is why
curcumin has been chemically modified to enhance its
zinc-binding characteristics, improve its solubility and
increase its bioavailability."> However, chemically modi-
fied curcumin (CMC 2.24) is a phenylamino carbonyl
curcumin which is triketonic in contrast to the diketonic
traditional curcumin, exhibiting extraordinary effect in
hindering the MMP causing a pathological inhibition of
connective tissues to break down and alveolar bone loss."

The objective of our presented study is to review and
evaluate the animal studies which investigated the influ-
ence of chemically modified curcumin (CMC2.24) experi-
mentally on periodontitis and compare their outcomes
and

regarding analysis of bone loss inflammatory

mediators.

Methods

Focused Question
Our systematic assessment was performed following the
Preferred Reporting Items for Systematic Review and
meta-analysis (PRISMA) guidelines.'* The protocol of
the present systematic review was registered at
PROSPERO with a registration NO of ID=250936.
PICOS [Participants, Intervention, Control, Outcomes
and Study design] strategy was established (Table 1) to
formulate the focused question: “What are the effects of
chemically modified curcumin in controlling the progres-
sion of periodontitis?” The participants were animals
with periodontitis, the intervention was CMC2.24 admin-
istration, control was placebo solution, the outcomes
measured the alveolar bone loss, and the study design

was in vivo animal studies.

Table | The PICOS Framework

Participants | Laboratory Animals with Induced or

Naturally Occurring Periodontitis

Intervention CMC2.24 administration

Control No CMC or vehicle only

Outcomes Alveolar bone loss

Study design Vivo animal studies

Abbreviation: CMC2.24, Chemically Modified Curcumin.
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Eligibility Criteria

Only preclinical studies (animal models) using CMC2.24
on PD were qualified for this systematic review in which
randomized control trials (RCTs) were included. While,
exclusion criteria included human studies, literature
reviews, editorials, letters to the editor, book chapters

and studies published in a language other than English.

Search Strategy

The searches were carried out up to December 2020. The
search was conducted in three online databases in 2020:
PubMed (http://www.ncbi.nlm.nih.gov),
(https://www.sciencedirect.com), Google Scholar (https://

ScienceDirect

scholar.google.com). The following search strategy was
used: “Periodontitis” AND “Curcumin” AND “Animals”
in both PubMed and ScienceDirect. For Google Scholar
the following

strategy was used: ‘“Periodontitis”

“Chemically modified curcumin” “Animal”.

Methods of Screening and Selection

Only vivo studies that investigated the influence of che-
mically modified curcumin application on periodontitis
progression in animals were selected. According to the
PD induction protocol, experimental time, species and
sample size, there was no limitation.

Search Criteria and Study Selection

the the
reviewers discussed the eligibility criteria. Two authors
(ED, HS)
screening process. The selection process is done using

Before starting study selection process,

individually performed the search and

pilot-tested forms. The retrieved articles were elected
according to abstracts and/or titles and were screened,
while the unrelated articles were eliminated according
to the eligibility criteria. The reviewers were not
blinded to the names of authors and journals. Full
texts of researches achieved from the earlier stage
were read and assessed individualistically by investiga-
tors for involvement. The full texts of the preliminarily
eligible studies were analyzed to verify whether the
studies fulfilled the eligibility criteria. In addition, we
searched the reference lists of the involved studies
manually for further articles. All evaluations, including
searches, study selection, and data extraction, were
performed independently by two reviewers (ED, HS)
and checked by a third-party evaluator (DM) in case of
disagreement.

Types of Outcome Measure
The bone
Microcomputerized Tomography (u-CT), MMP was mea-

loss was assessed by radiographs or
sured by blood immunoblotting while cytokines such as
IL-1,IL-6 and TNF-alpha were evaluated by Enzyme-

linked immunosorbent Assay (ELISA).

Analysis and Statistics

The preliminary objective was to perform a meta-analysis
but because of the noticeable inconsistency and heteroge-
neity of the information of the involved researches, we
could not achieve the statistical analysis.

Quality Assessment and Bias Risk

The assessment criteria of the studies’ quality were
reformed from the Strengthening the Reporting of
Observational ~Studies in Epidemiology Statement
(STROBE). Seven parameters were reflected the most
noteworthy ones in the perspective of our article within
a checklist."”” The adopted STROBE checklist contained;
the study design, study participants, the sample size, vari-
ables, potential confounders, outcomes and statistical ana-
lysis test. The presence or absence of each criterion was
documented as either “Yes” or “NO”. Henceforth, each
research could have the highest total of 7. Then, we totaled
the scores and graded the quality of methodology as low
(0-3), acceptable (4-5), and high (6-7).

Additionally, bias risk was evaluated independently
by two investigators (ED, HS) by using the SYRCLE
(Systematic Review Center for Laboratory Animal
Experimentation) approach as shown in Table 2. Both
reviewers judged10 items related to selection bias, per-
formance bias, detection bias, attrition bias, reporting
bias and other biases. When there were any disagree-
ments between both reviewers, they consulted a third
reviewer (DM) for a final decision. Items to be judged
included allocation sequence generation (selection bias),
similar baseline characteristics (selection bias), alloca-
tion concealment (selection bias), random housing (per-
formance bias), blinding of investigators (performance
bias), random outcome assessment (detection bias),
blinding of outcome (detection bias), incomplete out-
come data (attrition bias), free from selective reporting
(reporting bias) and free from other problems.

The entries were considered as yes/no/unclear. A “yes”
judgment indicated low bias risk, and a “no” judgment
indicated high bias risk. An “unclear” judgment indicated
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Table 2 Bias Analysis and Methodology of Included Studies by SYRCLE Tool

10-Free from Other

Problems of Bias

Yes

Yes

Yes

Unclear

Yes

Yes

Yes

9-Free of

Selective

Reporting?

Yes

Yes

Yes

Yes

Yes

Yes

Yes

8-Incomplete
Outcome Data?

Yes

Yes

Yes

Yes

Yes

Yes

Yes

7-Blinding
Outcome

Assessment?

No

No

No

No

Unclear

Unclear

Unclear

6-Radom

Outcome

Assessment?

No

No

No

No

No

No

Yes

5-Blinding ?

No

No

No

No

No

No

Yes

4-Radom
Housing ?

No

No

No

No

No

No

No

3-Allocation

Concealment?

No

Unclear

Unclear

Unclear

No

No

Unclear

2-Baseline

Characteristics

Yes

Yes

Yes

Yes

Yes

Yes

Yes

I-Allocation

Sequence?

No

Unclear

No

Unclear

No

No

Unclear

References

Elburki et al'?

Elburki et al'®

Elburki et al*®

Curylofo Zotti

etal'”

Wang et al'®

De Almeida

Brandao et al'®

Deng et al'?

Notes: “Yes” indicates low bias risk, “no” indicates high bias risk. “Unclear” indicates an unclear bias risk or unsatisfactory elements for improper assessment of the bias risk.

Abbreviation: SYRCLE, Systematic Review Center for Laboratory Animal Experimentation.

an unclear bias risk or unsatisfactory elements for impro-
per assessment of the bias risk.

Results
Study Identification and Screening

Figure 1 (Flow chart of the screening process) presents the
PRISMA flowchart for recognition of related included
studies. The initial manual and electronic search in
PubMed, ScienceDirect and Google Scholar databases
retrieved a total of 130 articles. Seventy-five studies
remained after eliminating the duplicates. Out of the 75
articles, 23 were excluded for the utilize of curcumin
alone, 43 were excluded because of using other sub-
stances. After the initial screening phase, 9 studies
required full-text reading for assessing eligibility. Two
studies were excluded due to unclarity, only 7 articles
were included in this study.

General Characteristics
All authors investigated the general characteristics of the
involved studies (Table 3). Seven experimental trials
involving 162 rats and 8 dogs were concerned in this
systematic review over 14-90 days.'®'>'®° Five articles
were published in the USA and two studies were con-
ducted in Brazil. Besides, all studies are contemporary,
as the oldest of them was published in 2014.

Six studies of the selected studies investigated LPS-

10.13.16-20 4w studies

induced experimental periodontitis,
of them'*'® worked on diabetes-associated periodontitis,
while one study'® worked on naturally occurring period-
ontitis. All rodent animals used in six studies'®'?-'¢718:20
were male Holtzman rats, which were subjected to bilat-
eral palatal injections of the first molars; 30 pg of lipopo-

16718 three weeks,zo four

lysaccharide (LPS) two weeks,
weeks.'”!? Escherichia coli diluted in phosphate-buffered
saline (PBS) was injected palatally (3 pL) using am10 pL
micro-syringe. The opposite sides were received injected
with the same quantity of PBS to be considered as
a control group (split-mouth study). Only two studies'*'®
were subjected to the injection of the intravenous tail with
streptozotocin (70mg/kg) to provoke diabetes in rats. The
effect of CMC 2.24 (30 mg/kg) was evaluated by daily
oral administration'*'®2® while two studies compared the
effect of CMC 2.24 and natural curcumin.'”'® On the
other hand, one study' used various doses of CMC2.24

on rats with 0 (controlled), 1, 3, 10, and 30 mg/kg.
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Selected studies in
qualitative synthesis
(n=7)

5 Records identified through
s Further records from other
8 searches of databases ek
s PubMed = 23,ScienceDirect = (n=0)
_§ 37,Google Scholar = 70(n = 130) X
v
Records after removal of duplication
o (n=75)
£
c
o
2 l
A
Records which were Excluded records for not
screened . including chemically
(n=75) modified curcumin
(n=67)
z
3 2
) Full artlcle‘s.eyé|uated Siiciiiad avilce
o for eligibility —_— (n=2)
(n=9)

Studies included in
quantitative meta-analysis
(n=0)

Figure | Article selection flow chart of screening process.

However, only one study'® other than the mentioned
six studies used large (dog) animals with periodontitis
treated orally by 10 mg/kg of CMC2.24 (one capsule/
day). Besides, it was the only study which mentioned
that scaling and root planning were done before
CMC2.24 administration. In addition, it was the only
study that assessed the gingival index (GI), plaque index
(PI), crevicular gingival fluid flow and CAL before and
after CMC2.24 administration.

Main Outcome
In all recruited studies, bone analysis was performed either
by microcomputed tomography where information obtained

10,16,17 or

as a percentage of the fraction of the bone volume
by morphometric analysis where datum introduced as

a distance in mm from the cementoenamel junction to the

crest of the alveolar bone.'*'®'” All included studies
revealed that CMC 2.24 administration diminished bone
loss significantly. However, one study'’ showed that natural
curcumin did not reduce the destruction of alveolar bone in
comparison to CMC 2.24. Two studies'***° found that CMC
2.24 had an unnoticeable influence on the hyperglycemia
severity during the protocol of the treatment duration
(Table 4). Six studies'®'>'%'¥2 exhibited that the systemi-
cally administered CMC 2.24 reduced the Pro and activated
MMP-2 and MMP-9 in gingiva and MMP-9 only in plasma
whereas CMC 2.24 had no effect on MMP-2. In addition, the
studies' 13101820 djsplayed that the administration of
CMC2.24 is significantly reducing the production of inflam-
mation-associated cytokines IL-1p,'*'%!%20 L. !3-1920
TNF-q,' %3119 111013119 in gingiva and serum to nor-

mal levels in both experimental models.
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7. Deng et al'® (2020)

USA

Abbreviations: CMC, Chemically Modified Curcumin; PBS, phosphate buffered saline; LPS, lipopolysaccharides; MMP, matrix metalloproteinases; ROS, reactive oxygen species; ELISA, Enzyme-linked immunosorbent assay; p-CT,

Microcomputerized Tomography.

Quality and Risk of Bias

Our outcomes of the STOBE-based assessment were
shown in Table 5. Generally, the quality of the related
preclinical studies was high, with a summed score of 6.
Bias analysis of the results was displayed in Table 2,
where most of the researches showed a high risk of bias.
Four articles'®'*'®2° did not report random sequence gen-
eration, and this item considered unclear in 3

16,1719 9150 3 articles'®'>!® did not document the

studies,
allocation concealment. The authors reported that the ani-
mals were randomly allocated to the study groups without
declaring the method of sequence generation and alloca-
tion concealment. All studies started their experiments
with similar characteristics of animals either the weight
or age.

All included studies'®'*'*2% did not provide any
information about the random housing of the animals dur-
ing the experiments. Besides, it was not possible to blind
the investigators and there was no blinding of outcome
assessment in all articles except for one article.'” All
involved studies stated incomplete outcome data and
selective reporting. They were considered free of attrition

10.13.16-20 o hgidered

and reporting bias. Lastly, six studies
free of other problems of bias except for one study'’
considered as unclear. Types of bias were presented in
Figure 2 in terms of percentages of the involved
researches. However, a meta-analysis could not be done
as included studies were classified as having a “high risk
of bias”. Funnel plots could not be prepared due to the low

quantity of included articles (less than 10 studies).

Discussion
Seven preclinical studies were included in this systematic
review. This review of the literature revealed a paucity of
experimental studies evaluating the effect of CMC2.24 on
periodontitis, there was a consensus among the included
seven studies confirming the impact of CMC2.24 on bone
loss reduction and inflammatory markers, inhibiting the
activity against MMPs and proinflammatory cytokines.
The outcomes of the seven included studies confirmed
that administration of chemically modified curcumin has
an anti-inflammatory effect which suggests it as an effica-
cious treatment in reducing bone resorption.

All involved investigations had been conducted on
animal models so they cannot be interpreted as human

10,13,16-18,20

clinical trials. Six studies worked on rats with

the same dosage of 30mg/kg in the administration while
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Table 4 Main Outcomes and Conclusions of the Included Studies

(= 0.008) analysis. Also, MMPs and cytokines showed

reduction.

Study Main Results Conclusion

Elburki et al'? The CMC 2.24 significantly minimized the release of MMPs, The CMC 2.24 had noticeable anti- inflammatory influence

2017 inflammatory cytokines and bone loss. where it reduced the MMP-9 production and loss of alveolar
bone as well as the activation of NF-kB (p65) and p38 MAPK
in the induced periodontitis models.

Elburki et al'® In LPS-induced periodontitis, measurements were lowered to | The CMC 2.24 had an effective role on bone loss and

2014 normal levels based on either morphometric (= 0.003) or uCT | inflammatory mediators in the experimental PD.

Elburki et al®
2016

CMC 2.24 consumption in diabetic animals with induced
periodontitis impaired the resorption of alveolar bone and
diminished the inflammation severity with local and systemic

factors.

The CMC 2.24 was an effective therapeutic pleiotropic MMP
inhibitor.

Curylofo-Zotti

Both CMC2.24 and curcumin showed a noticeable decrease of

The CMC2.24 is more superior than curcumin as CMC2.24

Brandao et al'®

2019

osteoclastogenesis, and TNF-alpha in vivo, ie no dose-
dependent influence. In vitro, CMC2.24 decreased levels of
TNF-a and IL-10, constrained phagocytosis and motivated the
formation of ROS where the dose-dependent impact was

observed only in the production of ROS.

etal'’ 2018 the inflammatory reactions, but pCT analysis displayed that had the capability to reduce alveolar bone loss in the PD
only CMC2.24 decreased bone loss and the amount of animals.
osteoclasts.

Wang et al'® The CMC2.24 decreased the pathological loss of alveolar bone | The efficacy of MMP-9 inhibitor was related to the ability of

2019 by 80-90% (P<0.01), while curcumin enhance (P<0.05) or CMC 2.24 (but not curcumin) to constrain the resorption of
showed no impact on alveolar bone resorption. alveolar bone in rats with PD.

De Almeida The CMC2.24 with I mg/kg discontinued the bone loss, Low doses of oral CMC2.24 were appropriate to constrain

alveolar bone loss.

Deng et al'’
2020

The CMC2.24 decreased Gl, GCF flow, PD compared to
placebo. Besides,it decreased MMP-9 and MMP-2 in
periodontal tissues, reduced loss of alveolar bone and
diminished IL-1p. Cell-signaling molecules, TLR-2 (but not
TLR-4) and p38 MARK which in turn reduces inflammation

and collagenolysis.

CMC2.24 reduced clinical features of periodontitis as it
decreased the MMPs, inflammatory cytokines and cell-signaling

molecules.

Abbreviations: CMC, Chemically Modified Curcumin; PD, periodontitis; LPS, lipopolysaccharide; MMP, matrix metalloproteinases; ROS, reactive oxygen species; TNF,
Tumor necrotizing factor; IL, interleukin; u-CT, micro-computed tomography; NF-kB, Nuclear factor kappa B; Gl, gingival index; GCF, gingival crevicular fluid.

one study'® worked on dogs with the administration of
10mg/kg of CMC2.24. Toxicity and weight loss, as well as
other harmful effects, were not documented for CMC 2.24
administration in any of the included studies, also the
benefits of higher/lower doses are left undemonstrated.
Out of the seven studies, only two studies'"'®
effect of natural curcumin in comparison to CMC 2.24. When

reviewed the

Curylofo-Zotti et al'” compared CMC 2.24 and curcumin,
they concluded that administration of curcumin and
CMC2.24 expressively hindered the local inflammatory
the
Interestingly, CMC2.24 decreased inflammatory markers,

actions in LPS-induced periodontitis models.

number of osteoclasts and bone resorption significantly. On
the other hand, curcumin alone prohibited the apoptosis of
periodontal tissues and osteocytes in the existence of inflam-
mation or its absence.

This is in agreement with Wang et al'® who exhibited
that CMC 2.24 consumption was further efficient than
curcumin in restraining IL-1 and reduction of MMP-9
secretion by 78% in contrary to curcumin which was not
ineffective. Besides, they found that CMC 2.24 suppressed
the pathological loss of the alveolar bone, in contrast to
curcumin which increased or had no impact on the loss of
alveolar bone. This is maybe because CMC2.24 is more

https:

572

Dove!

Journal of Experimental Pharmacology 2021:13


https://www.dovepress.com
https://www.dovepress.com

Dove

Dhaifullah et al

Table 5 STROBE-Based Quality Analysis of the Included Studies

Ref. Study | Participants | Sample Variable Potential Measurements | Statistical Total
Design Size Description Confounder Analysis Scores

Elburki et al'® 2017 [ I [ [ 0 I [ 6
Elburki et al'® 2014 [ I [ [ 0 I [ 6
Elburki et al*® 2016 [ I [ [ 0 I [ 6
Curylofo-Zotti | | | | 0 | | 6
etal'’ 2018

Wang et al'® 2019 I I I I 0 I I 6
De Almeida Brandao | | | | 0 | | 6
etal'® 2019

Deng et al'® 2020 I I I I 0 I I 6

Abbreviation: STROBE, Strengthening the Reporting of Observational Studies in Epidemiology.

soluble than curcumin in water-based vehicles which has 3
zinc-binding moieties that can constrain MMP. Also, the
high bioavailability of CMC2.24 may be accountable for
the weakening of the bone resorption cascades, where
there was a reduction in the osteoclast quantity in
CMC2.24- administrated models which propose an influ-
ence on the differentiation of osteoclasts.'®

However, Elburki et al'® demonstrated the efficacy of
CMC 2.24 in an experimental split-mouth study design on
11 male rats, where they found that a substantial diminu-
tion of loss of alveolar bone in the LPS-induced period-
ontitis to the levels observed in the control models and
complete suppression of the pathological release of the

0.00% 20.00% 40.00%

Selection bias

Performance bias

Detection bias

Attrition bias

Reporting bias

Other bias

= Low risk of bias

MMP-2, MMP-9, and IL-1pB levels. Besides, CMC 2.24
decreased the effect of the local inflammatory infection on
systemic biomarkers with no adverse influences on the
mediators of constitutive connective tissue turnover.

In 2016, Elburki et al'® conducted a study on diabetic-
induced rats using intravenous injection of streptozotocin
and non-diabetic rats (control models) and revealed that
systemic consumption of CMC 2.24 of diabetic rats with
periodontitis considerably constrained loss of bone,
inflammatory process, connective tissue destruction and
hyperglycemia, but there were no remarkable effects on
the constitutive MMPs necessary for the physiological
turnover of the connective tissues.

60.00% 80.00% 100.00%

m High risk of bias Unclear risk of bias

Figure 2 Summary of the bias types of the included studies using the SYRCLE approach.
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While in 2017 Elburki et al,* represented the local and
systemic influences separately, which were displayed by
bacterial antigen stimulus (LPS) and diabetes-associated
immune dysregulation, in 2 independent studied rat mod-
els and evaluated the effect of CMC 2.24 on NF-kB and
MAPK signaling and cytokine formation. They discovered
that CMC 2.24 had marked anti-inflammatory actions,
considerable reduction of loss of alveolar bone, consis-
tently diminished MMP-9 and inhibition of NF-«B p65
and p38 MAPK in both models. Moreover, the reduction
of pro-inflammatory IL-1B and IL-6 production was
observed. Also, they found that CMC 2.24 suppressed
levels of TNF-a and IL-10 in the severe form of LPS-
induced models of periodontitis, which in turn make
CMC2.24 proposed as a potential therapy in the manage-
ment of periodontal diseases.

However, De Almeida Brandao et al'® compared var-
ious doses of CMC2.24 on rats for 28 days and they
revealed that oral administration of a low dose of
CMC2.24 (1 mg/kg/day) was appropriate to discontinue
the resorption of the bone, osteoclastogenesis, and inflam-
mation accompanied with PD. Also, they reported that
there was no dose-dependent effect on bone loss except
for reactive oxygen species (ROS) production.

Only one preclinical study by Deng et al'® investigated
CMC2.24 on large animal models, where CMC2.24 was
given orally as one capsule/day to 8 dogs with naturally
occurring periodontitis after mechanical debridement. The
authors chose dog models to increase the similarity of the
periodontitis features to humans, they concluded that
CMC2.24 remarkably reduced clinical parameters of PD, as
well as diminished the loss of alveolar bone, in comparison to
placebo utilization, even in the nonexistence of pathogenic
biofilm. They reported that CMC2.24 suppressed the host-
mediated-destructive activity by decreasing the inflamma-
tory mediator levels, prohibiting the pathological alteration
of inactive to activate MMP-9, suppressing the excessive
levels of MMP-2 and decreasing inflammatory signals by
reduction of TLR-2 and P38 MARP expression.

Six studies'®'*'*'%2% \ere have assented that
CMC2.24 had the ability to decrease the destructive and
inflammatory cascades of periodontitis, but there was
a high risk of bias because of the indefinite information
in the reviewed articles and inability to make blinding of
contributors, personals and assessment of outcomes.

Although six studies'®:!3!16-18:20

involved the same type
of animals (rats) with similar ages, some unrecognized

variances could be present such as subclinical infections

which may influence their inflammatory response.?!
Besides, the difference in the used protocols, evaluation
methods, evaluation periods and drug concentrations cause
divergences that increase the results’ bias and the external
validity.

Nevertheless, further evidence and more animal inves-
tigations are advised to try different doses to check
whether if higher doses are either harmful or beneficial,
different types of experimental animals should be consid-
ered in future studies. Routes of administration of
CMC2.24 should also be varied to check for different
results, such as Intraperitoneal and subcutaneous routes.

Conclusion

Collectively, we concluded from the available documenta-
tion of the preclinical studies that CMC 2.24 has
a conspicuous biological influence on the enhancement
of the periodontal health and the inhibition of PD progres-
sion by diminishing the pro-inflammatory mediators
levels, modulating the MMP-I mechanism and reducing
the alveolar bone loss. The outcomes of this systematic
review suggested CMC 2.24 as an effective pharmacolo-
gical modality adjunctive to SRP in the management of
periodontal diseases. However, additional preclinical ani-
mal studies with longer duration of follow-up visits are
highly suggested to be addressed and comparing different
approaches is advocated before shifting to human research.
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