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Abstract:

Regenerative endodontics is based on the three factors of stem cells, scaffolds and growth factors where dentin matrix acts as a source
of bioactive molecules. The mechanism by which irrigants can release these growth factors out of dentin without damaging the
scaffold structures is an insufficiently investigated mechanism. Therefore, it is of interest to assess the effectiveness of both the
mixtures of tetracycline isomer, acid and detergent (MTAD) and Q-mix in releasing growth factors within root canal dentin and how
these factors impacted triple antibiotic paste scaffolds. Sixty human premolars extracted were incubated with MTAD, Q-mix or saline
and the release of growth factor (TGF- 1, VEGF, BMP-2) measured by ELISA. MTAD showed a greater mobilization of growth factors
(p<0.001) and superior stability of the scaffold than that of Q-mix. Thus, data shows the both experimental irrigants increased the
levels of growth factors as compared to the controls and these findings support their role in regenerative endodontic procedures.

Keywords: Mixtures of tetracycline isomer, acid and detergent (MTAD), Q-mix, growth factor, regenerative endodontics, dentin

matrix, scaffold.
Background:
Regenerative endodontics is an innovative approach to the
treatment of immature necrotic permanent teeth that dwells on
the tenets of tissue engineering to repair the pulp-dentin
complex [1]. Regenerative procedures require three basic
elements that are stem cells, a proper scaffold and signaling
molecules such as growth factors to be successful [2]. Of these,
growth factors that are captured in the dentin matrix are critical
in cell differentiation, proliferation and tissue morphogenesis [3].
The mineralized dentin matrix has become a natural storage
reservoir of many bioactive molecules including transforming
growth factor-beta 1 (TGF- beta 1), bone morphogenetic proteins
(BMPs), vascular endothelial growth factor (VEGF), platelet-
derived growth factor (PDGF) [4]. These growth factors which
are loaded in the process of dentinogenesis are biologically
active and can be discharged by chemically conditioning the
dentin surface [5]. These endogenous growth factors are also
necessary to the recruitment and differentiation of stem cells of
the apical papilla (SCAP) and dental pulp stem cells (DPSCs) [6].
The administration of chemical irrigants in endodontics
procedures has serious impacts on the dentin matrix and can be
used to control the release of growth factors [7]. A final irrigant
called MTAD (BioPure MTAD) consisting of doxycycline
(tetracycline isomer), citric acid and a polysorbate detergent
(Tween 80) was launched, having antimicrobial effect and the
capacity to detach the smear layer [8]. Its acidic pH and the
ability to chelate imply that it can be used in the dentin
demineralization process and the release of growth factors.
Likewise, another endodontic irrigant suggested as a substitute
of NaO-citric acid based irrigant is Q-mix (doxycycline and citric
acid based irrigant) which has identical characteristics [9]. In
recent reports, ethylenediaminetetraacetic acid (EDTA) has been
found able to liberate growth factors on dentin, which favor
migration and differentiation of stem cells [10]. Nevertheless, the
relative effectiveness of MTAD and Q-mix in mobilization of

. S
growth factors is not well explored. In addition, the use of triple
antibiotic paste (TAP) or double antibiotic paste as intracanal
medicaments is often used in regenerative endodontic protocols,
which may be included into a scaffold [11]. The contact between
the irrigants and these scaffolds drugs is also important because
some irrigants can lead to a loss in the integrity of the scaffold or
the kinetics of drug release [12]. Although dentin conditioning
agent application is gaining significant evidence in the
regenerative endodontics, limited comparative data are available
on the use of the two agents, MTAD and Q-mix, in relation to
their quantitative ability to release certain growth factors. Also,
the systematic research on their impacts on widely used drug
molecule scaffolds has not been conducted [13]. Therefore, it is
of interest to report the role of these interactions in optimizing
regenerative endodontic protocols and enhancing clinical
outcomes.

Materials and Methods:

Study design and ethical approval:

This in wvitro comparative study was conducted in the
Department of Conservative Dentistry and Endodontics from
January 2024 to August 2024.

Sample size calculation:

Sample size was calculated using G*Power software version
3.1.9.2, considering an effect size of 0.8, alpha error of 0.05 and
power of 80%. A minimum of 18 samples per group was
required. Accounting for 10% attrition, 20 samples per group
(total n=60) were included.

Sample selection and preparation:

Sixty freshly extracted intact human maxillary premolars
extracted for orthodontic purposes were collected. Inclusion
criteria were: single-rooted premolars with fully formed apices,
straight root canals, no caries or cracks, no previous endodontic
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treatment and no internal or external resorption. Exclusion
criteria included: teeth with calcifications, multiple canals, open
apices, or any structural abnormalities detected on radiographic
examination. Teeth were cleaned of soft tissue debris and stored
in 0.1% thymol solution at 4°C for maximum two weeks before
use. Standard access cavities were prepared using round and
tapered fissure burs. Working length was established 1 mm
short of the apical foramen. Root canals were instrumented
using ProTaper rotary files up to F3 (30/0.09) with 1.5% sodium
hypochlorite irrigation between files. Final irrigation was
performed with 5 mL of 17% EDTA followed by 5 mL saline.

Grouping and treatment protocol:

Samples were randomly allocated into three groups (n=20 each):

[1] Group 1 (Control): Normal saline irrigation

[2] Group 2: MTAD irrigation (BioPure MTAD, Dentsply Tulsa
Dental)

[8] Group 3: Q-mix irrigation (Ogna Laboratori Farmaceutici)

Each canal was irrigated with 5 mL of the respective irrigant for
5 minutes using a 30-gauge needle positioned 2 mm short of
working length. The irrigant was agitated using a size 20 K-file
with gentle filing motion. After treatment, canals were irrigated
with 5 mL sterile saline and dried with paper points.

Dentin powder collection:

The coronal portion of each tooth was sectioned at the
cementoenamel junction. Using a sterile round bur at low speed
with sterile saline cooling, dentin powder was collected from the
canal walls. Approximately 20-30 mg of dentin powder was
collected from each tooth and immediately stored at -20°C until
analysis.

Growth factor extraction and quantification:

Dentin powder (20 mg) was incubated in 200 pL extraction
buffer (10 mM Tris-HCl, pH 7.4, containing protease inhibitors)
at 4°C for 24 hours with gentle agitation. After centrifugation at
10,000 rpm for 10 minutes at 4°C, the supernatant was collected
and stored at -80°C. Growth factors were quantified using
enzyme-linked immunosorbent assay (ELISA). Human TGF-f1,
VEGF and BMP-2 ELISA kits (R&D Systems, Minneapolis, USA)
were used according to manufacturer's instructions. All samples
were analyzed in duplicate. Absorbance was measured at 450
nm using a microplate reader (BioTek Instruments).
Concentrations were calculated using standard curves and
expressed as pg/mg of dentin.

Scaffold preparation and analysis:

Type I collagen scaffolds (5 mm x 5 mm X 2 mm) were prepared
and incorporated with triple antibiotic paste (metronidazole,
ciprofloxacin and minocycline in equal proportions at a final
concentration of 1 mg/mL). Scaffolds were divided into three
groups corresponding to the irrigant groups and treated with
respective irrigants for 5 minutes.

Scaffold integrity was assessed by:
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[1] Structural analysis: Light microscopy at 40x magnification
to observe fiber architecture

[2] Degradation assessment: Weight loss percentage after
treatment

[3] Drug release kinetics: Spectrophotometric analysis of
antibiotic release at 0, 24, 48 and 72 hours

Statistical analysis:

Data were analyzed using SPSS version 25.0 (IBM Corp.,,
Armonk, NY). Normal distribution was verified using the
Shapiro-Wilk test. Descriptive statistics were expressed as mean
+ standard deviation. One-way ANOVA was used for
intergroup comparisons, followed by post-hoc Tukey's test. A p-
value <0.05 was considered statistically significant.

Results:

All three growth factors evaluated (TGF-1, VEGF and BMP-2)
showed significantly different release patterns among the
groups. Table 1 presents the quantitative analysis of growth
factor mobilization. MTAD (Group 2) demonstrated the highest
growth factor release for all three markers, with mean TGF-p1
levels of 156.7+18.3 pg/mg, VEGF of 124.3+16.7 pg/mg and
BMP-2 of 895#13.2 pg/mg. Q-mix (Group 3) showed
intermediate values, while the control group (saline) exhibited
minimal growth factor release. The differences among all groups
were statistically significant (p<0.001). Table 2 summarizes the
effects of different irrigants on scaffold structural parameters
and degradation. MTAD showed significantly better scaffold
preservation compared to Q-mix. Weight loss was 4.2+0.9% for
MTAD versus 12.8+2.4% for Q-mix (p<0.001). Fiber integrity and
dimensional stability were also better maintained with MTAD
treatment. The cumulative drug release profile from triple
antibiotic paste-incorporated scaffolds is presented in Table 3.
Q-mix-treated scaffolds showed the highest drug release rate
with 92.4£7.6% cumulative release at 72 hours, followed by
MTAD (76.846.7%) and saline (58.245.4%). All intergroup
differences were statistically significant (p<0.001). Microscopic
analysis revealed that MTAD-treated scaffolds maintained better
fiber architecture with minimal disruption compared to Q-mix-
treated specimens, which showed moderate fiber separation and
partial degradation. The correlation between scaffold
degradation and drug release was positive and significant
(r=0.78, p<0.001), indicating that increased scaffold disruption
facilitated faster drug release.

Table 1: Quantification of growth factors released from root canal dentin (pg/mg

of dentin)
Growth  Group1 Group 2 Group 3 F-value p-value
Factor (Saline) (MTAD) (Q-mix)
TGF-p1  124+28 156.7+18.3> 984+14.6c 32842 <0.001*
VEGF 8.6 +1.9 1243 +16.7> 76.8+12.4c 285.67 <0.001*
BMP-2 6.2+1.4 89.5 +13.2" 54.3 +9.8° 248.93 <0.001*

Different superscript letters indicate statistically significant differences (p<0.05) by post-
hoc Tukey's test

Table 2: Effect of irrigants on collagen scaffold integrity

Parameter Group 1 Group 2 Group 3 F-value p-value
(Saline) (MTAD)  (Q-mix)
Weight loss (%) 2.8+0.6 42+0.9 12.8+24> 142.56 <0.001*
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Fiber integrity 92404 8.6 £ 0.5 6.4+0.8 98.34 <0.001*
score (0-10)

Dimensional 97.6+12° 964+14* 89.2+28> 8723 <0.001*
Stability (%)

Different superscript letters indicate statistically significant differences (p<0.05) by post-
hoc Tukey's test

Table 3: Cumulative antibiotic release from drug-incorporated scaffolds (%)

Time Point  Group 1 Group 2 Group 3 F-value p-value
(Saline) (MTAD) (Q-mix)

24 hours 246+32° 328+41° 524+68 124.67 <0.001*

48 hours 428 +4.6° 584+59° 786+82 136.89 <0.001*

72 hours 582+54 768+6.7° 924x7.6° 14234 <0.001*

Different superscript letters indicate statistically significant differences (p<0.05) by post-
hoc Tukey's test

Discussion:

The current research had a fully understanding of the dual role
of MTAD and Q-mix in regenerative endodontics, which is the
ability to retain the growth factors of dentin matrix and intact
scaffold. The results show that MTAD was significantly superior
in terms of growth factor release compared with Q-mix, as well
as maintaining scaffold structure although Q-mix was used to
release drugs faster through the scaffolds. The superior
mobilization of growth factors seen with the use of MTAD is due
to its special composition and action. MTAD also includes
doxycycline (tetracycline derivative), citric acid and the Tween
80 detergent [14]. The citric acid ingredient (pH 2.15) has been
shown to demineralize the dentin surface effectively exposing
the organic matrix and sequestering the growth factors [15]. Our
findings revealed TGF-bl release of 156.7+18.3 pg/mg in the
presence of MTAD, which is in line with the literature that
proves acidic chelating agents to increase bioactive molecule
release by mineralized tissues [16]. The high performance of the
MTAD as compared to the Q-mix, which both have similar
components, could be associated with the proprietary
formulation and pH optimization of the MTAD. A controlled
acidic solution provided by MTAD seems to attain an optimal
level of demineralization to release growth factors and inhibit
undue loss of dentin [17]. TGF-1 beta is essential in the
odontoblast differentiation and reparative dentinogenesis
process and therefore, increased release of TGF-1 beta is
specifically pertinent to regenerative outcomes [18]. VEGF
release patterns were similar to those of TGF- Beta 1 whereby the
released levels of 124. 3 +16.7 pg/mg against 76.8 +12.4 pg/mg
represented the release of VEGF and TGF-Beta 1 respectively.
Clinical implications of this discovery are immense since the
angiogenesis and vascular network formation constitute
necessities of successful pulp regeneration [19]. Adequate blood
supply is important in the regenerated tissues to sustain the
survival of the stem cells, nutrients and removal of waste
materials. The marked release of VEGF that occurs under the
effect of the MTAD treatment implies that it could help to
establish the pro-angiogenic microenvironment in which
revascularization will occur. BMP-2 is a TGF- beta family
member that showed the lowest absolute release with the three
growth factors that were measured, but the trend of increased
release with MTAD (89.5+13.2 pg/mg) was similar. The role of
BMPs in the development of hard tissue and the differentiation
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of odontoblasts is significant [20]. The comparatively less release
could be the result of less BMP-2 in the dentin matrix being
incorporated than TGF-Beta 1 or it could be the result of less
extraction efficiency. However, the BMP-2 release with MTAD
that was considerably improved over controls gives evidence to
biological relevance in regenerative use. The scaffold integrity
analysis developed a curious paradox wherein the group with
higher growth factor release (MTAD) led to less scaffold
degradation (4.2£0.9% weight loss) than the group that
developed more scaffold degradation (Q-mix 12.8+2.4). The
buffering capacity and detergent effect of the formulation of
MTAD can attribute this differential effect. The Tween 80
ingredient can give certain protective action to collagen fibers
and still permits surface demineralization of the dentin [8]. The
integrity of a scaffold is important to ensure that the architecture
is 3D; the scaffold facilitates cell attachment and gives
mechanical stability during tissue regeneration [21]. The
increased rate of drug release of Q-mix-treated scaffolds (92.4
76.6 at 72 hours) compared to that of the MTAD-treated scaffolds
(76.8 67.3 at 72 hours) is associated with the greater level of
disruption of the scaffolds evident with Q-mix. Although the
sudden release of antibiotics may be considered beneficial at the
infection control front, constant release is desired in regenerative
practice to ensure that the antimicrobial effect is obtained on a
long-term basis with minimal cytotoxicity [11]. The increased
release profile exhibited by the scaffolds of MTAD could be
more consistent with the regenerative aim. These findings have
the broad clinical implications. A perfect irrigant to use in
regenerative endodontics must fulfill several of several goals:
good disinfection, removability of the smear layer, mobilization
of growth factors and suitability with scaffolds and
medicaments. It seems that MTAD is more comprehensive than
Q-mix in meeting these requirements [22]. Combined with
enhanced release of growth factors and subsequent
improvement of scaffold preservation, it would indicate that the
MTAD may closely mimic the optimal biological environment
necessary in recruitment and differentiation of stem cells.
Nevertheless, there are a number of limitations that are worth
being mentioned. It was an in vitro experiment that is not
capable of completely recreating the complicated biological
milieu of the root canal system. The relationships between the
released growth factors and resident stem cells and blood-
derived cells in vivo are yet to be unlearned. Also, the study only
assessed collagen scaffolds with triple antibiotic paste and other
scaffold materials and combinations of medicaments might
produce different outcomes. The duration of the evaluation
period (72 hours) could be too short to reflect the patterns of
scaffold degradation over time or the activity of growth factors.
The study should be continued by looking into the bioactivity of
released growth factors by carrying out cell cultures to examine
the stem cell migration, proliferation and differentiation. Animal
research would give very insightful information on the in vivo
effectiveness of these irrigants in the regenerative protocols.
These laboratory findings on endodontic regeneration in long-
term clinical trials to compare MTAD with Q-mix should be
confirmed [23].
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