ACDJ 2024 Volume 3 | Issue 1

Evaluation of the Effect of Intra-Coronal Bleaching
after Using C-Phycocyanin as a Photosensitizing

Agent- In vitro Study

Nawal Aidaros*! and Heba Badra?

ABSTRACT:

Purpose: This study aimed to evaluate the effect of intra-coronal bleaching after using C-
Phycocyanin as a photosensitizing agent. Materials and methods: Fifty-one freshly extracted
permanent anterior human teeth with intact crowns were used. All teeth were endodontically
treated then stained with 2 mL of fresh rabbit blood and then centrifuged three times a day for 30
minutes. The teeth were randomly allocated according to the materials used for bleaching into
group | (sodium perborate), group Il (using C-Phycocyanin as a photosensitizer), and group il
(control). The VITA easy shade V digital spectrophotometer was used for evaluation of the
samples' color lightening parameter at baseline, at days 7 and 14 of the completion of the
intracoronal bleaching procedure. Results: the sodium perborate treated group showed a
significant increase in color lightening parameter at 7 and 14 days (P=0.048), while the C-
Phycocyanin treated group showed a non-significant difference at 7 and 14 days (P=0.505).
Conclusion: C-Phycocyanin had no satisfactory bleaching effect and is not a promising tooth-

bleaching agent.
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INTRODUCTION:

Aesthetic dentistry has become one of the
most important aspects of the dental field.
Nowadays, gaining a beautiful smile has
become the primary concern of most patients
@,

Tooth discoloration is one of the
challenges that encounter dentists in aesthetic
dentistry @. Tooth discoloration could be
caused by intrinsic or extrinsic factors ©.
Intrinsic discoloration can either be caused
by systemic or local factors. Local factors
could be due to endodontic materials and
coronal filling materials ®. Bleaching of
discoloured teeth is one of the promising
approaches to putting an end to this problem
as it is considered a minimally invasive
procedure ©7),

Intra-coronal bleaching (Walking Bleach)
is a simple, cost-effective, and conservative
method for improving the color of
endodontic-treated  teeth  ®.  Sodium
perborate and hydrogen peroxide (HP) are
used as intra-coronal bleaching material
when added to the pulp chamber and sealed
for three to seven days . Hydrogen peroxide
is a potent oxidizing agent that penetrates the
dentinal tubules and releases reactive oxygen

species (ROS). The free oxygen molecules
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split the chromophore compounds' double
bonds, causing lightning of stains @),

Photodynamic therapy (PDT) is a non-
invasive mode for treating many medical
conditions such as tumours and skin
problems 2%, Photodynamic bleaching of
teeth was reported to be effective when
photosensitizing agents (such as rhodamine-
B) are added to peroxide bleaching material
(14-18) | ow-intensity visible light source
activates peroxide oxidation and enhances
the breakdown rate of Reactive Oxygen
species (ROS) speeding up the bleaching
procedure 9,

Phycocyanin is one of the natural
biological molecules found in Spirulina
platensis ), as a light-harvesting pigment,
which possesses antioxidant effects @9, The
anionic or cationic affinity of these
photosensitizers after the binding process to
the calcium atoms or the phosphate atoms
respectively present in hydroxyapatite
crystals produces precipitates that act as a
physical barrier, thus interfering with the
dentin surface-resin contact @Y.

The null hypothesis is that c-phycocyanin
has no intra-coronal bleaching effect. The
current study compared the intra-coronal
bleaching effect of PDT using C-

Phycocyanin as a photosensitizer with



sodium perborate on discoloured non-vital
teeth.

MATERIALS AND METHODS:

Materials:

(1) Sodium  Perborate  (SP) (Morgan
Speciality Chemicals)
(2) C-Phycocyanin (C-PC) (National

Research Centre)
Methods:

1. Ethical Approval

The study had been approved by the Research
Ethics Committee, Faculty of Dentistry,
Cairo University (CREC); Research number:
35-3-22.

2. Samples Size Calculation

A minimum sample size of 51 teeth would be
sufficient to detect the effect size of 0.6 and a
power (1-p=0.95) of 05% at a significance
level of p<0.05. According to sample size
calculations, each group was represented by
a minimum of 17 samples. The sample size
was calculated according to G*Power
software version 3.1.9.2 (229

3. Samples Selection and Preparation
Anterior extracted permanent human teeth
(n=51) with mature apices were used for this
experimental in vitro study. Each tooth was
immersed in NaOCI (5.25%) for two hours to

be disinfected then stored in saline until use
®)
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Initial radiographs were taken to confirm
root canal patency. All teeth were
mechanically scaled using an ultrasonic
scaler to remove any remaining bone,
calculus, or soft tissue. Coronal access was
prepared to all teeth using #12 diamond bur
(MANI, GET-Egypt) with a high-speed
water spray coolant.

4. Root Canal System Cleaning and
Shaping

The working length (WL) was determined
by subtracting one mm from the distance
between the reference point and the tip of the
#15 k-file just extended beyond the apical
foramen. The canals were prepared using the
crown-down technique utilizing rotary M-
Pro nickel-titanium instruments (IMD
Company, China) according to the
manufacturer’s instructions up to #35
instrument (MANIN, GET-Egypt). The M-
Pro system was connected to a Wismy
endodontic micro-motor (Bomdent, China).
Each canal was irrigated with 2 ml of 5.25%
sodium hypochlorite (NaOCI) at each file
size using a 27-gauge needle. After root canal
preparation, each canal was irrigated with
5ml of 17% ethylenediaminetetraacetic acid
(EDTA) for 60 seconds, then it was obturated
with gutta-percha and root canal sealer
(MetaBiomed resin sealer) using lateral

condensation technique. Two millimeters of



root canal filling were removed below the
cementoenamel junction then 1 mm of resin-
modified glass-ionomer cement (GC-FUGI,
Tokyo, Japan) was packed to seal the root
canal filling cervically.
5. Artificial Staining of The Samples

Each tooth was immersed in a test tube
containing fresh rabbit blood (2 ml), then
centrifuged using a blood centrifuge machine
(Larksci Portable Blood Plasma Extractor
PRP Kit Centrifuge 4000 rpm) at 500 X for
30 min, three times per day. The blood was
changed every day to repeat the discoloration
process for 7 successive days until the
discoloration of all samples was similarly
obtained (Fig.1). Finally, each tooth was
rinsed with distilled water (10 ml), and the

crown was polished with a rubber cup, and

(24,25)

pumice

Figure (1): Test tubes containing fresh rabbit
blood in the blood centrifuge machine.
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6. Color Lightening Evaluation Before
Intracoronal Bleaching

Each tooth color lightening was assessed at
baseline using VITA easy shade V digital
spectrophotometer (VITA Zahnfabrik, Bad
Séackingen, Germany). Standardized
photographs of each crown were taken using
Kodak Color film under standardized lighting
conditions (original color). The photographic
camera (Canon T50, automatic with ocular
macro-FD 100 mm, 1:4 and extension tube
FD50; Canon, Japan) was placed 50 cm from
the crown. These films were developed under
identical conditions by a professional
laboratory.
7. Preparation of the Bleaching materials
(a) C-Phycocyanin Extract (C-PC)

The extract was prepared in the National
Research Centre (NRC), Egypt. Algae was
milled in 100 mL of 0.1M phosphate buffer
solution (pH: 6.8), and 10 mL of Tris-HClI in
the presence of acid-washed neutral sand and
then filtered. The mixture was further
subjected to freezing (-20 °C for 30-100
minutes) and thawing for 3-10 freeze-thaw
cycles in total, stirred at 150 rpm at 4°C for
30 minutes, and sonicated ten times at 4 C-
phycocyanin. Calculations were determined
using the spectrophotometry-based methods

on the absorbance ratio. 9



C-Phycocyanin  concentration: The C-
Phycocyanin concentration (C-PC) in mg.
mL? was calculated from the optical
densities (OD) at 652 and 620 nm, using
Equation 9):

C-PC = (ODe¢20 - 0.4740Ds52)

5.34
The purity of C-PC preparations was
evaluated supported by the ratio between
absorbencies from phycocyanobilin at 620
nm and aromatic amino acids in all proteins
in the preparation at 280 nm. Purity ratio of
C-Phycocyanin = A620 / A280m 0°C with
ten seconds of sonication and ten-second
intervals, centrifuged at 4°C for 8 minutes at
7000 rpm, and the blue-colored supernatant
was taken for further investigations.
(b) Sodium Perborate (SP):
Sodium perborate powder (2 gm) was mixed
with distilled water (1 mL).
8. Intra-coronal Bleaching
The teeth used in this in vitro study (n=51)
were randomly allocated by generating
numbers from 1:51 using Sequence
Generator https://www.randomizer.org/ into
3 equal groups according to the bleaching
material used:
Group I: The pulp chamber of each root canal
(n=17) was packed with sodium perborate

bleaching material
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Group Il: The pulp chamber of each root
canal (n=17) was packed with C-
Phycocyanin ~ #®.  C-Phycocyanin  was
activated using a 625-nm diode laser
(Lasotranix Company) with an output of 220
mW in continuous mode for 3 min (Fig. 2).
The power density of the device is 0.34
w/cm?, Laser power was checked with a
power meter (Coherent USA) before the
experiment.

Group 111 (Control group): The pulp chamber
of the root canal (n=17) did not receive any
bleaching material .

After packing the pulp chambers with the
bleaching materials, Orafi-G temporary
cement (Prevest, India) was used to seal the

coronal access preparations. The teeth were

immersed in distilled water and incubated
(BTC incubator, 20L, Egypt) at 37°C, the
solution was changed daily for 7 days @4 27,

Figure (2): Diode Laser device (a) and its
handle (b) used to irradiate and activate C-
Phycocyanin in the pulp chamber of the tooth

(c).



9. Color Lightening Evaluation after
Intra-coronal Bleaching

On day 7, the teeth' color lightening was
assessed after the cement removal and the
bleaching material washing away with water.
The assessment was performed by the same
investigator using the Vita shade guide in the
same examination room against a black
background in a dark box. Then, a fresh
portion of the bleaching agent was again
packed into the pulp chambers of the teeth.
The teeth were immersed again in distilled
water and incubated (BTC incubator, 20L,
Egypt) at 37°C, the solution was changed
daily for 14 days. The teeth’ color lightening
was again assessed for 14 days. (Fig. 3,4, 5.)

Figure (3): Tooth color treated with sodium
perborate (a) at baseline, (b) at 7 days, (c) at 14
days.
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T

Figure (4): Tooth color treated with C-
Phycocyanin a) at baseline, (b) at 7 days, (c) at 14
days.

Figure (5): Tooth color treated with saline a) at
baseline, (b) at 7 days, (c) at 14 days.

10. Statistical Analysis:
One-way ANOVA is proposed to evaluate
the effect of intra-coronal bleaching after

using phycocyanin as a photosensitizing



agent. The sample size was estimated based
on the data extracted from Carrasco et al
2007@®), Different groups including positive
and negative control groups will lead to a
large effect size (f=0.62) on the delta E.

Data were checked for normality using the
Shapiro-Wilk test. One-way ANOVA was
used to compare tested groups followed by
Tukey’s HSD test for pairwise comparison.
For comparison between time intervals,
repeated measure ANOVA was used
followed by multiple comparisons with Dunn
Bonferroni. A significant level was set at
0.05.
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Mean values of color lightening change
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RESULTS:

Regarding color lightening change (AL)
results, the sodium perborate treated group
showed a significant increase in color
lightening parameter at 7 and 14 days
(P=0.048), while C-Phycocyanin treated
group showed a non-significant difference at
7 and 14 days (P=0.505).

Comparing the three groups, a non-
significant difference in color lightening
change was observed on days 7 and 14 days.
Non-statistically significant changes were
noted in the control teeth, as seen in table (1)
and Fig. 6.

55
50
0 day

esmmsSodium Perborate

14 days

C-PC control

Figure (6): Mean values of color lightening change (AL)
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Table (1): Mean values and standard deviation of color lightening change (AL).

0 day 7 days 14 days p-value
Mean SD Mean SD Mean SD
Sodium perborate | 59.8 10.5 65.3 125 70.7 59 0.048*
C-Phycocyanin 54.6 14.1 57.8 13.7 59.1 141 | 0.505 NS
Control 60.0 6.0 63.0 8.7 65.0 10.3 | 0.256 NS
0.264 NS 0.807 NS 0.760 NS

p-value * = Significant difference. NS indicate non-significant.

DISCUSSION:

Teeth bleaching is a minimally invasive
aesthetic dental treatment in recent years
%), The teeth bleaching depends on the
reactive oxygen species released through the
oxidation process of hydrogen peroxide.
These ROS split the dark complex molecules
of chromophore into light simple molecules
leading to teeth bleaching @Y. The bleaching
materials are able not only to decompose the

pigment molecules but also destroy the

organic and inorganic components in the

tooth structure, resulting in harmful side

effects (32:33),

C-Phycocyanin is one of the natural
biological molecules present in the algae
Spirulina platens . C-Phycocyanin is water
soluble and found to be non-toxic,
biocompatible, and does not affect the teeth’
flexural strength 5% Therefore, the present
study aimed to evaluate the ability of C-
Phycocyanin (C-PC) as a natural extract to

accomplish effective teeth bleaching.



The cervical sealing of the root canal filling
material is a crucial step in the intracoronal
bleaching technique as it prevents leaching
the bleaching material through the dentinal
tubules to the periodontal tissue. Therefore, a
resin-modified glass ionomer was used in this
study as a cervical seal to prevent external
cervical root resorption as well as the
possible risk associated with hydrogen
peroxide 739,

In the present study, the teeth were
artificially stained by rabbit blood as it
simulates one of the main causes of intrinsic
tooth discoloration, which is the oxidation of
haemoglobin inside dentinal tubules after
pulp haemorrhage in traumatized teeth. It is
an effective method for comparing intra-
coronal bleaching materials 4.

The specimens were kept in distilled water
for the duration of the application because
storing them in artificial saliva could have
resulted in the formation of a protective

salivary film @7
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The spectrophotometer gives an absolute
color shade providing an accurate and
reproducible exact shade of teeth before and
after bleaching. Therefore, VITA easy shade
V digital spectrophotometer was used in this
study to evaluate the color changes of each

tooth “0),

The photosensitizer used in this study is
C-Phycocyanin which showed no significant
bleaching effect on days 7 and 14 of
bleaching. The color lightness changes
values were shown to be less evident during
the 2 weeks of bleaching. This could be due
to the high viscosity of C-Phycocyanin which
reduced the ROS generation. This study was
in agreement with previous study results that
reported that the viscosity of the bleaching
material had an inverse relation to the
bleaching effect 1),

However, sodium perborate reported a
significant tooth bleaching ability after 7 and
14 days. The results were consistent with

previous studies ©2 %) Sjgnificant



differences were observed in the color
lightness values after 7 days when compared
to color lightness values after 14 days
(second session). The significant increase in
color lightness after 7 days could be due to
the complete penetration and diffusion of
hydrogen peroxide into the deep layers of
enamel and dentin owing to its low viscosity
and high flowability. The oxidation of the
bleaching agent leads to an expansive
reaction that could dislodge the temporary
restoration and decrease the effectiveness of
the bleaching action after 14 days “4.

The control group reported a non-
significant color change after 7 and 14 days.
The result was in agreement with a previous
study that used distilled water as a bleaching
material and had a non-significant increase in

color lightening effect ¢7).

CONCLUSION:
Under the limitations of this in vitro study, it
could be concluded that C-Phycocyanin had

no satisfactory bleaching effect and could not
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be used as a competitor tooth-bleaching
material. Thus, the study failed to reject the

null hypothesis.
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