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Slow release of oxygen from carbamide peroxide for promoting
the proliferation of human brain microvascular endothelial cells
under hypoxia
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Background: Under hypoxic conditions, the brain can undergo irreversible damage. The present study
aimed to explore new higher-oxygen-content carbamide peroxide (CP) compounds and the effect of their
oxygen-releasing property on human brain microvascular endothelial cell (EC) proliferation under in vitro
hypoxic conditions.

Methods: Two different additives including alpha-terpineol and sorbic acid were added to the reaction
system to obtain the carbamide peroxide of CP-I and CP-II.

Results: We evaluated the oxygen generation capabilities of CP samples by using a portable dissolved
oxygen meter. Consequently, alpha-terpineol as a stabilizer exhibited a unique effect on the oxygen
generation of CP. CP-I was uniquely able to promote cell proliferation ability at 10 pg-L™" for hypoxic
conditions, with the proliferation rates being 36.2% compared with the control group. The safety of CP to
cells was further verified by calcein-AM/PI staining. Under hypoxic conditions, CP-I at 10 pg-L™" promoted
the migration rate, and the migration rate being 32.37%.

Conclusions: These compounds have the advantages of simple synthesis, long storage time, low cost, and
rich oxygen content. Used spectrophotometry, oxygen electrode test, and indicator titration for testing the
oxygen production rate and oxygen production. The results indicate that alpha-terpineol is the best additive.
CP-I exhibited the highest oxygen content and a superior effect on the cell phenotype than CP-II, especially
under hypoxia. This study is the first to report the effects of CP on cells, and provides new therapeutic

insights into cerebrovascular injury repair.
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Introduction

Cerebral blood flow primarily serves to transport
oxygenated blood through capillaries in the brain (1-4).
In this process, oxygen and nutrients in the capillaries are
transferred to local brain tissues, which maintains normal
cognitive brain function (2-5). The endothelial cells (ECs)
in the brain’s capillaries are used to separate the blood
from the brain parenchyma. In the cerebral capillaries, the
monolayer endothelium is an important channel for the
exchange of nutrients and metabolites between the blood
and brain, and also functions as a barrier against blood
neurotoxicity (3,6). Because of the presence of crucial
tight junction complexes and efflux transporters, these Ecs
play a crucial role as doormen, regulating central nervous
system homeostasis (6,7). Brain microvessel endothelial
cells (BMECs) are the cells of the cellular interface which
function to separate the blood and its constituents from
the brain extracellular fluid (6,8-10). BMECs are the
tight junction between brain endothelial cells to form the
intercellular barrier (11), and the major components of the
blood-brain barrier (8,11,12).

Hypoxia is a condition that can adversely impact
a multitude of physiological processes, including cell
proliferation, motility, apoptosis, angiogenesis, and
erythropoiesis. For instance, in most cells, hypoxia can
inhibit cell proliferation (13-15), and, with the increase of cell
numbers, O, consumption increases, leading to hypoxic stress
(4,16). It has been reported that hypoxia can cause structural
anomalies and functional changes, and ultimately lead to cell
death (17-19). Furthermore, hypoxia has adverse impacts on
cell volume and the ion absorption of BMECs (12). Previous
studies of the blood-brain barrier have identified the decrease
in the number of capillaries as one of the main causes of
apoptosis and clearance of BMEC:s (8,20).

Carbamide peroxide (CP) is a hydrogen peroxide-like
solid compound with high solubility in water. It is usually
found in the form of a white powder of lamellar crystal
(21-23). Its decomposition in water yields urea, hydrogen
peroxide, oxygen, and some free radicals (24,25). Therefore,
CP has the properties of both hydrogen peroxide and
urea (26). At low doses, it decomposes to produce oxygen
at a lower toxicity, while at high doses, it has strong
oxidation effects by producing reactive oxygen species
(ROS) (27,28). Here, we report the chemical synthesis of
CP with different additives through a one-step reaction
at room temperature and describe in detail the subsequently
derived CP compounds. These compounds were used to
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treat our experimental model: human BMECs (HBMEC:s).
The effects of the CP compounds on BMEC migration
and proliferation were analyzed by scratch migration assays
and cell counting kit-8 test kit (CCK-8), respectively. We
present the following article in accordance with the MDAR
reporting checklist (available at http://dx.doi.org/10.21037/
atm-20-8137).

Method
Reagents

Hydrogen peroxide (H,0,, 30%) was purchased from
Sinopharm Chemical Reagent Co., Ltd. (Shanghai, China).
Urea, alpha-terpineol and sorbic acid were purchased from
Aladdin Reagent Database Inc. (Shanghai, China). All
chemicals were of analytical grade and used without further
purification. The CCK-8 and Annexin-V-FITC/Propidium
Todide (PI) apoptosis detection kit were purchased from
Dojindo (Shanghai, China).

Synthesis of CP-1 and CP-11

Urea (3.0 g) was added into hydrogen peroxide of 2.5 mL
and the mixture was stirred to dissolve. Then, 0.5 mL alpha-
terpineol and 0.05 g sorbic acid were added into the solution,
to obtain the solutions of CP-I and CP-II respectively.
After being stirred at room temperature for 40 minutes,
the solution was cooled to 5 °C to crystallize for 24 h. Then,
the liquid was removed by filtering and by vacuum freeze-
drying for 24 h. Finally, this yielded the solid forms of CP-I
and CP-II.

Instruments and methods

The surface morphology of the samples was observed using
a scanning electron microscope (SEM) (MIRA3 XMU/
XMH, TESCAN, Brno, Czech Republic). The crystal
phase of the sample was identified using an Ultima IV X-ray
diffractometer (XRD) (Rigaku Corporation, Japan). The
Nicolet 380 (Thermo Fisher Scientific, USA) was used to
characterize the Fourier transform infrared spectra (FTIR)
of samples.

Oxygen generation measurement of the CP samples

Methylene blue (MB) solution (0.15 mmol-L™', 50 mL)
with 10 g-L™" CP-I was stirred and then kept at room
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temperature for 150 min. The mixture (3 mL) was collected
at 30 min intervals, and the degradation of the MB in the
mixture was analyzed by measuring the absorbance peak at
660 nm with a UV-visible spectrophotometer (U-3900H
Spectrophotometer, Hitachi, Tokyo, Japan).

The dissolved oxygen content of the CP samples was
compared by measuring the O, content with an oxygen
probe (ST300D Portable Dissolved Oxygen Meter,
OHAUS Corp., Parsippany, NJ, USA). Next, 50 mg of
CP-I and CP-II alpha-terpineol, CP, CB plus terpineol,
urea, and H,O, were respectively dissolved in 5 mL of H,O.
The O, generation in solution was measured every 5 s using
dissolved oxygen meter.

Then, 0.14 g of CP-I was added into 60 mL of distilled
water and 15 mL of 6 M H,SO,. The O, released from
the CP-I was titrated with 0.02 mol-L™" of KMnO, and
calculated as follows:

SHLO, + 2MnO," + 6H* — 2Mn? + 50,1 + 8H,O

0.04cV
o=
m

where o is the mass fractions of ROS in CP-I and CP-II,
c is the concentration (M) of KMnQO,, V is the consumed
volume (mL) of KMnO, solution, and m is the mass (g) of
CP-I and CP-II.

x100% 1]

Cell culture

The human brain microvascular EC line was purchased
from the Shanghai Institute of Biochemistry and Cell
Biology. HBMECs were cultured at 37 °C. For the normoxic
condition, the culture gas was air with 5% CO,; for the
hypoxic condition, the culture gas was N, with 2% O, and 5%
CO,. All cells were cultured in the endothelial cell medium
(ECM) with 5% fetal bovine serum (FBS) for nutritional
support and 1% penicillin-streptomycin for antibacterial
effects in vitro.

Proliferation assay

Briefly, HBMECs were cultured with 1x10* cells/well on
96-well plates for 4 h. Then, the different concentrations
of the CP samples were added and cultured for 24 h at the
normoxic and hypoxic conditions. Cell viability was measured
by CCK-8 assays. Experiments were performed according to
the manufacturer’s instructions. Absorbance was measured at
450 nm using BioTek Instruments molecular devices (Thermo
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Fisher Scientific, USA). Sterile water was used as a negative
control. To reduce the randomness of the experiment, 6 tests
were conducted for each concentration. A P value <0.05
indicated statistical significance.

Calcein-AM/PI staining

After seeding for 48 h, the HBMECs were harvested,
washed with phosphate-buffered saline (PBS), and
resuspended in the ECM medium by adding 5% FBS to
obtain a density of 1x10’ cells/mL. HBMECs were then
cultured at 200 pL/well on 24-well plates for 4 h. Then, the
different concentrations of the CP samples were added and
cultured for 24 h under normoxic and hypoxic conditions.
After the treatment, HBMECs were analyzed for
fluorescence by calcein-AM/PI staining. Experiments were
conducted according to the manufacturer’ instructions. For
each sample, 5 pL (2 pM) of calcein-AM and 5 pL (2 pM) of
PI were added to the HBMECs and incubated for 30 min
in an incubator (37 °C) in the dark. Then, the cells were
analyzed using a fluorescence microscope. Sterile water was
used as a negative control.

Scratch test

First, HBMECs were digested and suspended in ECM
containing 5% FBS at a density of 5x10° cells/mL.
Horizontal black lines were drawn behind 24-well plates,
and then the HBMECs were seeded onto these plates
(200 pL/well). When the cells reached a confluence of 80%,
they were maintained in a serum-free medium for 8 h.
In the cell layer, a line was drawn to line with a 10 pL
pipette tip. Cells were washed with PBS after removing the
nutrient solution. Then, the plates were added to a premade
nutrient solution with different concentrations of CP-I-III
(300 pL/well). The wells were cultured for 24 h under
normoxic and hypoxic condition. Cell migration (0 h, 24 h)
was observed under a light microscope. Each experiment
was repeated in 3 wells. In the control group, cells were

grown in ECM containing 5% FBS.

Statistical analysis

All data were analyzed using the SPSS 21.0 statistical
analysis software (IBM SPSS, Armonk, NY, USA). The data
are expressed as the mean = standard deviation. P<0.05 was
considered to indicated a statistically significant difference.
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Results

Currently, the reported stabilizers of CP are inorganic salts,
which can potentially introduce metal elements that do
not exist in CP (29,30). Thus, other methods are required
that can effectively stabilize and use the properties of CP
without introducing other elements, while more oxygen
is produced. Alpha-terpineol (C,(HO) is usually used
in medicine as a deodorant, while sorbic acid (C;HO)
is a food additive (31). Here, the two additives have the
same elemental composition as CP. Therefore, these two
stabilizers were added instead of inorganic salts, and two
new CPs (CP-I and CP-II) were synthesized at room
temperature. The process was conducted as follows: urea
was added to a hydrogen peroxide solution under stirring,
which took about 7 minutes. After dissolved, alpha-
terpineol and sorbic acid were respectively added, and the
mixtures were finally freeze-dried to obtain white crystals of
CPs. These two novel CP compounds have not shown any
moisture absorption during the storage period of 6 months
thus far, and moisture absorption typically occurs within 1
month. Clearly, the presence of alpha-terpineol and sorbic
can enhance moisture resistance.

The digital photo of CP-I after crystallization is shown
in Figure 14, and the semitransparent and long flake crystals
pictured were obtained in the experiment. Meanwhile,
the CP-II crystals are shown in Figure S1 (Supporting
Information). After grinding, the powder was obtained. The
SEM images in Figure 1B,C show the CP-I crystals with an
average diameter of about 10 pm.

Then, X-ray diffraction (XRD) and FTIR were used to
characterize the structure of the synthesized CP samples.
The XRD spectra (Figure 1D) of two samples showed sharp
peaks with narrow band-width, indicating remarkable
crystallinity. Compared with the standard spectrum of
CP [Joint Committee on Powder Diffraction Standards
(JCPDS) card no. 54-0322], the monitored peaks of CP-1 at
13.8°,23.4°, 25.7°,27.5°, and 30.6° were well matched with
the peaks of CP, which could be ascribed to the 020, 111,
200, 040, and 140 crystal faces, respectively. No additional
mismatching peaks with the standard spectrum of CP were
monitored, indicating the high purity of the synthesized
CP-1. In CP-II, some additional peaks were observed. In
comparison to the standard spectra of urea (JCPDS card
no. 83-1436), these monitored peaks were well matched,
indicating that the obtained CP-II was a mixture of CP
and urea. By comparing the half-peak width of the XRD
spectra of the CPs, the results showed that sorbic acid,
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as a stabilizer, could better decrease the conversion rate
compared with alpha-terpineol.

The FTIR spectra of two samples in Figure 1E is visible
in the stretching vibration of O-H at 3,458 cm™', which is
caused by the water and the hydrogen bond hydroxyl groups
(32,33). Bands at around 3,352 and 2,812 cm™" are the
stretching vibration of N-H and the stretching vibration of
O-H, respectively (33-35). In most chemical environments,
the hydroxide radical does not exist alone (36). The
hydroxide radical may be in the same plane, or it may
appear between neighboring molecular crystals. The effect
of hydrogen bonding is one of the reasons for the formation
of crystals and band broadening (34,36). The peaks center at
a wavenumber of 1,660 and 1,625 cm™, are broad, and have
the highest absorbance, and it is the dominant peak in the
entire spectrum. The peaks at 1,660 and 1,625 cm™ show
the amide linkage and the in-plane bending vibration of
N-H (37), which is a characteristic vibration of urea (34,37).
The peaks at 1,460 and 1,160 cm™' show the stretching
vibration of C-N (38,39). Interestingly, the out-of-plane
bending vibration of N-H occur at 780 cm™ (40). Overall,
the CP samples were successfully synthesized.

Next, to evaluate the oxygenic properties of CP samples,
we further used spectrophotometry, oxygen electrode test,
and indicator titration. MB is an indicator of oxygen since
its absorption at 660 nm can be quenched by oxygen. Thus,
the absorbance detection of the peak at 660 nm could reflect
the oxygen generation. When CP-I and MB were mixed,
the absorption peak at 660 nm gradually weakened with the
extension of time (Figure 2A), indicating that the generated
oxygen from CP-I might interact with MB to weaken its
absorption peak. When CP-II was incubated with MB,
a similar phenomenon of the absorbance attenuation of
MB occurred (Figure S2), but the degree of absorbance
reduction was lower than that of CP-1. Figure 2B displays
the relationship between C/C, and processing time (min)
of the degradation of MB, revealing the development
of degradation speed over time. When the degradation
time was 150 min, the decolorization ratios of the MB
were 71.8% and 38.1%, corresponding to CP-I and CP-
I1, respectively. There is a digital photo of CP-I in H,O
with no Tyndall phenomenon (inset of Figure 2). This
shows that CP-I is completely soluble in water but not in
suspension. We can initially guess that the CP mixed with
alpha-terpineol has an excellent ability to generate oxygen,
while the kinetic curve (Figure 2B) indicates that the oxygen
production rate of CP-I is faster than that of CP-II over a
shorter period.

Ann Transl Med 2021;9(2):157 | http://dx.doi.org/10.21037/atm-20-8137


http://www.youdao.com/w/moisture absorption/#keyfrom=E2Ctranslation
https://cdn.amegroups.cn/static/public/ATM-20-8137-supplementary.pdf
javascript:;
https://cdn.amegroups.cn/static/public/ATM-20-8137-supplementary.pdf

Annals of Translational Medicine, Vol 9, No 2 January 2021

Page 5 of 13

E
S A
g &
S ST 3 =
< \ (I g CP-I
P 5
g | s
- ~
I 8
[ CP-Il <
1 A A A A A g
IS
[%]
C
: o
P =
Carbamide peroxide (PDF# 54-0322) o
! | L1 ! . o o
pod o0~
S
urea (PDF# 83-1436)
T r T T T T T T T T T T T T
10 20 30 40 50 60 4000 3200 2400 1600 800
20 (degree) Wavenumber/cm™

Figure 1 SEM, XRD and FTIR confirmed that CPs was successfully synthesized. Normal image of CP-I crystals (A) and image under SEM
(B,C). XRD patterns (D) and FTIR spectra (E) of CP-I and CP-II. CP, carbamide peroxide; SEM, scanning electron microscope; XRD, X-ray

diffractometer.

We further evaluated the oxygen generation capabilities
of CP samples by using a portable dissolved oxygen meter
(41,42). To understand which parts could promote the
oxygen generation, we set up several experimental control
groups including H,O, urea solution, H,O, solution,
CP solution, and CP/alpha-terpineol mixture solution
(Figure 2C). For H,O and urea solution groups, no oxygen
generation was observed with the time extension. For
the H,O, solution, only weak oxygen generation was
monitored. However, the rate of oxygen generation was
fast. Furthermore, the CP solution also presented weak
oxygen generation ability. Also, large amounts of oxygen
were produced, and the oxygen production performance
stabilized after 100 s, indicating a high oxygen generation

© Annals of Translational Medicine. All rights reserved.

rate and performance of CP-I. Compared with CP-I, the
oxygen generation ability of CP-II was lower. We attributed
this decreased performance to the presence of stabilizers
which induced a low content of CP in the CP-II. In
addition, we explored the interaction between stabilizers
and CP. When only alpha-terpineol and CP were mixed, no
obvious oxygen generation was observed. This indicates that
the formation of CP-I does not simply involve mixing alpha-
terpineol and CP, but rather other intermolecular actions
could occur that promote crystallization, stabilization, and
oxygen release. Consequently, alpha-terpineol as a stabilizer
exhibited a unique effect on the oxygen generation of CP.
The oxygen production performance of CP samples was
verified by potassium permanganate titration (Figure 2D),
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Measurement of MB degradation efficiencies in mixtures with CP-I samples. Measurement of dissolved oxygen content (C) and oxygen
content (D) in the CP-I samples. CP, carbamide peroxide; MB, methylene blue.

which is a classic test for detecting the total amount of
generated oxygen. The hydrogen peroxide in CP reacts
with potassium permanganate to produce oxygen. The
percentage of oxygen contained in the CP can be calculated
by observing the color change of the solution. The oxygen
content in CP, CP-I, and CP-II was 12.8%, 19.8%, and
15.9%, respectively. This result was consistent with the
findings obtained from the two above-mentioned detection
methods. Overall, the two oxygen detection methods
proved that the additive significantly improved the rate and
amount of oxygen production of CP. In particular, alpha-
terpineol as an additive has a unique promoting effect.

The effect of CP on HBMECs were studied in detail
under normoxic and hypoxic conditions (Figure 3).

Previous studies have indicated that CP may cause cell

© Annals of Translational Medicine. All rights reserved.

apoptosis and death at high concentrations (43-45). CP is
usually a double-edged sword: it can act as a kind of solid
ROS to kill cells in high concentration, but it can also act as
a solid oxygen release agent in low concentration to supply
oxygen and promote the proliferation of cells (46-48).
First, the cytotoxicity of CP-I and CP-II was evaluated,
and the CCK-8 was used to assess HBMECs’ viability after
the cells were treated with different concentrations of the
two CPs for 24 h. Under normoxic and hypoxic conditions,
cytotoxicity was monitored under the concentration of
CP-I higher than 10* pg-L7', and the median lethal dose
was 5x10*pg-L™". This indicated that CP-I possesses
cytotoxicity under high concentrations (Figure 4A4,B).
Meanwhile, CP-II also demonstrated similar cytotoxicity
under concentrations higher than 10*pg-L™" (Figure S3).
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Figure 3 Illustration of the effect of carbamide peroxide on HBMECs under normoxic and hypoxic conditions. HBMECs, human brain

microvessel endothelial cells.

Therefore, concentrations lower than 10*pg-L™" were
chosen to evaluate the effect of CP-I and CP-II on cell
proliferation.

Next, HBMECs were treated with CP samples at the
concentration range of 107'-10* pg-L™" for 24 h. The
results showed that CP-I and CP-II significantly promoted
the proliferation of HBMECs at this concentration
range (Figure 4C,D) under both normoxic and hypoxic
conditions. Compared with the control group, CP-I
exhibited remarkable cell proliferation ability, which was
superior to that of CP-II. These results were consistent
with those gathered from the prior experiments (Figure 2).
Notably, CP-I was uniquely able to promote cell
proliferation ability at 10’ and 10 pg-L™" for normoxic and
hypoxic conditions, with the proliferation rates being 21.8%
and 36.2% compared with the control group, respectively.
Meanwhile, for CP-II, the cell proliferation rates were
7.9% and 25.0% at a concentration of 10’ and 10° pg-L™
under normoxic and hypoxic conditions, respectively.
These results demonstrate that CP substantially improved
the proliferation of HBMECs, especially under hypoxic
conditions. We therefore speculated that CP may play a
role in oxygen supply, providing energy for cell survival.

To further identify which components of the CP-I
samples affected the cell proliferation viability of HBMECs,
several control groups were incubated with HBMECs

© Annals of Translational Medicine. All rights reserved.

(Figure 5A,B). For exploring CP-I, the control experiments
were performed using the same concentrations of H,O,,
urea, alpha-terpineol, and CP at normoxic and hypoxic
conditions, respectively. Compared with all control groups,
CP-I presented outstanding proliferation viability. At normal
oxygen, the H,0,, CP, and urea groups demonstrated
proliferation viability. However, the alpha-terpineol group
effectuated no significant change. We speculate that
the alpha-terpineol in CP-I has a synergistic effect with
CP, promoting the increase of oxygen storage and the
continuous release of oxygen. Similarly, CP-1I increased
cell viability more than the control groups. Under hypoxic
conditions, a similar proliferation effect was observed
with CP-I showing the best proliferation ability. This also
confirmed that alpha-terpineol and CP have a synergistic
effect, in which CP generates more oxygen, ensuring cells
survive in larger numbers under hypoxic conditions.

We then used calcein-AM/PI to stain live and dead
cells to observe the state of the cells. Calcein-AM can
penetrate the cell membrane, the AM group is removed
by esterase action in living cells (49,50), and the remaining
calcein emits bright green fluorescence for living cell
detection (51); meanwhile, PI can enter the dead cells
through the damaged cell membrane, become embedded
into the cell’s DNA double helix structure, and produce
red fluorescence, thereby making dead cells perceptible to
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detection (52,53). In Figure 6, HBMECs were treated with
CP-I at different concentrations for 24 h. Compared with
the control group, no increased red fluorescence of PI was
monitored, indicating outstanding biocompatibility at this
concentration range. The green fluorescence of calcein was
also observed, and the cell density increased at a higher
concentration, confirming that CP-I could promote the
proliferation of HBMECs.

Finally, the migration ability of cells after being treated
with CP-I was examined.

Cell viability is generally related to cell migration ability.
The scratch test was used to evaluate changes in HBMEC
migration (Figure 7). The results indicated that CP-I
effectively promoted the migration of HBMECs. Under
normoxic conditions, the migration rate of cells treated with
CP-T at 10 pg-L™" for 24 h increased by 28.23% compared

© Annals of Translational Medicine. All rights reserved.

to controls. Meanwhile, under hypoxic conditions, 24 h
treatment of HBMECs with CP-I promoted the migration
rate, and the migration rate of the 10 pg-L™" group increased
by 32.37% compared with the control group. Interestingly,
the cells in the hypoxic groups had a more positive
migration ability than those in the normoxic groups. This
can be attributed to the slow release of oxygen of CP-
I, which promoted cell activity. We therefore concluded
that the CP with alpha-terpineol additive can be used as an
oxygen supplier to increase the survival rate and migration
ability of cells under hypoxia.

Conclusions

"Two carbonamide peroxide (CP) compounds, CP-I and CP-
II, were developed, and their ability to increase the survival
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Figure 5 HBMECs were treated with the main components of CP-I and CP-II under normoxic (A) and hypoxic conditions (B) at a concentration

of 10 pg-L™". n=6 vs. control. HBMECs, human brain microvessel endothelial cells; CP, carbamide peroxide. * denotes P<0.05 vs. control.
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rate and migration ability of HBMECs under hypoxia
were evaluated. We chose two different additives for the
exploration of the oxygen production rate and oxygen
production of CP. The obtained CPs were in solid crystal
form, and had advantages of being simple to prepare, easy
to use, and suited for large-scale preparation. We used
spectrophotometry, oxygen electrode test, and indicator
titration for testing the oxygen production rate and oxygen
production. The results indicate that alpha-terpineol is the
best additive. At low concentrations, CP-I and CP-II have
outstanding biocompatibility. Under hypoxic conditions,
CP, especially CP-I, acts as an energy replenisher and
oxygen supplier to promote cell proliferation and migration.
The safety of CP to cells was further verified by calcein-

© Annals of Translational Medicine. All rights reserved.

AMV/PI staining. We believe that this completely water-
soluble CP (CP-I) opens up new avenues of treatment for
the repair of cerebral vascular injury. However, this study
is still at the in virro research stage, and the mechanism
of action has not been well elucidated. More detailed and
large-scale studies are required in the future.
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Figure S1 A digital photo of CP-I and CP-II crystals. CP, Figure S2 UV-vis absorption spectra of 10 mg-mL™" CP-II in

carbamide peroxide. 0.15 mmol-L™" of methylene blue solution. CP, carbamide peroxide.
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Figure S3 Cytotoxicity test of CP-II (A,B) under normoxic and hypoxic conditions. CP, carbamide peroxide.
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