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Abstract 
 
E171 is known as Titanium dioxide food grade, is an additive commonly used as a whitening agent in 
food and as excipient in toothpaste and pharmaceuticals at quantum satis in the European Union, 
meaning there is no specific quantity restriction. Although E171 has been considered safe, inhalation 
of industrial titanium dioxide has been classified as a possible carcinogen, which has raised concerns 
about possible adverse outcomes when ingested. Oral E171 administration exacerbates tumour 
formation in murine models of colorectal cancer. However, cellular mechanisms related to 
carcinogenesis have not been fully investigated. The aim of this work was to investigate cellular 
mechanisms of toxicity induced by an acute E171 exposure in colon epithelial cells and also analyze if 
those alterations are permanent or can be reversed. Acute E171 exposure induced an increase in cell 
granularity and reactive oxygen species generation, which were not accumulative but were lasting for 
at least 2 days, however alterations in cell cycle distribution observed during the acute exposure were 
reverted after 2 days. Finally, no internalization of particles in the nuclei was detected but only 
periniclear localization. 
 

Introduction 

 

Since 1969, the European Union affirmed the utilization of food-grade titanium dioxide (TiO2) 

known as E171 shading food added substance. TiO2 is a white shade utilized as a shading operator in 

many goad ucts, for example, food and individual consideration items (1–4). E171 is utilized in food, 

for example, in serving of mixed greens dressing, gum, icing, treats and confections (5) and despite 

the fact that TiO2 is sourced from rutile, anatase and brookite, the European Union permits E171 in 

the food just as anatase structure (5). As indicated by the European Union, E171 has a place with the 

Group II: food hues approved at quantum satis which signifies 'no maximum imum level is 

determined and that it ought to be utilized at levels not higherthan considered important for the item' 

(5). In the USA, the Food and Drug Administration permits the food added substance E171 as long as 

it doesn't surpass 1% by complete load of the item (6).  

 

Inward breath concentrates with TiO2 presentation have shown unfavorable impacts, including 8-

OHdG DNA adduct arrangement and gen-otoxicity (7–11). In 2010, the International Agency for 

Research in Cancer characterized TiO2 as conceivable cancer-causing agent to people (Group 2B) 

(12). Consequently, worry about oral utilization of E171 has been raised (13–17).  

 

E171 is a blend of smaller scale estimated particles (MPs; 64%) and nano-sized particles (NPs; 36%) 

(4) and the NPs extent is required to increment in the decades to come (18). NPs have a higher surface 

region than MPs permitting them to have more communication with the cells, which thus can prompt 

receptive oxygen species (ROS) arrangement after disguise. The presentation of cells to particles can 

prompt oxi-dative worry as has been appeared for different particles (19,20). Cell oxidative pressure 



initiated by presentation to TiO2 NPs could prompt potential non-specific DNA harm through the age 

of the superoxide anion (21), the antecedent of the profoundly responsive hydroxyl radical, which is a 

notable strong mutagen that assaults DNA (22–24). MPs of TiO2 can amass in lymphoid tissue after 

oral ingestion (25) and furthermore in macrophages of human gut-related lym-phoid tissue (26). The 

nano-sized division can cause pallor and genotoxicity by intragastric organization in a rodent test 

model (27). Also, we recently found that intragastric E171 organization improved the tumor 

development, actuated artificially by azoxymethane/dextran sodium sulfate (AOM/DSS) in colon of 

uncovered mice (28). The cell instrument of harm after internali-zation of E171, MPs and NPs has not 

been set up yet, however ROS arrangement could add to the acceptance of cell harm. In this manner, 

we estimate that nano-sized and small scale measured parts of E171 could have an alternate 

commitment in ROS arrangement and enlistment of DNA harm. To test our theory, we estimated ROS 

forma-tion incited by E171, TiO2 MPs and NPs in sans cell conditions utilizing electron turn 

reverberation (ESR)/paramagnetic reverberation spectroscopy perceived as a 'highest quality level' 

and best in class apparatus for recognition and measurement of ROS and free radicals (29,30). This 

method is especially favored in considering the impact of E171 as photocatalytic properties of TiO2 

cause obstruction in fluorescent or chemilumines-penny measures (31,32). Moreover, we decided the 

DNA harm actuated by these various kinds of particles by the comet and small scale cores recurrence 

(MN) measures in colon-determined cell lines presented to non-cytotoxic E171, TiO2 MPs and NPs 

fixations.  

 

Materials and techniques  

 

TiO2 particles properties  

 

E171 was mercifully given by the Sensient Technologies Company in Mexico. TiO2 MPs were 

generally made by PlasmaChem with a normal size of 535 nm described by transmission electron 

microscopy. TiO2 NPs were bought at Io-Li-Tec (Germany) and are 99.5% anatase with molecule 

size of 10–25 nm and a particular sur-face region of 50–150 m2/g as indicated by maker's data. All 

particles were sanitized at 121°C for 20 min earlier use.  

 

Scattering of TiO2 particles  

 

TiO2 particles (E171, NPs or MPs) were weighed into glass tubes and scattered in 0.05% cow-like 

serum egg whites (BSA) Dulbecco's altered Eagle's medium (DMEM) (Sigma Aldrich), Hank's bal- 

anced salt arrangement (HBSS) enhanced with Mg2+ and Ca2+ (Life Technologies, The Netherlands) 

or phosphate-supported saline at a convergence of 1 mg/mL. Particles stock suspensions were soni-

cated in a shower sonicator (Branson 2200, 40 kHz) for 30 min and further used to set up the 

weakenings required for presentation.  

 

For the MN measure, 1 mg of E171 particles was scattered in medium with 10% fetal ox-like serum 

(FBS), in light of the fact that 10% FBS is prescribed for MN tests so as to keep away from bogus 

positive outcomes in cell societies (33).  

 

Portrayal of TiO2 particles with electron microscopy and DLS  

 

Scios DualBeam FIB/(SEM, 20 kV, Holland) was utilized at vary ent amplification from ×50 000 for 

the MPs to ×150 000 for E171 and NPs to assess the size and morphology of E171, MPs and NPs. All 

examples were spread on carbon tape and falter covered with gold before examining electron 

minuscule (SEM) investigation. The size of the particles were estimated on a few pictures by the 

product Image J, in excess of 100 particles were estimated for each example.  

 

To describe the hydrodynamic size conveyance and the zeta capability of the TiO2 particles (E171, 

NPs and MPs), a Malvern Nano ZS (Malvern Instruments, UK) dynamic light dissipating (DLS) 



instrument furnished with a 633 nm helium–neon laser was utilized. Two agent scatterings 0.001 and 

1 mg/mL (compare ing to 0.143 and 143 µg/cm2, separately) scattered in 0.05% BSA DMEM or 

HBSS enhanced with Mg2+ and Ca2+ or McCoy +10% FBS were set up in copy and moved in an 

expendable collapsed hairlike (DTS 1060, Malvern Instruments). Estimations were acted in triplicate 

at 25°C, with equilibration time set at 0 s, a thickness at 0.8872 cP and a refracting list of 1.330. The 

zeta potential shows the possible steadiness of the colloidal framework which in our investigation is 

strong particles scattered in fluid (0.05% BSA medium, 10% FBS medium or support). At the point 

when the zeta expected have huge negative or positive potential (±30 mV), they will in general 

repulse each other where there is no inclination to agglomerate. Interestingly, if the particles have low 

zeta likely qualities, there is no power to pre-vent the particles appending to one another and 

agglomerating.  

 

Cell culture of colon Caco-2 cells  

 

The human colon carcinoma cell line Caco-2 was gotten from the American Type Culture Collection 

(ATCC® HTB-37™) and refined in DMEM enhanced with glutamine, glucose, sodium pyruvate, 

penicillin/streptomycin and 10% warmth inactivated FBS. Cells were developed and kept up at 37°C 

in a humidified hatchery containing 5% carbon dioxide (CO2). For tests, Caco-2 cells were seeded in 

21 cm2 culture dishes and developed for 3 days to arrive at 80–100% confluency in 10% FBS 

medium so as to get ±3.106 cells/dish.  

 

Cell culture of colon HCT116 cells  

 

Because of the heterogeneity and hereditary shakiness of the Caco-2 cells, we utilized the suggested 

HCT116 cell line for MN measures, which has genomic dependability (34). The human colon 

adenocarcinoma (HCT116) cell line was acquired from the American Type Culture Collection 

(ATCC® CCL-247™). HCT116 cells were brooded in a 37°C and 5% CO2 environment and kept up 

in McCoy 5a-mod-ified medium with 1.5 mM l-glutamine and 2.2 mg/mL sodium bicarbonate (in 

vitro, no. feline. ME-042) enhanced with 10% FBS (Biowest, no. feline. US1520).  

 

Cytotoxicity of TiO2 particles to Caco-2 cells  

 

Before presentation, colon Caco-2 cells were refined for 3 days in 10% FBS medium and from there on 

washed twice with HBSS. Then,cells were presented to a scope of fixations E171, MPs or NPs (0.143–

143 µg/cm2 which counterparts to 0.001–1 mg/mL), scattered in 0.05% BSA medium, for 24 h. Three 

distinctive feasibility/cytotox-icity tests were performed: lactate dehydrogenase (LDH), thiazolyl blue 

tetrazolium bromide (MTT) and Trypan blue examines, two of them indicated association between the 

test and the particles. At that point, the reasonability of the cells was surveyed with Trypan blue test. 

After 24 h, cells were washed twice with HBSS followed by trypsinization of the cells and checked 

with a programmed cell counter (Logos Biosystems) where Trypan blue stain (0.4%) was added to the 

cell suspension (1:1). Non-cytotoxic centralizations of E171, TiO2 NPs or MPs were chosen dependent 

on feasibility (>80%) of the cells. Triton-X-100 (Sigma-Aldrich) (1%) was added to the cells as 

positive control. 

Cytotoxicity of E171 to HCT116 cells 

For HCT116 cells, the practicality was evaluated by Trypan blue test. After 24 h of introduction to 0, 

5, 10, 50 and 100 µg/cm2 (0, 50, 100, 500 and 1000 µg/mL, separately) of E171, cells were washed 

twice with HBSS followed by trypsinization and cells were checked with a Neubauer chamber. Living 

cells were recognized by including Trypan blue stain (0.4%) to 10 µL of cell suspension (1:2).  

 

ROS development evaluated by ESR spectroscopy  

 

ROS evaluation in acellular conditions  

 



Particles were scattered and stock suspensions of 1 mg/mL were seri-partner weakened in 0.05% BSA 

medium, HBSS enhanced with Ca2+ and Mg2+ or PBS (1×). To survey the limit of ROS arrangement 

by TiO2 particles, suspensions were hatched in a CO2 hatchery at 37°C with 50 mM 5,5-dimethyl-1-

pyrroline N-oxide (DMPO) for 30 min. Hydrogen peroxide (H2O2; 1 mM) was added to particles 

suspensions to survey the responses that could occur in a salt situation. After brooding, homogenized 

particles suspension was taken up into a 100-µL glass slender. Radical development was estimated by 

ESR spectroscopy.  

 

ROS evaluation in uncovered cell societies  

 

The test was performed by the convention of Nymark et al. (35). To sum things up, Caco-2 cells 

(entry 24–32) were refined as clarified beforehand. Particles were scattered and stock suspensions of 1 

mg/mL were sequentially weakened in scattering suspensions to get non-cytotoxic convergences of 

0.143 and 1.43 µg/cm2 (which equiva-lents to 0.001 and 0.01 mg/mL, individually). Earlier 

introduction, cells were washed twice with HBSS enhanced with Ca2+ and Mg2+. Cells were 

presented to non-cytotoxic groupings of E171, NPs or MPs in a CO2 hatchery at 37°C for a few 

presentation times (30 min, 1, 2, 4, 6 and 24 h, individually). The most extreme sign was seen at 1 h 

presentation. Furthermore, H O was included at a non-cytotoxic focus (20 µM, as indicated by 

cytotoxicity tests by Briedé et al. (36) to cells along with particles suspensions to mirror an incendiary 

domain. Thirty minutes before closure the presentation, turn trap DMPO (50 mM) was added to the 

cells and brooded at 37°C. This hatching time was put together and tried for TiO2 with respect to past 

time course analyzes performed by Hebels et al., where at 30 min the most elevated DMPO radical 

adduct focus age was discovered (37). After introduction, cells were gathered by scratching and taken 

up into a 100-µL glass slim and radical arrangement was estimated by ESR spectrometry.  

 

A similar convention was utilized for a co-presentation with AOM was included at a non-cytotoxic 

focus (20 µg/mL) to the cells along with particles suspensions. The focus AOM was affirmed as non-

cytotoxic with Trypan blue practicality tests (information not appeared).  

 

ESR spectroscopy estimations  

 

Radical arrangement in light of non-cytotoxic centralizations of TiO2 was estimated by ESR 

spectroscopy. Prior to utilize, DMPO was decontaminated by the convention of Hebels et al. (37). 

Stock solu-tions of DMPO were tried on forehand on •OH arrangement by H2O2 and ferrous sulfate 

(0.75 mM) to confirm the action of DMPO (information not appeared). In the wake of fixing, the 

narrow was quickly positioned in the resonator in the ESR spectrometer. All estimations were acted in 

obscurity. ESR spectra were recorded with indistinguishable conditions from Nymark et al. what's 

more, Hebels et al. (35,37).  

 

DNA harm appraisal in Caco-2 cell societies by the comet measure  

 

Cells were developed for 3 days to arrive at confluency of 80–90% and were washed twice with 

HBSS before introduction. Cells were presented to non-cytotoxic fixations E171, NPs or MPs in a 

CO2 hatchery at 37°C for 24 h with or without 20 µg/mL AOM (Sigma Aldrich), a genotoxicant. 

Each condition was surveyed in copy. As a positive control, cells were uncovered for 30 min to 200 

µM H2O2. The test was proceeded as portrayed by Hebels et al. (38). Comet show up ances were 

investigated utilizing fluorescence magnifying instrument (Zeiss, Germany) at ×400 amplification 

utilizing submersion oil (beneficial Figure 2, accessible at Mutagenesis Online). A sum of arbitrarily 

chosen 50 cells were dissected per slide per analyze. Comet picture analy-sister programming 

program was utilized for measurement of DNA harm. Comet tail and force were estimated by 

utilizing Comet IV programming. The middle tail power was utilized as DNA harm pointer. All tests 

were made with four natural reproduces and in dupli-cate, each copy was put on two slides (n = 16).  

 



Chromosome harm in HCT116 cells surveyed by MN measure  

 

HCT116 cells were seeded 150 000 cells on 6 cm2 coverslips. Cells were treated with 0, 5, 10, 50 and 

100 µg/cm2 (0, 50, 100, 500 and 1000 µg/mL individually) of E171 for 24 h. MN test can't be 

surveyed in cell societies presented to 100 µg/cm2 or more since agglom-erates meddle with MN 

recognizable proof. MN examine was done as portrayed by Fenech (39). Quickly, to obstruct the 

cytokinesis and to get binucleated cells, after 24 h of treatment, the medium with E171 was evacuated 

and cells were washed with PBS and rewarded with 4.5 µg/mL of cytochalasin B (Cyt-B; Sigma-

Aldrich, no. feline. C6762) for 24 h. After treatment with Cyt-B, the cells were fixed with 1 mL of 

paraformaldehyde 3% for 1 h and recolored with Hoescht 1:200 (Thermo Scientific, no. feline. 62249) 

at 37°C and steady fomentation for 1 h. The slides were scored utilizing an Axio Vert. A1 Carl Zeiss 

influenza orescence magnifying instrument at ×1000 amplification under oil inundation. To ascertain 

the recurrence of binucleated cells with MN and the fied as indicated by their number of 

micronucleus. The recurrence was communicated as the level of binucleated cells with micronucleus 

in 1000 binucleated cells. All analyses were made in triplicate.  

 

E171 cooperation with kinetochore shafts  

 

HCT116 cells were seeded (1.5 × 105 cells) on coverslips and a load of E171 particles were 

resuspended in cell culture medium flexible mented with FBS 10%. Cell societies were presented to 

last concentra-tions of 5, 10, 50 and 100 µg/cm2 for 24 h. After presentation, cells were washed with 

PBS, fixed with 2% paraformaldehyde and permeabi-lised with an answer containing 0.1% sodium 

citrate and 0.1% Triton. Vague restricting locales were obstructed by hatching cells with 5% BSA, 

and afterward the cells were recolored with a 1:200 weakening of mouse monoclonal enemy of α-

tubulin counter acting agent and 4′,6-diamidino-2-phenylin-give (1 μg/mL), trailed by a 1:150 

weakening of hostile to mouse fluorescein isothiocyanate-conjugated immunoglobulin G immunizer. 

Three inde-swinging investigations were performed and three arbitrary fields were examined in each 

slide utilizing an Axio Vert. A1 Carl Zeiss fluorescence magnifying instrument at ×1000 

amplification under oil inundation.  

 

Information examination  

 

Each (cell) analyze was performed with three natural repli-cates with every special example in copy. 

Results were communicated as mean ± standard mistake (SE) aside from cytotoxicity results that were 

communicated as mean ± standard deviation (SD). Contrasts between bunches were assessed utilizing 

investigation of change (ANOVA) with the exception of cytotoxicity test results that were assessed 

utilizing unpaired two-followed Student's t-test. For the MN examine, four free measures were 

performed, and the information were broke down by single direction ANOVA and the gatherings 

were contrasted and control by Dunnett's test. Contrasts were viewed as critical with a P esteem 

<0.05.  

 

Results  

 

Molecule characterisation  

 

SEM portrayal  

 

The SEM characterisation uncovered that the TiO2 powder comprises of particles of various sizes and 

that it contains marginally to adjusted standard ticles (Figure 1). The characterisation of the essential 

size of the molecule was performed from a few photos of every molecule. The manufac-turer's data on 

the NPs was confirmed, estimating a range from 10 to 30 nm (while the producer demonstrated 15–25 

nm) and on the MPs (estimating over 100 nm as showed by the manufac-turer). Moreover, the 

characterisation made by Weir et al. on the E171 can be affirmed, in light of the fact that an extent of 



39% NPs and 61% MPs was found, while Weir et al. discovered 36% NPs and 64% MPs (4). To 

complete, the closeness of the three-dimensional structures of E171, TiO2 NPs and MPs were 

affirmed by SEM. Agglomeration and conglomeration can be seen on the various pictures. 

Agglomerates/totals of tens to several nanometres were shaped with sur-face abnormalities which 

compare to the single particles.  

 

Characterisation by DLS  

 

Hydrodynamic size and zeta capability of E171 were described utilizing a Malvern Nano ZS DLS 

instrument. Particles were then dis-persed in medium DMEM + 0.05% BSA, in HBSS cradle and in 

McCoy + 10% FBS at two distinct fixations: 0.001 and 1 mg/mL (0.143 and 143 µg/cm2 

individually).  

 

Despite the fact that a few examples have a high polydispersity file, the pres-ence of serum lessens the 

agglomeration of the particles after 30 min of sonication (40 kHz; Table 1). The stock suspension of 1 

mg/mL has the most minimal hydrodynamic size at 316.8 ± 282.4 powerful nm (d.nm) with E171 in 

McCoy + 10% FBS and the most elevated size at 3085.00 ± 187.82 d.nm with E171 in HBSS. This 

can likewise be watched for the MPs at a grouping of 1 mg/mL and the NPs at a centralization of 

0.001 mg/mL. This shows the significance of serum to improve the scattering and the solidness of the 

suspension. There is a noteworthy size distinction between the nearness and the nonappearance of 

serum at a convergence of 1 mg/mL: without included serum (HBSS), the normal hydrodynamic size 

of the particles is higher than 1000 d.nm for all examples, while with serum it begins at 669.62 ± 

17.40 d.nm. All sizes are in the smaller scale go with the exception of in HBSS which has its first size 

at 5.34 d.nm.  

 

The aftereffects of the 1.10–3 mg/mL demonstrate a few unique sizes relying upon the sort of molecule 

and suspension. All sizes of MPs and NPs are in the miniaturized scale extend. Shockingly, E171 has 

the low-est hydrodynamic size in DMEM (316.). 

 

Figure 1. Representative SEM of E171 particles. (A) E171, (B)TiO2 MPs, (C)TiO2 NPs. Under 

each picture histogram of the characterisation of the particle is shown. 

 

concentrations were tested, this difference between the buffer and the medium can be explained by the 

addition of serum even at low concentrations (0.05%) leads to more colloidal stability which results in 

a decrease of aggregation and agglomeration of the par- ticles hence to a slightly more stable 

suspensions. However, the zeta potential values are between −30 mV and +30 mV, which indicate that 



the suspensions remain unstable (40,41). 

 

Cytotoxicity of E171, MPs and NPs 

E171 reached its cytotoxic concentration at 14.3 µg/cm2 (0.1 mg/ mL) after 24 h of exposure and the 

viability of Caco-2 decreased 27%. The exposure to 143 µg/cm2 induced a decrease of 73% in  cell 

viability. As shown in supplementary Figure 1, available at Mutagenesis Online, the cell counter 

differentiates the alive cells from the dead ones even with this high concentration, interaction of the 

test with the particles is not responsible of this low cell via- bility. Exposure to 143 µg/cm2 of MPs 

and NPs induced a decrease of 33% and 48.4%, respectively (Figure 2). Further studies with 

E171 were performed at non-cytotoxic concentrations of 1.43 and 

14.3 µg/cm2. 

 

HCT116 cells did not show signs of cytotoxicity up to the con- centration of 100 µg/cm2 (Figure 3). 

 

ROS quantification under cell-free conditions 
The capacity of the particles to produce ROS under cell-free condi- tions was investigated (Figure 4). 
Suspensions of E171 particles were prepared in HBSS prior to testing. The particles were also tested 
in medium with 0.05% BSA, which showed no ROS production (data not shown). This can be 
attributed to the presence of proteins pre- sent in BSA, which form a protein corona that scavenges 
ROS. E171 had the highest capacity to produce ROS in suspensions with the concentration of 143 
µg/cm2 (Figure 4) followed by NPs in the pres- ence of H2O2. At a concentration of 14.3 µg/cm2, 
NPs induce signifi- cant amounts of ROS compared with the control. However, MPs do not generate 
ROS (Figure 4). The presence of H2O2 does not enhance the formation of ROS by the particles. 

 

Table 1. DLS measurements; size in intensity (d.nm) of the different particles (E171, MPs and 

NPs) dispersed in DMEM with 0.05% BSA or in HBSS supplemented with Ca2+ and Mg2+ or 

Mc Coy +10% FBS and zeta potential results of E171, MPs and NPs with the same conditions as 

DLS 

 

 

Dispersan
t 

Sampl
e 

Concentra
tion 

Peak 1 
(d.nm) 

Peak 2 
(d.nm) 

Peak 3 
(d.nm) 

Peak 
4 

PI Zeta 
potential 
(mV) 

  (mg/mL)    (d.n

m) 

  

HBSS E171 1 >1000 – – – 0.23 ± 
0.03 

−4.39 ± 
0.12 

  0.01 978.53 ± 
59.59a 

– – – 0.71 ± 
0.06 

−6.28 ± 
1.56a 

  0.001 5.34b 644.40b >1000b  0.76 ± 
0.11 

−15.03 ± 
1.62 

 MP 1 >1000 – – – 0.14 ± 
0.02 

−5.62 ± 
0.09 

  0.001 639.43 ± 
332.95a 

>1000 – – 0.76 ± 
0.06 

−6.95 ± 
0.62 

 NP 1 >1000 – – – 0.15 ± 
0.05 

−6.08 ± 
0.09 

  0.001 >1000a – – – 0.69 ± 
0.15 

−8.02 ± 
0.69 

DMEM + E171 1 669.62 ± 
30.13 

– – – 0.30 ± 
0.02 

−12.97 ± 
0.29 

0.05% 
BSA  0.001 354.48 ± 

65.66 
1045.13 ± 
272.82 

>1000 – 0.57 ± 
0.03 

−12.78 ± 
0.52 

 MP 1 1385.83 ± 
38.85 

– – – 0.17 ± 
0.04 

−14.10 ± 
0.56 

  0.001 1089.10 ± 
158.93a 

>1000 – – 0.67 ± 
0.09 

−13.40 ± 
0.44 

 NP 1 >1000 – – – 0.12 ± 
0.03 

−13.12 ± 
0.44 



  0.001 1212.5 ± 
332.5a 

– – – 0.75 ± 
0.10 

−10.66 ± 
0.98 

 Contr
ol 

– 15.34 ± 
2.58a 

165.4 ± 
38.5a 

680.25 ± 
10.55a 

>100
0a 

0.60 ± 
0.09 

−6.18 ± 
1.35 

Mc Coy + E171 1 316.8 ± 
282.4 

>1000 – – 0.39 ± 
0.07 

−12,56 ± 8.3 

10% FBS  0.01 296.3 ± 
367.8 

226.9 ± 
310.3 

23.9 3.1 0.79 ± 
0.21 

−11.9 ± 
0.55 

  0.001 70.78 ± 0.37 – – – 0.26 ± 

0.01 

−12.56 ± 

0.06 

 

aOne or more reads PI > 0.7. 

bOne sample reads P I< 0.7. 

 

 

 

Figure 2. Cytotoxicity in Caco-2 cells after 24 h exposure to E171, MPs and NPs in DMEM plus 

0.05% BSA measured by Trypan blue viability test. Statistically significant changes and 

differences are indicated by an asterisk (*P < 0.05, mean ± SD). Three independent experiments 

were performed. 

 

 

ROS evaluation in Caco-2 cells presented to particles  

 

As recently clarified, HBSS cradle was picked as scattering sus-benefits for the estimation of 

ROS since no ROS arrangement was recognized when particles were scattered in 0.05% BSA 

medium. Initial, a period course was performed, which indicated that the best introduction time 

to watch ROS arrangement is 1 h (information not appeared). Figure 5 shows the pinnacle stature 

determined from the DMPO-OH signal acquired from cell radical development.  

 

Caco-2 cells presented to MPs at a grouping of 1.43 µg/cm2 produce noteworthy measures of 

ROS. For sure, these outcomes were the most steady ones with a lower SD. The ESR machine is 

extremely delicate, the SD can contrast because of organic contrasts with the nearness of cells. A 

noteworthy degree of ROS development was additionally decided when cells were presented to 

MPs at the most reduced non-cytotoxic fixation (1.43 × 10−1 µg/cm2) of MPs co-presented to 

H2O2. Either with or without H2O2, no huge ROS development was found after E171 or NPs 

introduction when contrasted with the control. In a cell environ-ment, just MPs were fit for 

actuating ROS creation, though E171 and NPs didn't incite ROS.  

 



We theorized that E171 upgrades the genotoxic impacts of AOM in Caco-2 cells through the 

creation of ROS. Hence, Caco-2 cells were presented at the same time to the genotoxic 

compound AOM and to E171, MPs and NPs at non-cytotoxic focuses. Co-introduction of AOM 

didn't prompt critical expanded ROS levels when contrasted with AOM alone. No critical 

contrast was found between TiO2 presentation and introduction to AOM of Caco-2 cells (Figure 

5). 

 

 
 

 

Figure 3. Cytotoxicity in HCT116 cells after 24 h exposure to E171 measured by Trypan blue 

viability test. There are no statistically significant changes and differences. Three independent 

experiments were performed. 

 

Single-strand DNA breaks in Caco-2 cell cultures exposed to E171, MP and NPs 

 

The degree of single-strand DNA breaks and antacid labile destinations includ-ing abasic locales 

were surveyed by the comet measure and the middle tailintensity was fundamentally higher after 

presentation to H Oas contrasted with AOM. Cells were co-uncovered with various particles: E171, 

NPs or MPs with or without AOM. The outcomes show that E171, MPs and NPs had an ability to 

instigate single-strand DNA breaks in Caco-2 cells either with or without the nearness of AOM 

(Figure 6). For the NPs, another non-cytotoxic fixation was tried, no portion reaction on these 

particles is watched.  

 

E171 initiated chromosome harm in HCT116 cell societies  

 

To examine whether single-strand DNA breaks prompted by E171 presentation could bring about 

additional chromosome harm, we chose HCT116 as a chromosomally steady cell line to play out a 

MN measure (42) under non-cytotoxic conditions. In the first place, we uncovered HCT116 cell 

societies to 5, 10, 50 and 100 µg/cm2 of E171 and no decline in cell feasibility was discovered 

estimated by Trypan blue test (Figure 3). We found an expansion in MN arrangement (Figure 7A) of 

1.9-, 2.4-and 3.6-crease of increment in cell societies presented to 5, 10 and 50 µg/cm2, separately 

(Figure 7B). Recurrence of binucleated 

 



 
 

Figure 4.  Intensity of cell-free radical formation with various concentrations E171, MPs and 
NPs in HBSS in the presence (1 mM) or absence of H2O2  shown  on x-axis. The y-axis 
represents the average total peak height of obtained ESR spectra calculated per sample. Results 
include background levels. *P < 0.05: significant difference compared with the control (mean ± 
SE). No significant difference was found when the presence and absence of H2O2 were 
compared. Three independent experiments were performed. 
 

 



Figure 5.  Intensity of cellular radical formation at non-cytotoxic concentrations E171, 

MPs and NPs in HBSS in cellular (Caco-2) co-exposed to 1 mM of H2O2 or 20 µg/mL 

AOM shown on x-axis. The y-axis represents the average total peak height of obtained 

ESR spectra calculated per sample. Significant difference compared with the control 

(*P < 0.05, mean ± SE). Three independent experiments were performed, each of them 

was performed in duplicate, n =12. 

 
 
Figure 6. DNA damage in Caco-2 cells after 24h exposure to E171, MPs and NPs. All 
treatments were at a non-cytotoxic concentration of 0.143 µg/cm2 with or without co-
exposure of AOM. For the NPs a higher non-cytotoxic concentration was added, 1.43  
µg/mL with and without AOM. Thirty minutes exposure   of 200 µM H2O2 was used as 
positive control, AOM; 20 µg/mL AOM. DNA damage is represented by median tail 
intensity shown at y-axis. All conditions are compared with the control (*P < 0.05, 
**P < 0.001; mean ± SE). The average is from four independent experiments, each of 
them was performed in duplicate and every sample was on two slides, n = 16. 

 

cells with micronucleus in 1000 binucleated cells after introduction to 5, 10 and 50 µg/cm2 

of E171 was 1.76, 3.3, 4.1 and 6.6%, regard ively. MN in cells presented to 100 µg/cm2 

couldn't be surveyed. 

 

E171 communication with the kinetochore  

 

Since DNA harm could be credited to E171 communication during dismantling of 

atomic envelope for cell division, we explored whether E171 can connect with 

kinetochores in uncovered HCT116 cell societies. E171 appears to cooperate with the 

centromere locale of kinetochore posts during mitosis (Figure 8). The association of 

particles with the shafts of centromeres seems, by all accounts, to be a co-limitation of 

E171 with α-tubulin, in this manner proposing that E171 particles were appended to 

DNA of mitotic cells (Figure 8).  

 

Conversation  

 

We found that TiO2 particles as they are available in the food addi-tive E171 can 

instigate ROS arrangement and DNA harm in colon-inferred Caco-2 and HCT116 cell 

lines. These impacts may to some extent clarify prior discoveries of assistance of colon 

tumor development in a creature model after ingestion of applicable amounts of E171 

(28). Impacts were reliant on the size of the particles; to be sure, MPs instigated ROS 



development in cell condition, while all particles incited DNA harm. So as to evaluate 

the association of the parti-cles with the medium and cradle, the particles were 

described and the zeta potential was resolved utilizing DLS (Table 1). A scattering 

operator, for example, BSA or FBS is expected to settle and scatter E171, TiO2 NPs 

and MPs, as of now appeared for changed nanomaterials including TiO2 (43,44) and 

has been applied in bigger orchestrated investigations on nanomaterials genotoxicity 

(45). We watched less aggre-gation and noticed that E171, NPs or MPs were 

progressively steady, while their hydrodynamic size was altogether lower in medium 

with 0.05% BSA or medium with 10% FBS than in HBSS support.  

 

To evaluate the cytotoxicity of the particles, a Trypan blue viabil-ity measure was 

performed. At first, we applied the MTT and LDH measure (information not appeared), 

however we discovered obstruction between TiO2  

 

 

 
Figure 7. E171 induced chromosome damage in HCT116 cell cultures. 

(A) Representative images of HCT116 micronucleated binucleated cells (MNBNCs) 

after E171 exposure (5, 10, 50 and 100 µg/cm2) for 24 hours. Upper panel shows 

differential interference contrast in which E171 particles is shown as white 

agglomerates. Lower panel shows DNA stained  by Hoesch dye and MN formation is 

shown by white arrows. Three independent experiments were performed. (B) 

Quantification of chromosome damage in HCT116 cell cultures. Number of MNBNCs in 

1000 binucleated cells (BNCs) are represented in y-axis. Statistically significant 

changes and differences are indicated by an asterisk (*P < 0.05, **P < 0.01, ***P < 

0.0001; mean ± SD). Three independent experiments were performed. 

 



also, reasonability measures like LDH, MTT and WST-1. Such obstruction is additionally 

detailed by others (30,46,47). Consequently, we applied the Trypan blue test. The 

impedance with the Trypan blue measure was dodged by checking an eye on the screen of 

the cell counter whether the cells labeled by Trypan blue compare to living Caco-2 cells or 

not. Moreover, the consequences of the cell counter were com-pared with the one done at 

the magnifying lens straightforwardly and these cor-roborate (strengthening Figure 1, 

accessible at Mutagenesis Online). The outcomes indicated that E171 is cytotoxic in Caco-2 

cells at a lower fixation than the NPs and MPs. Be that as it may, E171 has no poisonous 

impacts in HCT116 cell societies at fixations utilized in this examination (5, 10, 50 and 100 

µg/cm2) (Figure 2).  

 

As E171 involves 39% NPs and 61% MPs (Figure 1), which affirms past discoveries by 

Weir et al. (4), we propose that the com-bination of NPs and MPs is more cytotoxic to 

Caco-2 cells than NPs or MPs alone. Different examinations (13,48) just focussed on TiO2 

NPs, andfewer contemplates have been performed utilizing TiO2 food grade. In accordance 

with our information, fixations up to 0.1 mg/mL TiO2 NPs (in this investigation it relates to 

14.3 µg/cm2) were likewise seen as non-cytotoxic in human lung epithelial cells (49) with 

the Trypan blue prohibition tests.Furthermore, in other cell lines, for example, human neural 

cells and ordinary fibroblasts, MPs and NPs are similarly compelling in instigating cell 

passing in human neural cells and typical fibroblasts (50). This infers a few impacts are not 

just because of the size of the particles. Moreover, we propose that molecule aggregation is 

diverse in Caco-2 and HCT116 cells, in light of the fact that nanoparticle disguise relies 

upon cell type, as it has been exhibited that disguise of gold nanoparticles estimated in 50 

nm is roughly 2-crease higher in macrophages than in human liver disease cells after 24 h of 

introduction (51).  

 

Likewise, regardless of whether the two sorts of cells are epithelial cul-tures got from colon, 

the cytotoxicity of E171 particles can be lower in HCT116 cells (Figure 3), initially, on the 

grounds that the modular chromosome number at 45 in this cell line gives higher genomic 

security than Caco-2 cells, which have a stemline modular chromo-some number of 96 

(http://www.atcc.org/items/all/HTB-37. aspx#characteristics). Also, HCT116 cell line has a 

p16 muta-tion that prompts expanded expansion with avoidance of cell cycle capture 

(52,53).  

 

In light of these information, we utilized equivalent non-cytotoxic fixations for each of the 

three sorts of particles for additional examinations on ROS development in a sans cell 

condition and in cell societies and for setting up the enlistment of DNA harm in Caco-2 

cells. HCT116 cells were chosen for MN estimations since Caco-2 cells like numerous other 

cell lines are chromosomally instable and subsequently not appropriate for this measure 

(42).  

 

Various examinations affirm that TiO2 particles can incite ROS creation (10,54–57). 

Poisonousness interceded by oxidative worry after presentation to TiO2 NPs and MPs has 

been recently portrayed inother gatherings (55,58,59); in any case, MPs demonstrated lower 

power inROS age (60), however TiO2 NPs introduction can cause DNA sores (10,55–57). 

In our investigation, particles in 0.05% BSA show no ROS development, though without 



BSA (HBSS) expanded degrees of ROS were watched both under cell and sans cell con-

ditions (Figures 4 and 5). Along these lines, we reason that BSA scav-enges ROS that are 

shaped on the outside of the particles or may forestall ROS arrangement by hindering the 

contact between molecule surface and ROS antecedents. In a sans cell condition, E171 and 

NPs initiate fundamentally higher ROS creation when contrasted with the control (Figure 

4). These outcomes are in concurrence with the discoveries of Zijno et al. who have tried 

TiO2 NPs with ESR spectroscopy and furthermore watched ROS creation in a sans cell 

condition (14). As opposed to E171 and NPs, MPs don't incite any ROS creation when they 

are scattered in cushion (Figure 4).  

 

In a cell situation, the limit of E171 and NPs to star duce ROS was unequivocally 

diminished while just MPs were fit for creating ROS (Figure 5). We propose that MPs by 

means of ROS produc-tion would actuate a genius fiery reaction. This was at that point saw 

in a co-culture of intestinal cells and macrophages presented to TiO2 MPs in which the 

group estimated an upregulation of star fiery caspases and cytokines, for example, caspase-1 

and IL-1β and IL-18 (61). Besides, another gathering watched a Th1-interceded provocative 

reaction in the little gut in mice.(62)  

 

We as of late found that E171 in vivo presentation improved the quantity of tumors in the 

colon of mice presented to AOM/DSS (28). The joined presentation to AOM/DSS is 

regularly utilized for the concoction acceptance of colonic tumors in creature tests where 

AOM goes about as a DNA alkylation reagent starting the cancer-causing process (63). So 

as to reveal insight into the instruments behind these in vivo outcomes, we co-uncovered 

Caco-2 cells to AOM and TiO2 standard ticles (E171, NPs and MPs) and performed ESR 

spectrometry and a comet examine to identify single-strand DNA breaks and soluble base 

labile locales. To test the impact of AOM on ROS arrangement, Caco-2 cells were co-

presented to AOM and E171, NPs or MPs. ROS levels were not altogether extraordinary 

between cells that were just presented to the particles and cells that were co-presented to 

AOM (Figure 5). This shows the expanded tumor development in mice probably won't be 

ascribed to ROS. Further in vitro and in vivo examinations, for example, full genome 

articulation investigation, should be performed to have the option to con-clude about the 

instruments behind the possible cancer-causing impact of E171. 

 



 
 

Figure 8. Identification of E171 interaction with kinetochores. HCT117 cell cultures 

were exposed to E171 particles (5, 10, 50 and 100 µg/cm2). A positive E171 

interaction with mitotic kinetochore poles is shown by yellow arrows. E171 particles 

co-localized with mitotic genome and α-tubulin is showed by red arrows. Untreated 

cell had no presence of particles. 

 



The nonattendance of ROS acceptance by E171 and NPs in our examination might be 

clarified by the way that after disguise, particles respond promptly with cell structures that 

square ROS creation. Without a doubt, the NPs segment would enter the cells as appeared by 

Shukla et al. where they show that the NPs of TiO2 can without much of a stretch enter 

thecell and even arrive at the core of human epidermal cells (32). In the wake of entering the 

phone, the radicals created by the particles could then diminish the phone glutathione (GSH) 

content as appeared by Shlukla et al. where they uncovered human epidermal cells to TiO2 

NPs and watched a noteworthy decrease of cell GSH content from 8 µg/mL(32). This would 

help to restore the redox balance. However the capacity of E171 and NPs to associate with 

different biomolecules could prompt cell changes, including protein, RNA and DNA 

adjustments.  

 

The consequences of the comet test indicated that E171 and TiO2 NPs and MPs are 

genotoxic by inciting single-strand DNA breaks and no portion reaction was found for the 

NPs, with the genotoxicity being the equivalent (Figure 6). Furthermore, E171 causes 

chromosome harm in the HCT116 cell line estimated by the micronucleus examine (Figure 

7). As micronucleus is a part of DNA, it is relied upon to distinguish it by a blue recoloring 

by Hoechst color. At that point, micronucleus can be seen as roundabout shapes with smooth 

edges. The basal degrees of micronucleus recurrence in our outcomes concur with past 

writing, which are evaluated somewhere in the range of 2.5% and 3.2% (64,65).  

 

The outcomes from two distinctive cell lines demonstrate the in vitro gen-otoxicity of E171. 

DNA harm might be the result of E171 interfacing with microtubules, as appear to happen in 

HCT116 cells, which could occur during the atomic envelope dismantling that goes before 

mitosis. The collaboration among E171 and microtubules from the kinetochores could prompt 

chromosome missegregation and the arrangement of MN (66) (Figure 8). Moreover, 

genotoxicity is known to assume a significant job in the commencement condition of carcino-

beginning since it can prompt changes in the hereditary material bringing about modifications 

on cell flagging pathways identified with cell multiplication and apoptosis (62). We along 

these lines estimate that E171 genotoxicity in colon cells could be taking an interest in 

cancer-causing procedures, for example, upgrading tumor arrangement in an azoxymethane-

actuated colorectal malignant growth model by intragastric E171 particles organization (28).  

 



The colon is the significant site for supplement take-up yet conceivably additionally for 

perilous aggravates that can be available in the food. TheE171 particles, known as food TiO2 

added substance, is available in a wide range of sorts of food. It is hard to correspond 

between in vitro and in vivo fixations in the gut without making a numberof suppositions. By 

the by, we made an estimation of the con-centration of TiO2 in the colon accepting the 

normal introduction of a grown-up to be 1 mg/kg body weight/day (4), a normal load of 70 kg 

and an amount of dung discharged every day somewhere in the range of 100 and 250 g/day. 

On the off chance that we make a traditionalist gauge, the grown-up of 70 kg would ingest 70 

mg of TiO2 every day, this individual would create 250 g of dung that would make a 

grouping of TiO2 in the defecation of 0.28 mg of TiO2/g of excrement. Dung contain 75% of 

water, so on the off chance that we consider that the thickness of excrement is equivalent to 

water, the grouping of TiO2 would be 0.28 mg/mL of defecation. On the off chance that we 

accept that just 1% of these is organically accessible for presentation, 0.0028 mg/mL of TiO2 

is conceivably arriving at the colon cells. The non-cytotoxic convergences of TiO2 utilized 

during the in vitro tries are 0.01 mg/mL and 0.001 mg/mL. Along these lines, the con-

centrations are in a similar significant degree as the evaluated convergence of TiO2 in the 

colon. Apparently, this is the first occasion when that the genotoxicity of E171 and distinctive 

size portions were appeared in colon-inferred cell societies. The discoveries of the present in 

vitro examination exhibit that TiO2 as food addi-tives coded as E171, even at the least focus 

tried, have DNA harming potential in human colonic cells and that the MPs in E171 may be 

the most significant for ROS arrangement as appeared within the sight of Caco-2 cells. The 

ability to create ROS and to incite DNA harm raises worries about the protected utilization of 

E171 in various food items. 
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