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Introduction

The discoloration caused by oral
supplements often leads to parental complaints.

Abstract

Background and Aim: Discoloration of primary teeth caused by iron
supplementation often discourages parents from using it for their
children. This study aimed to evaluate the effects of Sideral iron drops
with a sucrosomial structure, Irofent iron drops, and Irofent diluted with
natural apple juice on the color and structural integrity of primary tooth
enamel.

Materials and Methods: In this in vitro study, 45 sound primary
anterior teeth were randomly divided into three groups of 15 for
treatment with Sideral, Irofent, and a mixture of Irofent and natural
apple juice. A digital spectrophotometer measured the initial tooth
color. Teeth were immersed in their respective iron solutions for 5
minutes at 37°C, rinsed with distilled water, and their final color was
recorded. One sample from each group underwent scanning electron
microscopy (SEM) to assess surface structural changes. Quantitative
data were analyzed using one-way ANOVA. P<0.05 was considered
significant.

Results: Color change (AE) was significantly greater in the Irofent
group compared to Irofent-apple juice and Sideral groups (P<0.001).
The Irofent-apple juice group showed significantly more discoloration
than Sideral (P<0.001). SEM revealed enamel surface cracks in Irofent
and Irofent-apple juice groups; whereas the Sideral group showed no
defects.

Conclusion: Sideral iron drops did not cause significant discoloration
or structural damage to primary enamel in this in vitro study.
Combining Irofent with natural apple juice may reduce its adverse
effects.
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for dental caries [1-3]. Because of this concern,
iron some parents give up using this essential mineral

supplement for their children [3-5]. The

Also, iron-induced discoloration may be mistaken destructive effects of anemia caused by iron
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deficiency in children remain for years, adversely
affecting the children’s mental, physical, and
behavioral performance [6-8]. Irofent iron drops
are commonly used in Iran due to easy access and
reasonable price [1,9-11]. However, it can change
the color, structure, and hardness of primary
teeth, especially anterior teeth in the esthetic
zone [1, 11, 12]. To mitigate these dental side
effects, clinicians often recommend diluting iron
drops with fruit juice [12-14].
recommend daily consumption of apple juice
from 6 months of age [13, 14].

Recently, Sideral iron drops were introduced
to the market. It has been claimed that the
sucrosomial structure of Sideral prevents iron

Clinicians

from coming into contact with teeth and causing
discoloration [15]. In sucrosomial formulation,
iron is covered by a phospholipid membrane. The
material of the phospholipid membrane is similar
to the material of the cell wall, and its iron is
easily absorbed through the intestinal wall cells.
Therefore, in addition to helping absorb more
iron, it has a pleasant taste with minimal digestive
complications [16-18]. Previous studies have
documented the adverse effects of Irofent iron
drops on color of primary enamel [1, 19-21]. But
to the best of the authors’ knowledge, no previous
study has investigated the effect of diluting iron
drops with juice and Sideral iron drops on color
of primary tooth enamel. Thus, the purpose of
this study was to compare the effect of Irofent
iron drops and its mixture with natural apple
juice, as well as Sideral iron drops, on the color
and structure of primary tooth enamel.

Materials and Methods

This in vitro study was approved by the ethics
committee of the university
(IRIAU.DENTAL.REC.1398.022). The sample size
was calculated based on a study by Sahebnazar et
al. [15] using one-way ANOVA. The effect size
(Cohen’s f) was estimated to be approximately
0.4, and based on one-way ANOVA power
(a=0.05, number of

analysis power=90%,

groups=3), the minimum required sample size
was determined to be 15 samples per group.

A total of 45 sound primary anterior teeth,
including maxillary and mandibular incisors and
canines, which had been extracted due to
orthodontic reasons or natural exfoliation (tooth
mobility) and did not have any caries, cracks,
fracture, restoration, or coronal hypoplasia, were
selected  after  examination under a
stereomicroscope (Olympus, Tokyo, Japan) at
x10 magnification [1, 4, 11, 20]. Also, less than 3
months had passed since their extraction [10, 11].
The teeth were stored in 0.9% saline at room
temperature. To assess color change (AE) after
exposure to iron drops compared with baseline
(before exposure), the baseline color of primary
teeth was measured using VITA Easy-Shade
compact spectrophotometer (Vita Zahnfabrik,
Bad Sackingen, Germany) [22]. To prepare the
samples, the teeth were dissected at the
cementoenamel junction with a diamond disc
(Jota, Switzerland), the pulp
completely removed, and the pulp chamber was
filled with wax [1, 20, 23, 24]. Then, a paper label
was placed on the labial surface of the teeth with

dimensions of 4 x 4 mm, and the surrounding area

tissue was

was covered with colorless nail varnish [1, 11,
20]. Then, the paper label was removed and the
baseline color was evaluated by VITA Easy-Shade
spectrophotometer in daylight [2, 25, 26]. Before
measuring the color of the samples, the
spectrophotometer (Vita Zahnfabrik, Bad
Sackingen, Germany) was calibrated using the
reference block. To evaluate the tooth color, the
handpiece probe was placed at a 90-degree angle
in contact with the surface of the center of the
tooth in ambient light, and then L*1, b*1 and a*1
values of the CIE L*a*b* color space were
recorded. Spectrophotometric color
measurements were repeated three times for
each sample, and the mean value was recorded.
The intra-examiner reliability was assessed by
reassessing 10% of the samples, yielding an
intraclass correlation coefficient of  >0.90,

indicating excellent repeatability [27].
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After measuring the baseline (primary) color
of the teeth, 45 samples were randomly divided
into 3 groups of 15. Random numbers were used
in PASS software to randomly distribute teeth in
groups. The examiner who performed color
measurements was blinded to the group

assignment. Blinding was maintained until
statistical analysis was completed [28].

Using the one-way ANOVA statistical test, lack
of difference in baseline color of the study groups
was ensured. Before the exposure of teeth to the
iron drops in the groups, the pH of the solutions
was measured twice by a pH-meter (Metrohm
827 pH lab, Germany). The pH of Sideral (SiderAL,
Junia Pharma, Italy) was 4.74+0.02, the pH of
Irofent (Kharazmi Pharmaceutical Co., Iran) was
1.98+0.02, the pH of apple juice alone was
4.47+0.03, and the pH of the combination of
Irofent (Kharazmi Pharmaceutical Co., Iran) and
apple juice was 2.52+0.03. The study groups were
as follows:

Group 1: The samples were exposed to 15
drops of Irofent (Kharazmi Pharmaceutical Co.,
Iran).

Group 2: The samples were exposed to a
combination of 15 drops of Irofent with 15 drops
of filtered natural apple juice. To prepare apple
juice, red apples were peeled and passed through
a strainer 5-6 times until it became completely
smooth and clear.

Group 3: The samples were exposed to 15
drops of Sideral iron drops (Junia Pharma, Italy).

The samples of each group were placed in the
respective volume of iron drops for 5 minutes at
a temperature of 37°C in a shaker incubator (IKA,
Roentgen, Germany) [1, 7, 15, 21, 29, 30]. After 5
minutes, the samples in all groups were removed
from the solution and washed with distilled water
[7, 11]. The samples were blindly re-evaluated by
VITA Easy-Shade spectrophotometer in the same
lighting conditions as before, and the L*2, a*2 ,
and b*2 parameters were recorded [2, 25, 26].

L* represents the degree of lightness, which is
between 0 (black) and 100 (white); a* and b* are
signs of chroma and show the degree of

greenness (negative a*) and redness (positive a*),
and the degree of blueness (negative b*) and
yellowness (positive b*) [6, 31]. The magnitude of
AE in each sample was calculated using the
following formula [2, 25, 31]:

AE = [ (L1-L2)? + (a1-a2)? + (b1-b2)?]1/2

From each group, one sample was randomly
selected for examination under a scanning
electron microscope (SEM). For this purpose, the
sample was connected to a cylindrical gold ingot
and subjected to gold sputter coating in a coating
machine (Fine Coat lon Sputter JFC-1100; JEOL
Ltd., Tokyo, Japan) by the gas plasma discharge
method in an argon gas environment [32]. The
samples were coated with gold and placed inside
the special chamber of SEM (JEOL company,
model JXA-840, Japan) with a magnification range
of 10 to 100,000 times to examine the enamel
surface structure [33]. Finally, the SEM images
were recorded by a photographic camera
(Mamiya, Japan) [33]. The normality of data
distribution was verified using the Shapiro-Wilk
test (W range: 0.95-0.98, P>0.10 for all
variables), and homogeneity of variances was
confirmed with the Levene’s test (P>0.20). Thus,
comparisons were made with one-way ANOVA,
followed by Tukey’s post-hoc test for multiple
comparisons using SPSS version 22. P<0.05 was
considered statistically significant [11].

Results

The study was conducted on 45 samples in 3
groups (n=15) of Sideral, Irofent, and Irofent-
apple juice. There was no statistically significant
difference in L*1, a*1, and b*1 among the three
groups at the beginning of the study as shown by
one-way ANOVA (Table 1). Table 2 shows
measures of central dispersion for AE of the study
groups. One-way ANOVA showed a significant
difference in AE among the study groups
(P<0.0001). The results of pairwise comparisons
showed that the AE of the Irofent group was
significantly higher than the Irofent-natural apple
juice group (P<0.0001), and the Irofent-natural
apple juice group showed a significant difference
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with the Sideral group in this regard (P<0.0001).
In other words, AE was significantly higher in the
Irofent group than the Irofent-natural apple juice
group, and AE of the Irofent-natural apple juice
group was significantly higher than that of the
Sideral group.

A AE greater than 3.3 was considered clinically
perceptible [28]. In our study, the AE of the
samples exposed to Irofent exceeded this
threshold, whereas the AE of those exposed to

Irofent-apple juice or Sideral remained below this
threshold.

SEM findings are shown in Figure 1 (a, b, ¢, d,
e, f). As can be seen, in teeth that were exposed to
Irofent iron drops and Irofent iron drops plus
natural apple juice, numerous microcracks,
fractures and increased porosity were visible
(Figure 1a and 1c); whereas such cracks were not
seen in teeth exposed to Sideral iron drops
(Figure 1e).

Table 1. Comparison of baseline color parameters of the study groups

Color parameter Irofent Irofent-apple juice Sideral P-value

L* 86.47+3.7 85.83+3.6 87.29+4 0.57

a* 0.93+0.5 0.84+0.6 1.92+4.5 0.47

b* 17.10+2.9 17.68+2.1 17.34+2.6 0.83

Table 2. Measures of central dispersion for AE in the study groups
ANOVA
. P 0, 2 )
Group Maximum Minimum Meanz* SD 95%CI n (P-value) Tukey’s post hoc test
Irofent 8.39 4.04 5.93%1 5.55-6.31 0.42 Irofent vs. Sideral: P<0.0001
Irofent-apple 5, 2.50 2.89:028 278300 021  P<ooo1  rofentvs Irofent-applejuice:
juice P<0.0001
Sideral 2.04 0.97 147036  1.89-219 0.15 Sideral vs. Irofent-apple juice:
P<0.0001

SD: Standard deviation, CI: Confidence interval, n?: Effect size

Figure 1. SEM images of the specimens exposed to different iron drops: a: Irofent group (x100), b: Irofent group (x2000), C:
Irofent-natural apple juice group (x100), d: Irofent-natural apple juice group (x2000), e: Sideral group (x300), f: Sideral group
(x2000).
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Discussion

Given the prevalence of anemia among Iranian
children and the necessity of iron intake during
infancy, which overlaps with the eruption of
primary teeth, it is imperative to identify a
supplement that does not adversely affect dental
health. Recentinnovations, like Sideral iron drops
with sucrosomial formulation, promise to avoid
the negative dental impacts seen with other iron
drops. Diluting iron drops to mitigate side effects
has also been suggested. This study examined the
effects of Irofent iron drops, Sideral iron drops,
and a combination of Irofent with natural apple
juice on color and enamel structural changes of
primary teeth. The findings revealed that while
all groups exhibited discoloration, the Irofent
group showed significantly more discoloration
than the Irofent-natural apple juice group, and
more than the Sideral group. Mehran et al. [1]
found similar results, indicating that Irofent
caused more discoloration and structural
alterations in primary teeth than other iron drops
in their study. Pani et al. [19] and Shojaipour et
al.[23] also reported increased discoloration with
iron drops. The inclusion of citric acid in iron
supplements, intended to enhance iron
absorption, contributes to increased enamel
solubility due to its acidic nature [21]. Irofent's
low pH of 1.98 exacerbates this effect [10].
Studies by Hekmatfar et al. [30] and Babaei et al.
[21] support these findings, showing that
Irofent's lower pH leads to a more acidic
environment and increased enamel erosion.
Shabzendedar et al. [20] Mehran et al. [1] and
Nazemisalman et al. [28] further corroborate the
link between iron supplement acidity and enamel
discoloration.

The discoloration observed with Irofent is
likely due to its acidic pH (1.98) and the presence
of ferrous iron (Fe?*), which, upon contact with
enamel and environmental oxygen, can oxidize
and precipitate as ferric hydroxide or oxide
compounds. These

compounds, particularly

Fe(OH)3 and Fe,03, deposit on the enamel surface
and cause yellowish-brown to dark discoloration.
Furthermore, in the presence of sulfur-containing
compounds (from saliva or proteins), ferrous
iron can react to form black-colored ferrous
sulfide  (FeS),
discoloration. The low-pH environment can also

further intensifying the
enhance enamel demineralization, increasing
surface roughness and facilitating stain retention
[28].

The sucrosomial formulation of Sideral iron
drops encloses ferric pyrophosphate within a
phospholipid bilayer coated with a sucrester
matrix, forming a “sucrosome.” This structure
mimics the intestinal epithelium, allowing
paracellular absorption via M-cells without direct
contact with the oral cavity. Unlike liposomal
iron, which uses only a phospholipid bilayer,
sucrosomial iron adds a sugar-based outer layer,
enhancing stability, bioavailability, and mucosal
tolerance [34].

Moreover, Sideral's formulation excludes
citric acid and instead includes milk proteins and
tricalcium phosphate, which may help buffer its
effects on enamel and reduce mineral loss [16].
Its higher pH (4.74) also contributes to its milder
effect on teeth [34].

Diluting Irofent with natural apple juice (pH
4.47) significantly reduced enamel discoloration
compared to undiluted Irofent. Although iron
absorption is generally improved with acidic
beverages like fruit juices, apple juice and orange
juice are traditionally recommended [21].
Scientific literature suggests that apple juice
offers similar absorption efficacy with potentially
less erosive damage to enamel. As daily apple
juice intake is often recommended from 6 months
of age, its use as a diluent may reduce Irofent's
acidity and minimize enamel contact, thereby
[21].

industrial acidic juices, with added preservatives

mitigating  discoloration However,

and low pH, are not suitable for this purpose [21].
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In the present study, the AE value was 5.93 for
Irofent, 2.89 for Irofent-apple juice, and 1.47 for
Sideral. Clinically, a AE above 3.3 is perceptible to
the human eye, suggesting that both Sideral and
the diluted form of Irofent are more acceptable
alternatives in terms of esthetics [35].

SEM analysis revealed increased porosity,
microcracks, and enamel surface degradation in
the Irofent and Irofent-apple juice groups,
whereas the Sideral group exhibited minimal
surface alterations. These structural changes can
be attributed to the acidic pH of Irofent (1.98),
which promotes enamel demineralization and
softening, particularly in primary teeth with
thinner and less mineralized enamel. The low pH
facilitates the dissolution of hydroxyapatite
crystals, leading to surface roughening and
microstructural damage. The diluted Irofent still
exhibited damage, although to a lesser extent, due
to its moderately acidic environment. In contrast,
Sideral’s higher pH (4.74) and the protective
nature of its sucrosomial coating reduce direct
contact of iron with the enamel surface,
minimizing both chemical erosion and physical
degradation. These observations support the
hypothesis that acidity and formulation type are
key contributors to enamel damage observed
under SEM. These findings are consistent with
observations by Mehran et al. [1] and Pasdar et al.
[10], who also noted more severe enamel changes
following Irofent exposure.

One potential limitation of this study that
raised concerns was the short 5-minute exposure
time used for iron application. We acknowledge
that this timeframe does not replicate the
cumulative and intermittent exposure occurring
clinically. However, this 5-minute protocol has
been used in multiple in vitro studies
[1,10,21,29,30], and provides a standardized
method for simulating acute exposure and
allowing meaningful comparison between
formulations under controlled conditions. Since
no clear standard exists for exposure duration

under in vitro conditions of studies on drug-tooth
interactions, many authors have adopted 5
minutes as a practical, reproducible model for
evaluating discoloration and surface effects [1, 9,
10, 15, 21, 29, 30].

Sideral’s lower iron concentration (7 mg/mL)
compared to Irofent (25 mg/mL) raises the
question of whether its reduced discoloration is
solely due to the sucrosomial structure or also
due to lower iron content. Future studies should
address this confounding variable through
controlled-dose comparisons.

Extrapolating in vitro results to clinical
outcomes remains challenging due to the absence
of standard guidelines. Factors such as salivary
flow, buffering capacity, dietary habits, and oral
hygiene may modulate the extent of discoloration
observed in real-world use. While some studies
report widespread esthetic complaints among
children using iron supplements, the clinical
relevance of in vitro-based discoloration remains
under investigation [21].

Conclusion

Within the limitations of this short-term in
vitro study and the small SEM subsample, the
following results were obtained: Irofent iron
drops caused a distinct enamel discoloration,
whereas Sideral iron drops resulted in only slight
discoloration that remained below the clinically
perceptible threshold (AE < 3.3), suggesting that
Sideral may represent a safer alternative. Dilution
of Irofent iron drops with natural apple juice
showed a potential to further reduce
discoloration; however, this effect requires
confirmation in future in vivo studies before

clinical recommendations can be made.
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