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ABSTRACT
Anemia is a grave public health issue that affects 25% of the global population.
Conventional iron formulations used in treatment have drawbacks such as poor
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for 21 days along with an iron-deficient diet in Wistar rats. The rats (n=48) were assigned
into 8 groups: Control group, IDA rats, IDA rats receiving either vehicle or different iron
salts (ferrous sulfate, ferrous ascorbate, ferrous fumarate, and Sucrosomial iron) for 21
days at a dose of 30 mg/kg p.o. Hematological parameters and iron store indices were
assessed at each visit.

Anemia induction markedly reduced hemoglobin levels in all IDA groups on day 21.
In contrast, iron supplements showed significant improvement in hematological profile
after 21 days of treatment. Interestingly, the Sucrosomial iron-supplemented group
(group 8) showed significantly higher improvement in hemoglobin levels and hematocrit
than did conventional iron supplements such as ferrous sulfate (group 5), ferrous
ascorbate (group 6) and ferrous fumarate (group 7) (p <0.05 for each group, respectively).
Sucrosomial iron also showed slightly better improvement in iron store indices (serum
iron & ferritin levels, total iron binding capacity and transferrin saturation [%]) when
compared with other iron supplements (non-significant difference).

Authors concluded that Sucrosomial iron has a significant potential to improve IDA
in Wistar rats compared to conventional iron salts. Sucrosomial iron can be useful for the
management of IDA either prophylactically or therapeutically.

INTRODUCTION

Anemia is a grave public health concern that affects
~25% of the world’s population (>1.6 billion people) [1].
Hemoglobin (Hb) levels that are two standard deviations
below the mean for the patient's age are considered anemic.
Chronic infections, genetics and dietary deficiencies such as
hemoglobinopathies, iron insufficiency, folate inadequacy
and vitamin B12 deficiency may all be contributing causes
of anemia. Iron insufficiency has a significant impact on
a baby's brain development and is a major cause of iron
deficiency anemia. In addition to having an impact on
behavior, memory, learning and sensory systems, iron is
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e-mail: pravin.tirgar@rku.ac.in

a crucial component of neuronal myelination, metabolism,
neurotransmission and neurogenesis [2-5].

The most prevalent nutritional deficit in the world, iron
deficiency anemia (IDA), can impair mental and physical
development, promote lipid peroxidation and weaken anti-
oxidant defenses, impair immunological function and cause
diseases of the neurological system [6-9]. Conventional
oral iron salts such as ferrous fumarate, ferrous sulfate and
ferrous gluconate are used to treat iron deficiency anemia,
but they have significant limitations, including low bioavail-
ability (10% to 15%) and even further lower bioavailability
for ferric iron salts or ferric iron complexes (polysaccharide,
amino acids, ovo-albumin, etc.).
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Apart from the aforementioned, conventional oral iron
salts have a poor tolerability profile (50% of all patients
reported gastrointestinal side effects) leading to poor compli-
ance and poor clinical outcome. Additionally, the concurrent
use of antacids or proton pump inhibitors, food consumption,
and concomitant chronic inflammatory disorders (higher
hepcidin limiting further iron absorption) may lower the
iron absorption from standard oral iron salts and reduce its
utilization. This might cause a delay in reaching the desired
hematological condition or perhaps make the therapy inef-
fective. Furthermore, gastrointestinal adverse effects were
noted by 50% of all patients using oral iron supplements,
which might indicate poor compliance with oral iron supple-
mentation [10]. As a result, research has focused on high
bioavailability iron supplements with a favorable tolerability
profile. To optimize iron use and reduce side effects, new
iron supplements must be formulated [11].

Sucrosomial® iron constitutes a novel oral iron-contain-
ing formulation in which ferric pyrophosphate is protected
by a phospholipid bilayer membrane made from sunflower
lecithin and sucrester matrix (surfactant derived from the
esterification of fatty acids with sucrose [sucrose esters]).
Tricalcium phosphate and starch provide further stability
to the structure, forming the “sucrosome” and providing
Sucrosomial iron its gastro-resistant properties and good
gastric tolerability profile [12-14]. In vitro studies suggest
that Sucrosomial iron is absorbed in Peyer's patches of the
small intestine via M-cells, para-cellular and trans-cellular
pathways. Therefore, increased hepcidin levels that are
prevalent during chronic inflammatory situations do not
affect its uptake or usage. Sucrosomial iron, as opposed
to conventional oral iron salts, assures increased bioavail-
ability, better tolerance and compliance and better clinical
outcomes by avoiding the hepcidin-dependent iron absorp-
tion pathway [10].

Although evidence of its efficacy is available in a few
studies, no preclinical studies have compared the hemato-
logical state and iron storage indicators of Sucrosomial iron
with conventional oral iron salts. The present study aimed to
assess the comparative anti-anemic effects of Sucrosomial
iron with conventional oral iron salts in a standardized vali-
dated experimental model of iron deficiency anemia induced
by retro-orbital bloodletting and iron deficient diet in Wistar
rats. This method of inducing iron deficiency anemia in
Wistar rats is well-established through different pre-clinical
studies. Several pre-clinical models have used two insults,
bloodletting, and inadequate iron intake to induce anemia
in rats. Numerous pre-clinical studies have validated that
animals undergoing retro-orbital bloodletting for 21 days
along with an iron-deficient diet effectively induce anemia
(hemoglobin levels fall below 11 g/dl) in rats. Hence, this
experimental model was used to effectively induce iron defi-
ciency anemia in the present study followed by treatment
with different iron salts for 21 days [15-17].

MATERIALS AND METHODS

Animals

For at least 7 days before and during the investigation,
adult Wistar rats of either sex, weighing between 180 and
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250 g and of 6-8 weeks of age, were kept under tightly
regulated conditions of temperature (224+5°C), humidity (30-
70%), and a 12-hour light-dark cycle. The animals were
distributed at random into 8 groups (n = 6) as shown in
Table 1 below, and they were kept in polypropylene cages
with autoclaved rice husk for bedding and a stainless top
grill with feeding bottles attached. Study groups received a
prescribed diet, as well as unlimited access to filtered and
UV-purified water.

Table 1. Animal groups

Group Description Dose

1 Control group

2 Disease Control (IDA) group

Disease Control (IDA) group received
vehicle

Control animal group received Sucrosomial
iron

Disease Control (IDA) group treated
with Ferrous sulfate

Disease Control (IDA) group treated
with Ferrous ascorbate

Disease Control (IDA) group treated
with Ferrous fumarate

Disease Control (IDA) group treated
with Sucrosomial iron

Carboxymethylcellulose

3 0.5% p.o.

30 mg/kg/day p.o.

Anemia induction

The Institutional Animal Ethics Committee approved the
study (ARL/PT/390/2021) and it complied with CPCSEA
criteria. The hematological status and ferritin levels were
assessed on Day 0 in all animal groups. The normal control
group (group 1) and group 4 (positive control) received
a normal rat diet and water ad libitum. In this animal model
of inducing iron deficiency anemia, the rats in the other
group underwent daily (1 ml) retro-orbital sinus punctures
and were fed a milk diet (600 ml/cage/day/6 rats) instead of
a normal diet for 21 days. To corroborate IDA, an assess-
ment of hemoglobin levels was made on day 21 [15]. On
day 21, when IDA was confirmed, they were divided into
different treatment groups (n = 6 rats/group). Group 1 rats
(control group) received a normal diet throughout the study
period. Group 2 served as the disease control group (IDA);
Group 3 served as the vehicle control (carboxymethyl cel-
lulose [CMC] 0.5%); Group 4 served as the positive normal
control group receiving Sucrosomial iron; groups 5, 6, and
7 received conventional standard iron supplements such
as ferrous sulfate, ferrous ascorbate and ferrous fumarate
at a dose 30 mg/kg bodyweight p.o., respectively. Group
8 received the test iron supplement Sucrosomial iron at
a dose of 30 mg/kg body weight p.o. The dose of 30 mg/kg
body weight for all oral iron supplements was selected
based on the previously validated pre-clinical models of
iron deficiency anemia.[18-20] The vehicle/iron supplements
continued for 21 days of the treatment period. The bleeding
from the retro-orbital sinus was stopped during the treatment
period, however, only milk was provided as the sole food.
This animal model closely resembles the features of iron
deficiency anemia in humans. The rats were classified as
anemic when their hemoglobin levels fell below 12 g/dL.
On day 0, day 21, and day 42, blood samples were taken
from a retro-orbital plexus puncture and placed in an ethyl-
enediaminetetraacetic acid tube.
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Hematological tests

To compare the anti-anemic effects of various oral iron
salts, hematological parameters including hemoglobin,
hematocrit, red blood cells (RBCs), mean corpuscle volume
(MCV), mean cell hematocrit (MCH) and mean corpuscle
hemoglobin concentration (MCHC) were measured after
treatment on specific days using an automatic blood analyzer
(Horiba ABX, MICROS 60) [21,22]. By way of a semi-
auto AU480 analyzer from Beckman Coulter, immunoassay
experiments were performed to measure the levels of serum
iron (SI) concentration, total iron binding capacity (TIBC),
serum ferritin (SF) and transferrin saturation (TS%). Trans-
ferrin saturation (TS) % was calculated from the ratio of the
SI concentration to the TIBC as follows [23]:

SerumlIron(ug/dL)
TIBC(ugdL)

Transferrin saturation (%) = x 100%

Statistical analysis

All the hematological data and iron store indices data
were expressed as the man values + Standard Error of Mean
(n = 6). Data analysis employed univariate data by applying
the Shapiro-Wilk test to see the distribution of the data. The
obtained data was evaluated through one-way analysis of
variance (ANOVA), followed by Tukey’s multiple compari-
son test, to examine the differences in the groups. Results
were regarded as statistically significant when p <0.05.
GraphPad Prism V.9.3.1 software was employed to perform
the statistical analysis.

RESULTS

control (IDA) group (group 2), IDA+ Vehicle (CMC 0.5%)
receiving group (group 3), groups receiving conventional
oral iron supplements such as ferrous sulfate (group 5),
ferrous ascorbate (group 6), ferrous fumarate (group 7) and
the Sucrosomial iron group (group 8) (p <0.0001 for each
group, compared to the control group — as shown in Table 3).
The RBCs count was found to be significantly reduced
on day 21 in the disease control (IDA) group (group 2),
groups receiving conventional oral iron supplements such as
ferrous sulfate (group 5), ferrous ascorbate (group 6), ferrous
fumarate (group 7) and the Sucrosomial iron group (group 8)
(p <0.0001 for each group, compared to the control group,
Table 3). The Mean corpuscular volume (MCV) was found
to be significantly reduced in the disease control (IDA)
group (group 2) (p <0.0001) on day 21, while other groups
showed no significant differences. The other hematological
parameters (MCH and MCHC) showed no significant dif-
ferences in any group on day 21 compared to the control
group (p >0.05 for each group, Table 3).

Effect of different iron supplements on hematological
parameters

Conventional oral iron supplements such as ferrous
sulfate, ferrous ascorbate, ferrous fumarate and novel iron
formulation Sucrosomial iron were administered at 30 mg/kg
body weight/day dose orally for 21 days to assess their
comparative anti-anemic potential. After a treatment period
of 21 days, hemoglobin levels were significantly increased in
the ferrous sulfate group (13.14+0.14; p = 0.0015), ferrous
ascorbate group (13.00+0.26; p <0.011), ferrous fumarate

Table 2. Hematological parameters on baseline (day 0) of the study

Anemia induction in animal Grou Hemoglobin | Hematocrit | RBCs MCV MCH MCHC
groups > (g/dh) (%) (count) (D (p9) (g/dD)
Group 1: 15.5540.33 | 49.3240.41 | 6:83%10° 173 974077 | 15.55£0.33 | 28.6420.16
. Pt 5.55£0.33 | 49.32+0.4 vk | 73:97£0.77 | 15.55%0. 640,
The hematological param- Groun 3 BT
: . ) .54+£0. .29+0. : .63+£0. .54%0. .26%0.
eters of the rats at the baseline |Disease Control (IDA) 15.54£0.35|49.294035 | 4048 | 73:63+0.77] 15544035 | 28.26+0.22
1 . - Group 3: 6.48x10°
(day 0) exhibited no signifi- |[pa + venicle (cMC 0.50) | 15-53%0-25 | 49.2420.42 | P [07," | 74.35£1.05 | 15.53£0.25 | 28.490.16
cant group differences (p>0.05) |Group 4: 6.30x10°
hg p e ([Ii .) o . ucrosomial iron | 15:59%0.14 [ 49.37£0.42 | © 7Y | 73.08+1.13 | 15.50£0.14 | 28.40+0.34
. 6
as Shown In 1able 2. Anemia érows: =~ 15.4320.15 | 49.36£0.12 | ®79%10% | 73514100 | 15.4320.15 | 28.5120.27
induction with bloodletting and G55 : 5.39%10°
) . : 15.41£0.09 | 49.38+0.24 | © 73.36+0.91 | 15.41%0.09 | 28.33+0.25
milk as the sole diet for 21 days éDA + ;e"ous ascorbate - jg-Sfos
. . . . roup /: .48x%
led to a significant reduction in  [1DA + Ferrous fumarate | 1>-5°*0-18 | 49-44%0.30 | ", (57 | 73.38+0.66 | 15.55+0.18 | 28.35£0.29
: : Group 8: 6.45x108
hemoglobin levels (<11 g/dl)in |72 & @ ion | 15:50£0.23 | 49.3420.11 | (0% | 73.52£0.47 | 15.50£0.23 | 28.31£0.29

the disease control (IDA) group
(group 2), IDA+ Vehicle (CMC
0.5%) receiving group (group 3),

IDA: Iron-deficiency anemia, CMC: carboxymethyl cellulose
The data are expressed as mean+SEM and analyzed by ANOVA and Tukey’s multiple comparison test.

Table 3. Hematological parameters on day 21 of the study

groups receiving conventional Hemoglobin | Hematocrit | RBCs MCV MCH MCHC
Group
. (g/dh) (%) (count) (f) (p9) (g/dh)
oral iron supplements such as  [gow 1 5.37x10°
Pl 15.53£0.14 | 49.58+0.28 | > 7°00% | 73.38£1.09 | 18.37+0.14 | 28.94£0.23
ferrous sulfate (group 5), ferrous G‘:Qurpoz_ T
ascorbate (group 6), and ferrous | Disease Control (IDA) 10.850.27+(29.75+0.30%| “; 507 |67.840.84%| 17.48£0.18 | 27.74£0.27
: 4. 106
fumarate (group 7) and also the [P vépicie (cmc 0.50) |10-9120-14%[29.6120.18%| #20°10" | 69.16+0.54 | 17.6520.24 | 28.0520.20
Sucrosomial iron group (group 8) gg‘;‘;rpof; Sucrosomial iron | 15-66%0.15 | 49.680.22 6';‘8’;31205 71.33£0.58 | 17.63£0.31 | 28.43%0.12
<0.0001 for each group — a - x10°
(<0 0(_)0 Or cach group — as D ous sulfate 10.80£0.22%(29.80£0.40%| 4 2>%20" | 68.07+0.66 | 17.56£0.15 | 27.910.22
shown in Table 3). This indi- Group 6: T Six 108
. . N * * .
cated the successful induction éDA D R rous ascorbate | 10-87%0.18%(29.92:0.21 ils'lsza 68.30£0.71 | 17.50£0.22 | 27.97£0.19
.. . roup 7: 4.48x1
of anemia in all disease-control |1oa v rerrous fumarate | 10-94%0.11%(29.82£0.30%| P11 | 68.53£0.55 | 17.47£0.35 | 27.9420.15
animal groups. The iron store |Sroup 8 = 110.85+0.14%|20.7720.18%| “37*10° | 68.1920.56 | 17.43+0.14 | 27.9540.07

biomarker serum ferritin levels
were found to be significantly
reduced on day 21 in the disease
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IDA: Iron-deficiency anemia, CMC: carboxymethyl cellulose

The data are expressed as mean+SEM and analyzed by ANOVA and Tukey’s multiple comparison test
Non-significance at P value >0.05; Statistical significance at P value <0.05
*p<0.0001 as compared to the control group (group 1) on day 21
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Table 4. Hematological parameters on day 42 of the study

conventional oral iron supple-

Hemoglobin | Hematocrit RBCs MCV MCH MCHC .

G

roup (a/dl) (%) (count) o (0a) (a/dl) ments: ferrous sulfate, ferrous
. 6

Sroup 1+ 15.28+0.08 | 49.88+0.26 | °23%1%" | 72.95+0.85 | 18.390.28 | 28.78+0.09 ascorbate and ferrous fumarate
: X10° >(0.05 for each group, respec-

Group 2: 12.2240.17 | 30.80+0.34 | #20%10° | g 454050 | 17.33+0.07 | 27.96+0.23 (p group, resp

Disease Control (IDA) £0.92 tively) — as shown in Figure 1

Group 3: 4.54x108 :

o vihice (CMC 0.5%) | 12:34£0-09 | 31.3720.38 | “20%1%" | 69.24+0.46 | 17.3840.17 | 28.09+0.23 The maximum quantity of

Group 4: 6.43%x10° . .

S ¥ ucrosomial iron | 15:62%0.12 | 50.6020.21 | ®#0%10° | 72.6820.84 | 17.81£0.27 | 28.55£0.10 |  jron necessary to bind to all the

Group 5: . 5.09x10° i 3

D B rous sulfate 13.1420.14° | 38.35£0.36 | ~00 gt |70.0740.50 | 17.8620.18 | 28.38+0.10 | transferrin ‘1n serum is rc?ferlred
. 6

Group 6: 13.00£0.26'| 38.66£0.27 | >10%10° |5 461034 | 18.08+0.52 | 28.32¢0.00| (O as the ‘total iron binding

IDA + Ferrous ascorbate +0.67 o

Grolp 7: 5. 08x10° capacity’ (TIBC). When the

D ous fumarate | 13-14%0.00°| 38.5120.29 | 3 08%10° 1175 840,63 | 17.840.25 | 28.3720.09 ’ T

Group g marEe S8 2032 S A 10F serum 1ron concentration 1s

IDA + Sucrosomial iron | #0.158% | +0.39"%ss | +g.50 | /2-89%0.52|18.17£0.20 | 28.63£0.10 | |5y the TIBC rises, and when

IDA: Iron-deficiency anemia, CMC: carboxymethyl cellulose

The data are expressed as mean+SEM and analyzed by ANOVA and Tukey’s multiple comparison test

Non-significance at P value >0.05; Statistical significance at P value <0.05

the serum iron concentration is
high, the TIBC falls [21]. Total

*p=0.0015, as compared to disease control group; tp=0.011, as compared to disease control group; ¥p=0.0017, 10N binding capacity was found

as compared to disease control group; §p<0.0001, as compared to disease control group; ||p=0.0326, as
compared to IDA + ferrous sulfate group, §p=0.005, as compared to IDA + ferrous ascorbate group; **p=0.03,
as compared to IDA + ferrous fumarate group; t+p=0.005, as compared to IDA + ferrous fumarate group;
++p=0.0132, as compared to IDA + ferrous ascorbate group; §§p=0.0018, as compared to IDA + ferrous sulfate

group

group (13.14+0.09; p = 0.0017) and novel iron formula-
tion Sucrosomial iron group (13.84+0.15; p <0.0001),
as compared to the disease control group (group 2) on day
42 of the study Table 4). Interestingly, the Sucrosomial iron
receiving group showed significantly higher improvement in
hemoglobin levels than conventional oral iron supplements
such as ferrous sulfate group p = 0.0326), ferrous ascorbate
group p = 0.005, and ferrous fumarate group p =0.03) on
day 42 of the study. Hematocrit levels were significantly
increased with all iron supplement groups as compared to
the disease control group (group 2) on day 42 of the study
p <0.0001) with no significant inter-group difference. RBCs
count was found to be significantly increased with all iron
supplement groups, as compared to the disease control
group (group 2) on day 42 of the study p <0.0001 for ferrous
sulfate, ferrous ascorbat, and Sucrosomial iron group,
respectively, and p = 0.0001 for the ferrous fumarate group).
There was no significant inter-group difference in RBCs
count on day 42 of the study p >0.05). RBC morphology
showed irregular cell walled and hypochromic cells in all
disease control (IDA) groups as compared to normal control
(group 1) on day 21 of the study— and it was only corrected
in the Sucrosomial iron receiving group on day 42 of the
study. All iron-supplemented groups showed a positive trend
in improving hematological parameters such as MCV, MC,
and MCHC on day 42 without any significant difference
p >0.05). Interestingly, the Sucrosomial iron-supplemented
group (group 8) showed slightly better improvement than
other oral iron supplements (non-significant difference;
p >0.05).

Effect of different iron supplements on serum iron
levels

The total quantity of iron in serum is represented by
the serum iron concentration [21]. Serum iron levels were
found to be significantly reduced in all disease control (IDA)
groups on day 21 of the study (p <0.0001). After a treatment
period of 21 days, only the Sucrosomial iron-supplemented
group showed significantly higher improvement in serum
iron levels (p <0.05) on day 42 of the study. There was no
significant improvement observed in serum iron levels with
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to be significantly increased
in all disease control (IDA)
groups on day 21 of the study
(p <0.0001). Higher total iron
binding capacity indicates low

Serum Iron (pg/dL)

mDay0 mDay21 mDay42

IDA: Iron-deficiency anemia, CMC: carboxymethyl cellulose

The data are expressed as mean=SEM and analyzed by ANOVA and Tukey’s
multiple comparison test

Non-significance at P value >0.05; Statistical significance at P value <0.05
*p<0.0001, as compared to the control group on day 21, 'p<0.05, as
compared to the Disease Control (IDA) group on day 42

Effect of different iron supplements on Total iron binding capacity (TIBC)

Figure 1. Serumiron levels on Baseline (Day 0), Day 21,and Day 42
in different iron-supplemented groups

TIBC (pg/dL)

mDay0 mDay2l mDay42

IDA: Iron-deficiency anemia, CMC: carboxymethyl cellulose

The data are expressed as mean+SEM and analyzed by ANOVA and Tukey's
multiple comparison test

Non-significance at P value >0.05; Statistical significance at P value <0.05
*p<0.000, as compared to the control group on day 21, tp = 0.0017, #p =
0.006 and §p<0.0001, as compared to the Disease Control (IDA) group on
day 42

Figure 2. TIBC levels on Baseline (Day 0), Day 21, and Day 42 in
different iron-supplemented groups
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serum iron concentration and demonstrates iron deficiency
anemia. After a treatment period of 21 days, all iron supple-
ment groups: ferrous sulfate (p = 0.0017), ferrous ascorbate
(p =0.000), ferrous fumarate (p = 0.006) and Sucrosomial
(p <0.0001) showed a significant reduction in TIBC on day
42 of the study — as shown in Figure 2. There was no signifi-
cant difference observed in the different groups (p >0.05).

Effect of different iron supplements on Serum ferritin
levels

Serum ferritin levels were found to be significantly
reduced in all disease control (IDA) groups on day 21 of
the study (p = 0.0003). Lower serum ferritin levels indicate
diminished iron reserve and reveal iron deficiency anemia.
After a treatment period of 21 days, all iron supplement
groups: ferrous sulfate (p = 0.0038), ferrous ascorbate
(p =0.0012), ferrous fumarate (p = 0.008) and Sucrosomial
(p = 0.0018) showed a significant improvement in serum
ferritin levels on day 42 of the study — as shown in Figure
3. There was no significant difference observed in the dif-
ferent groups (p >0.05). however, the Sucrosomial iron
receiving group showed marginally higher improvement
in serum ferritin levels, when compared to conventional oral
iron supplements (non-significant difference). This result
indicates the higher hematinic potential of Sucrosomial iron
for the management of iron deficiency anemia as achieved
by normalizing the serum ferritin levels.

120

100

Serum Ferritin (ng/ml)
@
o

mDay0 mDay21 M Day42

IDA: Iron-deficiency anemia, CMC: carboxymethyl cellulose

The data are expressed as mean+SEM and analyzed by ANOVA and Tukey's
multiple comparison test

Non-significance at P value >0.05; Statistical significance at P value <0.05
*p=0.0003, as compared to the control group on day 21, tp=0.0038,
+p=0.0012, §p=0.008 and ||p=0.0018, as compared to the Disease Control
(IDA) group on day 42

Figure 3. Serum ferritin levels on Baseline (Day 0), Day 21, and
Day 42 in different iron-supplemented groups

Effect of different iron supplements on serum
transferrin saturation (%)

Serum transferrin saturation (%) refers to the amount
of iron present in the body in bound form [21]. Serum trans-
ferrin saturation was found to be significantly reduced in
all disease control (IDA) groups on day 21 of the study
(p <0.0001). Lower serum transferrin saturation (%) indi-
cates iron deficiency anemia. After a treatment period
of 21 days, all iron supplement groups: ferrous sulfate
(p =0.0357), ferrous ascorbate (p = 0.0157), ferrous
fumarate (p = 0.016) and Sucrosomial (p = 0.0007) showed
a significant improvement in serum ferritin levels on day 42

30

of the study — as shown in Figure 4. There was no significant
difference observed in the different groups (p>0.05).
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0
Control Disease IDA + Control + IDA + IDA + IDA + IDA +
Control Vehicle Sucrosomial Ferrous Ferrous Ferrous  Sucrosomial
(IDA)  (CMC0.5%) iron sulfate  ascorbate fumarate iron

mDay0 mDay21 MDay42

IDA: Iron-deficiency anemia, CMC: carboxymethyl cellulose

The data are expressed as mean+SEM and analyzed by ANOVA and Tukey’s
multiple comparison test

Non-significance at P value >0.05; Statistical significance at P value <0.05
* p<0.0001, as compared to the control group on day 21, tp = 0.0357,

*+p = 0.0157, §p = 0.016 and #p = 0.0007, as compared to the Disease
Control (IDA) group on day 42

Figure 4. Serum Transferrin saturation (%) on Baseline (Day 0),
Day 21, and Day 42 in different iron-supplemented groups

DISCUSSION

Iron deficiency is the most prevalent dietary deficiency in
the world. It is associated with reduced size and number of
red blood cells. Iron depletion, which causes no physiologi-
cal defects, and iron deficiency anemia, which compromises
the operation of several organ systems, are two different
types of iron deficiency. If the hemoglobin concentration
or hematocrit value increases after receiving therapeutic
iron supplementation, iron deficiency anemia can be identi-
fied [24]. The results of the present study showed that all
iron supplements (ferrous sulfate, ferrous ascorbate, ferrous
fumarate and Sucrosomial iron) demonstrated significantly
improved hemoglobin levels and enhanced hematocrit
profile. Interestingly, the Sucrosomial iron receiving group
showed significantly higher improvement in hemoglobin
levels and hematocrit profile — indicating its stronger hema-
tinic potential for the management of iron deficiency anemia
when compared with conventional oral iron supplements.

According to the literature, continuous iron delivery in
anemic rats induces intestinal iron build-up. In rats sup-
plemented with conventional iron salts low ceruloplasmin
activity and high mucosal ferritin levels impeded intesti-
nal iron mobilization, increasing peroxidative stress [25].
Ceruloplasmin, Divalent metal transporter 1, hepcidin
and hephaestin are proteins that are crucial for both iron
absorption from the gut and iron efflux from enterocytes
[10,22]. Hence, the absorption and utilization of iron from
conventional iron supplements are impacted by such factors.
The Sucrosomial iron gets absorbed through the transcellular
route, paracellular route and M-cells in the small intestine
thereby bypassing the divalent metal transporter 1 pathway
and hepcidin-dependent pathway. Thus, Sucrosomial iron
exerts a superior hematinic effect than conventional oral
iron supplements. The uptake of radiolabelled Sucroso-
mial iron through the M-cells of the Peyer’s patches in
the intestine was observed in several ex-vivo studies using
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immunofluorescence analysis and microscopic examination
of excised rat intestinal tissues. This uptake was followed
by uptake in CD68+ macrophages, which also serve as
a temporary storage site for Sucrosomial iron [26].

In another in vitro investigation, Sucrosomial iron was
found to be more readily absorbed than conventional oral
iron salts such as ferrous sulfate, ferrous bis-glycinate,
ferrous ascorbate and ferrous edetate in the presence of M
cells (RajiB cells). Sucrosomial iron is absorbed through
the intestinal epithelium via a DMT-1 independent process
that is unaffected by the divalent iron chelator bathophen-
anthroline disulfonic acid, according to ex-vivo perme-
ation tests using an excised rat intestine model [10]. This
finding supports the recognized mechanism for Sucrosomial
iron absorption through M-cells and avoiding the DMT-
1-dependent route, hence absorption and utilization are not
hampered by higher hepcidin levels. The bioavailability
of iron (Fe™) with Sucrosomial iron was found to be much
higher than that with ferric pyrophosphate after 5 hours
of administration. Moreover, Sucrosomial iron supplemen-
tation compared to treatment with ferric pyrophosphate,
as investigated through several organs from a sacrificed
rat (including the liver, spleen and bone marrow), revealed
substantially increased Fe™ concentration. Furthermore, the
Pharmacokinetic profiles demonstrated a significantly higher
area under the curve (AUC) and maximal plasma concentra-
tion of iron (C_ ) for Sucrosomial iron than those for ferric
pyrophosphate.

These data suggest that Sucrosomial iron has higher bio-
availability, and the excess iron amount required, apart from
the hematopoiesis and metabolic processes, is mainly stored
in the hepatocytes [26-28]. Sucrosomial iron also showed
higher accumulation of serum ferritin levels within entero-
cytes compared to ferrous sulfate and ferric pyrophosphate
(3-fold higher) and phospholipid containing ferric pyro-
phosphate or micronized, dispersible ferric pyrophosphate
(3.5-fold higher) in an experimental model using CACO-2
cell culture.

Previous experimental animal studies in mice and piglets
reported equal therapeutic efficacy of Sucrosomial iron and
conventional oral iron supplements for correction of iron
deficiency anemia [10]. However, the present pre-clinical
study results showed the superiority of Sucrosomial iron
over conventional oral iron supplements in improving
hemoglobin levels and iron store indices in Wistar rats.
A recent pre-clinical study conducted by us showed that
Sucrosomial iron significantly improved hematinic param-
eters when compared to other oral iron salts in Wistar rats
with haloperidol-induced anemia. However, the iron store
indices were not studied in our previous study [18]. In accor-
dance with the previous study, the present study revealed
significant improvement in the hematological profile,
along with improvement in iron store indices (serum iron,
total iron binding capacity, serum transferrin saturation
[%] and serum ferritin) with the use of Sucrosomial iron,
as compared to conventional oral iron formulations such
as ferrous sulfate, ferrous ascorbate and ferrous fumarate.

The use of conventional oral iron salts is associated
with gastrointestinal side effects which further reduce its
clinical adherence thereby reducing clinical outcome, while
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Sucrosomial iron is considered relatively safe. Therefore,
the results of the current investigation suggest that a novel
Sucrosomial iron supplement can turn out to be a potent
option for the treatment of iron deficiency anemia in anemic
individuals, either prophylactically or therapeutically,
as it restores normal hemoglobin levels as well as iron store
indices such as serum ferritin levels. Thus the product can
be a good therapeutic option not only for the manage-
ment of iron deficiency anemia, but also in the manage-
ment of anemia of chronic inflammatory diseases in which
conventional iron supplements are not very useful due to
their reduced bioavailability and utilization profile because
of higher hepcidin levels.

CONCLUSION

Based on the findings of the study, it can be concluded
that, in comparison to other conventional oral iron for-
mulations, the novel oral iron formulation Sucrosomial
iron displayed a potent anti-anemic effect by improving
hematological parameters and iron store indices such as
serum iron levels, serum ferritin levels, TIBC and TSAT%
in a validated experimental model of iron-deficiency anemia
in Wistar rats. The greater bioavailability of Sucrosomial
iron may be the cause of this benefit, although additional
research is required to confirm this finding. Sucrosomial
iron’s therapeutic potential needs to be further validated
in different pre-clinical models and clinical studies.
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