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ABSTRACT

Research subject: Microencapsulation technology is an effective approach to address the challenges of treating iron deficiency using oral supplements,
as it not only prevents the adverse effects associated with the presence of iron in the gastrointestinal tract but also significantly improves the
bioavailability of iron salts. The main aim of this study is to prepare the sucrosomial iron formulation by the heating method and then optimize the final
formulation in terms of its composition (its components and their percentage, especially the percent loading of Iron in the sucrosomial iron formulation)
and in terms of performance (increasing stability and absorption in the gastrointestinal tract).

Research approach: In order to achieve the highest percentage of iron loading, the concentrations of lecithin, sucrose monostearate and iron
pyrophosphate were optimized, taking into account the rate of increase in stability and permeation of the intestinal mucosa under ex vivo conditions.
The final sucrose formulation, consisting of soy lecithin, iron pyrophosphate, sucrose monostearate and pre-gelatinized starch, was prepared with initial
concentrations of 0.5, 0.1, 1 and 2 (%w/v), respectively, and its characteristics were determined.

Main results: Iron loading efficiency was calculated 10.87% + 0.34. Liposomal iron and sucrosomial iron had an average size of 1.3 pm and 1.9 pm,
respectively, with a potential of -43 mV and -10 mV. TEM results confirmed the formation of two phospholipid layers in liposomal iron. In the acidic
environment of the stomach under in vitro conditions, more than 80% of the pyrophosphate iron remained encapsulated in the prepared sucrosomial
formulation. Also, the percent of iron permeation from the intestinal mucosa in ex vivo conditions was calculated to be 46.1+ 2.21% in 4 hours. The
results showed that the final formulation exhibited significant results in terms of iron loading, increasing the stability and diffusion of iron pyrophosphate
from the intestinal mucosa.
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Figure 1 Schematic of iron microencapsulation steps in sucrosomial coating
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Table 1 Formulations prepared in this research
Formulations F1 F2 F3 F4 | F5 | F6 | F7 | F8 F9 | F10
0,
(A.W/Y) 0.10 | 0.10 | 0.10 | 0.10 | 0.25 | 0.50 | 0.75 | 1.00 | 0.50 | 0.50
Lecithin
(Yow/v)
Pyrophosphate | 0.03 | 0.05 | 0.10 | 0.12 | 0.10 | 0.10 | 0.10 | 0.10 | 0.10 | 0.10
Iron
o,
Sucrose (%oWN) | 55 | 100 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 2.00 | -
monostearate
Pre-gelatinized
starch (W/y%) 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00
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Figure 2 Micronized pyrophosphate iron particle size using (a)
ultrasonic and (b) high speed homogenizer
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Table 2 Optimization of iron pyrophosphate

Formulations | Drug (%w/v) Loading capacity* (%LC) Encapsulation Efficiency* (%EE)
F1 0.03 0.0243.70 0.11£31.91
F2 0.05 0.14£6.66 0.30£34.60
F3 0.10 0.03£10.58 0.51£38.99
F4 0.12 0.05£12.33 0.32£35.07
*Values are reported as "average data  standard error', number of repetitions =3
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Table 3 Optimization of lecithin

Formulations | Lecithin (%w/v) | Loading capacity* (%LC) Encapsulation Efficiency* (%EE)
F3 0.10 10.58+0.03 38.99+0.51
F5 0.25 11.01£0.03 40.77+0.16
F6 0.50 11.44+0.13 41.77+0.40
F7 0.75 11.09+0.20 41.23+0.56
F8 1.00 10.87+0.01 41.07+0.15
*Values are reported as "average data + standard error", number of repetitions = 3
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Table 4 Effect of sucrose monostearate on loading capacity and encapsulation efficiency

Formulations Sucrose Monostearate Loading capacity* Encapsulation Efficiency*
(Y%ow/v) (%LC) (%EE)
F6 1.00 11.440.13 41.77£0.40
F9 2.00 10.87%0.34 41.88%0.62
F10 Zero (no cover) 12.11£0.02 38.51+0.74
*Values are reported as "average data * standard error", number of repetitions =3
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Figure 5 The amount of microencapsulated iron (residue) in
formulations F6, F9 and F10 in acidic gastric medium with pH 1.2
(n=3)
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Figure 7 Images of sucrosomial iron powder formulation prepared

by a) Optical camera and b) SEM (Magnification 10000x) and ¢)
SEM (Magnification 2500x)
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