
Introduction

Iron deficiency anemia is the most common micronutrient 

deficiency in the world today, affecting more than 2 billion 

people globally (Scott et al., 2014). Iron deficiency anemia is 

most prevalent and severe in young children (6-24months) and 

women of reproductive age (Pisoni et al., 2015). Also, the iron 

deficiency is often found in older children, adolescents and in 

adult men. It impacts the lives of millions of women and 

children contributing to poor cognitive development, increased 

maternal mortality and decreased work capacity (Yuan et al., 

2013). The development of iron deficiency is the consequence 

of an interaction of 3 distinct risk factors: increased host 

requirements, increased blood loss and limited supply or 

impaired absorption of iron by the conventional preparations. 

In addition to poor nutrition, parasitic and bacterial infections 

can contribute to depletion of iron (Carretero et al., 2008). 

The methods that are commonly used to control the 

micronutrient malnutrition today are use of traditional 

methods of Iron supplements as capsules, tablets, chewable 

tablets, and liquids. But the iron when given in conventional 

form needs an active transport process in the blood stream to 

move across any cellular membrane. Much of the iron that is 

not actively transported into the cells will be filtered out by 

the kidneys and passed in the urine. Also, iron supplements in 

conventional form produce stomach cramps, nausea, and 

diarrhea in some people(Carretero et al., 2008). 

Poor absorption and low bioavailability of iron can be 

rectified with liposome encapsulation (Gautam et al., 2008; 

Miller LJet al., 2013). Liposome encapsulation overcomes 

the absorption barriers and cellular uptake restrictions, 

because liposome does not rely on any carrier transport 

system. Instead, due to their size and composition, they are 
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able to passively absorb through the intestinal wall and through 

cellular membranes. As a result, liposome-encapsulated 

nutrients achieve maximum bioavailability in the cells, where 

they are needed most(Popovska et al., 2013). 

This research demonstrates that iron encapsulated liposome as a 

new form of iron supplement with high efficiency of absorption 

and low side effects compared with the traditional iron 

supplements. The present investigation uses ferrous ascorbate as 

source of iron and encapsulated in liposomes. The liposomes 

were freeze dried to enhance their stability. The dry liposome 

was developed such that the formulation should be able to 

produce progressive release of iron for prolonged period of time 

for better absorption.

Materials and methods

Phosphatidylcholine, cholesterol, poloxamer -407, polaxamer-

188, glyceryl monooleate were purchased from Yarrow Chem 

Products, India. Ferrous ascorbate and ferrous sulphate were 

purchased from Sigma Aldrich ltd. All other solvents and 

reagents used in the research were of analytical grade.

Standard curve of ferrous ascorbate by UV-Visible 

spectroscopy 

Weighed amount of 100 mg of ferrous ascorbate was dissolved 

in 100 ml of 0.1N HCl. The solution is further diluted with0.1N 

HCl to get 10, 20, 30, 40, 50, 60, 70, 80 and 90µg/ml of ferrous 

ascorbate aliquots. The drug solution was scanned between 200 

to 600 nm using UV-Visible spectrophotometer (UV-

Spectrophotometer, Agilent) to determine the of ferrous λmax 

ascorbate as 242 nm (Figure 1a). Calibration curve was plotted 

as concentration  absorbance using the above results versus

(Figure 1b). The slope of the calibration curve was 0.024 with 

the regression coefficient (R  = 0.997) which indicated good 2

linearity. Thus, the calibration curve obeys Beer's law at the 

given concentration range of 10-90 µg/ml at 243 nm. The slope 

of the calibration curve was used for the quantitative 

determination of ferrous ascorbate in the formulated liposome. 

Standard curve of ferrous sulphate by atomic 

absorption spectroscopy 

Atomic absorption spectroscopy was used to quantify the 

total iron content in the liposome (Tinsley et al., 2022). An 

accurate amount of 50 mg of ferrous sulphate was dissolved 

in 100 ml of HPLC water. The metal ion solution is 

sufficiently diluted to get a concentration range of 1-

5µg/ml. The solutions were scanned using atomic 

absorption spectroscopy ASS), Thermo electron  (

corporation, GF95Z, German furnace, at 243 nm to 

construct the standard curve as concentration  versus

absorbance (Figure 2). The slope of the curve was Y = 

0.024x-0.0006 and r  = 0.9971 and is used to quantify the 2

total iron content in liposome.

Drug- excipients compatibility study by FTIR

Compatibility of the ferrous ascorbate with the formulation 

ingredients was checked by FTIR studies. The pure drug 

and the physical mixture of drug and excipients at the ratio 

of 1:1 was scanned on the FTIR spectroscopy at the wave 

number of 400-4000 cm . The spectra of the pure drug and -1

the spectra of drug-excipient mixture are compared with the 

standard FTIR range of the ferrous ascorbate (Burguera et 

al., 1984). 

Preparation of ferrous ascorbate liposomes

A batch size of 200ml of ferrous ascorbate encapsulated 

liposome was prepared by thin film hydration method (Dua 

JS et al., 2012). A specified quantity (Table2) of 

phosphatidylcholine (lecithin), cholesterol and chloroform 

were taken in a 500 ml capacity round bottomed flask 

(RBF). The flask was continuously vortexed on water bath 

maintained at 60°C until the chloroform is completely 

evaporated resulting in thin film formation on the inner 

walls of flask. On the other side, the ferrous ascorbate 

solution in phosphate buffer (PBS) pH 5.8 was prepared. 

This drug solution was dispersed in to thin film of lipids in 
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Figure 1. (a)  of ferrous ascorbate, and (b) Standard curve of ferrous ascorbate by UV spectroscopyλmax

(a) (b)
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the flask by sonicationon a bath sonicator at 60°C. The flask is 

agitated till the film is completely transformed to uniform 

vesicles. Finally, the prepared liposomes were lyophilized 

(Labconco, Mo, USA) at -80°C overnight and stored for future 

studies (Michelland et al., 1984).

Entrapment efficiency

Ferrous ascorbate entrapped liposome was subjected to 

centrifuged at 9000 rpm for 60 min at 4°C to isolate the free drug 

(unentrapped drug) from the liposomes. The supernatant was 

collected and the concentration of free drug is measured by UV-

Visible spectrophotometer at 242 nm. The sediment was 

collected separately and dispersed in to the methanol in a glass 

vial. The methanolic mixture is shaken for 5 min and centrifuged 

at 13000 rpm. The supernatant was collected and subjected for 

measurement of entrapped drug at 242 nm (Yang et al., 2014).

In addition, the total amount of ferrous ascorbate in liposomes was 

measured by dissolving the liposome in equal volume of methanol. 

The mixture is centrifuged at 13000 rpm and the supernatant was 

separated. The drug content (total amount) in the supernatant was 

measured using UV-Visible spectrophotometer at 242 nm.

The amount of drug entrapped is obtained using the formula:

Amount of entrapped drug = 

 Total amount of drug – Unentrapped drug

Entrapment efficiency (EE) was calculated using formula:

% EE = (Amount of drug entrapped/ Amount of drug 

added)*100

In vitro release study

In vitro drug release study was carried out using 

conventional dialysis technique (Savolainen et al., 1997). 

Theferrous ascorbate loaded liposomes was placed in a 

dialysis bag. The dialysis bag was immersed in a beaker 

containing 250 ml of phosphate buffer (pH 6.8) containing 

receptor fluid. The whole solution was stirred at 50rpm on 

thermostat controlled magnetic stirrer. Sink condition was 

established throughout the study period and the temperature 

was maintained to 37±0.5°C. The continuous phase was 

sampled periodically at definite time interval and the drug 

d i f f u s e d  w a s  a n a l y z e d  u s i n g  U V-  Vi s i b l e  

spectrophotometer at 242 nm.

Particle size characterization

Zeta potential (or electrophoretic mobility), dimensional 

specifications and polydispersity index of vesicles was 

determined using Malvern Zetasizer Nano-ZS90 by 

dynamic light scattering mechanism (Honary et al., 2013). 

About 1.5 ml of the sample in a special cuvette which 

consists of an electrode was used to measure the zeta 

potential and size distribution of the vesicles. 

Polydispersity index was calculated from the following 

equation,

PDI =Mw -Mn

'Mw' is the average molecular weight

'Mn' is the average number

'Mn' is more sensitive to molecules of low molecular mass, 

while ' ' is more sensitive to molecules of high molecular Mw

mass.

Surface morphology of liposomes

The SEM photographs were used for morphological 

characterization of liquid liposomes and dry liposomes 
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Figure 2. Standard plot of ferrous ascorbate by AAS method

Ingredients F1 F2 F3 F4 F5 F6 F7 F8 F9 

Ferrous ascorbate (mg) 25 25 25 50 50 50 75 75 75 

Lecithin (mg) 321.94 482.91 321.94 321.94 482.91 321.94 321.94 482.91 321.94 

Cholesterol (mg) 193.33 193.33 298.99 193.33 193.33 298.99 193.33 193.33 298.99 

Chloroform (ml) 40 40 40 40 40 40 40 40 40 

phosphate buffer 

(pH 5.8) (ml) 

20 20 20 20 20 20 20 20 20 

 

Table 1. Formulation chart of ferrous ascorbate liposomes
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(Panel et al., 2011). The liquid and freeze dried ferrous ascorbate 

liposome was scanned using scanning electron microscope 

(ZEISS model number: ULTRA 55 Field emission scanning 

electron USA, Indian Institute of Science, Bengaluru) at 

specified magnification (50.00 KX, 4.09 KX) at room 

temperature. 

Ferrous concentration in liposome

The atomic absorption spectroscopy method was used to 

determine the concentration of metal ion in the optimized 

liposome formulation (F8) (Greici et al., 2017). An accurate 

weight of 100 mg of dry liposomes (F8) was dissolved in 100 ml 

of methanol and filtered. About, 1 ml of the filtrate was taken and 

diluted to 10 ml with HPLC water and the sample was analyzed 

for ferrous concentration by AAS. The concentration of ferrous 

in F8 was determined to be 6.5 g/ml (6.5ppm).μ

Stability of liposome formulation

The stability studies were conducted for the optimized 

formulation (F8).A known weight of dry liposomes equivalent to 

75 mg ferrous ascorbate were filled in the capsule. The capsule 

was packed in aluminum foil and kept in stability chamber 

(Thermo lab, scientific, Mumbai) maintained at 40±2°C/ 75±5% 

RH for three months. Sample was analyzed at the interval of 30 

days to know any changes in the drug content and hence the 

stability of the formulation(Kumar et al., 2010). 

Statistical analysis

The results are average of three determination ± standard 

deviation. Regression coefficient (r ) was taken to consideration 2

for calibration curve. 

Results and Discussion

Preparation of liposome formulation

Preparation of liposome by thin film hydration method involves 

removal of organic solvent to get a thin film of lipid. The thin film 

produced was hydrated with aqueous drug solution. The 

thickness and uniformity of film depends upon the 

rotational speed of the flask. A speed of 100 rpm was found 

to be optimum and yield a uniform thin film which forms 

spherical vesicles upon hydration. Below and above the 

100rpm of rotational speed produced thick films that 

resulting in aggregates of vesicles upon hydration. The 

volume of hydration medium plays a vital role in producing 

stable liposome. The increase and decrease in the volume of 

hydration medium has direct influence on the drug 

encapsulation, drug leakage and aggregation of vesicles. 

Further, the duration of hydration of thin film is also 

important for the development of uniform sized liposomes.  

Therefore, the hydration time was limited to 20-45 min for 

the batch size of 200 ml. Any deviation from this optimal 

hydration time resulted in a decreased drug entrapment.

Drug- excipients compatibility study by FTIR

Drug polymer interactions play a vital role with respect to -

biological performance and formulation stability. FTIR 

spectroscopy was used to check the interaction between 

drug and the polymers of the formulation. FTIR spectra and 

the spectral data were shown in Figure 3 and Table 1. The 

frequency and intensity of peaks were within the standard 

range of ferrous ascorbate. This reveals that there was no 

chemical interaction between the drug and excipients and 

does not have any kind of physical or chemical 

modifications of the drug (Grit et al., 1993). Therefore, the 

method of preparation and formulation composition is 

reliable, accurate and satisfactory.

Characterization of liposomes

Drug content estimation

Drug content was in the range of 28.6±0.10 to 31.70±0.16 % 

for the formulation F7 to F9. Result is shown in Table 3. The 
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Figure 3. FTIR spectrum of: a) ferrous ascorbate, and b) mixture of ferrous ascorbate, lecithin and cholesterol

%T 

 (a)

 

(b)
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drug content was higher for the formulation F8 and lower for 

formulation F7. Therefore, the formulation F8 was considered as 

the best and is used as optimized for further studies.

Drug entrapment efficiency

Percentage entrapment efficiency (EE) is a critical parameter 

which must be optimized while developing a drug delivery 

system. The ability to entrap a sufficient amount of drug is one of 

the most desirable properties for liposome. Percentage 

entrapment efficiency of all liposome formulations (F1-F9) is in 

the range of 50.42 to 62.92%. The % EE was found to be higher 

for F8 and the result is shown in Table 3. The %EE is noticeably 

increases with increase in the amount of drug used, and decrease 

in the quantity of cholesterol used (Chien et al., 1992). The effect 

of phosphatidyl choline concentration and rotational speed on 

the entrapment efficiency of the drug was not significant. 

Amongst, the formulation F8 is shown the best results for 

practical yield, drug content and drug entrapment. 

Zeta potential and particle size characterization 

Particle size of an iron encapsulated liposome is an essential 

parameter that indicates both  and  biological invitro in vivo

efficacy. Generally, the smaller particles can readily pass 

through the intestinal wall from leaky vasculature and could 

reach the systemic (Anjali and Kaushil, 2016). The 

polydispersity index of the liposomes prepared under optimal 

synthesis conditions, were 0.36 to 0.43. These results suggest 

the propensity of the synthesized liposome to be absorbed to 

systemic circulation. Further, the zeta potential of the vesicle 

being in the range -32 to -0.34 mV, indicating their stability. 

Zeta potential and PDI results of the formulation F7, F8, and 

F9 are shown in Figure 5 and Table 4.

Surface morphology

The scanning electron microscopic pictures of the liquid and dry 
form of the F8 formulation, were captured and studied for 
topographical properties (Perrie et al., 2010). The SEM pictures 
showed that the vesicles were well identified and are in a nearly 
perfect spherical in shape. Liquid vesicles were having smooth 
surface, and after lyophilization, they were formed as 
agglomerates with rough surface which are shown in Figure 6. 
The agglomerates of liposomes upon reconstitution with 
suitable solvent again reformed the sphere like shape.

Scanning electron microscopy (SEM) pictures and zeta size 
analysis of the optimized ferrous ascorbate liposomes (F8) 
showed that the vesicles were in the range of 200- 300nm. The 
vesicles were nearly spherical in shape with smooth surface. 

In vitro release study

The investigation for the  release of the ferrous  in vitro

ascorbate of the formulation (F1-F9) was conducted for 8h. 

The %CDR at the end of 8h was found to be highest for F8, 

85.54±1.16% and lowest for F7 formulation, 79.25±1.92% 

(Figure 7). The release of drug from liposomes depends upon 

the composition ratio of phosphatidyl choline and cholesterol 

in the formulation (Perrie et al., 2010). Decrease in drug 
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Table 2. FTIR data for ferrous ascorbate and its mixture with formulation ingredients

Vibrations -C=C-stretch C-O-C stretch -OH stretch -CH 
stretch 

-NH 
stretch 

-C=O 
stretch 

Standard wave number range for Ferrous ascorbate 1600-1475  1300-1000  3500-3200  3000-2850  3500-3300  1725-1700  

Wave number range of Ferrous ascorbate used in the 
study 

1616.4  1114.89  3410.28  2852  -  -  

Ferrous ascorbate +lecithin + cholesterol (1:1:1) 1618.33  1057.03  3414.12  2852.81  -  -  

 

Formulation Amount of drug 

used (mg) ± SD* 

Total drug content 

(mg) ± SD* 

Amount of drug unentrapped 

(mg) ± SD* 

Amount of drug entrapped 

(mg) ± SD* 

Entrapment efficiency 

(% EE) 

F1 25 22.35±0.15 6.29±0.03 12.60± 0.08 50.42 

F2 25 23.26±0.12 6.03±0.03 14.41± 0.06 57.65 

F3 25 21.12±0.10 5.91±0.06 13.43± 0.10 53.72 

F4 50 44.58±0.57 14.86±0.17 28.34±0.12 56.67 

F5 50 42.84±0.28 13.14±0.02 29.07±0.16 58.14 

F6 50 43.78±0.66 16.01±0.20 26.16±0.68 52.32 

F7 75 68.65±0.41 23.36±0.04 45.62±0.32 60.82 

F8 75 70.01±0.21 25.74±0.21 47.19±0.26 62.92 

F9 75 71.34±0.62 26.42±0.23 45.51±0.45 60.68 

 

Table 3. Entrapment efficiency of ferrous ascorbate in liquid liposomes 
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release is due to the increased concentration of cholesterol in the 

bilayers of liposomes. As the concentration of cholesterol 

increases in the formulation, the drug release decreases 

proportionately  (ICH, 2003). 

Stability studies

The short term stability studies were carried out for the most 

satisfactory optimized formulation, at 40±2ºC, 75±5% RH 

for three months and the results are shown in Table 5. The 

www.ajpp.in

Figure 4. Vesicles size and size intensity of ferrous ascorbate liposome F7, F8 and F9

Figure 5. Zeta potential of ferrous ascorbate liposome F7, F8 and F9 

F7
 

F8
 

F9
 

F7 F8 F9 

LiquidLiposome Dry Liposome

Figure 6. SEM pictures of ferrous ascorbate liquid and dry liposomes of F8 formulation

Formulation Vesicle size (nm) ± SD* Polydispersity index ± SD* Zeta potential (mV) ± SD* 

F7 286.8±9.23  0.30±0.04  -34±1.40  

F8 307.23±8.78  0.43±0.04  -32±1.01  

F9 279.7±19.18  0.36±0.01  -33±0.99  

 

Table 4. Vesicle size, polydispersity (PDI) and zeta potential of ferrous ascorbate liquid liposomes
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sample was analyzed for drug content at the interval of 30 days to 

know any changes in the drug content. Results reveal that there 

was no significant difference between the initial time and the 

different time interval of stability study period. Hence, we 

conclude that the stability of prepared formulation is superior. 

Conclusion

The present research was carried out to develop dry liposomes of 

iron for oral use. With the main objective of developing nano 

liposome of ferrous ascorbate to rectify the absorption and 

bioavailability of iron. Formulation procedure adopted in the 

study is simple, convenient and stable. Entrapment efficiency, 

and release pattern was found be steady and sustained for 

prolonged period of time. Due to sustained effect, iron releases 

slowly, side effects and over loading of iron can be minimized. 

The stability of dry liposome is comparable to any conventional 

liquid dosage forms. Therefore, from the study we conclude that 

the development of iron entrapped dry liposome can be used as 

ideal dosage form in the treatment of iron deficiency anemia.
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