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ABSTRACT
Background. Kwashiorkor disease is due to deficiency of protein in malnutrition condition. Malnutrition is one of the 
major drawbacks among the Indian children. In India, the impact of undernutrition among impoverished children is dis-
proportionately felt in rural areas. Due to the unequal distribution of food within the household and the consumption of 
foods with low nutritional qualities, increases the percent of malnutrition in children. 
Objective. To formulate liposomal glutathione as a potent high antioxidant agent for delivery nutritional effect in nutra-
ceutical formulations and other food supplements for boosting immunity through combating Kwashiorkor disease during 
malnutrition condition in children.
Method. Nanoliposome of glutathione was formulated by ethanol injection method via formation of organic and aque-
ous phases. Further, morphology of the formulated liposomal glutathione was characterized using cryo-TEM and con-
firmed for suitability in nutraceuticals as immune enhancers in children.    
Result. Glutathione was successfully entrapped in lipid as nanoformulations. Cyro-TEM analysis resulted the shape of the 
particles are spherical with 0.1 µM average diameter.  
Conclusion. The overall result concluded that liposomal glutathione is very effective in formulation of nutraceutical as 
well as food supplements as potent immune booster for children and reduce protein deficiency in malnutrition to cure 
Kwashiorkor disease.
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INTRODUCTION

Malnutrition in children is one of the main caus-
es of poverty. It especially affects children in low 
economic countries. [1]. Kwashiorkor is a protein 
deficiency illness brought on by a protracted period 
of low-quality or inadequate protein consumption 
[2]. Hence, Protein deficiency is having direct rela-
tion with the malnutrition, and Kwashiorkor is one 
of the very common diseases in children (Figure 1). 
The mechanism for the same was depicted in figure 
1 where the relation of Kwashiorkor disease with 
the malnutrition was described [3]. Child malnutri-

tion is a persistent issue and ongoing difficulty in 
India like countries. It was reported that in India, 
children below 5 years of age, death rate has a per-
centage 69 with malnutrition in the year 2022 [4]. 
Indian Government as well as WHO have taken var-
ious standard treatments using F-100 [5]. Apart from 
these, there are various food supplements that are 
also marketed vastly as nutraceutical products in 
mitigation of malnutrition in children. There are 
many ingredients that are used for nutraceutical 
formulation as food supplements. Among them, li-
posomes are crucial for enhancing the bioavailabil-
ity, transport, and stability of bioactive substances 
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in nutraceuticals and functional food systems. The 
unique bilayer hydrophilic and lipophilic structure 
of these liposomes acquire great advantages like 
higher encapsulation efficiency, solubility of Bioac-
tive compounds, and delivery of various substances, 
including nutrients, and drugs, to specific targets in 
the body [6]. The bioactive compounds of various 
nutraceuticals and botanical extracts lack water sol-
ubility, poor stability, and have fast metabolism 
leading to poor oral bioavailability. Nutraceuticals 
often act as both preventive and curative measures, 
containing vitamins, minerals, antioxidants, probi-
otics, amino acids, and other bioactive compounds 
that are isolated or concentrated to provide both nu-
tritional and health benefits [7]. 

In the nutraceuticals industry, liposomes are em-
ployed to enhance bioavailability and absorption by 
encapsulating these compounds within liposomes, 
their stability can be improved, and they can be pro-
tected from degradation in the digestive system, 
leading to more effective delivery and utilization in 
the body. The microencapsulation technology pro-
vides a protective barrier around bioactive com-
pounds, increases bioavailability, product solubility, 
increases resistance to acids and digestive enzymes.  
It allows for more precise targeting of the encapsu-
lated ingredient in the preparation of food and nu-
traceuticals. Glutathione is a naturally occurring 
tripeptide antioxidant present in various fluids, tis-
sues, and cells. Glutathione is an amino acid com-
posed of cysteine, glycine, and glutamic acid [8]. It is 
vital for reducing oxidative stress, boosting meta-
bolic detoxification, preserving redox equilibrium, 
and monitoring the immune system.  It is crucial to 
maintain glutathione levels in the prevention of oxi-
dative stress-related diseases. Studies are concen-
trated on liposome-mediated targeted administra-

tion because glutathione is susceptible to degra  da- 
tion in the acid environment of the stomach. As a 
secure substitute for maintaining neuronal glu-
tathione, investigations on liposomal formulations 
of glutathione enclosed in lipids developed from 
lecithin and glycerol. Recent research has demon-
strated the antioxidant and anti-atherogenic prop-
erties of this encapsulation technology for mass pro-
duction of nutraceuticals and to improve healthy 
life among the children [9]. 

MATERIALS AND METHOD

Materials requires: Glutathione 98%, soy leci-
thin, ethanol, homogenizer, spray dryer, metal de-
tector and sieve.

Numerous techniques are available to formulate 
liposomes. 

Botanic Healthcare uses the ethanol injection 
method in production of liposomal glutathione of 
100 grams. Preparation of Liposomal Glutathione 
involves two phase organic and aqueous phases.  
Organic phase includes preparation of Lipid solu-
tion by mixing ethanol 3:2 grams with soy phos-
phatidylcholine 70% of 3.5 grams and glycerol of 4 
grams and then was dissolved all the ingredients at 
rate of 8000-10000 rpm under sonication tillhomog-
enous phase at 55-60°C to create a lipid mixture. Dis-
solve the sourced glutathione powder of 55 grams in 
distilled water at an ambient temperature to create 
glutathione solution. Then, gradually inject the 
above prepared lipid mixture into the glutathione 
solution and ensure proper and steady synthe sis of 
liposomes followed by high sheer homogenization 
of 1000-2000 bar for 3-4 cycles and high-pressure 
homogenization to further improve liposome for-
mation by reducing particle size. Followed by spray 
drying, metal detection and sterilization, sieving 

FIGURE 1. Kwashiorkor disease with its mechanism
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and storage of liposomal L-Glutathione sample BH-
C12335KR.

ANALYSIS 

TEM sample preparation and Analysis

Around 1 % solution of water/ Iso propyl alcohol 
(IPA) diluted suspension was prepared and sonicat-
ed for 30 minutes. Briefly a drop of the above sus-
pension was place on a copper grid and the filter 
paper was used to eliminate the excess. After adding 
a drop of 2% (w/v) uranyl acetate aqueous solution, 
the sample was exposed to it for five minutes. Later 
the grid was washed with water to remove the sur-
plus and kept for drying at room temperature for 
not less than 2 hours. The morphology of liposomes 
is studied by cryo-TEM [10]. The liposomal L-Glu-
tathione sample BHC12335KR was analyzed at ad-
vanced center for cryo-electron microscopy facility, 
Indian Institute of Science, Bangalore using the Ta-
los Arctica at 200kV using K2 DED. A TEM picture of 
the vesicles was obtained with different magnifica-
tions.

RESULT AND DISCUSSION

TEM was performed for the formulated liposo-
mal L-Glutathione and result showed in Figure 2. 

The primary antioxidant in the human body is 
glutathione, which is a tripeptide composed of 
cysteine, glycine, and glutamic acids. It comes in two 
forms: oxidized and reduced. The reduced form of 
glutathione is the active form and a powerful anti-
oxidant, but its absorption is quite low because 
stomach acids deplete it. Thus, the best option is  
to use alternate forms, like liposomal glutathione. 
Up to 80% more absorption is achieved [11]. The  
employment of liposomes for medication encapsu-
lation is guided by required criteria obtained from 
liposome visualization data obtained through mi-
croscopic techniques.

Transmission Electron Microscopy is a crucial 
technique for determining the size, shape, and com-
position of nanoparticles since it allows for the di-
rect visualization of individual particles and even 
their internal structure. The most effective way to 
see liposomes in their natural state is using cryo-
electron microscopy, in which thin suspension films 
are vitrified (imaged directly in the electron micro-
scope at liquid nitrogen temperature) by freezing 
them in place. Negative staining TEM is a faster, 
easier, and less sophisticated way of imaging li-
posomes than cryo-EM, yet it is also prone to arti-
facts. When it comes to TEM, we can understand the 

particle size and shape, where with cryo-TEM along 
with the above lamellarity can also be evaluated. 
Drying and staining were the most often utilized 
TEM sample preparation methods for liposomes.

In comparison to staining, cryo-TEM or cryogen-
ic Thin aqueous hydrated films that have been vitri-
fied in liquid ethane are utilized to create TEM im-
ages before imaging [12]. This method is useful for 
figuring out the size, shape, internal structure, and 
lamellarity of liposomes since it permits the exami-
nation of liposomes in their most natural state. Rap-
idly freezing liposome samples has the main benefit 
of reducing ice crystal formation and protecting 
proteins or other components. The best type of mi-
croscopy for studying liposomes right now is cryo-
TEM since it doesn’t require chemical fixation, de-
hydration, cutting, or staining [13]. The shape of 
vesicles can be impacted by all of these techniques. 
It is cooled rapidly (typically by submerging the 
sample in liquid ethane that has reached its melting 
point) and vitrified in a thin layer of solvent before 
being photographed at extremely low temperatures, 
which prevents the medium from changing phase 
or evaporating in the high vacuum. Applying and 
then blotting a drop of material onto a carbon-coat-
ed grid creates the thin layer. The same way pre-
pared liposomal glutathione produced the similar 
characterization. 

The formulation is applied in various marketed 
formulation as food supplements and nutraceutical 
products which is safe and healthy for children  
(Figure 3).

CONCLUSION

Glutathione as such is not favorable in acidic 
stomach pH and hence nanoformultion of the same 
enhance the bioavailability and absorption in the 
nutraceutical formulations. In the present investiga-
tion, liposomal Glutathione was prepared in labora-
tory condition using ethanol injection and tested as 
one of the ingredients for many marketed nutraceu-
tical products. It has potent antioxidant activity and 
very useful in enhancement of immunity by com-
bating malnutrition in children and curing Kwashi-
orkor disease by improving the protein content as a 
main ingredients in ample number of food supple-
ment products on the market.
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FIGURE 2. Cryo-TEM images of Liposomal glutathione
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FIGURE 3. Effect of nutraceutical products containing liposomal glutathione
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