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Abstract

Parenteral nutrition (PN) is how nutrients are delivered intravenously or directly into the veins in those with Intestinal
Failure. The components within PN are also important, as overfeeding due to the volume of glucose and lipid
components is also related to developing liver dysfunction. Lipid emulsions are oil in water emulsions containing one or
more triacylglycerol oil, a phospholipid emulsifier, and glycerol. Presently, medium-chain triglycerides (derived from
coconut oil), olive oil, Soybean oil, and fish oil are used in lipid emulsion formulas. Being thermodynamically stable
mixtures of two incompatible liquids that function as a cosurfactant and a surfactant, and with a particle size less than
a micron, nano emulsions represent efficient drug carriers.

Numerous drug delivery objectives can be accomplished with the use of nanobiotechnology. It is achieved using
nanoparticles and nanodevices. The duration of a particle's circulatory residence is dictated by its size and capacity to
bind to plasma, which considerably affects therapeutic efficacy. Nanoparticle technology has a plethora of therapeutic
and diagnostic applications.

Keywords: Nano emulsions; Total parenteral nutrition; Lipids; Neonates.

e Introduction

Parenteral nutrition (PN) is how nutrients are delivered intravenously or directly into the veins in those with
Intestinal Failure. Parenteral nutrition is indicated when it is impossible to attain nutrition through the oral
or enteral route, enteral nutrition being the delivery of nutrients through a tube directly into the gut. For
individuals with Intestinal Failure, PN is deployed in both acute and chronic episodes?.

Indications of TPN in Neonates?:

1. Surgical:
1) Major Gastro-intestinal tract surgery in newborns
2) Gastrointestinal fistula
3) Ischemic bowel
e Medical:
1) Pre-term newborn
2) Protracted infantile diarrhea
3) Small bowel obstruction
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4) Feeding tube malfunction
5) Malnutrition

6) Diverticulitis

7) lleus.

8) Pancreatitis

9) Crohn's disease

e Long-term consequences of PN

Compared to healthy subjects, children who require long-term PN different body composition, are
shorter, and have a larger fat mass 3. Body composition measurements, which include information on fat
mass, lean body mass, muscle mass function, and functional status %3, should be used to assess the
success of PN support. Additionally, the long-term effects of PN therapy in children who require PN
because of short bowel syndrome or low birth weight newborns include cholestasis infections, catheter-
related bloodstream, metabolic syndrome, and IFALD %34, The pathophysiology is multifaceted, and
associations have been identified with amino acid imbalances, PN duration, and constant (non-cyclical)
PN provision °.

Furthermore, the composition of intravenous lipid emulsions (ILEs) is strongly linked to the development
of cholestasis or IFALD. Although there is no evidence that different ILEs affect bilirubin or cholestasis
levels during short-term PN use, multicomponent ILEs (including fish oil) have been shown to decrease
cholestasis bilirubin levels during long-term PN use®. Additionally, composite ILEs outperform pure
soybean ILEs in preventing cholestasis and IFALD®, immune-modulatory properties, anti-inflammatory
properties, and antioxidant content. No study, however, has assessed the pro-and anti-inflammatory
effects of these various ILEs in severely ill children’. Pure soybean ILEs should not be used to treat PN
that lasts more than a few days; instead, composite ILEs containing or not containing fish oil should be
used®.

In the short term, pure soybean oil ILEs can be investigated to determine whether they provide a more
complete nutritional profile than composite ILEs. Thirteen studies examined children who required long-
term PN and their long-term neurocognitive development °. The prevalence of normal neurocognitive
development has been reported to range between 29 and 100%, with 80-90% of students in mainstream
schools participating®. There was no evidence that precise timing (cyclic or continuous) or other PN-
related characteristics, such as duration, had a long-term beneficial effect on neurocognitive
development 8.

As a result, PN must satisfy each patient's nutritional demands while the long-term consequences of PN

components, such as intravenous lipid emulsion, are assessed for their potential role in developing IFALD
9

Formulation of TPN Parenteral nutrition

Trace elements, vitamins, protein, electrolytes, and water are all found in solutions, complex formulations

comprising dextrose and fat. These components are frequently tailored to each patient's chronic diseases,

acid-base status, fluid-electrolyte balance, primary diagnosis, and specific parenteral nutrition goals. The

amounts and composition of intravenous nutrition solutions may vary significantly depending on the

patient's nutritional status and underlying medical or surgical condition'®. The following is a list of

components that can be used with TPN >0,

e Proteins
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Nitrogen, the primary goal of parenteral nutrition, is to provide the malnourished patient with enough
utilizable nitrogen to re-gain nitrogen balance, in which the supplied nitrogen supplied is roughly equal to
the amount excreted (mainly as urea)™®.

The relative requirements of the different amino acids in the body are estimated to be as follows: Essential,
in that humans cannot produce it. The eight necessary amino acids are present in variable quantities in all
commercially accessible solutions. Non-essential amino acids are those that the body can produce synthesis
routinely. These amino acids boost the quantity of nitrogen available from the solutions, and workers have
yet to determine the best essential-to-non-essential amino acid ratio®®.

Semi-essential amino acids are those that, while the body is capable of producing them theoretically, may
occasionally require supplementation in the TPN solution because of the disease state or the patient's
age®.When amino acids are oxidized for energy, they produce four kcal/g. In general, sufficient total or non-
protein calories should be provided to maximize amino acid utilization for protein synthesis?. Parenteral
amino acid products are classified into customized and standard amino acid formulations. Standard amino

acid products are given to patients with normal organ function and dietary requirements**2,

Table (1) Supplying of amino acids in parenteral nutrition®,

Amino acid dose Newborn with birth weight Newborn with birth weight
above 1500g under 1500g
Output/Initial dose 2 g/kg of body weight/24h 2.5 g/kg of body weight/24h
Final dose 3.5 g/kg of body weight/24h 4.0-4.1 g/kg of body
weight/24h

Table (2) Neonatal and Pediatric Amino Acid Products Source??.

Troph Amine 6% | Aminosyn-PF 7%

(McGraw) (Abbott)
L- Amino acid content (g/100ml) 6 7
Nitrogen (g/100ml) 0.93 1.1

Essential Amino acids (mg/100ml)

Isoleucine 490 534
Leucine 840 831
Lysine 490 475

Methionine 200 125

Phenylalanine 290 300

Threonine 250 360
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Tryptophan 120 125

Valine 470 452

Non-essential Amino acids (mg/100ml)

Alanine 320 490
Arginine 730 861
Histidine 290 220
Proline 410 570
Serine 230 347
Tyrosine 140 44
Glycine 220 270
Cysteine <14 -

Electrolytes (m Eq/100ml)

Sodium 5 34
Potassium - -
Magnesium - -

Chloride <3 -

Acetate 56 33

Phosphorus (mM/L) - -

Osmolarity (mOsm/L) 525 586

Amount Supplied 500 250 & 500

Lipids

Fats are high-energy substrates. The supply of lipids in parenteral nutrition should cover from 25 to 40% of
the extra-cerebral energy needs 3. Newborns born prematurely, especially those with diminished birth
weight less than 1500 g, are susceptible to a deficiency in nutrition because they have less fat than newborns
14 In premature babies, the two or 3-day limitation of fat supply causes the emergence of a clinical condition
known as a deficiency of essential fatty acids. To avoid this disorder, premature babies should receive fat
from the first day of life 1°. The total fat supply should be about 3-4 g/kg of body weight per day (Tab. 3).
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Phospholipid concentrations in higher preparations may increase the risk of hyperlipidemia'* **. Three
varieties of lipid emulsions are recognized in the market for children®. The first is entirely composed of
soybean oil. It is characterized by an abundance of polyunsaturated omega-6 fatty acids and a deficiency of
omega-3 fatty acids. This composition may raise the risk of pro-inflammatory cytokine overproduction and
oxidative stress. Soybean oil has been shown to inhibit immune cells, and the phytosterols in it have been
shown to contribute to the development of cholestasis, one of the problems of parenteral nutrition18. In the
second form of lipid emulsion, soybean oil and olive oil are used. Olive oil contains double the amount of
tocopherol and significantly fewer polyunsaturated fatty acids than soybean oil®.

The third emulsion is a blend of soybean and MCT oils (medium-chain triglyceride fatty acids derived from
coconut oil). MCTs are more easily extracted from plasma because of their increased solubility and more
effective intravascular metabolism?®°. MCTs are more easily extracted from plasma because of their increased

solubility and more effective intravascular metabolism?*® °

Pediatric patients receiving fat emulsions should regularly monitor their serum triglyceride
levels'*.Additionally, it is recommended to avoid excessive lipid administration in infants diagnosed with
acute respiratory failure, as emulsion administration may impair the child's respiratory efficiency?°. However,
lipids should not be avoided entirely in parenteral nutrition because abruptly discontinuing their
administration can result in a deficiency of free fatty acids*®. The use of lipid formulations containing omega-
3 fatty acids from fish oil has been shown to considerably lower the incidence of cholestasis and hepatic

problems in children who require parenteral nutrition?.

Table (3) Supplying of lipids in parenteral nutrition?®.

Lipids dose Newborn with birth weight Newborn with birth weight
above 1500g under 1500g
Output/Initial dose 0.5 g/kg of body weight/24h
Final dose 3-4 25-3
g/kg of body weight/24h g/kg of body weight/24h

The addition of lipids to parenteral solutions provides essential fatty acids and a dense source of calories,
being ~ 9 kcal/g. To prevent the development of essential fatty acid deficiency, a relatively small dose of
parenteral lipids (0.5 g/kg/day) can be given. Parenteral lipid comprises triglycerides, free fatty acids, glycerol,
and phospholipids (Fresenius Kabi®). Parenteral lipid enters the bloodstream as lipid droplets <5um in size,
like chylomicrons and classified as chylomicron-like particles. However, parenteral lipid bypasses the major
physiological processes commonly involved with dietary lipid digestion??. Normal enteral lipid digestion
begins with the emulsification of fat globules using bile salts (Figure 1). These are then further broken down
into free fatty acids and monoglycerides thanks to pancreatic lipase. These are then packaged into micelles
allowing transport of monoglycerides and free fatty acids across the unstirred layer, and then they diffuse to
the epithelial layer of the intestines®. Intracellular addition of Apo-proteins (ApoB-48, Apo E, and Apo C-11)
converts the micelle to chylomicrons, then transported to the lymphatic system. From here, the chylomicron
is transported to the capillaries, where Lipoprotein Lipase (LPL) works to remove the triglycerides and free
fatty acids from the chylomicron. Once the chylomicron is depleted of the triglycerides and free fatty acids,
the remnant particle is transported to the liver to be converted into very-low-density lipoprotein (VLDL)?.

In contrast, the primary site of digestion of parenteral lipid bypasses the gastro-intestinal tract directly to the
circulation and liver. As mentioned above, lipids from parenteral solutions are labeled chylomicron-like

13307



Nat. Volatiles & Essent. Qils, 2021; 8(5): 13303-13326

particles. However, unlike intestinal-derived chylomicrons, these particles undergo lipolysis prior to uptake
into the hepatocytes?® 4, The suggested pathway for absorption is that chylomicron-like particles bind
transiently to the vascular endothelium, where lipoprotein lipase removes some of the triglycerides. This
process occurs several times before remnant receptors in the liver accept the triglyceride low lipid droplet.
Then the hepatocytes endocytose the lipid droplet and then degrades it.
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Figure 2: Evolution of intravenous lipid emulsions?.

Carbohydrates in parenteral nutrition
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Carbohydrates are the primary energy source and should account for 40%—60% of a child's energy
requirements?®. Carbohydrate administration supplies energy, inhibits gluconeogenesis, and ensures
adequate amino acid consumption for protein synthesis and fat metabolism regulation?. Glucose is the most
common carbohydrate utilized in parenteral feeding. It provides energy to all human tissues, particularly the
brain, spinal cord, kidneys, and erythrocytes?®. It should give between 60% and 75% of non-protein calories
in parenteral nutrition. Parental nutrition should aim to maintain normoglycemia27. The length of TPN
therapy was revealed to be a significant risk factor and an independent predictor of developing
hyperglycemia in TPN patients?. When patients on TPN for less than two weeks were compared to those on
TPN for more than two weeks, the percentage of patients with hyperglycemia more than quadrupled (23.5
percent—56 percent). Additionally, each additional day of TPN duration was expected to increase the risk of
hyperglycemia by 10%%.

Another important risk factor for hyperglycemia has been identified as a surgical etiology for TPN therapy.
Mona Al Chaer et al. 2020 discovered that surgical TPN patients have a threefold increased risk of developing
hyperglycemia than those receiving TPN for medical reasons®,

Obesity and the risk of developing hyperglycemia are related because obese people have a higher percentage
of visceral fat in their bodies, associated with a variety of health problems, including insulin resistance
and metabolic syndrome. Furthermore, obese patients experience physiological alterations that can impede
their capacity to adapt to intense disease-induced stress®3.

Corticosteroids are known to cause hyperglycemia as a side effect. those who used steroids had a six-fold
increased risk of developing hyperglycemia compared to those who did not use steroids?. Pleva et al. had
previously identified a similar association between hyperglycemia and steroid use in TPN patients?.

Table (4) Supplying Carbohydrates in parenteral nutrition®3.

Glucose dose Output/Initial dose Output/Initial dose
Newborn 8-10 17 g/kg of body weight/24h
g/kg of body weight/24h

Vitamins

Vitamin supplementation is generally required for patients receiving long-term TPN therapy. Vitamin
preparations commercially available, as well as recommended daily requirements that appear to vary
according to the most recent recommendations:3°

- K Phytomenadione

- E Tocopherol acetate
- D Calciferol

- C Ascorbic acid

- B6 Pyridoxine

- B2 Riboflavin

- B12 Cyanocobalamin
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- B1 Thiamine

- B Pantothenic acid
- B Nicotinamide

- B Folic acid

- B Biotin

- A Retinol

Vitamins are a critical component of a patient's daily parenteral nutrition plan due to their impact on normal
metabolic and cellular function. The Nutrition Advisory Group of the American Medical Association has
established recommendations for the 13 essential vitamins (four fat-soluble and nine water-soluble) in adult
and pediatric patients.31 The thirteen vitamins required for adult and pediatric patients are listed in Table
532, Individual parenteral vitamins are indicated when multivitamin products are unavailable. Vitamins A, D,
E, K B12 (cyanocobalamin), B1 (thiamine), B6 (pyridoxine), B2 (riboflavin), B9 (folic acid), B3 (niacin), and C
are all available as parenteral preparations containing single-entity parenteral preparations (ascorbic acid).
Oral multiple vitamins may also be used to treat vitamin deficiency if the patient can absorb the
recommended doses orally30.

Table (5) Supplying of Vitamins in parenteral nutrition32.

Vitamins A D E K

Newborn with
birth weight under
1500¢g
0.3mg/kg of body

weight/6 weeks
500-1500 1U /kg 160IU /kg of 2.8 -3.5mg/kg

Newborn of body body of body

N ith
weight/24h weight/24h weight/24h Newborn wit
birth weight above
1500g
0.5mg/kg of body

weight/6 weeks

Mineral ingredients in parenteral nutrition

Minerals are necessary for the human body to function correctly. They perform a variety of critical roles,
primarily in metabolic processes. When their homeostasis is disturbed, alterations and aberrant cell function
result. Due to the importance of specific mineral components, they are classified as microelements and

macro elements 333435,

Macro Elements

The final trimester of pregnancy is characterized by rapid growth and mineralization of the fetal skeleton.
The fetus acquires minerals at a rate of approximately 90-150 mg/kg/day of calcium (Ca) and 50-85
mg/kg/day of phosphorus (P) during this period (P). This is associated with an increase in the child's
weight35.Calcium requirements are as follows: 400-600 mg/day for newborns, about 800 mg/day for
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children, 1200 mg/day for adolescents, and approximately 800 mg/day for adults over 25. It is approximately
1200 mg/day in pregnant and lactating women (Tab.5). The fetal development period and an adequate dose
of calcium and phosphorus are used as a reference point in parenteral nutrition34. The more amino acids
supplied and thus the projected increase in body mass, the more calcium and phosphates should be supplied.
Calcium supplementation should begin at one year to prevent early hypocalcemia, while phosphate
supplementation should begin from 2-3 days of age. Calcium and phosphate are absorbed most effectively
when their ratio in meals is - Ca:P = 1.3-1.7:1. Lactose and a few amino acids are present. Vitamins A, D, E,
and K 500-1500 IU/kg of body weight/24h 160 IU/kg of body weight/24h 2,8-3,5 mg/kg of body weight/24h
for newborns under 1500g — 0,3 mg/kg of body weight/every six weeks for newborns over 1500g — 0,5 mg/kg
of body weight/every six weeks improve calcium absorption, whereas excess fats, phytates, and oxalates
inhibit this process®®3°.

Magnesium (Mg) is the second most prevalent cation found within cells. It serves a variety of critical functions
in the human organism. Intracellular magnesium can bind to the nucleus, ribosomes, cell membranes, and
macromolecules found in the cell's cytoplasm due to its physicochemical features. Magnesium activates
around 300 enzymes and participates in a variety of metabolic functions, including glycolysis, -oxidation, the
Krebs cycle, and the transfer of ions across cell membranes, all of which are critical for a developing organism,
such as a newborn baby®** 35, Due to the critical role magnesium plays in controlling mitochondrial function
and ATP production, symptoms of magnesium insufficiency in infants might include muscle and lung
dysfunction and problems in the cardiovascular and gastro-intestinal systems. The magnesium need for
babies is 40-60 mg/day, while the requirement for children is 80-170 mg/day (Tab.5).

Potassium (K), sodium (Na), and chlorine (Cl) are electrolytes that help the body maintain its fluids,
electrolytes, and acid-base balance. They play a critical role in parenteral nutrition. They should be used
following daily requirements and serum concentrations at the time of administration. Their content in the
blood serum of premature infants should be monitored daily for the first three to seven days of life or more
frequently. Sodium is the predominant electrolyte present in extracellular fluids, whereas potassium is
mainly found within cells. These elements are involved in the interchange of substances across the cell

membrane and the transmission of electrical stimuli through nerve fibers 1> 3% 36,

The potassium cation is the predominant cation in the intracellular space because it is a sodium antagonist.
Its antagonistic function is based on decreasing the volume of extracellular fluids, which aids in controlling
the body's water balance. Potassium, which is also a calcium antagonist, regulates the potential of cell
membranes and the excitability of nerve and muscle cells. The dietary potassium need increases with age
and is constant: 400-1200 mg/day for newborns, 550-2500 mg/day for children under 7, and 1000-4500
mg/day for older children (Tab.5)3% 3,

The most abundant extracellular cation is sodium. It is in charge of controlling the acid-base balance and
maintaining the osmotic pressure. Sodium is involved in regulating cell membrane permeability and is
required to maintain proper neuromuscular excitability. It is primarily eliminated through the urine and the
skin. Daily requirements for this element vary by age and range from 120-750 mg for babies to 320-1350 mg
for children under seven and 600-2700 mg for older children (Tab.5)3> 36,

Chlorine is an extracellular anion found primarily on extracellular fluids (including blood plasma), the stomach
as a component of hydrochloric acid, and saliva. Additionally, it is present in the skin, subcutaneous tissue,
and bone-34, Chlorine, like sodium and potassium, regulates the electrolyte and acid-base balance in the
body, activates salivary digestive enzymes (including salivary amylase), and contributes to the stomach's
generation of hydrochloric acid®.

Microelements
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The term "trace elements" refers to substances that combined make up less than 0.01 percent of the total
body weight. Iron, iodine, chromium, zinc, copper, selenium, molybdenum, manganese, and fluorine are
among them. These are critical components that participate in a variety of metabolic processes. Trace
elements should always be added to nutrition mixes daily in children who are fed parenterally. When deficits
in certain elements are detected, such as those caused by severe diarrhea or gastro-intestinal fistulas, the
nutrient combination is enhanced with increased amounts of those elements in the form of different
preparations3- 34, Chromium (Cr) is a critical element for carbohydrate and lipid metabolism. This molecule
is a glucose tolerance factor (GFT-Glucose Tolerance Factor) component required for normal glucose
metabolism and improves insulin action. With age, its daily dietary requirement increases from 10-60 mg in
babies to 50-200 mg in adults (Tab.6).

Copper (Cu) is a critical component of many enzymes. It is a component of superoxide dismutase, an
antioxidant enzyme that guards against free radical damage to cell membranes. Copper is required for the
creation of red blood cells, it is involved in the synthesis of connective tissue, and it is a critical component in
prostaglandin synthesis, which affects the heart's function and blood pressure. Copper deficiency can
decrease energy generation, alter glucose and cholesterol metabolism, increase oxidative damage, and
increase iron (Fe) accumulation in the tissues. The dietary need increases with age and varies between 0.4-
0.7 mg/day for babies and 1.5-3 mg/day for adults (Tab. 6) 30-33:3435,

lodine (1) is a critical element that contributes to the thyroid hormones thyroxine and triiodothyronine. Both
hormones are important for the body's metabolism to function correctly. Its nutritional requirements vary
according to age and the degree of metabolic processes. It is around 40-50 mg per day in newborns and
approximately 150 mg in adults (Tab. 5)3> 36,

Manganese (Mn) is a component of numerous enzymes, including superoxide dismutase, and is required to
activate some hydrolases, kinases, and transferases. The dietary need for this element varies with age and
health status. In babies, it ranges between 0.3 and 1.0 mg/day (Tab. 5) 343537,

Molybdenum (Mo) enhances the function of enzymes and enzymes involved in DNA metabolism. The daily

requirement increases with age, ranging from 15-40 mg in babies to 75-250 mg in adults (Tab. 5)3* 3,

Selenium (Se) is a component of several enzymes, including glutathione peroxidase, an antioxidant that
shields cell membranes from the oxidative damage caused by oxygen free radicals. Selenium is required for
the effective synthesis, activation, and decompression of thyroid hormones. The dietary requirement for this
element varies between newborns and adults, ranging from 10-15 mg/day to 40-70 mg/day (Tab. 5) 3,

Zinc (Zn) affects all fundamental life processes, including protein, carbohydrate, and fat metabolism. It is
involved in energy metabolism, and nucleic acid metabolism is a component of numerous enzymes required
for bone mineralization, wound healing, and immune system function. Premature infants require more of
this mineral than those born normally®> %, Zinc requirements are as follows: 5-10 mg/day for neonates, 12-
15 mg/day for adults. Increased to 19 mg/day in women during nursing (Tab. 5)3.

Premature infants are at a greater risk of deficit of the microelements above because of the shorter gestation
duration and the increased demand for these chemicals, particularly during the latter stages of pregnancy.
When long-term parenteral feeding is used, trace elements should be provided, and the child's body regularly

monitored 3%3° .

Table (6) Supplying of amino acids in parenteral nutrition3* 3,

Macro elements Ca* Mg*? Na* K+
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Dose 400-600 mg/day 40-60 mg/day 120-750 mg/day 400-1200 mg/day
Microelements Cr*? Cu*? I* Mn?* Mo?** Se*? Zn*?
10 0.4-0.7 40-50 0.3-1.0 15-40 10-15 5-10
Dose
mg/day mg/day mg/day mg/day | mg/day | mg/day | mg/day

Nanobiotechnology provides the following solutions to the problems of drug delivery:

¢ Particle size is lowered to the nanoscale range to improve the surface area, which increases by dissolving

rate, e.g., Nano edge technology (Baxter)L.

* Enhancing the drug's solubility®!.

*By utilizing noninvasive modes of delivery, the requirement for injection-based administration of
medications is eliminated*.

« Developing new nanoparticle formulations to extend the shelf life and stability of existing nanoparticles®*4,

¢ The development of nanoparticle formulations for the enhanced absorption of insoluble chemicals and
macromolecules offers increased bioavailability and release rates, thereby lowering the dose necessary and
boosting safety through fewer adverse effects*.

e Manufacturing nanoparticle formulations with precisely controlled particle size, shape, and surface
qualities would be more effective and cost-effective than current approaches®'.

¢ Nanoparticle formulations that give sustained-release profiles for up to 24 hours can help patients adhere
to their medication regimens®.

* Nano systems enable the coupling of medications and newly discovered disease-specific targets®..
Nano emulsion

Nano emulsions are ultra-fine emulsions with a diameter of less than a micron that act as delivery systems
to improve the delivery of medicinal medicines. They are thermodynamically stable mixtures of two
immiscible liquids that contain an adsorbent and a cosurfactant®.

Nano emulsions can be classified as emulsions with droplet sizes ranging from 50-1000 nm or oil-in-water
(o/w) emulsions*. The typical droplet size ranges between 100 and 500 nm, and the terms mini emulsion
and Sub-Micron Emulsion (SME) are interchangeable. It is classified as water-in-oil (W/O) or an oil-in-water
(O/W) mixture, or as a bi-continuous mixture (Fig. 3)**¢. The composition of the emulsions can be changed
to switch between these three types. Suspensions of nanoparticles are not synonymous with nanoparticles.

A nanosuspension overcomes a drug's low solubility, bioavailability, and pharmacokinetics, thereby
improving the drug's safety and efficacy. O/W nano emulsions are frequently employed as starting points for
forming different types of structured nanoparticle dispersions (Fig. 4)*.

13313



Nat. Volatiles & Essent. Oils, 2021; 8(5): 13303-13326

Q@ ° o 9 () )
o O o )
O O -
o o O o @ @D
>Watrer-|n oil .Oil-in-water ‘ Water-in-oil-in-water Qil-in-water-in-water
(W/0) (O/W) (W/O/W) (O/W/O)
A o . 8 &
Y Y
Simple nanoemulsions Multiple emulsions

Figure (3): Nano emulsions may have several different structures depending on the relative location of the
oil and water phases?®.
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Figure (4): Lipid nano-droplets can be used to create a variety of different structures, including filled
hydrogel particles, colloidosomes, multiple emulsions, micro lusters, solid lipid nanoparticles, and
nanoemulsions?.

Typically, an O/W nano emulsions is formed by the homogenization of a high-melting lipid with a water phase
comprising a hydrophilic surfactant at a temperature greater than the melting point of the lipid*. Following
that, the system is cooled below the lipid phase's melting point, leading to the crystallization of the oil
droplets. The solidified lipid phase in SLNs and NLCs retards molecular diffusion processes, impeding chemical
degradation or regulating the release of encapsulated compounds®. Additionally, the physical state of the
lipid droplets influences their refractive index and density, thereby affecting the nano emulsions' optical
properties and creaming stability?®.

Additional structures, such as multiple emulsions of the type oil-in-water-in-oil (O/W/O) or water-in-oil-in-
water (W/O/W), are created by nano emulsions (Fig.3)%.

Additionally, nano emulsions can be used to create a variety of different structures, including filled hydrogels
(Fig. 4). In this situation, an O/W nano emulsion is combined with a biopolymer solution able to form a
hydrogel. Then, the filled hydrogels are generated in two steps: particle formation and particle gelation #
After creating a particle with tiny lipid droplets trapped within a larger biopolymer-rich water droplet, the
system parameters are adjusted to cross-link the biopolymers in the water droplet®. It is possible to
encapsulate, protect, and release bioactive molecules by adjusting filled hydrogels' size, internal content, or
structure?®.
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Additionally, nano emulsions can be employed to form various structures, including micro clusters or
colloidosomes (Fig. 4). A micro cluster is a collection of smaller particles held together by attraction forces.
In contrast, a colloidosome is made up of a large core particle with smaller particles adsorbed on its
surface. These structures can be created using nano emulsions to alter stability, optical, or the
rheological properties of materials or for controlled release applications.

Various techniques for fabricating nano emulsions have been found, loosely classified as low- and high-
intensity techniques. Low-intensity techniques depend on the random formation of tiny droplets in specific
surfactant-oil-water mixtures when the system's composition or external factors (such as temperature) are
changed®. Low-energy approaches such as phase inversion temperature, spontaneous emulsification, and
emulsion inversion point are the most frequently used. High-intensity technologies are the frequently used
approach in manufacturing nano emulsions in industrial applications.

These techniques separate and mix the water, oil, and phases by producing high-shear, turbulent, and
cavitation flow profiles. Devices such as high-pressure valve homogenization, micro fluidization, and
sonication are commonly used to create nanoemulsions®®. Membrane emulsification is another novel
technique for producing nano emulsions. While it is frequently referred to as a high-energy emulsification
method, it is a mechanical process that consumes low energy. The method used to create a nano emulsions
is determined by the components that need to be homogenized. Scientists and technicians must be familiar
with the various manufacturing processes available to choose the most suitable.

Due to the fact that nano emulsions typically contain various sizes of droplets, particle size distribution,
defines their dimensions (Fig. 6)*. Particle dimensions are commonly reported in terms of polydispersity
index and mean droplet diameter. The mean droplet diameter is expressed in various forms, the most
common of which are as surface-, volume, or number-weighted values denoted by d S (or d32), V (or d43),
and d N (or d10). Additional measurements, like the intensity-weighted (Z-average) diameter determined via
dynamic light scattering, are used. When providing particle size statistics for nano emulsions, it is essential
to specify the used mean diameter type, as their values can vary considerably based on the distribution
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Figure (5): Nano emulsions can have a wide range of particle properties, including size, composition, and
charge®®.
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FIGURE (6): Particle size distribution of a nano emulsion generated utilizing Tween 80 as the surfactant

and MCT as the oil phase in a low-energy approach. Static light scattering was used to do the
measurement®®.

Nano emulsions and conventional emulsions differ in droplet size. Both systems are unstable
thermodynamically. Moreover, nano emulsions have a mean droplet diameter of less than 200nm. On
the other hand, conventional emulsions have a larger mean droplet diameter. This is a somewhat
subjective criterion, as droplet diameters smaller than 200nm have no discernible effect on physical,
chemical, or biological properties. Rather than that, as the droplet size decreases, the properties of the
droplet typically change very gradually.

Nano emulsions, on the other hand, exhibit unique physicochemical properties in comparison to
emulsions®’:

(1) Nano emulsions may be optically transparent because of the weak light scattering caused by
microscopic droplets.

(2) Due to the presence of weak gravitational forces and Brownian motion, nano emulsions are more
resistant to gravitational separation.

(3) Nano emulsions may have a higher bioavailability than emulsions because of their rapid digestion.

(4) Because nano emulsions have a larger oil-water interfacial surface, they may exhibit greater chemical
reactivity.

e THE PARTICLE PROPERTIES OF NANOEMULSIONS

The physicochemical characteristics and functional properties of a nano emulsion are significantly influenced
by particle properties such as composition, size, charge, aggregation state, physical state, and interfacial
composition (Fig.5). Due to the fact that nano emulsions typically contain a range of droplet sizes, their
dimensions are determined by a particle size distribution (Fig.6). It is simpler to express particle dimensions
in terms of mean droplet diameter and polydispersity index. The mean droplet diameter can be described in
a variety of ways, the most common being through the use of number-, surface-, and volume-weighted

13316



Nat. Volatiles & Essent. Oils, 2021; 8(5): 13303-13326

values, specifically dN (or d10), dS (or d32), and DV (or d43). Occasionally, other diameter measurements,
such as the intensity-weighted (Z-average) diameter determined via dynamic light scattering, are used.
Emulsion droplet electric properties are primarily determined by the ionic composition of the surrounding
solution and the nature of any surface-active chemicals attached to them?. The electric potential can range
from extremely positive to significantly negative depending on the solution conditions and the emulsifier
type. Oil droplets Electric properties in a nano emulsion are critical for their physical and chemical stability,
besides their ability to form more complex structures and gastro-intestinal fate (Fig.4)*. The liquid cores of
the lipid droplets may be solid (as in emulsions) (as in NLCs or SLNs) or liquid (as in nano emulsions). The
droplet interior physical state is determined by the utilized oil phase properties like melting properties,
crystallization, and the temperature history of the system.

By manipulating the lipid droplets' physical states, it is possible to optimize several encapsulated bioactive
chemicals' stability and release properties. Additionally, the droplets' physical state may affect their density
and refractive index, thereby altering the system's optical properties and creaming stability.

The emulsifier used in the nano emulsion preparation significantly affects the interfacial parameters like
chemical reactivity, hydrophobicity, thickness, and charge®’.

Advantages of Nano emulsion could be summarized into:
1) Due to their increased surface area and free energy, they have an efficient transportation system?.
2) Versatile formulation capability, including creams, sprays, foams, and liquids?®.
3) They are irritant-free and non-toxic, making them suitable for use on the skin®.
4) If the formulation contains biocompatible surfactants, they can be taken orally>?.

5) They do not cause harm to healthy human or animal cells, making them suitable for medicinal or
research purposes in humans and animals®°.

6) They promote the uptake of oil-soluble nutrients, which allows for the testing of the toxicity of oil-
soluble medications and promotes the growth of cultured cells®!.

It is suitable for liposomes and vesicles, and lamellar liquid crystalline phases wrap the nano emulsion
droplets.

e NANOEMULSION STABILITY

Nano emulsions are thermodynamically unstable due to the unfavorable molecular interactions at the oil-
water interface caused by the hydrophobic effect. As a result, there is a thermodynamic incentive to reduce
the area of contact between the water and oil phases™. As a result, nano emulsions can degrade through a
variety of mechanisms, such as Ostwald ripening, coalescence, flocculation, and gravitational separation
(Fig.7)%. Gravitational separation occurs when droplets move downward (sedimentation) or upward
(creaming) according to the density in relation to the surrounding liquid. With increasing aqueous phase
viscosity, density contrast, and droplet size, the rate of droplet movement due to gravitational separation
increases’’.

small droplets large curvature, unlike large droplets with a small curvature, can better solubilize the dispersed
phase, creating a concentration gradient that leads to droplet formation. Incorporating a water-insoluble oil
phase or by adding ripening inhibitors can control Ostwald ripening. Understanding the primary mechanisms
of instability in a nano emulsion is critical for generating systems with maintained stability®.
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Nano emulsions have a sufficiently extended kinetic stability for commercial purposes by wisely manipulating
their structure and composition. It is critical to choose the appropriate aqueous phase, oil, and any necessary
additives such as weighing agents, ripening inhibitors, texture modifiers, and emulsifiers®..

Nanoemulsions are
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Figure (7): Nano emulsions degrade in a variety of ways, based on their structure and composition,
as well as their exposure to specific environmental conditions*®.

e Formulation Factors affecting the Stability of Nano emulsions:

While nano emulsions enhance pharmaceuticals' physical and chemical stability, drug product stability is one
of the concerns associated with developing nanoemulsions®2. The stability of nano emulsions is investigated
for months by storing them at room temperature and in the refrigerator. The droplet size, refractive index,
and viscosity are determined during this storage period®**3. When the fluctuations in these parameters
exhibit little variation, formulation stability is approved®. Accelerated stability experiments are also possible
with nano emulsions. The nano emulsion preparation is maintained at elevated temperatures in this case,
and samples are taken at consistent intervals, and the drug content is determined using the stability-
indicating assay method. The amount of medication destroyed and lasting in the nano emulsion is evaluated
at each time interval of 100. The stability of nano emulsion formulations can be improved by controlling
factors such as process variables, procedures used, type of oil phase, the type and concentration of surfactant
and co-surfactant, and the addition of additives®***. Nano emulsion formulations, in general, may be
considered a patient-compliant, safe, and effective method of medication delivery®..

The following are some of the factors to consider when preparing a nano emulsion:

a) surfactants must be selected well to achieve extremely low interfacial tension at the oil-water
interface®.

b) For nano-droplet stabilization, the surfactant concentration should be enough to deliver the
required number of surfactants molecules®.

c) The interface should be malleable to allow the nano emulsion to develop more easily>>>2,

Nano emulsions are prepared in a variety of ways for medication administration as they demonstrate
oral and skin toleration®®.

e Nano emulsion preparation
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Because nano emulsions represent non-equilibrium systems of structured liquids, their synthesis
requires a significant amount of energy, surfactants, or a combination of the two. As a result, they may
be synthesized through both low- and high-energy methods. Mechanical devices are used in producing
disruptive forces that diffuse the water and oil phases into nanoscale droplets in the high-energy
approach. This can be accomplished using high-pressure homogenizers, microfluidizers, and
ultrasonicators®.

The particle size distribution varies according to the equipment used, the operating conditions such as
time and temperature, and the sample characteristics and composition. This approach enables more
precise control over particle size and composition, affecting the emulsion's stability, rheology, and
color®®*. While high-energy emulsification technologies generate nano emulsions with desirable
properties and are industrially scalable, they may be incompatible with macromolecules such as proteins,
nucleic acids, and enzymes, and thermostable pharmaceuticals such as retinoids®.

o Lipid Emulsions with Nanoparticles

Lipid emulsions are emulsions of oil and water that comprise one or more triacylglycerol oils, a phospholipid

emulsifier, and glycerol®®. Since its inception, the varieties of lipid emulsions accessible in PN formulas have

evolved. Now, lipid emulsion formulations are composed of four different oils: medium-chain triglycerides

(derived from coconut oil), soybean oil, olive oil, and fish oil. The idea of 'generations' of lipids distinguishes

lipid formulations depending on the fatty acid derivative and the inflammatory response elicited by the lipid
infusion. (Table 7)°%>4,

Table 7: Oil sources and percentage of the fatty acid content of commercial lipid emulsions.

Component SOF 100% SO 50% SO 64% 00 80% FO 100% MCT SO 30%
MCT50% | MCT36% | SO20% 30% | mcT30%
SO 40% 00 25%
FO10% | Fo15%
Lipid generation First Second Second Third Fourth Fourth
Fourth
Commercial Intralipid® | Lipofundin® | Structolipid® | ClinOleic® | Omegaven® SMO
name Lipofus® Flipid®
Soybean Oil (%) 100 50 64 20 0 40 30
Coconut Oil (%) 0 50 36 0 0 50 30
Olive Oil (%) 0 0 0 0 0 0 25
Fish Oil (%) 0 0 0 0 100 10 15
w3-w 6 7:1 7:1 7:1 9:1 1:8 2.7:1 2.5:1
Linoleic acids (%) 44-62 27 35 18.5 4.4 25.7 21.4
a-Linolenic acid 4-11 4 2 2 1.8 34 25
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(%)
Eicosapentaenoic 0 0 0 0 3.7 3
acid (%)
Docosahexaenoic 0 0 0 0 12.1 2.5 2
acid (%)
Arachidonic acid 0.18 0.19 0.24 0.16 1.47 0.52- 0.27-0.5
(%) 0.66
Phytosterols 348 N/A 0 327 +/-8 0 N/A 47.6
(mg/L)

The advantages of the lipid nanoparticle technology are:

¢ |n contrast to conventional bilayer liposomes, nanoparticles do not spontaneously merge or interact with
other membranes.

¢ The charge and chemical composition of the surface can be easily adjusted.
* They demonstrate high stability and ease of fabrication in terms of their spherical assemblies.

¢ When small-molecule ligands are presented on nanoparticles multivalently, the ligand's performance is
significantly enhanced.

* Besides attaching ligands/antibodies multivalently to the surface, nanoparticles can deliver a large payload
of imaging, chemotherapeutic, or radiation agents to the target cell.

¢ Due to the nanoparticle's larger size compared to antibodies or small-molecule ligands, the complex does
not rapidly leak from the blood vessel. As a result, the biodistribution and safety profile of the drug can be
significantly improved®®.

Injectable Lipid Emulsions

Emulsions based on long-chain triglycerides (LCT) (e.g., safflower oil and soybean oil) have been applied in
the clinical setting for over 40 years. These lipids are an excellent source of calories®, critical fatty acids such
as linolenic acid (-3 PUFA) and linoleic (-6 polyunsaturated fatty acids (-6 PUFA), as well as vitamins K and E*8,

Nevertheless, the increased concentrations of -6 PUFA in safflower oil (77%) and soybean oil (52%—-54%) have
raised concerns about their use as the sole source of lipids in critically ill patients and those with trauma,
sepsis, or impaired immune function®®. Elevated arachidonic acid synthesis leads to an increase in potent pro-
inflammatory mediators' synthesis, such as interleukin-6 and tumor necrosis factor. Additionally, increased -
6 PUFA concentrations have been associated with immunosuppressive effects such as impaired reticular
endothelial system function and suppression of neutrophil, macrophage, and lymphocyte activity>?, although
the evidence is slightly contradictory. Moreover, because -3 PUFA and -6 PUFA contain a high number of
double bonds, they are prone to lipid peroxidation®.It has been demonstrated that the generated lipid

peroxides damage proteins, lipids and DNA, and cause cell death®”>°,

Furthermore, another component of soybean oil and a cholesterol isomer called phytosterols is linked to
adverse effects on liver function®. To overcome the disadvantages of long-chain triglycerides (LCTs; derived
from coconut oil), an emulsion composed of a 1:1 physical mixture of soybean oil and medium-chain
triglycerides (MCTs; derived from coconut oil) was initially developed. This emulsion (Lipofundin®) contains
50% fewer -6 polyunsaturated fatty acids than conventional emulsions®!. Additionally, MCTs have resistance
to peroxidation, a faster clearance rate, a greater solubility effect, and a low concentration in adipose and
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hepatic tissues. Additionally, unlike LCTs, MCTs have been shown to enhance immunological function by
inhibiting the synthesis of pro-inflammatory mediators®*%2, MCTs, oxidize more quickly and completely than
LCTs, making them a more readily available source of energy®2.

Additionally, because MCTs are rapidly metabolized, they should be avoided in patients with diabetes
mellitus or in cases where ketosis or acidosis can aggravate a clinical. On the other hand, MCTs are almost
always used in conjunction with LCTs, as MCTs lack essential fatty acids®>. MCT oxidation increases body
temperature, increases energy expenditure, and is toxic to the central nervous system®83,

Olive oil has also been investigated as a possible soybean oil substitute for lowering -6 PUFA levels. ClinOleic®
(80% olive oil, 20% soybean oil) appears to be an excellent choice for immunocompromised patients or those
at risk of immune suppression, as it has a neutral immunological effect, making it more tolerable to the liver
than MCT/LCT emulsions®. Nevertheless, large-scale clinical trials in target populations will be required to
establish its superiority to LCT- and MCT-based emulsions and obtain global approval®.

The most recent development is emulsions containing fish oil. Fish oil is now found in three parenteral
nutrition emulsions: SMOFIlipid®(30 MCT: 30 soybean oils: 25 olive oil: 15 fish oil), Lipoplus® (50 MCT: 40%
soybean oil: 10% fish oil), and Omegaven® (pure fish oil emulsion).Omega-3 polyunsaturated fatty acids
(PUFAs) are abundant in fish oil, particularly docosahexaenoic acid (DHA) and eicosapentaenoic acid
(EPA)®S%6,

These -3 PUFAs are significantly less vasomotor and inflammatory and can have antagonistic effects®.
Furthermore, -3 PUFAs inhibit pro-inflammatory cytokines production (TNF-, IL-6, and IL-1) while increasing
anti-inflammatory cytokines (IL-10). Moreover, -3 PUFAs may assist in the prevention of cardiac arrhythmias.
These characteristics of fish oil make it an ideal constituent of lipid emulsions for critically ill patients suffering
from various disorders®>6:67,

While adverse effects of large volume lipid administration have been stated in parenteral nutrition, their
potential adverse effects can be less acute when used in medication delivery due to the minute amounts
used. For instance, a 70-kg adult should consume no more than 175 g of Intralipid® 20% daily®®°,

CONCLUSION

The importance of design and development of emulsion nanocarrier systems aimed at controlling and
improving required bioavailability levels of lipids especially when used in Parenteral nutrition cannot be
overemphasized. Reducing droplet sizes to the nanoscale leads to some very interesting physical properties.
Nano emulsions are developed to encapsulate high amounts of hydrophobic drugs and are also effective
delivery approach for poorly water-soluble Drugs. Nano emulsions hold great promise as useful dispersions
of deformable nanoscale droplets. Moreover, it is very likely that nano emulsions will play an increasingly
important role commercially since they can typically be formulated using significantly less surfactant than is
required for nanostructured lyotropic micro-emulsion phases. Finally, nano emulsions are considered as
promising nanocarriers for delivering various drugs with different hydrophobic/ hydrophilic ratios and thus
have wide applications in drug delivery.
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