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Abstract

Parenteral nutrition is an integral part of the nutritional support of critically ill neonates,
infants, and children in the intensive care units (ICUs) and at home. Therefore, the adequacy
and the effectiveness of parenteral nutrition, PN, support are among the major concerns
of doctors and pharmacists. The aim of this study is the physicochemical and stability
evaluation of nanoemulsions, which are used for parenteral nutrition. These nanoemulsions
are for intravenous (IV) administration of lipids, amino acids, glucose, electrolytes, trace
elements as well as vitamins. Light scattering techniques are used for the identification
of the hydrodynamic diameter (Dy,), size polydispersity index (PDI), and the {-potential
of the prepared nanoemulsions. Stability assessment is performed in different conditions,
mimicking those of the hospital. The stability studies involve shelf-life measurement
of these NEs over 10 days in two storage conditions (25 °C and 4 °C) using dynamic
light scattering. According to the US Pharmacopeia, the droplet size should be under the
upper limit of 500 nm (0.5 pm). Transmission electron microscopy (TEM) is used for the
shape of the droplets of the nanoemulsion emulsion for parenteral nutrition for the first
time. The results showed that the droplet size was around 300 nm, with a homogeneous
population and negative (-potential. The morphology was vesicular and spherical, typical
for NE droplet shape. The results from all the characterization techniques show that
the formulations meet the high-quality standards of nanoemulsions for neonates, infants
and children.
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1. Introduction

Nanoemulsions (NE) are considered nanosystems due to the size of their droplets in
the nanoscale [1]. They are composed of two immiscible liquids, water and oil. Surfactants
play a key role in the structure and viscoelastic properties, as well as in the stability of NE.
NEs are widely used in pharmaceutical technology for the encapsulation, protection, and
controlled release of active substances [1]. NE is a formulation strategy for the increase in
the bioavailability of poorly water-soluble active substances [2]. They can be administered
by different routes, including the oral, transdermal, and parental. The rapid onset phar-
macological action of NE is responsible for the fast therapeutic effect because the active
substance reaches the systematic circulation quickly. NEs are prepared both in laboratory
and industrial scale via different production protocols, including high- and low-energy in-
put. Last but not least, NEs can be sterilized using filtration due to their nanosized droplets,
making them identical for IV administration and for parenteral nutrition [1-4]. NEs are
thermodynamically unstable isotropic nanosystems, and for this reason, the stability assess-
ment is required after their preparation. The size which is synonymous to the droplet size,
size distribution, (-potential, and stability over time are considered the Critical Quality
Attributes (CQAs) of NEs. Additionally, the transparent appearance is also crucial for the
usage of NEs. The surfactants mentioned above are one of the Critical Material Attributes
(CMAs) of the NE, accompanied by the nature of the oil and the aqueous phase. The
improved physical stability is strongly associated with the nature and the percentage of the
surfactants [3,4]. Younger preterm newborns have lower nutritional resources, which puts
them at a higher risk of postnatal malnutrition, particularly at very low gestational ages.
Because of this, early growth and nutrition at this life period are crucial in determining
the long-term health of premature infants [5]. It is well-known that in parenteral nutrition
(parental nutrition ), intravenous fat emulsions are a dense source of energy that supply
necessary fatty acids [6]. According to a recent prospective observational study, Wang and
colleagues (2021) declared that the majority of preterm infants with birth weight less than
1500 g remain lower than the nutritional requirements [7]. A newly published randomized
controlled trial showed the significant role of parental nutrition in the cases of parenteral
nutrition-associated cholestasis, which is strongly associated with the low birth weight and
preterm newborns [8]. From the Skouroliakou group, nanoemulsion formulations have
already been developed. The all-in-one parenteral admixture with SMOFlipid (soybean oil;
medium-chain triglycerides; olive oil; fish oil) as an alternative ingredient to soybean used
for neonates was also found stable physicochemically for the time-period of clinical use.
The SMOFlipid was a nanoemulsion with a-tocopherol-enriched lipid [9]. Its usage favors
oxidation resistance due to its components: vitamin E, which is an antioxidant compound
and a mixture of lipids including ones that are less prone to lipid peroxidation, such as
medium-chain triglycerides, eicosapentaenoic and docosahexaenoic acids [10]. According
to a double-blind clinical trial, the administration of these nanoemulsions exhibited an
added value for the preterm newborns [11].

The aim of this study was the physicochemical and stability evaluation of nanoemul-
sions, which are used for parental nutrition. Light scattering techniques were used for the
determination of the hydrodynamic diameter (Dy,), polydispersity index (PDI), and the zeta
potential ((-potential) of the prepared nanoemulsions. Stability assessment was performed
under different conditions, mimicking those of the hospital. The stability studies involve
shelf-life measurement of these NEs over 10 days in two storage conditions (25 °C and 4 °C)
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using dynamic light scattering. In general, the nanoemulsions intended for parenteral use
are consumed within the hospital in 24 h or at most 48 h. The reason the physicochemical
characterization took 9 days is to ensure that the physicochemical characteristics remained
unaffected during a longer period for safety reasons [12,13]. These extended periods of
stability tests are strong evidence of risk-based assessment for the self-life of the nanoemul-
sions. According to the US Pharmacopeia, the droplet size should be under the upper limit
of 500 nm (0.5 um). To the best of the authors” knowledge, this is the first time that an
analysis of the relationship between the formulation’s constituent parts and a clinically
useful NE’s stability behavior has been carried out. These NEs are widely used all-in-one
parenteral admixtures in hospitals [14].

2. Materials and Methods
2.1. Materials

The formulations of sample 1 (Table 1) and sample 2 (Table 2) are described in
Tables 1 and 2, respectively. The ingredients of the formulations, as well as the macronutri-
ents and the energy, are included in Tables 3 and 4 for the formulation of sample 1 and in
Tables 5 and 6 for sample 2. In some cases in the tables, the units are expressed per kilogram
of the neonates, infants, and children. Peditrace, SMOFlipid, Soluvit, Magnesium sulfate
heptahydrate, Glucose solutions, Calcium gluconate 10% solution, Vitalipid Infant, and
Vamin Infant were obtained from Fresenius Kabi (Bad Homburg, Germany), while sodium
chloride and potassium chloride were purchased from SDS (Peypin, France). The selected
containers were ethyl vinyl acetate plastic bags that were automatically filled (MicroMacro
12, Baxa, Englewood, CO, USA).

Table 1. The formulation of sample 1.

Ingredient Amount (mL)

Calcium gluconate 10% 3.85

Glucose 10% 135.74
Glucose 35% 24.06
Glycophos 2.03
MgSO4-7H,0 25% 0.15
Peritrace 1.35
Potassium chloride 10% 6.44
SMOFlipid 200 mg/mL 16.92
Sodium chloride15% 5.35
Soluvit 0.18

Vamin Infant 57.00
Vitalipid Infant 0.54

Table 2. The formulation of sample 2.

Ingredient Amount (mL)
Calcium gluconate 10% 6.32
Glucose 10% 111.24
Glucose 35% 77.92

Glycophos 2.78
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Table 2. Cont.

Ingredient Amount (mL)
MgSO4-7H,0 25% 1.39
Peritrace 5.25
Potassium chloride 10% 4.15
SMOFlipid 200 mg/mL 27.83
Sodium chloride 15% 217
Soluvit 525
Vamin Infant 170.44
Vitalipid Infant 5.25
Table 3. The macronutrients of the formulations of sample 1.
Amino Acids Glucose Fat Energy Non-Protein

Energy

g g/kg keal G g/kg kcal g g/kg kcal kcal  kcal/kg kcal
Parental *57) 012 1480 2200 075 7479 338 011 3046 12013 400 105.24
nutrition
Table 4. The micronutrients and additives of the formulation of sample 1.
Micronutrients and Additives Value per Bag Value per kg
Ca?* 1.69 mEq 0.06 mEq/kg
Trace elements 1.35 mL 0.05 mL/kg
K* 8.63 mEq 0.29 mEq/kg
Lipophilic vitamins 0.54 mL 0.02 mL/kg
Mg?* 0.30 mEq 0.01 mEq/kg
Na* 17.77 mEq 0.59 mEq/kg
Water-soluble vitamins 0.18 mL 0.01 mL/kg
PHO,~ 2.03 mmol 0.07 mmol/kg
Table 5. The macronutrients of the formulations of sample 2.
Amino Acids Glucose Fat Energy Non-Protein
Energy
g g/kg kcal g g/kg kcal g g/kg kcal kcal  kcal/kg kcal
Parenfal 1060 355 4240 4770 1590 16218 530 177 4770 25228 8409 209.88
nutrition
Table 6. The micronutrients and additives of the formulation of sample 2.
Micronutrients and Additives Value per Bag Value per kg
Ca?* 2.65 mEq 0.88 mEq/kg
Trace elements 5.00 mL 1.67 mL/kg
K* 5.30 mEq 1.77 mEq/kg
Lipophilic vitamins 5.00 mL 1.67 mL/kg
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Table 6. Cont.

Micronutrients and Additives Value per Bag Value per kg
Mg?* 2.65 mEq 0.88 mEq/kg
Na* 10.60 mEq 3.53 mEq/kg
Water-soluble vitamins 5.00 mL 1.67 mL/kg
PHO4~ 2.65 mmol 0.88 mmol/kg
Sodium chloride 15% 2.17 mL (In the bag)
Soluvit 5.25 mL (In the bag)
Vamin Infant 170.44 mL (In the bag)
Vitalipid Infant 5.25 mEq (In the bag)
2.2. Methods

2.2.1. Preparation of NEs

According to previously published data [12], when formulating an NE for parental
nutrient daily formula for neonates, numerous factors should be taken into consideration
such as age, weight, clinical state of the neonate/child, and environmental conditions—type
of incubator, phototherapy, etc. In this investigation, the all-in-one parenteral admixture
NEs that were formulating were placed into ethyl vinyl acetate plastic bags using an
automated compounder (MicroMacro 12, Baxa, Englewood, CO, USA).

2.2.2. Dynamic Light Scattering

A standard ALV system (ALV GmbH, Hessen, Germany) was utilized to perform dy-
namic light scattering (DLS) measurements. The analysis was conducted by implementing
an ALV-CG-3 goniometer and an ALV-5000/EPP multi-tau digital correlator with a He-Ne
laser at A = 632.8 nm. In DLS, the time-autocorrelation function of scattered light intensity
g,(q, 7) is linked to the field autocorrelation function g, (q, T) via the Siegert equation (Equa-
tion (1)), where 3 is a normalization constant [15,16]. The field autocorrelation function
then provides a relaxation rate I' distribution, which is transformed into a diffusion coeffi-
cient D distribution (T = D-q? = 1/7). Then, the Stokes-Einstein equation (Equation (2))
is used to calculate the hydrodynamic radii Ry, with kg as the Boltzmann constant, T as the
sample temperature, and n as the solvent viscosity. The CONTIN algorithm was used to
examine the dispersed intensity-weighted distributions of hydrodynamic radii at 6 = 90°.
Each experiment was performed in triplicate with 30 s duration [17].

8,(q,T)~1=PBlg(qT)I? (1)
k
Ry = 67;11; 2)

2.2.3. Electrophoretic Light Scattering

A Zetasizer Nano-ZS (Malvern Instruments Ltd., Malvern, UK) was used to perform
electrophoretic light scattering (ELS) measurements. The device uses a combination of laser
Doppler velocimetry and phase analysis light scattering (PALS). Equation (3) shows the
relation between electrophoretic mobility 1. and frequency shift Af, with n, as the solvent
refractive index, A as the wavelength of the laser, 8 as the scattering angle, and E as the
electric field. Equation (4), namely Henry’s equation, connects the electrophoretic mobility
Le to the (-potential, with ¢, as the solvent dielectric constant in vacuum, ¢, as the relative
dielectric constant, ) as the solvent viscosity, f(ka) as the Henry function, k as the reciprocal
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Debye length Ap, and a as the particle radius. The product ka refers to the ratio between
the thickness of the electrical double layer and the particle radius.

A 1
He = fosin0 E )
_ 2 eoerlf(ka) )

He 3 n

Under the Smoluchowski approximation, Henry’s function is constant and equal to
3/2, and (-potential can be given by Equation (5) [18,19]. The apparatus converts the
electrophoretic mobilities into a (-potential distribution by performing several measure-
ments of the mobilities at a fixed scattering angle of 0 = 173° using PALS. To find the
mean value and standard deviation of the (-potential, ten measurements were collected at

T =25 °C [20]. -
e
tocs ®)

2.2.4. Transmission Electron Microscopy (TEM)

Two samples of nanoemulsions were examined with Transmission Electron Microscopy
applying the negative staining technique. Specifically, 5 uL of each sample was allowed to
be absorbed for 5 min to the surface of Formvar/Carbon coated copper, 200 mesh-square
grids. The used grids were placed previously in a glow discharge unit to render them
hydrophilic. After absorption, each grid was blotted with filter paper, washed thrice on
drops of ultrapure water, and placed on a drop of 2% aqueous uranyl acetate (UA) solution
for 2 min. The excess UA was removed, and the grids were left to air dry. The specimens
were then observed in a JEM 2100Plus Transmission Electron Microscope (JEOL Ltd., Tokyo,
Japan) operating at 120 kV and equipped with LaB6 filament. Images were photographed at
original magnification 50,000 x using a Gatan OneView digital camera (Gatan, Pleasanton,
CA, USA). The digital camera was calibrated at each magnification setting using a reference
grid with grating replica and latex spheres, according to the instructions of Gatan.

3. Results and Discussion
3.1. Nanoemulsion for Parental Nutrition

The prescribed regimens were calculated by the clinical decision support program
NutriNet-parental nutrition, which analyzes the input data and calculates a daily regimen
prescribed at IASO Hospital.

The prescribed regiment provides total energy, protein, glucose, and fatty substances.
Also, the parental nutrition regimens included micronutrients (Tables 1 and 2). The weight
ratios of amino acids and fat (in mg) were less than the one referred to in the literature. The
program calculates the ratio mEq Ca/mmol P, the osmolarity of parenteral solution, and
the ratio non protein kcal/g. NutriNet-parental nutrition enables the user to print an order
form for the patient record as well as a label that gets placed on the patient’s bag. It is also
linked with an automated compounding device (ACD) for the preparation of the parental
nutrition bag, and any data can be exported for statistical or data collection purposes. The
prescribed solutions were to be examined by the compounding device.

The use of a specialized software program results in an adequate provision of energy
and nutrients. Due to a variety of available current practice guidelines that exist (allowing
individualized patient parental nutrition prescribing), patients’ requirements should be
balanced with a standardized process regarding the stability to enhance their safety and
reduce errors. Nowadays, healthcare automation is a useful tool to overcome the burden
of calculations, including stability parameters, thus enabling the successful provision
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of individualized parental nutrition to become an efficient and safe standard routine
procedure. NutriNet-parental nutrition and similar software will lead to the consistency of
parental nutrition prescriptions through their screening of algorithm input information on
stability substance and clinical application.

Four batches of five AIO admixtures containing macro- and micronutrients were
compounded with commercially available lipid emulsions and amino acid solutions. Their
stability was tested under conditions simulating clinical use. All the admixtures were
assessed for criteria set by the USP: (a) under the upper limit (0.5 um) set and (b) percentage
of volume weighted particles with diameter more than 5 um (PFATS5). In this study, the
characteristics of the samples are analyzed in Tables 3 and 4 (sample 1) and Tables 5 and 6
(sample 2) (see Section 2.1). Details about the ingredients, the micronutrients, and the
energy are also given.

3.2. Physicochemical Evaluation and Stability Assessment of the Nanoemulsions

Physicochemical properties of the two nanoemulsions were assessed in HPLC grade
water on the day of preparation, with results summarized in Table 7 and Figure 1. The
dispersed droplets exhibit a mean hydrodynamic diameter of 328 nm (sample 1) or 299 nm
(sample 2) and comprise homogenous populations (PDI = 0.1). Based on our measurements,
the SMOFHlipid (four-oil lipid emulsion) with a concentration of 200 mg/mL forms lipid
vesicles with a uniform size distribution. Their size is not significantly different. This
is expected because the oil phase is not greatly different in the two samples. The lipids
are surfactants that can self-assemble into aqueous media in different (vesicular and/or
compact) structures. Moreover, they preserved their dimensions in PBS and at 37 °C,
indicating that the samples could be stable in such environmental conditions (Table 7
and Figure 1). The subtle broadening of the size distribution of sample 2 in PBS and at
37 °C was probably related to mild and potential aggregation of the nanoemulsions. Such
behavior is possible given the increased salinity present in PBS solutions in relation to
HPLC grade water.

f(D,)

10° 10° 10*
D, (nm)

Figure 1. Size distributions of the dispersions from DLS on the day of preparation in HPLC grade
water at 25 °C and in PBS at 37 °C. The line colors represent the different samples/conditions: sample
1 in HPLC grade water at 25 °C (black), sample 2 in HPLC grade water at 25 °C (red), sample 1 in
PBS at 37 °C (blue), and sample 2 in PBS at 37 °C (magenta).
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Table 7. Physicochemical characteristics of the dispersions on the day of their preparation. In all
cases SD is lower than 1%.

Sample Diluent Dy, (nm) PDI ¢-Potential (mV)
1 HPLC grade water 328 0.1 —36
2 HPLC grade water 299 0.1 -33
1 PBS 299 0.1 -
2 PBS 309 0.132 -

Moreover, they preserved their dimensions in PBS and at 37 °C, indicating that the
samples could be stable in such environmental conditions (Table 7 and Figure 1). Zeta
potential absolute values of dispersions larger than 30 mV suggest that the electrostatic
repulsion is greater than the attractive forces according to Derjaguin-Landau—Verwey—
Overbeek (DLVO) theory and are deemed as stable [21,22]. Therefore, both formulations
seem to maintain adequate stability according to (-potential measurements with values
approximately equal to —35 mV (Table 7). The presence of the trace elements is responsible
for the high zeta potential values (Tables 1 and 2). On the other hand, the formulation
includes both chaotropic (i.e., Ca**, Mg?*) and kosmotropic (i.e., K¥, Na* and PHO, ")
ions, according to the Hofmeister series. The presence of chaotropic ions is responsible for
breaking the structure of water molecules onto the surface of the colloidal systems [23].

This is further supported by their stability assessment (Table 8 and Figures 2—4).
Considering lipid oxidation possibility, all formulations were protected from light and air
during storage. It should be noted that these nanoemulsions are prepared in the hospital,
and for this reason the preparation protocol is easy, and the duration of the stability
assessment is 9 days. Namely, their dimensions did not change significantly for at least 48 h
at ambient temperature, although there is an observed decrease in particle size from Day 0
to Day 2. Nanoemulsions may undergo interfacial rearrangements after preparation. The
size decrease pattern could be attributed to interfacial stabilization [24]. After 9 days their
size distributions corresponded to wider peaks implying that the formation of aggregates
was initiated though. However, storage at 4 °C improved the dispersions stability for at
least 9 days (Table 8, Figure 3). Even though the sensitivity of the dynamic light scattering
(DLS) technique to larger particles may have contributed to an observed size variation
(Table 8) [25], in fact the stability is demonstrated due to narrow size distributions of similar
mean size for at least 9 days (Figure 3).

Table 8. Physicochemical results at different storage conditions during time. In all cases SD is
lower than 1%.

Storage Time from Preparation (Days)
Sample  Conditions 0 1 2 7 9
Dy, PDI Dy, PDI Dy, PDI Dy, PDI Dy, PDI
25°C 328 0.1 308 0.2 263 0.2 349 0.2 350 0.2
1 4°C = = 285 0.1 271 0.1 304 0.1 308 0.1
25°C 299 0.1 286 0.1 268 0.1 329 0.1 341 0.2
2 4°C = = 316 0.1 249 0.2 298 0.1 304 0.1

Namely, their dimensions did not change significantly for at least 48 h at ambient
temperature, whereas after 9 days their size distributions corresponded to wider peaks,
implying that the formation of aggregates was initiated. The high (-potential values, as well
as the presence of glucose, gave the systems the required physicochemical stability over
time. The electrostatic interactions caused by high (-potential values and the hydration
forces due to the presence of glucose are responsible for keeping the lipidic droplets
well separated from each other and lead to the absence of aggregation or sedimentation
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phenomena. According to the extended or modified DLVO theory, the hydration forces can
also contribute to the stability of dispersions [26-28]. However, storage at 4 °C improved
the dispersions stability, exhibiting narrow peaks of similar mean size for at least 9 days
(Figure 3). Even though physical stability is not necessarily accompanied by chemical
stability, lower storage temperature could enhance emulsion chemical stability as well due
to lipid peroxidation dependance on storage conditions [9,10,29]. This can be attributed to
lower coalescence and flocculation rates and more stable emulsifier organization at the oil-
water interface that are expected at the lower temperature. Based on the physicochemical
data, both dispersions fulfill the USP criteria for injectable lipid emulsions, since they have
an average diameter that does not exceed 500 nm and could remain stable for at least 48 h
at ambient temperature and 9 days at 4 °C [30].

(@)

f(D,)

AN
A

10° 10°
D, (nm)

10

—T T

A
A
A
N\
0? 10° 10*
D, (nm)

1

Figure 2. Size distributions of sample 1 from DLS under different storage conditions: (a) 25 °C and
(b) 4 °C. The colors represent different time points T (days): T = 0 (black line), T = 1 (red line), T = 2
(blue line), T = 7 (magenta line), T = 9 (green line).
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Figure 3. Size distributions of sample 2 from DLS under different storage conditions: (a) 25 °C and
(b) 4 °C. The colors represent different time points from preparation T (days): T = 0 (black line), T =1
(red line), T = 2 (blue line), T = 7 (magenta line), T = 9 (green line).
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Figure 4. Stability assessment for 9 days under different storage temperatures (25 °C and 4 °C). The
colors represent the different samples and storage conditions: sample 1 at 25 °C (black points) and
4 °C (blue points) and sample 2 at 25 °C (red points) and 4 °C (magenta points). In all cases SD is
lower than 1%.
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3.3. Morphological Characterization of the Nanoemulsions

Shape and morphological characteristics of droplets are critical quality attributes of
nanoemulsions, which affects their stability over time as well as interactions with living
cells. TEM is widely used for the characterization of the microstructure of nanoemul-
sions, giving important information about the droplet size and morphology, as well as
stability assessment [31,32].

Figures 5 and 6 show the TEM micrographs of samples 1 and 2, respectively. In
both cases, nanoparticulate structures and sample 1 aggregates especially are observed
(Figure 5a,b). The sizes of the nanoparticles are in good agreement with those observed
by DLS, keeping in mind that DLS is biased towards larger sizes as size distributions are
weighted by the scattered intensity. It should be noted that the TEM images are obtained
from the dispersed samples, avoiding the visualization of the particles/flocculates from the
cake at the bottom of the vial. These samples are representative of the dispersed/solution
state of the samples that were used for the characterization from DLS. Generally, dark
droplets are observed via TEM images in the cases of formation of nanoemulsions [31,32].
Spherical droplets with a size around 300 nm in diameter and multicompartment structures
with darker walls are present in sample 1 (Figure 5b). For sample 2, vesicular structures are
visualized in Figure 6b. In our case, the darker walls appear like that because of the higher
amount of uranyl stain absorption at the outer surface of the structures, in the context of
negative staining, resulting in the “3D-depiction” of the structures (Figures 5 and 6).

Figure 5. (a—c) Transmission electron micrographs of sample 1 nanoemulsions; UA negative staining;
original magnification: 50,000 x. Scale bar: 200 nm.
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Figure 6. (a—c) Transmission electron micrographs of sample 2 nanoemulsions; UA negative staining;
original magnification: 50,000 x. Scale bar: 200 nm.

The different amounts of fats are probably responsible for the self-assembly into
deformed bicompartmental structures. According to the literature, these structures are
observed as intermediate and metastable phases during the formation of microemulsions,
which are prepared by unicameral nanovesicles/nanoemulsions [33].

4. Conclusions

The designed nanoemulsions were found to have the desired physicochemical charac-
teristics as characterization by light scattering methods indicated. This was proved by the
mean sizes (~300 nm) and their relatively narrow size distributions (PDI~0.1) that were not
perturbed in physiological conditions (PBS at 37 °C). To the best of the author’s knowledge,
this is the first time TEM is used for the morphological characterization of emulsions for
parenteral nutrition. The formulations showed sufficient colloidal stability for the intended
application, which was attributed to their strongly negative (-potential. We believe that the
extended stability assessment and morphological characterization could offer new insights
into the regulatory framework of nanoemulsions, supporting a more risk-based approach
to defining their shelf life.
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Abbreviations

The following abbreviations are used in this manuscript:

ACD  Automated Compounding Device
CMA  Critical Material Attribute

CQA Critical Quality Attribute

DLS Dynamic Light Scattering

DLVO Derjaguin-Landau-Verwey—Overbeek Theory
ICU Intensive Care Units

NE Nanoemulsions

PBS Phosphate-Buffer Saline

PDI Polydispersity Index

TEM Transmission Electron Microscopy
UA Uranyl Acetate
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