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Overview

A How is nano formulation characterization different?

A What microscopy techniques are used and how do they work?

A How do other spectroscopic analyses play a rddea case study in iron carbohydrates
A Particle size distributiond relation to PK, methodologies, and statistics
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How Is nano formulation characterization different?

oTraditionaldd Wrug Product
Small molecule in solution

Identification
Assay / Activity
Impurities

Several standard tests like USP
<788>, BET, sterility, pH
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How Is nano formulation characterization different?
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IDENTIFICATION
Change to read:

A+ SPECTROSCOPIC IDENTIFICATION TESTS (197), Infrared
SPECI!‘DSCCIP}H 197K 4 (on 1-May-2020)

ASSAY
* ANTIBIOTICS—MICROBIAL ASSAYS (81)

Sample solution 1 (where it is represented as being in a
single-dose container): Constitute a container of
Vancomycin Hydrochloride for Injection in water
corresponding to the volume of diluent sr)ecified in the
labeling. Withdraw all of the withdrawable contents,
using a suitable hypodermic needle and syringe. Dilute to
an equivalent of T mg/mL of vancomycin with water.

Sample solution 2 (where it is packaged for dispensing):
Dissolve the contents of 1 container of Vancomycin
Hydrochloride for Injection in water, and dilute with water
to obtain a solution having a concentration of 1T mg/mL of
vancomycin.

Sample solution 3 (where the label states the quantity of
vancomycin in a given volume of constituted solution):
Constitute a container of Vancomycin Hydrochloride for
Injection in water corresponding to the volume of diluent
specified in the labeling. Dilute a portion to obtain a final
concentration equivalent to 1 mg/mL of vancomycin in
water.

Analysis: Proceed as directed in Antibiotics—Microbial Assays
(81). [NoTe—Use a measured volume of the appropriate
Sample solution, diluted quantitatively with Buffer B.4 to
yield a Test Dilution having a concentration assumed to be
equal to the median dose level of the Standard.]

Acceptance criteria: 90.0%-115.0%

PERFORMANCE TESTS
* UNIFORMITY OF DOSAGE UNITS (905): Meets the
requirements

SPECIFIC TESTS

* PARTICULATE MATTER IN INJECTIONS (788): Meets the
requirements under small-volume injections

* BACTERIAL ENDOTOXINS TEST (85): NMT 0.33 USP
Endotoxin Unit/mg of vancomycin

* STERILITY TESTS (71): It meets the requirements when
tested as directed for Test for Sterility of the Product to Be
Examined, Membrane Filtration, except to dissolve the
specimen in water instead of in Fluid A.

* PH (791): 2.5-4.5, 50 mg/mL in water

* WATER DETERMINATION, Method | (921): NMT 5.0%

* INJECTIONS AND IMPLANTED DRUG PRODUCTS (1), Specific
Tests, Completeness and clarity of solutions: Meets the
requirements at the time of use.

* CONTENT OF VANCOMYCIN



How Is nano formulation characterization different?

oTradi ti onaldd
Small molecule in solution

Identification
Assay / Activity

Impurities
Several standard tests like USP
<788>, BET, sterility, pH
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Nano formulationd
Emulsion, Liposome, Nanoparticle

Identification (multiple components)
Assay? Multiple components?
Impurities? (HPLC?)
High resolution electron microscopy (STERKyoTEM
Morphology / lamellarity (EM analysis)
Component size/shape (SAXS/SANS/EM)

Crystal structure (Raman, XRD)
Magnetic properties (NMR, EPRJ]0ssbauel)
Ensemble particle methods (DLS, LD)
Zeta potential
Encapsulation efficiency
Dissolution / in vitro release
Several standard tests like USP <788>, BET, sterility, §



How Is nano formulation characterization different?

IDENTIFICATION
* A. IRON
To 2.5 mL of Injection add 17.5 mL of water and 5 mL of

hydrochloric acid. Mix and heat the solution for 5 minin a
boiling water bath. Cool, add dropwise 13.5 N
ammonium hydroxide until no further precipitation of
ferric hydroxide occurs, and filter. Wash the precipitate
with water to remove excess ammonium hydroxide,
dissolve the precipitate in a minimum volume of 2 N
hydrochloric acid, and add sufficient water to make a
volume of 20 mL. To 3 mL of the solutionadd 1 mLof 2N
hydrochloric acid and 1 mL of potassium thiocyanate TS:
the resulting solution (Solution 1) is red. To 1 mL of
Solution 1 add 5 mL of amyl alcohol or ethyl ether, shake,
and allow to stand: the organic layer is pink. To a separate
1-mL aliquot of Solution 1 add 2 mL of mercuric
chloride TS: a red color is discharged [iron (lIl) salts].

e B. The retention time of the major peak of the Sample

solution corresponds to that of the Standard solution, as
obtained in the Assay for Sucrose.

e C. MOLECULAR WEIGHT DETERMINATION

OTHER COMPONENTS
* CONTENT OF CHLORIDE

IMPURITIES
 LiMmiT OF IRON [FE(II)]

SPECIFIC TESTS
* PH (791): 10.5-11.1 at 20°

 ABSENCE OF LOW-MOLECULAR WEIGHT IRON [FE(Il) AND
Fe(II)] ComPLEXES: In the polarograms obtained in the
test for Limit of Iron [Fe(ll)], no additional peaks are found.

» TURBIDITY

* ALKALINITY

e OSMOLALITY AND OSMOLARITY (785)

* SPECIFIC GRAVITY (841): 1.135-1.165 at 20°

ASSAY

¢ SUCROSE * IRON
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* PARTICULATE MATTER IN INJECTIONS {?33}, Method 1 Lfgh[
Obscuration Particle Count Test

* BACTERIAL ENDOTOXINS TEST (85): NMT 3.7 USP Endotoxin
Units/mg of iron contained in Injection

* OTHER REQUIREMENTS: Meets the requirements in Injections
and Implanted Drug Products (1)



How Is nano formulation characterization different?

3. Physicochemical properties of the drug product: particle size, surface charge (zeta-
potential), colloid molecular size,’ interaction between ferric oxyhydroxide and sucrose,
gluconate; stoichiometric ratios of iron and other components.

4. Ferric oxyhydroxide colloid characterization: ferric oxyhydroxide crystalline structure
and environment, magnetic properties, particle morphology, Fe(IIl) to Fe(II) reduction
potential, reduction kinetic and Fe(II) content.

5. Labile iron determination under physiologically relevant conditions. The tests can be
performed with an in vitro haemodialysis system,® the catalytic bleomycin assay of
spiked human serum samples,®’ the spectrophotometric measurement of Fe reduction,
chelatable iron assay® or other methods that are validated for accuracy and precision.
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Microscopic techniques for nano formulations

A Atomic force microscopy (AFM)

A Scanning electron microscopy (SEM)

A Scanning transmission electron microscopy (STEM / STEMSEM)
A Transmission electron microscopy (TEM)

A Cryogenidransmission electron microscopycfyoTEM

A If a picture is worth a thousand words, how do we extract those words from an image?
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Atomic Force Microscopy
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Atomic Force Microscopy

(@) (b)

AFHM Coanti Lever

AFM can be used to measure dry or wet
samples, but dried samples suffer from
aggregation artifacts and wet samples suffer
from concentration effects, probe shape
effects, and scan mode differences; size
measurement may not be accurate.

C20pm ————— 5 Somm

Baxter Wikipedia Chen, Kim, Friction 8(4): 80811 (2020) 11



Scanning Electron Microscopy

Electron gun

Condenser lens

Scanning coil

.

Clhlv'a ctive lens
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Sec:-u:nr;u:lar',.r electron
detector

Specimen

Display unit
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Incident electron beam

X-rays Backscattered
electrons

Cathodoluminescence Auger

electrons
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electrons
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electrons
T

Specimen

Transmitted electrons
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Scanning Electron Microscopy

This technique can be useful for larger particle
suspensions such as intramuscular injections but
doesndt provide much us
nanoscale formulations.

Provides resolution down to ~1nm, but requires
dry samples in high vac

éin most cases. Vacuum
to put some water vapor into the chamber to

avoid metal coating, or a LOT of water vapor can
be used to actually o0o0b

£,

b

/
: ,
7/11/2013 | HV | det [mag @| WD | HFW e —
11:07:20 AM | 5.00 kV |ETD | 30 000 x | 4.1 mm |4.23 pm 28398131 70
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Scanning Transmission Electron Microscoy

Backzcatterad
electrons

A SEMs allow for a range of accelerating Cathodoluminescence
voltages, typically from 1 to 30 kV

A STEMin-SEM detectors capture
transmitted electrons and give
Scattering SEITEs! Bogner et ald Micron 38 (2007) 390-401

A AWetSTEMmode combining the TR s BT T B
previous technique with STEM is A T L ¥ s
possible ks '

Auger
electrons

Secondary
electrons

Absorbed

Specimen
electrons

Tranzmitted electrons

A Much like with AFM, dried samples can
produce agglomeration artifacts and
coll apse any struct urj
robust, while wet samples require ‘
consideration of concentration, heating
and scanning artifacts, scattering, etc.

AccV  Spot Magn Det WD }— | 500 nm
Baxter 3000V 30 50543 BSE 11.4 5.2 Torr particules Au
s 3 L



Scanning Transmission Electron Mg

A SEMs allow for a range of accelerating
voltages, typically from 1 to 30 kV

A STEMin-SEM detectors capture
transmitted electrons and give
scattering contrast

A AWetSTEMmode combining the
previous technique with STEM is
possible

A Much like with AFM, dried samples can
produce agglomeration artifacts and
coll apse any structure
robust, while wet samples require
consideration of concentration, heating

and scanning artifacts, scattering, etc.
Baxter Ozturk et al, J. Mol Struct 1242 (2021) 130846 **



Transmission Electron Microscopy an@ryoTEM

) Incident electrons
1

that are stable against water surface tension
forces, dried samples can be used to examine
samples with some artifacts

HAADF detector

A TEM accelerating voltages typically range from (@) el -
. . ! pecimen
80-300kV; there are tradeoffs in penetration
and contrast
A For heavy element / inorganic nanoparticles \\ ... .

Furuikeet al JEncapand AdsorptSci 5, 144-154 (2015)
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Transmission Electron Microscopy an@ryoTEM

A Traditional blotting B Inkjet dispensing

A CryoTEMs considered the gold standard for high
magnification observation of nanostructures that s hsrigriasr bl
preserves their native structure in solution

A Sample prep and imaging are an art as much as a

/N e
science requiring a skilled and experienced §f;‘,';‘t§’,':g IU dispensing
operator s =

A Vitreous ice / sample handling in the context of formulation l Droplet
excipients, defocus, dose and exposure to avoid ice spreading
Mechanical o o
blotting

\ /

| I Vitrification

Baxter Jain et al J Struct Biol. 2012, 179(1), 6&5



Transmission Electron Microscopy an@ryoTEM

A Class averaging
approaches work
extremely well for a
monotypic population
e.g. antibodies,
proteins; crystal
structures can even
be derived
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Fit of CTF data (30-10 A 0.927/5-peak 0.976)
Defocus1 = 1.104e—06/Defocus2 = 1.124e—-06

LA

124 A2 17 A2 1/5A2 1/4 A? 1/3.3 A?

Resolution (s%)

Resolution (A)

Herziket al, Nature Comm (2019)10:1032
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Transmission Electron Microscopy an@ryoTEM

A Other samples with more
variable structures may require
a more manual appr

iron core is stabilized by sucrose

Differences in core size,
carbohydrate chemistry, and
nanoparticle characteristics
determine the drug profile in vivo
(PK, PD safety, immunogenicity)

The stability of the polymeric iron
complex influences efficacy and
tolerance of the intravenous iron
preparation; iron dissocation,
formation ofreactive (labile) species

Muhlebachet al Nanomedicine Vol 10 No 4 (2015)
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Transmission Electron Microscopy an@ryoTEM
A Other samples with more variable structures may require a more manual approach, bu

there are complications

Gray Value

30

0 10 20
Distance (pixels)
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CryoTEM
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Transmission Electron Microscopy an@ryoTEM

a

A Machine learning
algorithms can be used,
but work best with high
guality source data that
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Image analysis

'I

N

/ipply image analysis

IS consistent from
micrograph to
micrograph and sample
to sample

A This is a very active area

of research!

Evaluation

2. Predicted
condition positive

2. Predicted
condition

Baxter Leeetal ACS Nano 2020, 14, 171287133
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Some structures are
wellkbehavedaé
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