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NCL Concept of OperationsNCL Concept of Operations

NCL is a formal collaboration between NCI, FDA and NIST
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NCL Assay CascadeNCL Assay Cascade

Physicochemical:
–Size
–Shape
–Composition
–Molecular weight
–Surface chemistry
–Identity
–Purity
–Stability
–Solubility

In Vitro:
–Pharmacology
–Blood contact properties
–Immune cell function
–Cytotoxicity
–Mechanistic toxicology
–Sterility

In Vivo:
–ADME
–Safety
–Efficacy

http://ncl.cancer.gov/assay_cascade.asp
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Physicochemical CharacterizationPhysicochemical Characterization
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Small molecules

• Elemental analysis
• Mass Spec
• NMR
• UV-Vis
• IR
• HPLC
• GC
• Polarimetry

Physicochemical 
Parameters

• Composition
• Physical properties
• Chemical properties
• Identification 
• Quality
• Purity
• Stability

Nanomaterial

• Microscopy (AFM, 
TEM, SEM)

• Light scattering 
(Static, Dynamic)

• SEC, FFF
• Electrophoresis 

(CE, PAGE)
• Zeta sizer
• Fluorimetry

Same parameters – different/additional characterization methods
http://ncl.cancer.gov/working_assay-cascade.asp
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• Sterility
– Bacterial/Viral/Mycoplasma
– Endotoxin

• Cell Uptake/Distribution
– Cell Binding/Internalization
– Targeting 

• Blood Contact Properties
– Plasma Protein Binding 
– Hemolysis
– Platelet Aggregation 
– Coagulation 
– Complement Activation 
– CFU-GM 
– Leukocyte Proliferation 
– Macrophage/Neutrophil Function 
– Cytotoxic Activity of NK Cells 

• Toxicity
– Phase I/II Enzyme Induction/Suppression 
– Oxidative Stress 
– Cytotoxicity (necrosis) 
– Cytotoxicity (apoptosis)

NCL Method ITA-1

Analysis of Hemolytic 
Properties of Nanoparticles

Nanotechnology Characterization Laboratory
National Cancer Institute at Frederick

SAIC-Frederick
Frederick, MD 21702

(301)-846-6939

http://ncl.cancer.gov/working_assay-cascade.asp

In Vitro CascadeIn Vitro Cascade



ASTM StandardsASTM Standards

• First voluntary consensus standards for biocompatibility- 
testing of nanomaterials intended for medical 
applications

• E2524 (hemolysis), E2525 (CFU-GM inhibition), E2526 
(kidney and liver cytotox)
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Standard Methods

Interlaboratory 
Comparison

ASTM ILS 166
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Standard Reference 
Materials

Standard Methods

Interlaboratory 
Comparison

• NCI supported the production of NIST’s colloidal gold 
RM . 
– Au selected for calibration and biocompatibility

• 10nm, 30nm, and 60 nm diameters. 

• Available as of January ’08.

RM 8011-8013RM 8011-8013
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• Initial Disposition Study
– Tissue Distribution 
– Clearance
– Half-life

• Immunotoxicity
– 28-day screen
– Immunogenicity (repeat dose tox 

study)
• Dose-Range Finding Toxicity

– Blood Chemistry 
– Hematology
– Histopathology 
– Gross Pathology

• Efficacy
– Therapeutic  
– Imaging 

http://ncl.cancer.gov/working_assay-cascade.asp

In Vivo Cascade

0
1
2
3
4
5
6
7
8
9

0 5 10 15 20 25 30 35 40 45 50
Time (hours)

0
0.05
0.1
0.15
0.2
0.25
0.3
0.35
0.4
0.45

%
 In

je
ct

ed
 d

os
e 

14
C

 /m
L3H-Liposome

14C-Ceramide

Plasma Profile

Dual Radiolabels

%
 In

je
ct

ed
 d

os
e 

3 H
 /m

L

http://web/rtp/lasp/intra/


10

NCL Extramural CollaboratorsNCL Extramural Collaborators

http://www.arrowres.com/
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Portfolio of Nanoparticles

Liposomes

• M. Kester (Penn State) 
• E. Chang (Georgetown)
• R. Blumenthal (NCI)
• J. Nagy (Nanomed) 
• J. Connor (Penn State)
• W. Zamboni (U. Pittsburgh)
• A. Miller (Imperial College Londo

Gold nanoshells

NanoSpectra (Rice)

Colloidal gold

• CytImmune Sciences
• TedPella Inc.
• A. Wei (Purdue)
• K. Katti (U. Missouri)

Fullerenes

• Tego Bioscience

Iron Oxide

• Alnis

• 

Dendrimers

• Dendritic Nanotechnologies (DNT)
• Avidimer Therapeutics
• M. Brechbiel (NCI)
• E. Simanek (Texas A&M)

n)

uantum Dot

• S. Weiss (UCLA) 
• Evident Technologies
• J. Barchi (NCI)

Nanoemulsions

• M. Amiji (Northeastern)
• Nanoscan

TiO2 

• US FDA

Q s

Polymers

• J. Ljubimova (Mt. Sinai)
• M. Amiji (Northeastern)
• N. Tarasova (NCI)
• D. Ferguson (U. Wisc)
• V. Torchilin (Northeastern)
• Carigent Therapeutics
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Biocompatibility depends on surface charge.
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Size Matters

Dendrimer-Based MRI Contrast Agents

Kobayashi and Brechbiel, Molecular Imaging, 2:1-10, 2003.

A difference in size as little as 2nm can influence route of clearance
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Size effects In Vitro
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30 nm Gold colloids
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Solubility

Phagocytosis
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EDX Spectral Mapping

A

B
C

2 µm

TEM

A

B
C

Ti

O C

SEM

Spectral mapping confirms the agglomerated particles contain Ti and O.
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• Parameters that influence biocompatibility
– Surface Charge
– Size
– Hydrophobicity/solubility
– Stability

• Importance of characterization
– Batch to batch variability
– Physical parameters greatly affect ADME/Tox
– Reference material, ASTM standards

• Each nanoparticle is unique!

Characterization Challenges
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NCL Concept of OperationsNCL Concept of Operations



A graphic representation of the input and output of the three-tiered NCL nanoparticle characterization Assay Cascade. The inputs are sources of nanomaterials and the outputs are nanoparticle-based diagnostics and thereapeutics

NCL is a formal collaboration between NCI, FDA and NIST
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NCL Assay CascadeNCL Assay Cascade



An atomic force microscopy (AFM) micrograph is shown above the physicochemical tier of the NCL Assay Cascade. 

Arrow graphic

Physicochemical:



–Size

–Shape

–Composition

–Molecular weight

–Surface chemistry

–Identity

–Purity

–Stability

–Solubility







A 2D electrophoresis gel is shown above the in vitro tier.

Arrow Graphic

In Vitro:



–Pharmacology

–Blood contact properties

–Immune cell function

–Cytotoxicity

–Mechanistic toxicology

–Sterility





Photo of a cute mouse.

Arrow Graphic

In Vivo:



–ADME

–Safety

–Efficacy







http://ncl.cancer.gov/assay_cascade.asp
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Physicochemical CharacterizationPhysicochemical Characterization



Decorative graphic of a chemical compound.

NHOOHOOHOOOOHHOOHOOO

Small molecules



• Elemental analysis

• Mass Spec

• NMR

• UV-Vis

• IR

• HPLC

• GC

• Polarimetry







Arrow

Physicochemical 

Parameters



•Composition

•Physical properties

•Chemical properties

•Identification 

•Quality

•Purity

•Stability







Nanomaterial





• Microscopy (AFM, 

TEM, SEM)

• Light scattering 

(Static, Dynamic)

• SEC, FFF

• Electrophoresis 

(CE, PAGE)

• Zeta sizer

• Fluorimetry







Arrow

Same parameters – different/additional characterization methods



IMage of Quantum Dot, Fullerne

Image of Liposome, Dendrimer, Gold Nanoshell

http://ncl.cancer.gov/working_assay-cascade.asp
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In Vitro Cascade





• Sterility

– Bacterial/Viral/Mycoplasma

– Endotoxin







• Cell Uptake/Distribution

– Cell Binding/Internalization

– Targeting 







• Blood Contact Properties

– Plasma Protein Binding 

– Hemolysis

– Platelet Aggregation 

– Coagulation 

– Complement Activation 

– CFU-GM 

– Leukocyte Proliferation 

– Macrophage/Neutrophil Function 

– Cytotoxic Activity of NK Cells 







• Toxicity

– Phase I/II Enzyme Induction/Suppression 

– Oxidative Stress 

– Cytotoxicity (necrosis) 

– Cytotoxicity (apoptosis)













Cover page of one of the NCL in vitro assay protocols, specifically the assay for analysis of nanoparticle hemolytic properties.

NCL Method ITA-1

Analysis of Hemolytic Properties of Nanoparticles

Nanotechnology Characterization Laboratory

Nation

NCL Method ITA-1



Analysis of Hemolytic 

Properties of Nanoparticles



Nanotechnology Characterization Laboratory



National Cancer Institute at Frederick



SAIC-Frederick



Frederick, MD 21702



(301)-846-6939





Arrow

http://ncl.cancer.gov/working_assay-cascade.asp
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ASTM StandardsASTM Standards



• First voluntary consensus standards for biocompatibility- 

testing of nanomaterials intended for medical 

applications• E2524 (hemolysis), E2525 (CFU-GM inhibition), E2526 

(kidney and liver cytotox)



Sample Document image

7Standard MethodsInterlaboratory 

ComparisonASTM ILS 166
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Gimage of standard Reference materials and Standard Methods; photograph of drug vials.

Standard Reference 

MaterialsStandard MethodsInterlaboratory 

Comparison

• NCI supported the production of NIST’s colloidal gold 

RM . 

– Au selected for calibration and biocompatibility• 10nm, 30nm, and 60 nm diameters. 

• Available as of January ’08.



NIST RM 8011-8013

RM 8011-8013RM 8011-8013
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• Initial Disposition Study– Tissue Distribution 

– Clearance– Half-life• Immunotoxicity– 28-day screen– Immunogenicity (repeat dose tox 

study)

• Dose-Range Finding Toxicity– Blood Chemistry 

– Hematology– Histopathology 

– Gross Pathology• Efficacy– Therapeutic 

– Imaging 



In Vivo Cascade



Photo of LASP lab rats
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Logos for A collage of NCL Extramural Collaborators: Dendritic Nanotechnologies, CYTImmune Science, Carigent Theraputics, Imperial College London, PennState College of Medicine, Cedars-Sinai Medical Center, Tego Bio Sciences, Nanospectra, Lombardi Comprehensive Cancer Center at Georgetown, Arrowhead Research, Nanotechnology Characterization Laboratory, Northern University Bouve College of Health Sciences, Sarbon Nanotechnologies Uncorporated, NanoScan Imaging, Avidimer Theraputics, Texas A and M, University of South Florida Department of Chemistry, Mizzou, University of Missouri-Columbia, Evident Technologies, UCLA Department of Chemistry and Biochemistry, Purdue, Nanoparticle Biochem, inc.
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�

Portfolio of Nanoparticles



drawing of Liposomes

Liposomes

• M. Kester (Penn State) 

• E. Chang (Georgetown)

• R. Blumenthal (NCI)

• J. Nagy (Nanomed) 

• J. Connor (Penn State)

• W. Zamboni (U. Pittsburgh)

• A. Miller (Imperial College Londo



Drawing of Gold Nanoshells

Gold nanoshells

NanoSpectra (Rice)



Figure of Colloidal Gold

Colloidal gold

• CytImmune Sciences• TedPella Inc.

• A. Wei (Purdue)

• K. Katti (U. Missouri)



Figure of Fullerenes

Fullerenes

• Tego Bioscience



Iron Oxide

Iron Oxide

• Alnis



Figure of Dendrimers

Dendrimers

• Dendritic Nanotechnologies (DNT)

• Avidimer Therapeutics• M. Brechbiel (NCI)

• E. Simanek (Texas A&M)



Quantum Dots

n)

uantum Dot

• S. Weiss (UCLA) 

• Evident Technologies• J. Barchi (NCI)



Nanoemulsions

Nanoemulsions

• M. Amiji (Northeastern)

• Nanoscan



TiO2

TiO2 

• US FDA



Polymers

Polymers

• J. Ljubimova (Mt. Sinai)

• M. Amiji (Northeastern)

• N. Tarasova (NCI)

• D. Ferguson (U. Wisc)

• V. Torchilin (Northeastern)

• Carigent Therapeutics



�

Chart on Biocompatibility. Left side is labeled Zeta Potential, minus to plus. RIght side is labeled Colubility, high to low. Bottom axis is size.

Renal ClearanceBiliaryClearance ?

Cytotoxicity 

(Surface Reactivity)RES 

Recognition(EPR Effect)

(+)

(–)

0LowHigh1 nm220 nmSize 

(Rigid Core)

SolubilityNanoparticle Biocompatibility

Trends: BiocompatibilityTrends: Biocompatibility



�

A diagram and chart explaining that Biocompatibility depends on the surface charge. Image on left shows a dendrimer nanoparticle surrounded by + signs indicating the positively-charged amine surface groups on the ends of the dendrimer side chains.

On the right is a graph showing dendrimer-induced platelet aggregation as a function of surface charge (percentage of positively charged amine surface groups on the dendrimer side chains). As the charge becomes less positive, the tendency to cause platelet aggregation also decreases.
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Trends: Charge 



Biocompatibility depends on surface charge.



�

Size Matters



Dendrimer-Based MRI Contrast Agents





This is a series of MRI full body scans of rodents injected with dendrimer-based MRI contrast agents of various size. The MRI images are labeled with the denderimer generation (related to its size). For G3-G4 dendrimers, the kidneys are illuminated, illustrating that the dendrimers are excreted via the kidney. For the G7-G9 dendrimers, the livers are illuminated, illustrating that these dendrimers are excreted via the liver. 

Kobayashi and Brechbiel, Molecular Imaging, 2:1-10, 2003.



A difference in size as little as 2nm can influence route of clearance





�

Size effects In Vitro



Image on left shows a schematic of a dendrimer nanoparticle and the chemical structure of a dendrimer branch. The graph shows that the percentage of dendrimer induced platelet aggregation increases with dendrimer concentration for the G3-G5 dendrimers, but not for G6 dendrimers.

Amine Terminated - NH2-100102030405060708090100100.050.025.012.56.33.11.6Concentration ug/ml% Platelet AggregationG3G4G5G6

Biocompatibility depends on particle size.



�

Two graphs labeled Phagocytosis:

The graphs show the results of a luminol fluorescence-based assay to measure phagocytosis for both the anionic and PEGylated gold. No uptake of either particle was detected by this assay. 

�

Solubility



Phagocytosis



05001000150020002500300035004000Fold Phagocytosis InductionPositive ControlNP formulation 1050010001500200025001Positive ControlNP formulation 2Fluorescence assaynionic Colloidal GoldUptake ExpectedPEGylated Goldow/No Uptake ExpectedNP formulation 1NP formulation 2

More than one method is often required to draw conclusions



�

EDX Spectral Mapping



This slide shows a TEM micrograph of tissue from rodents injected with TiO2 nanoparticles. The particles are visible in the micrograph. This slide also shows a scanning electron microscopy (SEM) micrograph of the same tissue also showing the particles.

ABC2 µmTEM Finally, this slide shows titanium, oxygen, and carbon energy dispersive X-ray (EDX) microscopy elemental maps. The particles are clearly visible in the titanium and oxygen maps and not visible in the carbon map, confirming that the particles are TiO2. 

ABCTiOCSEM

Spectral mapping confirms the agglomerated particles contain Ti and O.





�

This slide shows the results of the NCL assay for nanopartical hemolytic properties for two lots of the same nanoparticles. The first lot is hemolytic (~10%) while the second lot is not hemolytic. This slide also shows the DLS size distribution of the two lots. The second lot is larger than the first lot. 

NegativeControlPositiveControlLiposomeLot 1LiposomeLot 2% HemolysisHemolytic properties of two lots of 

the same nanomaterial appear 

different024681012141618202224262830DLS size measurement shows that 

nanoparticles in the two lots are not 

the same size.

Volume (%)

Lot 1 in PBSLot 2 in PBSSize by DLS0510150.1110100100010000Diameter (nm)

Batch to Batch Variability











�

Both fullerenes appear to lessen the cytotoxicity of cisplatin. Schematics of the chemical structures of DF-1 and DF-1 mini are also shown.

MediaDF-1-Mini(0.125 mg/mL) 

50 µMCisplatinMedia2 µm 

OOOOOOOOOOHOHOHHNOOOHOHOHONHDF-1 MiniThis slide shows the cell morphology results for cells exposed to two fullerenes nanoparticles (DF-1 and DF-1 mini) and to cisplatin (a cytotoxic chemotherapeutic). 

MediaDF-1(0.5 mg/mL) 

50 µMCisplatinMedia2 µm 

OOOOOOOOOHNOOOOHOHOHHNOOOOROHOHNHOOOHOHOHOHNOOOHNOOOOHOHOHHNOOOHOHOHOHNOOOHOHOHONH-

DF-1

Fullerene ChemoprotectionFullerene Chemoprotection











�

• Parameters that influence biocompatibility– Surface Charge– Size– Hydrophobicity/solubility– Stability• Importance of characterization– Batch to batch variability– Physical parameters greatly affect ADME/Tox– Reference material, ASTM standards• Each nanoparticle is unique!



Characterization Challenges
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