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A. The importance of quantitative or at least 
semi-quantitative single cell measurements to
detect presence and location of nanomedical 
systems

B.  Below "optical limit" imaging
C.Requirements on the NMS to have X-ray

dense, fluorescent, metallic, or magnetic cores
D.  Can you study living cells?

I.  Introduction



3

The importance of quantitative or at least semi-
quantitative single cell measurements below 
normal “optical limits” to see:

Heterogeneity of binding, cell-by-cell, not just 
a “bulk” measurement

Presence of subpopulations of cells with 
different nanoparticle binding characteristics

Importance of Single-Cell Measurements
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Below “optical limit” imaging

Since nanoparticles are typically below about 100 nm in diameter, we 
cannot use visible light wavelengths for imaging.

Some high-resolution imaging techniques involve “destructive testing”
whereby the cell and its nanomedical systems are preserved in some 
way to survive structurally, if not functionally (e.g. scanning or 
transmission electron microscopy)

Other methods allow live cell imaging (where “imaging” is at least at the 
level of a single cell) of nanomedical systems but are typically of lower 
resolution and may lack detailed location information (e.g. atomic force 
microscopy, “zero order imaging” by flow cytometry, magnetic sorting, 
SPR)  
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Requirement for Nanomedical Systems to have cores 
with special properties to be measurable:

Fluorescent cores (or other parts) to be measurable by 
flow cytometry or confocal microscopy

X-ray dense materials to be measurable by electron 
microscopy

Magnetic cores to be measurable by magnetic sorting

Metallic cores to be measurable by surface plasmon 
resonance imaging

Required Properties of Nanomedical 
Systems to be Measurable
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Flow Cytometer – a “Zero-Resolution”
3D Microscope

Problem: Laser 
beam width is 
typically as large or 
larger than a cell

It is difficult to make the excitation source much smaller than the cell “slit-scanning”
although such hybrid flow-imaging instruments have recently come on the market 
from some vendors (e.g. Amnis, Inc.). Such instruments provide some of the 
advantages of flow cytometry with those of confocal microscopy).



7

“Zero order imaging” by flow cytometry
Flow cytometry is sometimes called “zero order imaging” since it can see 

individual molecules on or within a cell but cannot, except in crude cases, 
tell the location of those molecules. It has, however, no optical limit, so it 
can tell that nanomedical systems are associated with a particular cell on a 
single-cell basis

Flow cytometry can quantitatively measure (typically by fluorescence) 
nanomedical system on either live or dead (or chemically fixed) cells in 
large numbers. If each nanomedical system has roughly the same 
fluorescence and if the instrument can be calibrated in terms of a known 
number of these fluorescence molecules, then the number of nanomedical 
systems associated with that cell can be counted.

Limited information about spatial location can be obtained by flow 
cytometry. For example, if fluorescent nanomedical systems (or parts of 
them, e.g. a delivered drug) are confined to the nucleus, flow cytometry (by 
fluorescence time of flight measurements) can tell that the fluorescence is 
in the nucleus. More sophisticated “slit scanning” with lower beam width 
light sources are possible but have a number of challenges. Detailed spatial 
information is really not currently possible. 



8

High Resolution Imaging on the Nanoscale by 
Scanning (SEM) or Transmission Electron 

Microscopy (TEM)

Electron microscopy whether scanning or transmission requires that the 
nanomedical systems and the cells be “electron dense” meaning that they 
must scatter x-rays.

Most nanomedical systems with core materials are already electron dense 
and may, or may not, be affected by their preparation and testing for EM.

Cells must be chemically fixed and electron dense materials must be put 
into the fixed cell (for TEM) or on its surface (for SEM) to cause it to scatter 
electrons.

Since x-rays do not travel very far in air, electron microscopes must deliver 
their x-rays in a virtual vacuum. Since live cells obviously cannot exist in a 
vacuum, this requires that the cells be chemically fixed or otherwise 
stabilized.

That said, some individuals are trying to develop new high-energy electron 
microscopes that can effectively vaporize the cell but catch a snap-shot of it in 
its last instant of life in hopes of reducing artifacts of fixation.

Microscopy (TEM)
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Representative TEM image of oleic acid-stabilized iron oxide nano-particles that 
indicates how individual particles were identified, outlined, and then analyzed in 
the NIH ImageJ software program. Oleic acid-stabilized iron oxide nanoparticle 
size distribution. Plotted are the percentage of nanoparticles of each diameter in a 
population containing fifty nanoparticles. Individual particle diameters were 
rounded to the nearest integer value.

Example: Ferric Oxide nanoparticles Synthesized 
for Nanomedical System Core material 

To control the surface chemistry to produce multilayered nanomedical systems 
we had to make our own magnetic and biocompatible nanoparticles

material 
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Detection of Fluorescent Nanomedical Systems 
by Confocal Microscopy
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Advantages/Disadvantages of Confocal 
Microscopy for Detecting Presence and Location 

of Fluorescent Nanomedical Systems (F-NMS)

Some Advantages:

Can potentially measure location of F-NMS within individual single cells

Excellent for evaluating intracellular targeting of F-NMS

Some Disadvantages:

Requires NMS to be highly fluorescent!

Requires F-NMS to have good photostability (resistance to 
photobleaching, e.g. using Qdot cores)

To increase photostability we typically need to fix the cells to introduce 
anti-fade agents

Systems (F-NMS)
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SPR (Surface Plasmon Resonance) Imaging

Some Advantages:

Can potentially detect multiple types of NMS if they are rod-shaped of 
different lengths (multiplex SPR imaging)

NMS need not be fluorescent and SPR can detect binding of molecules 
to their metallic surfaces

Some Disadvantages:

Requires that the NMS have some kind of metallic component (gold 
and silver are most common) – low but finite cytotoxicity
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Atomic Force Microscopy
Some Advantages:

Potentially good, but challenging measurements,  for “feeling” at the 
atomic level, the presence of nanomedical systems on a live cell surface

Possible to measure on live cells, although AFM has lower resolution in 
a water, rather than air, environment.

Can be combined with fluorescence measurements, but does not 
require the nanomedical system to be fluorescent.

Possible to measure the presence of NMS at a distance (e.g. inside a 
living cell) using magnetic sensing?

Some Disadvantages:

Difficult to measure NMS inside a cell
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Magnetic Sorting of Cells Containing 
Magnetic Nanomedical Systems (M-NMS)

Some Advantages (depending on size and core materials):

No “optical limit” so can work on nanoscale

Allows sensing of M-NMS associated with cells

Allows physical separation of those cells for further characterizations 
by other technologies
Can also be used as a contrast agent for in-vivo magnetic resonance
imaging

Some Disadvantages:

A zero order measurement (cannot directly tell the cellular location of
a M-NMS, but could follow up with TEM) 
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