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SP-ICP-MS: A Brief Review

Comprehensive descriptions of SP-ICP-MS are available,”® so
only a brief review will be given here. When a nanoparticle
enters the plasma, it is completely ionized, producing a burst
of ions which can be detected with ICP-MS. While conventional
ICP-MS looks at a continuous signal, the output from SP-ICP-MS
looks at discrete signals: one nanoparticle yields one ion burst,
with the intensity of the resulting signal being related to the
size of a particle (nm) and the number of pulses being related
to the particle concentration (part/mL).

The key to SP-ICP-MS is rapid, continuous measurement, which

minimizes the chance of more than one particle being detected

at the same time and ensures that particles are all counted. , )

These tasks can be accomplished with ICP-MS instrumentation

which contains fast electronics and eliminates the quadrupole PerkinElmer’
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settling time between measurements. These characteristics

are important for accurate analyses: non-continuous analysis

will miss particles, while slow sampling times/long sampling
windows will detect ions from multiple particles in the same
measurement window. Both of these lead to inaccurate particle
size and counting results.

Another important factor is the particle concentration in the
sample. As particle concentration increases, the chances that
multiple particles are ionized at the same time increases (i.e.
coincidence). The resulting ion burst will be of multiple particles
and not representative of the particle size as the particle
concentration will be biased low and the particle size will be
biased high. In samples with high particle concentrations,
dilution is the best way to minimize the chances of multiple
particles arriving at the plasma at the same time.

Applying SP-ICP-MS to SC-ICP-MS

A cell suspension is nebulized through a dedicated

SC-ICP-MS introduction system in the same manner as
SP-ICP-MS: as each cell enters the plasma, it is ionized, and
the resulting ion burst from the intrinsic metal is detected by
the ICP-MS, applying the same concept of data acquisition
previously mentioned. In SC-ICP-MS analysis, each cell is
considered as an individual entity, or particle, if you will, which
generates its own ion burst. As in SP-ICP-MS, there are certain
conditions that must be considered with regard to cell and dissolved
micronutrient concentrations in order to obtain optimal results. For
cell concentrations, it is preferable if the concentration is around
100,000 cell/mL to minimize coincidence. In some cases, such
as when the ionic concentration of interest is high in the
media, the contaminant is a nanoparticle (NP), or the media

is complex, it is required that the cells are isolated from the
culture media and re-suspended in either fresh media or an
isotonic solution that does not contain the metal of interest.
This will help avoid high dissolved backgrounds, interferences,
or excess particles that could mask the signal generated by
individual cells. Let's now consider examples of SC-ICP-MS.

Research into Cellular Uptake of Platinum-
Containing Cancer Chemotherapy Compounds
Platinum (Pt)-containing compounds (i.e cisplatin (SP-4-2)-
diamminedichloroplatinum(ll)) are among the most commonly
used cancer chemotherapy compounds. The efficacy of these
compounds is related to their cellular uptake, meaning that
increased uptake translates to more effective cancer treatment.’
While many cancers are responsive to Pt treatment, some will
exhibit resistance, resulting in decreased Pt cellular uptake.
Therefore, the Pt content of individual cancer cells could serve as a
predictor to the effectiveness of the treatment.

The conventional method of assessing cellular cisplatin uptake
consists of isolating a cell population, digesting all the cells,
and measuring the Pt content. The limitation of this approach
is that it is time consuming and leads to the assumption that all
cells take up cisplatin on an equal basis.

Information on an individual cell basis will provide an accurate
account of Pt content, Pt distribution, and the number of
cells containing Pt within the cell population, a key factor in
understanding cell resistance to cisplatin treatment. All of this
information is available with SC-ICP-MS as the obtained signal
is related to individual cells rather than to a concentration
averaged over a large number of cells.

To determine the effectiveness of SC-ICP-MS for cisplatin, an
ovarian cancer cell line (CP70) was exposed to cisplatin and
monitored over time. Figure 1 shows the raw SC-ICP-MS signal
of the cisplatin-exposed cells where the '°°Pt isotope was
monitored. Because background levels of Pt are non-existent
and there are no common interferences on '*°Pt, each spike
represents Pt detected in an individual cell. Using an analysis time
of one minute and a dwell time of 50 s, a total of 1.2 million
data points were collected in Figure 1. The variation in peak size
reflects the information that we are seeking in this technique:
an insight into the uptake mechanism as various cells will

have different amounts of intrinsic Pt, all dependent on the
molecular mechanism that is occurring and their ability to
uptake and store Pt. Figure 2 shows Pt content distribution

in CP70 after being exposed to cisplatin for four hours.

Furthermore, we explored the ability of SC-ICP-MS to track

the uptake of Pt by CP70 ovarian cancer cells over the course
of eight hours. Figure 3 shows that the Pt content within cells
increases over time, signifying increased cisplatin uptake, which
is represented with the shift to the right in the distribution.

Realtime Signal
100
2

60

~
1400001 1450001 1500001 1550001 1600001 1650001 1700001
L3
1

ey  [— »

Measurements

Figure 1. Raw SC-ICP-MS signal of ovarian cancer cells exposed to cisplatin for four hours.
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Figure 2. Platinum content distribution in CP70 exposed to cisplatin for four hours.
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Figure 3. Cisplatin uptake by ovarian cancer cells over eight hours. The blue line is included as a reference.

The average Pt content vs. exposure time was repeated on
two non-consecutive days and shows the great precision and
reproducibility of SC-ICP-MS (Figure 4). These studies can be
further expanded to explore how different cell lines uptake
cisplatin under similar experimental conditions.

Implications of Nanomaterials: Studying Cellular Uptake

Nanoparticles are being used in a wide variety of applications,
from improving the quality of various consumer products to
enhancing cancer research. Like every chemical, there is a potential
risk associated with the release of NPs into the environment. As
a traditional remedy against infections, silver's alleged curative
powers are now marketed as NP additives in a host of consumer
antimicrobial products ranging from socks that fight odors to
stuffed animals for children that fend off germs. At the same
time, research studies conclusively show the toxicity of nanosilver
on cells. The latest is a report from the Max Planck Institute in
Germany, which concludes that silver NPs are highly toxic once
they cross the cell membrane.

In relation to both environmental and human health, there are
three questions that need to be answered:

1. How many NPs are in a particular system? (Exposure)

2. Do these NPs enter organisms and at what
concentration? (Dose)

3. What effect do they have? (Response)
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Figure 4. Cisplatin uptake of CP 70 ovarian cancer cells over eight hours on two non-consecu-
tive days. Higher intensities correspond to more cisplatin in the cells.

The answers to these questions allow the development of more
targeted drugs and the ability to fully assess the risk of NPs in
the environment. SC-ICP-MS plays a major role in answering the
first two questions about how unicellular organisms interact
with NPs by providing a means to simply and quickly monitor
cellular NP uptake. Fundamental studies involve adding NPs to
a culture media containing cells, then monitoring the uptake of
NPs into the cells using SC-ICP-MS.

An example of such a study is shown in Figure 5, where three
different lines of ovarian cells were exposed to two different
gold NP concentrations. The cells were washed to remove excess
NPs and then analyzed after 21 hours to determine the cellular
content. The data in Figure 5 shows that different cell lines

have different NP uptake rates, which is dependent, to a certain
extent, on the NP concentrations studied.
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Figure S. Ovarian cell uptake of nanoparticles at two different NP concentrations.

Measuring the Metal Content of Individual Cells Restie isogon
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While SC-ICP-MS can be used to study the uptake of metals into
cells, it can also be used to determine the intrinsic metal content
of the cells themselves in their natural environment without any
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prior exposure. In both scenarios, the metal of interest may be
present in the culture solution in which the cells are suspended
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and is responsible for the background level. If the background
is high, it may obscure the metal signal from the cells. However,
with SC-ICP-MS, this effect is minimized due to the high
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sampling rate used. As the dwell time is reduced (i.e. sampling
rate is increased), the background signal decreases, while the [
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measurement of copper and zinc in individual cells from the
CP70 ovarian cancer cell line.
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Summary

This work demonstrates the ability to rapidly measure the metal ’

content of individual cells using SC-ICP-MS, thus opening new ' ”‘ “’|||W'|’|“‘u”
areas of study. Research into the effectiveness of anti-cancer g

medications is explored by monitoring the uptake rate of b “":'“
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cisplatin at the cellular level, advancing the knowledge of cellular Figure 6. Intrinsic copper and zinc content of CP70 ovarian cancer cells.

interactions with metal-containing species. SC-ICP-MS allows users
to monitor metal content within single cells for intrinsic metal
content, uptake of ionic and/or nanoparticulate contaminants,
handle lower cell numbers compared to conventional methods,
and use minimal sample preparation.
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