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Towards a rational drug design: Raman
micro-spectroscopy analysis of prostate cancer
cells treated with an aqueous extract of Nerium
Oleander
A. Saha and V. V. Yakovlev∗

Raman spectroscopy is an efficient optical technique used to identify and grade cancer on the basis of the molecular composition
of the cell. In this work Raman spectroscopy is used to study the chemical alteration occurring inside a prostate cancer cell as
a result of a treatment with a low-concentration aqueous extract of Nerium Oleander. The results show that Nerium Oleander
affects the protein and lipid concentration of cancer cells. Copyright c© 2009 John Wiley & Sons, Ltd.
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Introduction

The last decade has witnessed the emergence of optical
spectroscopic methods to assess differences in biochemical
content in normal and malignant cells. Raman spectroscopy,
being a minimally invasive method, is one of the most promising
chemically specific spectroscopic techniques for identification
and classification of malignant cells.[1 – 4] A fast emerging area
of research is rational drug design, which entails a fundamental
understanding of mechanisms of drug distribution inside a living
cell and its interactions with cellular structures. In order to
evaluate the efficacy of a drug or an anticancer agent, one
has to continuously monitor the cell’s structure and chemical
composition in response to the treatment. Raman spectroscopy
is ideally suitable for this task,[5 – 7] and this work is the very first
evidence of its successful application to grade prostate cancer
cells treated with Nerium Oleander.[8]

Experimental

The Raman signal was collected, using a commercial Raman mi-
croprobe system, Renishaw-2000 (Renishaw, Inc.), equipped with
a He–Ne laser excitation source (λex = 632.8 nm), in a backscat-
tering geometry, directed to a high-throughput spectrometer and
detected using a thermoelectrically cooled charge coupled device
(CCD) camera. The imaging spot size was adjusted to match the
size of an individual cell, and the incident power was set to about
10 mW. To increase the signal-to-noise ratio (SNR), the exposure
time was increased to the maximum allowed by the dynamic range
of the CCD detector for a given signal level. The integration time of
each spectrum was 20 s, and the obtained spectra were averaged
five times to ensure the best possible SNR. PANC1 human prostate
cell line was treated with an aqueous extract of Nerium Oleander
as prescribed in Ref. [8]. Two different concentrations, 20 and
40 µg ml−1, were used. The choice was driven by independent
observations of different cell reactions to the drug treatment in

this concentration range. The low-concentration solution itself did
not produce a sizeable Raman signal.

Results and Discussion

Raman spectra of prostate cancer cells, cells treated with
two different concentrations of the drug, and their respective
differences are shown in Fig. 1. While all the measured spectra
are very similar and reproducible from cell to cell (see, e.g.
Figure 2), they show some statistically significant differences in
the intensity of certain Raman lines as a function of increasing
drug concentration. Cells treated with a low drug concentration
exhibit just a slight increase in intensity of the amide I peak at
1656 cm−1, which is attributed to the initial cell’s reaction on
the drug. With further increase of the drug concentration, not
only the intensity of this peak continues to increase but also
several other spectral variations become prominent. The peak
at 1454 cm−1 (CH vibration of protein and lipid) shows a slight
decrease in intensity due to drug treatment. The magnitude of the
peak at 1004 cm−1 (aromatic ring of phenylalanine) increases. The
Raman lines at 1520 and 1415 cm−1 coming from nucleic acids do
not show much change in concentration. The vibrations at 1295,
1340, and 1368 cm−1 correspond to concentration of the lipid.
The sudden changes in the above peaks are clearly evident from
the difference spectra, which attest the change in concentration
of lipids in the treated cells. To check the reproducibility of the
results, we measured Raman spectra from several cells in the same
column, as it illustrated in Fig. 2 for the case of an intermediate
drug concentration. From the difference plot, which is shown for
simplicity only for a pair of cells, one can estimate the statistical
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Figure 1. Raman spectra of (a) prostate cancer cell, (b) prostate cancer cell
treated with Nerium Oleander extract (20 µg ml−1), (c) prostate cancer cell
treated with Nerium Oleander extract (40 µg ml−1); (d) difference Raman
spectra of (a) and (b), (e) difference Raman spectra of (a) and (c).

deviation of the Raman spectra and conclude that the differences
in Fig. 1, indeed, are due to the drug treatment. Similar results
were obtained for other columns.

Conclusions

Using Raman micro-spectroscopy, it is demonstrated for the first
time that there is a certain threshold concentration above which
the extract of Nerium Oleander is toxic to human prostate cancer
cells. High concentrations of this drug dramatically affect the
composition of proteins and lipids in cancer cells. These results
also indicate that Raman spectroscopy can be used as a powerful
tool to interrogate the variation of chemical composition of a cell
in response to the drug treatment. With the foreseeable upgrade
to nonlinear Raman spectroscopy,[9] a real-time, high-throughput
chemical analysis of cells will become possible benefiting a rational
drug design.
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