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We quantified an exogenous cancer biomarker, Acetyl Amantadine (AcAm), directly from urine solution using surface en-

hanced Raman spectroscopy (SERS). SERS was used for the detection of AcAm using a commercial Raman substrate after

beta-cyclodextrin encapsulation for capture of the analyte. We achieved a detection limit of 1 ng/mL of AcAm in the mock urine

in the absence of steroids without extraction or other pre-treatment methods required. With levels of corticosterone typical of

urine, the limit of detection was 30 times higher. Since the approach works directly from samples containing the high concen-

trations of salts and organic co-solutes normal to urine, it has the potential to reduce cost and speed up processing with respect

to methods that require pre-purification. Therefore, this is promising for clinical adoption for early cancer detection, particularly

for lung cancer.

1 Introduction

Amantadine is acetylated by the enzyme spermidine/spermine

N1 Acetyltransferase (SSAT) in the body; a process which

is significantly up-regulated in cancer cells. Therefore,

the acetyl amantadine (AcAm) can serve as an exogeneous

biomarker for the detection of cancers, specifically lung can-

cer which is difficult to detect at early stages by other meth-

ods1–3. Previous work has used solid phase extraction (SPE)

and tandem liquid chromatography with mass spectrometery

(LCMS) to quantify AcAm from urine samples at approxi-

mately 10 ng/ml levels4. The use of LCMS, while highly ef-

fective in quantification, makes the process slow and costly.

Further costs and delays result from the requirement for SPE.

Therefore, it is highly desired to lower the costs and delays in

processing by exploring different quantification approaches,

ideally without the need for SPE processing.

Recent reports show an increasing trend in applying Ra-

man spectroscopy in clinical applications, such as medical di-

agnosis5,6 and chemical sensing7–9. Raman scattering pro-

vides a ”fingerprint” enabling characterisation and identifica-

tion of the molecules, so it has inherent specificity. Despite

the success of Raman spectroscopy, the technique still suffers

from extremely low intensity with typical cross section from
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10−28 to 10−24 cm2 per molecule10,11. Surface enhanced Ra-

man scattering can be used to improve sensitivity in quantifi-

cation.12–16.

Due to the distance dependence of SERS, an important cri-

terion is that the analyte of interest must be within a few

nanometers of the nano structured surface. This can be

achieved by using various surface functionalization techniques

to bring analyte closer to the metal surface. A supramolecu-

lar host, like cyclodextrin (CD), can be incorporated on the

metal surface to capture the analyte. CDs are a family of

supramolecular hosts, which consist of six or more α-D-

glycopyranose units. Due to its internal hydrophobicity, CDs

can capture a variety of poorly water-soluble organic com-

pounds17,18. β -CD provides a hydrophobic small molecule

binding pocket that has been used previously in Raman stud-

ies on polychlorinated biphenyls19and canbendazim20.

In this paper we investigate the use of surface enhanced Ra-

man spectroscopy (SERS) to quantify AcAm in urinanalysis.

We prepare Raman substrates with hydrophobic pocket sur-

face capture agents β -CD that work to extract the AcAm di-

rectly from the urine, thereby removing the need for SPE. We

also investigate the influence of hydrophobic intereferences on

this detection approach.

2 Quantification approach

2.1 Materials

Sodium chloride, potassium chloride, potassium sulfate, urea,

creatinine and corticosterone were purchased from Sigma

Aldrich. Amantadine was purchased from Tokyo Chemical
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We further studied the influence of hydrophobic steroids

on our Raman approach. Corticosterone is the most promi-

nent steroid found in urine, so we focussed on that as a rep-

resentative steroid. To make corticosterone (50 mM) stock,

17.4 mg dissolved in DMSO (2 mL) and diluted to a volume

of 10 mL with AU. AU with corticosterone was made by com-

bining 1 mL corticosterone stock with 1 mL AcAm stock and

1 mL Am stock to prepare urine samples. For this experiment,

five spectra were taken for each sample with 30 s integration

time instead of 20 spectra to save time.

The results showed good reproducibility when repeating

over a period of 4 months. Furthermore, the Klarite substrates

could be reused more than 10 times by cleaning with plasma

etching for 1 hour.

3 Results

3.1 Quantification of AcAm in urine

Figure 2(a) shows a representative spectrum of AcAm pow-

der. The regions of interest are shown in grey where the data

is summed, and the background around these peaks is sub-

tracted.

Figure 2(b) shows example spectra for 100 ng/mL AcAm in

artificial urine, following the procedure above. Also shown is

100 ng/mL of AcAm without the use of the capture agent, β -

CD. This shows clearly that β -CD acts to effectively capture

the AcAm at the surface of the Raman substrate. Compared to

the spectrum of powdered AcAm, there are some other peaks

appearing in Fig. 2b: the peak at 1000 cm−1 is from urea, the

peak at 840 cm−1 is from creatinine23 and the peaks at 534,

674, 948 cm−1 are from β -cyclodextrin (See ESI†).

Figure 2(c) shows the summed intensity increases with the

concentration of AcAm. The errors are the standard error on

the mean, taken from repeating the measurement 20 times at

different locations on the Klarite. It is clear from this figure

that the limit of detection is 1 ng/mL. The limit of detection

(LOD) was calculated by three times standard error on mean

of the blank samples plus the signal of black sample (back-

ground level) and by the slope of the linear fit at low concen-

trations. The curve also shows saturation for higher concen-

trations > 300 ng/mL, where all the binding sites are filled.

3.2 Influence of corticosterone

Figure 3(a) shows the Raman spectrum of corticosterone pow-

der. From the spectrum, we could observe that a prominent

peak of corticosterone is at 1650 cm−1.

Figure 3(b) shows the example spectra for 100 ng/mL

AcAm with (red) and without corticosterone (black). Com-

pared with the spectrum which did not have corticosterone, it

Fig. 2 a) Powdered AcAm of Raman spectrum and the regions of

interest shown in grey. b) Spectra for 100 ng/mL of AcAm (red)

with β -CD and the 100 ng/mL of AcAm without using β -CD

(black). The regions of interests are shown in grey. c) Summed

intensity versus AcAm concentration. The background level is

shown in orange and limit of detection is shown in light blue, which

corresponds to 1 ng/mL. The dynamic range is shown in light green,

which is from 1 ng/mL to 300 ng/mL. The dash line shows the

calculated signal of AcAm, which equals background level plus

three times standard error of blank sample.
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Fig. 3 a) Raman spectrum of corticosterone powder. b) Spectra for

100 ng/mL AcAm in artificial urine with and without corticosterone.

The regions of interest are shown in grey (AcAm) and blue

(corticosterone) c) Summed intensity versus AcAm concentration.

The background level is shown in orange and LOD level is shown in

light purple, which corresponds to 30 ng/mL. The dash line shows

the calculated signal of AcAm. d) AcAm summed intensity with

different concentrations of corticosterone. The concentration of

AcAm was 300 ng/mL.

is easy to see that corticosterone peak appeared and the AcAm

signal decreased.

Figure 3(c) shows the summed intensity of the sample with

corticosterone. From the figure, the LOD is 30 ng/mL. The

curve also shows the saturation at 300 ng/mL.

Figure 3(d) shows AcAm summed intensity in AU with dif-

ferent concentrations of corticosterone. The AcAm concentra-

tion we used in this case was 300 ng/mL. From the figure, we

see that the AcAm signal decreased as the corticosterone con-

centration increased, which shows corticosterone was compet-

ing with AcAm for β -CD binding.

4 Discussion

Past clinical studies have looked at samples containing typi-

cally around 10 ng/mL of AcAm in urine24. Those studies

used SPE and other extraction methods to purify the sample

before mass spectrometry. In the absence of steroids, we have

achieved a LOD below this value without any preprocessing

of the urine. Furthermore, we achieved the desired dynamic

range, which is from 1 ng/mL to 300 ng/mL25.

Corticosterone was used as a representative steroid that is

present at relatively high concentrations in human urine. Cor-

ticosterone reduces the LOD and changes the quantification

levels, so that future work will look at different approaches to

manage this interference. One approach is using other binding

pockets such as cucurbiturils (CBs)26–29 that do not capture

steroids. Another approach is to work on the quantification of

the steroids from their Raman spectra as well, which will al-

low for characterizing the degree of competition and thereby

allow for extraction of the AcAm concentration accurately.

We also note that urea is still present in the spectra due to its

high concentration in urine, even after copious washing. That

does not affect the analysis since the peak is well separated

from AcAm peaks.

5 Conclusions

A method for quantifying a lung cancer biomarker AcAm was

presented using a commercial SERS substrate with β -CD en-

capsulation and using multiple peaks for quantification. With

this method, we achieved the LOD of 1 ng/mL AcAm directly

from artificial urine without any additional purification. The

LOD is reduced by the presence of steroids. The approach is

low cost and rapid, which is both promising features for future

clinical adoption. In the future, we plan to use Raman anal-

ysis to quantify the steroids as well, and/or use other capture

agents, such as CBs to select AcAm against steroid.

4 | 1–5

Page 4 of 5Analyst

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

A
na

ly
st

A
cc

ep
te

d
M

an
us

cr
ip

t



6 Acknowledge

Funding for this work was provided by a Genome BC Poof-of-

Concept grant, a Mitacs Accelerate grant and from Biomark

Technologies.

References

1 F. Y. A. Alvaro P.M. Bras, Harry R Hoff and D. S. Sitar, Canadian Journal

of Physiology and Pharmacology, 1998, 76, 701–706.

2 C. W. P. Alvaro P. M. Bras, Juhani Janne and D. S. Sitar, Drug Metabolism

and Disposition, 2001, 29, 676–680.

3 D. S. Sitar and A. P. Bras, Clinical Pharmacology and Therapeutics,

2006, 79, P10.

4 A. Bras and D. Sitar, U.S. Patent US6811967 B2, 2004.

5 T. Vo-Dinh, TrAC Trends in Analytical Chemistry, 1998, 17, 557 – 582.

6 T. Vo-Dinh, L. R. Allain and D. L. Stokes, Journal of Raman Spec-

troscopy, 2002, 33, 511–516.

7 O. Lyandres, N. C. Shah, C. R. Yonzon, J. T. Walsh, M. R. Glucksberg

and R. P. Van Duyne, Analytical Chemistry, 2005, 77, 6134–6139.

8 K. E. Shafer-Peltier, C. L. Haynes, M. R. Glucksberg and R. P.

Van Duyne, Journal of the American Chemical Society, 2003, 125, 588–

593.

9 M. Moskovits, Journal of Raman Spectroscopy, 2005, 36, 485–496.

10 S. Nie and S. R. Emory, Science, 1997, 275, 1102–1106.

11 S. Shim and R. A. Mathies, The Journal of Physical Chemistry B, 2008,

112, 4826–4832.

12 J.-F. Masson, K. F. Gibson and A. Provencher-Girard, The Journal of

Physical Chemistry C, 2010, 114, 22406–22412.

13 X. Zhang, M. A. Young, O. Lyandres and R. P. Van Duyne, Journal of the

American Chemical Society, 2005, 127, 4484–4489.

14 W. W. Yu and I. M. White, Analyst, 2013, 138, 1020–1025.

15 W. W. Yu and I. M. White, Analyst, 2013, 138, 3679–3686.

16 J.-F. Masson, M.-P. Murray-Methot and L. S. Live, Analyst, 2010, 135,

1483–1489.

17 J. Szejtji, Pure and Applied Chemistry, 2004, 76, 1825–1845.

18 T. Loftsson and M. E. Brewster, Journal of Pharmaceutical Sciences,

1996, 85, 1017–1025.

19 Z. Huang, G. Meng, Q. Huang, B. Chen, C. Zhu and Z. Zhang, Journal of

Raman Spectroscopy, 2013, 44, 240–246.

20 A. D. Strickland and C. A. Batt, Analytical Chemistry, 2009, 81, 2895–

2903.

21 H. Takayama, S. Takahashi, T. Moriya, H. Osada, Y. Iwabuchi and

N. Kanoh, ChemBioChem, 2011, 12, 2748–2752.

22 J. C. Garcia, J. F. Justo, W. V. M. Machado and L. V. C. Assali, The

Journal of Physical Chemistry A, 2010, 114, 11977–11983.

23 H. Wang, N. Malvadkar, S. Koytek, J. Bylander, W. B. Reeves and M. C.

Demirel, Journal of Biomedical Optics, 2010, 15, 027004–027004–5.

24 D. S. Sitar and A. P. Bras, US. Patent, 2004, EP20020703426.

25 D. S. Sitar, A. P. Bras, A. Maksymiuk, K. M. Cheng and H. Zhou, BIT life

Science 2nd World Cancer Congrass, June 22-25, 2009, Beijing, China.

http://www.bitlifesciences.com/cancer2009/ScientificProgram.asp.

26 R. W. Taylor, T.-C. Lee, O. A. Scherman, R. Esteban, J. Aizpurua, F. M.

Huang, J. J. Baumberg and S. Mahajan, ACS Nano, 2011, 5, 3878–3887.

27 Q. An, G. Li, C. Tao, Y. Li, Y. Wu and W. Zhang, Chem. Commun., 2008,

1989–1991.

28 T.-C. Lee and O. A. Scherman, Chem. Commun., 2010, 46, 2438–2440.

29 S. Mahajan, T.-C. Lee, F. Biedermann, J. T. Hugall, J. J. Baumberg and

O. A. Scherman, Phys. Chem. Chem. Phys., 2010, 12, 10429–10433.

1–5 | 5

Page 5 of 5 Analyst

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

A
na

ly
st

A
cc

ep
te

d
M

an
us

cr
ip

t


