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A B S T R A C T   

Glutathione (GSH) is an important biological thiol in cells, which is involved in many physiological processes in 
the organism and regulates pathological processes of cells. Rapid and accurate monitoring of GSH in vitro and in 
vivo is quite needed in investigating important biochemical events. In this contribution, innovative cerium (Ce) 
doped polyaniline (Ce–Fe@PANI NPs) were prepared via Fe(III) induced oxidization polymerization method. 
Upon addition of GSH, the absorption of Ce–Fe@PANI NPs red shifted from the visible to the NIR region, con-
firming the excellent absorption response to GSH. Moreover, Ce–Fe@PANI NPs exhibited excellent photoacoustic 
(PA) imaging enhancement in tube and shifted the PA intensity peak from 680 nm to 820 nm upon addition of 
GSH. In vitro and in vivo experiment verified that Ce–Fe@PANI NPs can monitor GSH in deep tissues via PA 
imaging technology. Collectively, this research provides Ce–Fe@PANI NPs would serve as a powerful nano-
platform to realize PA imaging detection of GSH in vitro and in vivo.   

1. Introduction 

Glutathione (GSH) is an important biological thiol in cells, which is 
involved in many physiological processes in the organism and regulates 
many pathological processes of cells [1–3]. For example, GSH can 
maintain intracellular redox states, influence intracellular signal trans-
duction, regulate gene expression, and so on [4–6]. Abnormal concen-
tration of GSH can induce various diseases including liver damage, 
Alzheimer’s disease, and brain injure [7–9]. Moreover, the different 
level in GSH between cancer cells and normal cells is reported to be one 
of the most important physiological indicators for cancer diagnosis [10, 
11]. Therefore, it is very important to monitor GSH in organisms or in 
cells. To date, various approaches are utilized to detect GSH, including 
mass spectrometry, liquid chromatography, capillary electrophoresis, 
absorption/emission spectroscopy, and surface enhanced Raman 

scattering [12–15]. However, these methods can not be applied to 
monitor GSH in deep tissues in vitro and in vivo [16]. 

Photoacoustic (PA) imaging is an innovative imaging technology 
which combinate photo-excitation and ultrasonic detection [17,18]. PA 
imaging can provide the tissues imaging with deeper tissue penetration, 
excellent contrast, super spatial resolution, and strong sensitivity [19, 
20]. Hence, PA imaging technique has garnered enormous attention in 
recent years and is applied in biomedical research and diseases diagnosis 
[21–25]. Recently, various NIR absorption materials, such as small 
organic molecules [26,27], gold nanoparticles [28,29], carbon nano-
particles [30,31], 2D materials [32,33], sulfides [34], and conjugated 
polymers [35], have been exploited for PA imaging to monitor bio-
molecular and cancer diagnosis. Among these NIR absorption materials, 
with the advantages of ease synthesis and modification, excellent 
biocompatibility, and large absorption coefficient, metal ion doped 
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polyanilines have attracted much attention for PA imaging [36,37]. 
However, the PA intensity peak from most NIR absorption materials 

kept stable, which can only exhibit the “turn on/off” PA signal for 
monitoring biomolecular in organism. Hence, NIR absorption materials, 
which demonstrated absorption response to GSH, may produce different 
PA signal according to the photo wavelength and induce the shift of PA 
intensity peak. Furthermore, visualization of GSH at the molecular level 
in deep tissues in vivo can monitor disease state and dynamically track 
the course of disease. However, report on the fabrication and develop-
ment of NIR absorption materials which demonstrated PA response to 
GSH are scarce to date. Considering the merits, such as real-time 
detection capacity, deeper tissues penetration, and tracking the patho-
logical processes at the molecular level, development of GSH responsive 
NIR absorption materials for PA imaging is of very importance to 
conduct biomedical research. 

In this contribution, we designed and fabricated Ce doped polyani-
line with Fe(III) induced oxidization polymerization methods for 
monitoring of GSH in deep tissues, which was denominated as 
Ce–Fe@PANI NPs (Scheme 1). Ce–Fe@PANI NPs could interact with 
GSH and induce a red shift in the absorption spectrum from the visible to 
the NIR region. Ce–Fe@PANI NPs exhibited high biocompatibility, 
excellent biosafety, and absorption response to GSH. Moreover, 
Ce–Fe@PANI NPs demonstrated PA enhancement in tube and shifted the 
PA intensity peak from 680 nm to 820 nm upon addition of GSH. In vitro 
and in vivo experiment confirmed that Ce–Fe@PANI NPs can monitor 
GSH in deep tissues via PA imaging technology. Collectively, this 
research provides Ce–Fe@PANI NPs would serve as a powerful nano-
platform to realize PA imaging detection of GSH in vitro and in vivo. 

2. Materials and methods 

2.1. Instruments 

Particle size was detected by ZetasizerNano ZS (Malvern Panalytical, 
UK). Transmission electron microscopy (TEM) was obtained from PHI-
LIPS TECNAI 10. UV–vis absorption spectra were measured via the 
Thermofisher Evolution 300 spectropolarimeter. Photoacoustic images 
were captured with an MSOT system (iThera Medical, Germany). 
Infrared spectrum was captured by VerTEX 70 (Bruker, Germany). The 
XRD was obtained by D8 ADVANCE (Bruker, Germany). The XPS was 
provided by Kratos Axis Ulra DLD (Kratos, UK). ICP-MS was carried out 
in ThermoFisher TQ-ICP-MS. 

2.2. Construction of Ce–Fe@PANI NPs 

The preparation method of Ce–Fe@PANI NPs was as follows. Firstly, 
FeCl3 (80 mg), CeCl3 (30 mg), and BSA (70 mg) was dissolved in 

deionized water (10 mL). Secondly, hydrochloric acid (95 mL, 36% by 
mass) and aniline (95 mL) were added into deionized water (1 mL) to 
prepare aniline/HCl solution. Thirdly, aniline/HCl solution drop added 
into the Ce–Fe@BSA complex solution at 4 ◦C and last for 10h. Finally, 
the Ce–Fe@PANI NPs were obtained by centrifugation. 

For the control experiment, Fe@PANI NPs was were synthesized 
using FeCl3 (100 mg), BSA (70 mg), and aniline/HCl solution as the 
precursor. The Ce@PANI NPs was were synthesized using CeCl3 (100 
mg), BSA (70 mg), and aniline/HCl solution as the precursor. 

2.3. Absorption response Ce–Fe@PANI NPs to GSH in tube 

A typical experimental procedure was as follows: the stock solutions 
of Ce–Fe@PANI NPs (PBS, 750 μg/mL) was prepared in a 10 mLvolu-
metric flask. 1 mL stock solution of Ce–Fe@PANI NPs (750 μg/mL) and 
1 mL GSH solution (0, 0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5, 5 mM) were 
transferred to a 10 mL volumetric flask and diluted to volume with PBS 
solution. The final sample contains Ce–Fe@PANI NPs (75 μg/mL) and 
GSH (0, 0.05, 0.1, 0.15, 0.2, 0.25, 0.3, 0.35, 0.4, 0.45, 0.5 mM). The 
absorption spectra were recorded after incubation at room temperature 
after 30 min. 

2.4. PA response of Ce–Fe@PANI NPs to GSH in tube 

For PA detection in tube, the samples containing Ce–Fe@PANI NPs 
(75 μg/mL) and GSH (0, 0.05, 0.1, 0.15, 0.2, 0.25, 0.3, 0.35, 0.4, 0.45, 
0.5 mM) were prepared and kept at room temperature for 30 min. PA 
imaging was carried out on a multispectral optoacoustic tomography 
(MSOT) in Vision 256-TF small animal scanner (iThera Medical GmbH, 
Munich, Germany). 

2.5. PA response of Ce–Fe@PANI NPs to GSH in vitro 

4T1 or L929 cells (2 × 106) were seeded in a 75 cm2 culture bottle. 
The cells were divided into three groups, including (1) control. (2) 
Ce–Fe@PANI: the cells were incubated with Ce–Fe@PANI NPs (100 μg/ 
mL) for 3 h (3) Ce–Fe@PANI + GSH: the cells were incubated with 
Ce–Fe@PANI NPs (100 μg/mL) for 3 h, then incubated with GSH (10 
mM) for 0.5 h. The cells in three groups were washed with PBS buffer, 
digested with trypsin and centrifuged, resuspended with 0.5% agarose 
solution. After cooling, the PA image was observed by the MSOT system. 

2.6. PA response of Ce–Fe@PANI NPs to GSH in vivo 

The normal mice were in anesthesia and placed in prone position. 
After injection of Ce–Fe@PANI NPs (100 μL, 1 mg/mL) into the muscle 
in the hind leg of normal mice, the PA images of muscle tissues were 

Scheme 1. The absorption and PA response of Ce–Fe@PANI NPs to GSH in vitro and in vivo.  
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captured to investigate the PA enhancement of Ce–Fe@PANI NPs. After 
injection of Ce–Fe@PANI NPs (100 μL, 1 mg/mL) into the muscle in the 
hind leg of normal mice, GSH (100 μL, 50 mM) was intravenous injection 
and the PA images of muscle tissues was monitored to evaluate the PA 
response of Ce–Fe@PANI NPs to GSH. 

4T1 tumor-bearing mice were in anesthesia and placed in prone 
position. After intratumoral injection of Ce–Fe@PANI NPs (100 μL, 1 
mg/mL), the PA images of tumor area were captured to exploit the PA 
response of Ce–Fe@PANI NPs to GSH in tumor. 

3. Result and discussion 

3.1. The preparation and property of Ce–Fe@PANI NPs 

Ce–Fe@PANI NPs were prepared by Fe(III) induced oxidative 
chemical polymerization of aniline using bovine serum albumin (BSA) 
as stability agents under CeCl3 (Fig. 1A). In a typical synthetic process, 
FeCl3, CeCl3, and BSA were mixed in water, then the aniline/HCl solu-
tion was added. The reaction was carried out at 4 ◦C for 10h. The mix-
tures were centrifugated to remove large particles and obtain 
Ce–Fe@PANI NPs. The structures were confirmed by IR spectra, XRD, 
XPS, and ICP-MS (Fig. S1-S3). The peaks at 883 and 905 eV were 
observed in the XPS spectra of Ce–Fe@PANI NPs, which correspond to 
the electron energy peaks of Ce 3d5/2 and 3d3/2, respectively. It seems 
that the valence state of Ce is III. Moreover, the XPS spectra of 
Ce–Fe@PANI NPs exhibited peaks at 709 and 725 eV, which are ascribed 
to the electron energy peaks of Fe 2p3/2 and 2p1/2, respectively, con-
firming that the valence state of Fe is II. The Fe2+ and Ce3+ concentra-
tion in Ce–Fe@PANI NPs (10 mg/mL) was determined to be 0.248 mM 
and 0.0951 mM, respectively. 

Ce–Fe@PANI NPs were highly dispersed and stable in water or PBS, 
which were blue. The morphologies of Ce–Fe@PANI NPs were charac-
terized using transmission electron microscopy (TEM) and dynamic light 
scattering (DLS) (Fig. 1B and C). The average hydrodynamic size of 
Ce–Fe@PANI NPs was determined to be 178 nm with zeta potential 
about 24 mV (Fig. 1D). Moreover, no aggregation or precipitation was 
observed in Ce–Fe@PANI NPs PBS solution for 20 days (Fig. S4), con-
firming excellent stability. 

3.2. Absorption response of Ce–Fe@PANI NPs to GSH 

We first measured the absorption spectrum of Ce–Fe@PANI NPs 
upon addition of GSH to investigate the responsive property of 
Ce–Fe@PANI NPs. As shown in Fig. 2A and B, Ce–Fe@PANI NPs 
exhibited absorption peak around 620 nm in PBS. Upon addition of GSH, 
the UV peak value was red-shifted from visible region (620 nm) to NIR 
region (820 nm), in consort with the absorbance decrease. Accompanied 
with the red shift of absorbance, the color of Ce–Fe@PANI NPs solution 
shifted from blue to black green. On the other hand, in the extremely low 
concentration ranged 0–0.2 mM, the ratio between absorption intensity 
around 820 nm (A820) and absorption intensity around 620 nm(A620) 
enhanced linearly with the concentration of GSH (R = 0.9982) (Fig. 2C, 
insert), which was capable of quantitative determination of GSH. 

In contrast to the absorption shift response to GSH, Ce–Fe@PANI NPs 
exhibited absorption stability to various biologically species. As shown 
in Fig. 2D, negligible changes were observed in the A820/A620 of 
Ce–Fe@PANI NPs with other component such as amino acids, KCl, KI, 
KF, KIO3, H2O2, K2SO3, K2SO4, KHS, and K2S. In addition, in the present 
of GSH, A820/A620 enhanced 1.76, which indicated that Ce–Fe@PANI 
NPs exhibit absorption response to GSH. 

The Fe(III) could be acted as an oxidant to polymerize aniline [38]. 
We synthesized Fe dopped polyaniline (Fe@PANI) and Ce dopped pol-
yaniline (Ce@PANI) to investigate the absorption response to GSH. As 
shown in Fig. S5, the color of the Fe@PANI solutions was blue with a 
max absorption peak around 620 nm and changed slightly upon addition 
of 0.5 mM GSH. To our surprise, the Ce@PANI solution exhibited pale 
yellow color. Moreover, upon addition of GSH, the absorption spectrum 
of the Ce@PANI changed slightly. This implied that Ce and Fe doping in 
Ce–Fe@PANI NPs was important for the response to GSH. It has been 
reported that PANI exists in two forms including the emeraldine base 
(EB) and emeraldine salt (ES). Upon doping with acids or transition 
metals, EB PANI can convert to ES PANI which demonstrated strong NIR 
absorption [39–41]. We also measured IR spectra of Ce–Fe@PANI NPs 
after treatment with GSH. As shown in Fig. S1, upon addition of GSH, the 
C–C peak from PANI shifted from 1148 cm− 1 to 1136 cm− 1, confirming 
the interaction between the PANI and GSH. Thus, the interaction be-
tween GSH with Ce–Fe@PANI NPs could facilitate the generation of ES 
PANI, thereby inducing the red shift of the absorption spectrum. 

Fig. 1. Synthesis and Characterization of Ce–Fe@PANI NPs. (A) The preparation of Ce–Fe@PANI NPs. (B) The TEM imaging of Ce–Fe@PANI NPs. (C) The DLS of 
Ce–Fe@PANI NPs. (D) The zeta potential of Ce–Fe@PANI NPs. 
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3.3. PA response of Ce–Fe@PANI NPs to GSH in tube 

Inspired by the excellent absorption response of Ce–Fe@PANI NPs to 
GSH, we wonder the PA response of Ce–Fe@PANI NPs to GSH in tube. 

We first investigated the PA imaging of Ce–Fe@PANI NPs upon addition 
of GSH. Ce–Fe@PANI NPs exhibited maximum PA intensity around 680 
nm. Upon addition of GSH, the PA intensity at 680 nm decreased, 
accompanied with the enhancement of PA intensity at 820 nm. 

Fig. 2. The NIR absorption response of 
Ce–Fe@PANI NPs to GSH. (A) The absorp-
tion spectrum of Ce–Fe@PANI NPs (75 μg/ 
mL) upon addition of GSH. (B) The absorp-
tion maximum and absorbance of 
Ce–Fe@PANI NPs (75 μg/mL) upon addition 
of GSH. (C) The relation between absorption 
ratio at 820 nm/620 nm between GSH con-
centration. (D)Absorption ratio at 820 nm/ 
620 nm of the Ce–Fe@PANI NPs solution in 
the presence of different distractors (at 1.0 
mM each) in PBS 1: phenylalanine; 2: histi-
dine; 3: threonine; 4: tryptophan; 5: lysine; 
6: KCl; 7: KI; 8: KF; 9: KIO3; 10: H2O2; 11: 
K2SO3; 12: K2SO4; 13: KHS; 14: K2S, 15: 
GSH.   

Fig. 3. (A) The photoacoustic imaging of Ce–Fe@PANI NPs upon addition of GSH. (B) The photoacoustic intensity of Ce–Fe@PANI NPs (75 μg/mL) upon addition of 
GSH. (C) The relation of photoacoustic intensity peak wavelength with GSH concentration. (D)The relation between photoacoustic intensity ratio at 820 nm/680 nm 
with GSH concentration. 
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Moreover, the PA intensity peak value was red-shifted from 680 nm to 
820 nm, while the concentration of GSH increased from 0 to 0.5 mM 
(Fig. 3A–C and S6). To our surprise, the ratio between PA intensity 
around 820 nm (Aλ = 820nm) and PA intensity around 680 nm (Aλ = 680nm) 
was found to be linearly correlated with the concentration of GSH ar-
ranged from 0 to 0.2 mM. The PA intensity ratio was determined to be 
linearly correlated with GSH concentration, which followed linear 
regression equation: Aλ = 820nm/Aλ = 680nm = 1.346CGSH+0.4372, R2 =

0.99616 (Fig. 3D, insert), which was capable of quantitative determi-
nation of GSH. 

3.4. PA response of Ce–Fe@PANI NPs to GSH in vitro 

The cytotoxicity of Ce–Fe@PANI NPs was firstly investigated by 
standard CCK-8 assay in tumor cells (4T1 cells) and normal cells (L929 
cells and 293T cells). As shown in Fig. S7, the viability of cells was 
higher than 70% after incubation with 100 μg/mL of Ce–Fe@PANI NPs 
for 24 h, demonstrating that Ce–Fe@PANI NPs is biocompatible to live 
cells. 

To explore PA response of Ce–Fe@PANI NPs to GSH in vitro, we first 
measured the PA signal in 4T1 tumor cells at 680 nm or 820 nm. The 4T1 
cells were divided to three groups: 4T1 cell (control group), 4T1 cells 
incubated with Ce–Fe@PANI NPs (Ce–Fe@PANI group), and 4T1 cells 
stained with Ce–Fe@PANI NPs then with GSH (Ce–Fe@PANI + GSH). As 
shown in Fig. 4A–B, both of 4T1 cells in Ce–Fe@PANI group and in 
Ce–Fe@PANI + GSH group revealed strong PA signal at 680 nm or 820 
nm, compare with the control group, which confirmed the excellent PA 
enhancement of Ce–Fe@PANI NPs in vitro. To our surprise, the PA in-
tensity at 680 nm in 4T1 cells decreased upon addition of GSH. On the 
contrary, incubated with GSH, 4T1 cells enhanced the intensity of PA 
signal at 820 nm. 

Then, we incubated the normal cells with Ce–Fe@PANI NPs and 
measured the PA imaging (Fig. S8). The results showed that L929 cells 
generated higher PA intensity at 680 nm compare with 4T1 cells, while 
the PA intensity at 820 nm of L929 cells was lower than that of 4T1 cells 
(Fig. S9). It seems that GSH with higher concentration in 4T1 tumor cells 
interact with Ce–Fe@PANI NPs, resulting in higher PA intensity 
compare to normal cells with lower GSH concentration. However, upon 
addition of GSH, the PA signals at 820 nm or 680 nm from tumor and 
normal cells exhibited little difference (Fig. S10). All these results 
confirmed that GSH in the tumor microenvironment could alter the PA 
intensity of Ce–Fe@PANI NPs. 

3.5. PA response of Ce–Fe@PANI NPs to GSH in vivo 

Encouraged by the excellent PA imaging of Ce–Fe@PANI NPs in vitro, 
we next evaluated the in vivo PA imaging performance. We first 

administrated Ce–Fe@PANI NPs into muscle in the hinder leg of mice, 
and recorded the PA signal in the muscle tissues. As shown in Fig. S11, 
the brightest PA signal was observed at 680 nm, while the PA signal 
decreased with increase of photo wavelength. The result was accom-
panied with the absorption response of Ce–Fe@PANI NPs. Moreover, 
after injection of Ce–Fe@PANI NPs in muscles tissues, the PA intensity at 
680 nm reached its highest value within 35min (Fig. 5A). Then, with 
time lapse, the PA signal at 680 nm in muscle tissues gradually weak-
ened, but the corresponding PA signal can be detected after 120min. We 
then recorded the PA imaging at muscle tissues with administration of 
Ce–Fe@PANI NPs after intravenous injection of GSH. Strongest PA in-
tensity was achieved under the 820 nm laser irradiation after GSH 
administration (Fig. S12). Furthermore, maximum PA intensity at 820 
nm was observed after injection of GSH for 40min (Fig. 5B). To our 
surprise, PA signal at 820 nm still can be monitored after injection GSH 
for 120 min. 

Inspired by the photoacoustic response of Ce–Fe@PANI NPs to GSH 
in muscle tissues, Ce–Fe@PANI NPs were intratumoral injected into the 
4T1 tumor-bearing mouse. Next, the PA signal in tumor tissues was 
investigated at 680 nm or 820 nm. As demonstrated in Fig. 6A, PA signal 
at 680 nm in tumor site was observed, and its highest intensity was 
achieved within 1.5 h. Although the PA intensity at 680 nm gradually 
faded with time lapse, the corresponding PA signal in the tumor site 
could be monitored even after 12 h. Moreover, the PA signal at 820 nm 
in tumor site can also be observed (Fig. 6B). To our surprise, PA signals 
at 820 nm increased and reached its highest value around 2h, which is 
later than PA intensity at 680 nm (Fig. S13). It seems that Ce–Fe@PANI 
NPs accumulated in the tumor interact with GSH in tumor microenvi-
ronments, which resulting in absorption red shift accompanied with that 
PA intensity peak alters from 680 to 820 nm. The above results 
demonstrated that efficient monitoring of GSH in tumor could be ach-
ieved through investigation the PA imaging from Ce–Fe@PANI NPs. 

3.6. Biosafety assessment 

The potential damage of Ce–Fe@PANI NPs was explored through 
H&E staining of histological slices from organs on day 14, including 
heart, lung, liver, spleen, and kidney. As exhibited in Fig. S14, no 
obvious signs of organ damage were observed after administration of 
Ce–Fe@PANI NPs, which indicates that Ce–Fe@PANI NPs treatment has 
no obvious side effects. Moreover, Ce–Fe@PANI NPs at different dosages 
were intravenously injected into normal BALB/c mice. The mice body 
weight exhibited no dramatic change during the observation period, 
verifying a weak adverse effect on mice growth after intravenous in-
jection of Ce–Fe@PANI NPs (Fig. S15). On the other hand, blood panel 
analysis was carried out on day 14 after administration of Ce–Fe@PANI 
NPs (Fig. S16). The concentration of hemoglobin (HGB), alanine 

Fig. 4. (A) The PA imaging at 680 nm or 820 nm of 4T1 cells incubated with Ce–Fe@PANI NPs and GSH. (B) The PA intensity at 680 nm or 820 nm of 4T1 cells 
stained with Ce–Fe@PANI NPs and GSH (n = 3). 
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aminotransferase (ALT), aspartate transaminase (AST), white blood cells 
(WBC), Platelet count (PLT), and creatinine (CR) were within the normal 
ranges. Herein, all the these findings confirmed the excellent biosecurity 
of Ce–Fe@PANI NPs. 

4. Conclusion 

In this contribution, innovative Ce doped PANI nanoparticle 
(Ce–Fe@PANI NPs) was prepared via Fe(III) induced oxidization poly-
merization method. Ce–Fe@PANI NPs could interact with GSH and 
demonstrated a red shift in the absorption spectrum from the visible to 
the NIR region, which exhibited absorption response to GSH. Further-
more, Ce–Fe@PANI NPs exhibited great photoacoustic imaging 
enhancement and PA response to GSH in tube and in vitro. In vivo 
experiment verified the PA response of Ce–Fe@PANI NPs to GSH. 
Overall, this Ce–Fe doped PANI nanoplatform enjoys absorption and PA 
response to GSH, which is suitable for detection GSH in deep tissues in 

vitro and in vivo. 
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of the tumor at 820 nm after injection of Ce–Fe@PANI NPs (n = 3). 
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G. Cheiran, M.I. Rocha, M. da Veiga, J. Sastre, M.A. Pavanato, Chronic aspartame 
intake causes changes in the trans-sulphuration pathway, glutathione depletion 
and liver damage in mice, Redox Biol. 11 (2017) 701–707. 

[8] P.K. Mandal, S. Saharan, M. Tripathi, G. Murari, Brain glutathione levels–a novel 
biomarker for mild cognitive impairment and Alzheimer’s disease, Biol. Psychiatr. 
78 (2015) 702–710. 

[9] L.K. Mischley, K.E. Conley, E.G. Shankland, T.J. Kavanagh, M.E. Rosenfeld, J. 
E. Duda, C.C. White, T.K. Wilbur, P.U. De La Torre, J.M. Padowski, Central nervous 
system uptake of intranasal glutathione in Parkinson’s disease, NPJ Parkinsons Dis. 
2 (2016) 16002. 

[10] D.Y.-K. Wong, Y.-L. Hsiao, C.-K. Poon, P.-C. Kwan, S.-Y. Chao, S.-T. Chou, C.- 
S. Yang, Glutathione concentration in oral cancer tissues, Cancer Lett. 81 (1994) 
111–116. 

[11] S. Singh, A.R. Khan, A.K. Gupta, Role of glutathione in cancer pathophysiology and 
therapeutic interventions, J. Exp. Therapeut. Oncol. 9 (2012) 303–316. 

[12] C. Wei, X. Liu, Y. Gao, Y. Wu, X. Guo, Y. Ying, Y. Wen, H. Yang, Thiol-disulfide 
exchange reaction for cellular glutathione detection with surface-enhanced Raman 
scattering, Anal. Chem. 90 (2018) 11333–11339. 
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