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Abstract: Objective: To investigate the preparation of reduced graphene oxide (reduced-NGO) and its photothermal 
therapy of gliomas in vivo and in vitro. Methods: Hydrazine hydrate reduction method was used to reduce graphene 
oxide (NGO). The morphology, diameter, stability and UV-VIS absorbance of reduced-NGO were detected firstly; and 
then, the photothermal conversion effect of reduced-NGO under 2 w/cm2 808 nm irradiation was tested. MTT 
method was used to detect the effect of reduced-NGO alone and reduced-NGO combined with 808 nm near-infrared 
laser (NIR) irradiation on cell viability. Lastly, the photothermal therapeutic effect of reduced-NGO for treating U87 
tumor in vivo was detected. Results: Reduced-NGO obtained by hydrazine hydrate reduction method was lamellar 
particle with a diameter of 90 nm, which showed strong NIR absorbance, great stability and biocompatibility. The 
temperature of reduced-NGO solution could reach 70°C under 2 w/cm2 808 nm irradiation for 5 min. Reduced-NGO 
combined with 2 w/cm2 808 nm irradiation could significantly inhibit cell viability and tumor growth. Conclusion: 
Herein, we successfully synthesized reduced-NGO which showed good tumor killing effect in vitro and in vivo and no 
toxicity when combined with 808 nm radiation.
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Introduction

Graphene was a two dimensional carbon mate-
rial piled up by single layers of carbon atoms. 
With its unique electrical, optical, mechanical 
and thermal properties, it had a broad applica-
tion prospect in the field of biology, medicine 
and composite material [1-5]. Graphene oxide 
(NGO) was usually prepared by oxidation of gra-
phene. The structure of graphene oxide was 
generally the same as graphene except for 
some oxygen-containing functional groups, 
such as epoxy group, hydroxyl and carboxyl 
[6-9]. In this way, the water solubility of gra-
phene was enhanced. 

Reduced-NGO, a derivative of NGO, could be 
prepared by using NGO via chemical or physical 
methods [10, 11]. Through reduction, some 
oxygen-containing functional groups on the sur-
face of NGO could be removed, π-π conjugated 
system on the surface of NGO and NIR absorp-
tion intensity of NGO could be improved. In 
recent years, because of the large specific sur-

face area of graphene and its derivative, it 
could not only load various biomolecules but 
also pure metal and metal compounds with 
abundant functions to prepare functional nano 
composites based on graphene [12-14]. A large 
number of toxicity tests showed that surface-
modified graphene had no obvious toxicity for 
both cells and mice. In addition, graphene was 
of its unique optical property. Its strong absor-
bance in near-infrared region made it applica-
ble in the photothermal therapy of tumors in 
vivo [15-17]. 

In this study, reduced-NGO was synthesized by 
hydrazine hydrate reduction method. By taking 
advantage of its optical property, we applied it 
to the photothermal therapy of gliomas in vivo 
and in vitro. 

Methods and materials 

Experimental materials 

Hydrazine hydrate was purchased from Sigma 
(the US), NGO platelets from ACS Material (the 
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US), MTT Kit from BioAssay Systems (the US), 
mica sheet from Electron Microscopy Sciences 
(the US), DMEM culture solution from GIBCO 
(the US), and fetal calf serum from Hangzhou 
SIJIQING Biological engineering Materials Co., 
Ltd. Human brain astrocytoma and spongio-
blastoma U87 cells were purchased from the 
Cell Bank of the Chinese Academy of Sciences 
(Shanghai, China) and cultured by conventional 
methods. 

Major instruments 

An ultrasonic cell disruptor was purchased from 
Shanghai Zhisun Equipment Co., Ltd., a high 
speed centrifuge Min1416R from Hema 
Medical Instrument Co. Ltd, a electric-heated 
thermostatic water bath DK-S28 from Shanghai 
Sumsung Laboratory Instrument Co., LTD., an 
ultraviolet spectrophotometer UV1901PC from 
Shanghai Aucy Scientific Instrument CO., LTD., 
a nanosizer Zetasizer APS from Malvern 
Instruments Ltd. (the US), an atomic force 
microscope FM-Nanoview 6600 from Suzhou 
Flyingman Precision Instrument CO., Ltd., a 
multi-mode microplate reader SpectraMax® 
i3x from Molecular Devices (Shanghai) and a 
thermal imager YRH300 from HuaZhi Electronic 
Technology Co., Ltd. (Zhengzhou). 

NGO prepared by hydrazine hydrate reduction 
method 

20 mg NGO platelets were dissolved in 20 ml 
deionized water. The solution received ultra-
sonic probe sonography for 3 h and centrifuged 

at 10000 rpm for 30 min. The resultant super-
nate, namely, NGO was collected and the sedi-
ment was discarded. Afterwards, NGO was pre-
pared into 0.5 mg/ml solution and 20 ul hydra-
zine hydrate stock solution was added. Then, 
the mixture was stirred and water bathed for 6 
h. After solution being centrifuged at 8000 rpm 
for 30 min, the supernate was removed and 
appropriate amount of deionized water was 
added. The resultant solution was centrifuged 
again and washed for three times. When the 
centrifuged sediment was re-suspended by a 
proper amount of water, 10 mg polyethylene 
glycol was added. After ultrasonic oscillation for 
1 h, the solution was taken out and filtered. The 
filtrate obtained was reduced-NGO. 

Characterization of reduced-NGO 

An UV-Vis spectrum was used to detect the 
absorbance at 200 nm-800 nm before and 
after the reduction of NGO. Reduced-NGO solu-
tion was dripped onto the surface of fresh mica 
sheet which was dried at 60°C in vacuum for 
30 min. An atomic force microscope (AFM) was 
utilized to detect the morphology of reduced-
NGO. The size distribution of reduced-NGO and 
its average diameter after being placed for dif-
ferent periods of time was detected by a 
nanosizer. 

Test on the photothermal conversion effect of 
reduced-NGO 

Equal volumes of water, NGO and reduced-NGO 
were put into 1.5 ml EP tubes. Then, these 

Figure 1. A. The UV-VIS spectra of reduced-NGO. B. The photos of NGO and reduced-NGO solutions.
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samples were irradiated by 2 w/cm2 808 nm 
near-infrared laser and the temperature of the 
solution was detected every 30 s. In total, the 
irradiation lasted for 5 min and a temperature-
time curve was drawn. In addition, imaging 
analysis was performed under a thermal imag-
er for these three samples of water, NGO and 
reduced-NGO. 

The photothermal cytotoxicity of reduced-NGO 
detected by MTT method 

Glioma cells during logarithmic phase were col-
lected for digestion, made into cell suspension 
(105/ml), inoculated into a 96-well plate (200 μl 
per well) and cultured for 24 h. Afterwards, dif-

ferent concentrations of NGO and reduced-
NGO were added and the mixture was incubat-
ed for another 24 h. Then, the cell culture plate 
was taken out and the old culture solution was 
discarded. Later, cells were irradiated by 2 w/
cm2 808 nm near-infrared laser for 5 min.  
Then, 20 μl culture solution with MTT solution 
was added in each well. After being cultured in 
an incubator for 4 h, the supernate was sucked 
out and 150 ml DMSO was added in each well. 
At last, the resultant mixture was oscillated in a 
table concentrator at a low speed for 10 min to 
dissolve crystal substance in each well ade-
quately and the absorbance (OD value) at 570 
nm was detected by a microplate reader. 

Figure 2. A. The AFM im-
age of reduced-NGO; B. 
The average diameter 
of reduced-NGO; C. The 
changing curve of the 
average diameter of 
reduced-NGO over time.
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The construction of a tumor model and the 
photothermal therapeutic effect of reduced-
NGO on tumor 

Balb/c nude mice at the age of 3-5 weeks were 
purchased from Vital River Laboratory Animal 
Technology Co. Ltd. (with male and female ani-
mals randomly distributed). The tumor model 
was constructed as follows: 100 μL PBS with 
1×106 U87 cells were injected subcutaneously 
into the right side of mice’s back; these animals 
were then fed in an animal room. Tumor volume 
was measured every four days as per the for-
mula. The weight of mice was measured every 
four days. When tumor volume reached up to 
about 60 mm3, mice were divided into five 
groups-normal saline (control), NGO group, 
reduced-NGO group, NGO+laser group and 
reduced-NGO+laser group. Drugs were admin-
istered by intratumoral injection. After the com-
pletion of treatment, mice were killed and 
major organs (heart, liver, kidney, spleen and 
lung) were taken out. Pathological HE section 
staining was performed with hematoxylin and 
eosin. Besides, sections were observed under 

Characterization of the morphology and diam-
eter of reduced-NGO 

As shown in Figure 2A, reduced-NGO is lamel-
lar particle. The diameter of reduced-NGO 
detected by nanosizer was 10 nm-160 nm, 
averaging 89 nm (Figure 2B). As shown in 
Figure 2C, after reduced-NGO stood at room 
temperature for seven days, its average diam-
eter was detected every other day and found to 
be around 90 nm.

The photothermal conversion effect of re-
duced-NGO 

As shown in Figure 3, after NGO and reduced-
NGO of the same concentration were irradiated 
by 808 nm laser (2 w/cm2), respectively, the 
temperature of reduced-NGO solution increa- 
sed rapidly and reached up to 70°C in five min-
utes, while that of NGO only reached up to 39°C 
and that of water almost remained at about 
22°C (Figure 3A). 5 min after irradiation by 808 
nm laser (2 w/cm2), as shown in Figure 3B 
(thermal imaging pictures of water, NGO and 

Figure 3. The photothermal conversion effect of reduced-NGO. A. Tem-
perature-time curve; B. Near-infrared thermal imaging pictures.

optical microscope and photo-
graphed with digital camera. 

Statistical analysis 

Statistical data were expressed by _
x±s and analyzed by a statistical 
software SPSS13.0. Comparison 
between groups was conducted by 
using independent-samples T test. 
P<0.05 meant that there was  
statistical difference and P<0.01 
meant that there was significant 
statistical difference. 

Results 

The preparation of reduced-NGO 

As shown in Figure 1A, the UV-Vis 
absorption spectrum of NGO solu-
tion was a smooth curve with only 
one strong absorbance at 230 nm. 
After reduction, a red shift was 
observed for this strong absor-
bance and the intensity of infrared 
absorption bands increased about 
seven times. As shown in Figure 
1B, the color turned from yellow-
ish-brown to dark black after re- 
duction. 
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reduced-NGO), the temperature of water, NGO 
and reduced-NGO reached up to about 20°C, 
40°C and above 60°C, respectively. 

The cytotoxicity of reduced-NGO 

First of all, we detected the effect of NGO and 
reduced-NGO on cell viability. As shown in 
Figure 4A, both 0-150 ug/ml NGO and reduced-
NGO had no significant effect on the viability of 
U87 cells. Then, 5 min after irradiation by 808 
nm laser, as shown in Figure 4B, the decrease 
in cell viability caused by reduced-NGO was 
more significant compared with that caused by 
NGO. 

The photothermal therapeutic effect of re-
duced-NGO 

As shown in Figure 5, after tumor-bearing mice 
were treated with NGO and reduced-NGO, the 
tumor inhibition effect was similar to the con-
trol group and tumor growth was almost not 
inhibited. Then, when combined with irradiation 
by 808 nm laser, NGO slowed down but did not 
inhibit tumor growth, while reduced-NGO 
showed significant inhibitory effect. 

The toxicity of reduced-NGO in vivo 

The toxicity of NGO and reduced-NGO in mice 
was presented in Figure 6. As shown in Figure 
6A, no significant decrease of weight was 
observed after mice were treated with NGO or 
reduced-NGO alone or in combination with 
laser irradiation. Besides, analysis of HE patho-
logical sections of their major organs indicated 
that these treatments all had no evident dam-
age to the major organs of mice (Figure 6B). 

Discussion 

In recent years, photothermal therapy, as a new 
method, became an alternative therapy with 
little damage for the treatment of tumor. It 
could kill cells by protein denaturation through 
increasing temperature up to more than 40°C 
[18-20]. Common thermal therapies included 
ultrasound hyperthermia, microwave hyper-
thermia, endogenetic field hyperthermia, radio-

Figure 4. A. The effect of NGO and reduced-NGO on cell viability; B. The effect of NGO and reduced-NGO combined 
with 808 nm laser on cell viability. *P<0.05, **P<0.01.

Figure 5. The photothermal therapeutic effect of re-
duced-NGO. *P<0.05, **P<0.01.
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frequency hyperthermia, near-infrared photo-
thermal therapy and so forth [21-23]. During 
thermotherapy, in order to avoid damaging nor-
mal tissues caused by hyperthermia, intratu-
mor injection or photothermal targeting prepa-
rations were usually used. Among various ther-
motherapies, laser-induced thermotherapy 
could kill cells by irradiating light absorbing 
materials gathering at the tumor site with laser 
(the light energy was converted into heat ener-
gy) [24]. Lasers used in thermotherapy were 

Detection by ultraviolet spectrophotometer 
indicated that the absorption intensity in the 
near-infrared region of reduced-NGO was seven 
times stronger than that of NGO. Besides, the 
color changed from yellowish-brown to dark 
black, which fully showed that NGP was 
reduced. It laid a foundation for the application 
of reduced-NGO in photothermal therapy. Study 
on in vitro photothermal conversion effect 
showed that the temperature of reduced NGO 
could reach up to 70°C soon after irradiation 

Figure 6. A. Body weight-time curve in mice; B. The H&E staining images of 
major organs in mice.

mainly near-infrared laser. 
However, since human body 
had low absorption of NIR, 
NIR absorbers were needed 
to enhance thermal damage 
to the tumor site selectively 
and improve the therapeutic 
effect [25-27]. Early studies 
reported that materials like 
gold nanorods, AuNCs and 
gold nanoparticles coated by 
silicon could absorb near-
infrared laser and could be 
used in tumor diagnosis and 
photothermal therapy [28]. 

NGO could be absorbed in 
the near-infrared region, but 
its photothermal conversion 
rate was still low. Never- 
theless, studies found that 
reduced-NGO had evidently 
stronger NIR absorption in- 
tensity and could convert 
light energy absorbed into 
heat energy quickly, leading 
to intracellular protein dena-
turation. The study results of 
Yang Kai et al. showed that 
tumors in mice treated by 
intratumor injection of redu- 
ced-NGO combined with near- 
infrared laser irradiation ob- 
viously scabbed, became 
smaller and were even elimi-
nated completely after a 
month. By contrast, NGO 
combined with laser irradia-
tion failed to eliminate tu- 
mors [29]. 

In this study, reduced-NGO 
was synthesized by hydrazine 
hydrate reduction method. 
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with 2 w/cm2 near-infrared laser. This tempera-
ture was sufficient to make intracellular pro-
teins degenerate. The effect of subsequent in 
vivo and in vitro photothermal therapies fully 
validated this property of reduced-NGO. 

In conclusion, reduced-NGO solution was suc-
cessfully prepared by hydrazine hydrate reduc-
tion method. With good stability and biocom-
patibility, the solution could inhibit tumor 
growth in combination with near-infrared laser 
irradiation both in vivo and in vitro. 
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