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Abstract 

The phytochemical tetrahydrocurcumin 
(THC), a major metabolite of curcumin, 
demonstrates higher anticancer activity, 
systemic bioavailability, and stability than 
curcumin itself. However, the poor aqueous 
solubility of THC causes it to be susceptible to 
oxygen and is poorly absorbed in the 
gastrointestinal tract. Therefore, a delivery 
system is needed to address the delivery 
issues of THC. Gold-copper nanocomposites 
(Au-CuNPs) are good candidates for drug 
delivery and have been shown to have 
anticancer and antibacterial effects with the 
advantages of decreasing the cost of gold and 
enhancing the stability of copper. In this 
study, a nanocomposite composed of gold 
and copper alloy was used to design a THC 
delivery system. 

The Turkevich method was used to 
create a bioengineered Au-CuNP system for 
delivering the herbal phytochemical THC.  
UV spectroscopy, FTIR analysis, drug 
entrapment efficiency, and zeta potential were 
used to characterise the prepared 
bioengineered nanocomposite system. To 
confirm the biological properties, 
xCELLigence real-time monitoring of the 
Caco-2 cell cytotoxic activity of THC-loaded 
gold-copper nanocomposites (THC Au-
CuNPs) was performed. 

Au-CuNPs in a 1:1 ratio was selected 
to prepare the THC delivery system. The 
amount of THC loaded was optimised by 
selecting 2 mg THC due to the highest 

possible amount of drug loading with optimum 
nanoparticle size characteristics. FTIR analysis 
showed that THC was successfully loaded in 
the delivery system. The mean particle 
diameter of THC Au-CuNPs was 248.8 nm, 
indicating the successful formation of 
nanocomposites. The cell culture studies 
showed that the THC Au-CuNPs have 
significant cytotoxic activity on Caco-2 cell 
lines. 

Finally, the anticancer activity of the 
THC Au-CuNPs was confirmed in this study. 

Keywords: Gold Nanoparticle, Copper 
Nanoparticle, Tetrahydrocurcumin, Nanocomposite 

Introduction 

Cancer is a primary cause of mortality 
and a significant obstacle to extending  
life expectancy in every country (1,2); thus,  
it is one of the major public health concerns 
worldwide. Generally, colorectal cancer  
ranks third as the most commonly diagnosed 
cancer but second as the major cause of 
cancer-related death. There was one colorectal 
cancer case among 10 cancer cases and 
deaths (2). 

Phytochemicals are natural substances 
originating from plants with medicinal actions 
against a variety of human diseases (3). 
Curcumin is one of the active compounds 
naturally occurring in turmeric, which is the 
rhizome of the herb Curcuma longa (4). It has 
preventive and therapeutic effects on cancers 
due to its anticancer mechanism (5,6). 
Nevertheless, curcumin degrades rapidly at 
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physiological pH (7.4), and in the presence of 
light, it also has low stability in aqueous 
solutions (7-9). Because of its chemical 
instability and poor pharmacokinetics, curcumin 
has inferior systemic bioavailability 

Tetrahydrocurcumin (THC), a major 
colorless metabolite of curcumin, shows 
better activity than curcumin in the treatment 
of various cancers and has stronger 
antioxidant action (4,10-14). It has great 
stability in plasma and at physiological pH 
(8,11). Tetrahydrocurcumin is a polyphenol 
that is acquired by the hydrogenation of 
curcumin and is more polar than curcumin 
(15-17). Curcumin is converted into 
tetrahydrocurcumin after intestinal absorption 
(Figure 1) and then circulates in the blood and 
is subsequently delivered to the liver and 
kidney (15,18). 

However, the poor aqueous solubility 
of tetrahydrocurcumin causes it to be 
susceptible to oxygen and is poorly absorbed 
in the gastrointestinal tract (13,19,
restricts its potential to be developed in water
based formulations (17). Therefore, a delivery 
system is needed to address the delivery 
issues of tetrahydrocurcumin. Gold 
nanoparticles (AuNPs) have some 
extraordinary properties, including small size, 
stability, easy synthesis, high surface area to 
volume ratio, and optical properties; thus, they 
are good candidates in chemotherapeutics 
and drug delivery (21-23). Copper
great choice of material because it is 
extremely conductive and substantially 
cheaper (24). In addition, 
nanoparticles (CuNPs) have shown 
dose-dependent cytotoxic activity 
this study, a gold-copper nanocomposite 

Figure 1: Transformation of curcumin into tetrahydrocurcumin by hydrogenation process
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es in the blood and 
is subsequently delivered to the liver and 

However, the poor aqueous solubility 
causes it to be 

susceptible to oxygen and is poorly absorbed 
(13,19,20). This 

restricts its potential to be developed in water-
Therefore, a delivery 

system is needed to address the delivery 
issues of tetrahydrocurcumin. Gold 

(AuNPs) have some 
extraordinary properties, including small size, 
stability, easy synthesis, high surface area to 
volume ratio, and optical properties; thus, they 
are good candidates in chemotherapeutics 

Copper is another 
great choice of material because it is 
extremely conductive and substantially 

In addition, copper 
nanoparticles (CuNPs) have shown effective 

cytotoxic activity (25). In  
copper nanocomposite  

(Au-CuNP) delivery system is proposed 
to address the delivery issues of 
tetrahydrocurcumin and to decrease the cost of 
gold and enhance the stability of copper. The 
gold-copper nanocomposite has been reported 
to have a cytotoxic effect itself (26)
Woźniak-Budych et al. reported that gold
copper nanocarriers can be applied in targeted 
cancer therapy due to their porosity and 
anticancer effect (27). 

Material and Methods 

Chemicals and Reagents 

Tetrahydrocurcumin was manufactured 
by Sigma‒Aldrich, India. Gold (III) chloride 99 
% and sodium citrate tribasic dihydrate, ACS 
reagent >99.0 %, were manufactured by 
Sigma‒Aldrich, USA. Copper (II) sulfate 
pentahydrate was manufactured by Merck 
KGaA, Germany. Dulbecco’s Modified Eagle’s 
Medium (DMEM), Trypsin-EDTA Solution, 
Foetal bovine serum, Penicillin‒Streptomycin 
solution, and Phosphate Buffered Saline 
obtained from ATCC, USA. 

Preparation of gold nanoparticles (AuNPs) 
and gold-copper nanocomposites (Au
CuNPs) 

AuNPs were prepared by mi
of HAuCl4, 4 mL of ultrapure water, and 6 mg of 
sodium citrate, followed by stirring continuously 
for 1 hour at 105°C. Au-CuNPs were prepared by 
mixing CuSO4, 0.5 mg of HAuCl
ultrapure water, and 6 mg of sodium citrate, 
followed by stirring continuously for 1 hour at 
105°C. Au-CuNPs of different ratios were 
prepared by manipulating the amount of 1 mg/mL 
CuSO4 in 0.5 mL, 1 mL, 1.5 mL, and 2 mL. 
AuNPs and Au-CuNPs were prepared to act as 
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controls of the tetrahydrocurcumin gold-copper 
nanocomposite formulation. 
 

Preparation of tetrahydrocurcumin gold-
copper nanocomposites (THC Au-CuNPs) 

The preparation was based on the 
Turkevich method. First, 0.5 mg of CuSO4, 
0.5 mg of HAuCl4, tetrahydrocurcumin,  
4 mL of ultra-pure water, and 6 mg of  
sodium citrate were mixed together, followed 
by stirring continuously for 1 hour at 350 rpm 
at 105°C. The resulting mixture was 
centrifuged at 13,000 rpm for 10 minutes at 
17°C. The sediments were collected and 
dispersed with ultrapure water until 500 µL 
was reached. 

 

Surface plasmonic resonance (SPR) 
analysis of gold nanoparticles using UV 
spectroscopy 

To confirm the surface plasmonic 
resonance of the preparation (THC  
Au-CuNPs) and the formation of Au-CuNPs, 
THC Au-CuNPs were compared with  
the surface plasmonic resonance (SPR)  
of pure AuNPs and Au-CuNPs. The 
preparation, pure AuNPs, and Au-CuNPs 
were freshly prepared and scanned under  
UV using a Spectrum SP-UV 500DB 
spectrophotometer (United Scientific,  
United States). Sodium citrate and ultrapure 
water were used as blanks. A 200 nm to  
800 nm wavelength was used to perform  
the scan. 

 

Fourier transform infrared (FTIR) analysis 

THC Au-CuNPs, Au-CuNPs, AuNPs, 
and tetrahydrocurcumin were characterised 
by Fourier transform infrared (FTIR)  
analysis. All spectra were obtained by a 
Thermo Fisher Scientific Nicolet iS5 
spectrophotometer (Thermo Fisher Scientific, 
United States) using OMNIC Software  
from 4000 to 400 cm-1 at a data acquisition 
rate of 2 cm-1 per point. All spectra were 
compared to ensure drug loading in  
Au-CuNPs. 

Preparation of the tetrahydrocurcumin 
standard curve by UV spectroscopy 

A stock solution of 2 mg/mL 
tetrahydrocurcumin was prepared by adding 20 
mg of tetrahydrocurcumin powder into  
10 mL of methanol. From this stock solution, 
30, 40, 50, 60, and 70 μg/mL of drugs  
were prepared according to the formula  
M1V1 = M2V2. These different drug 
concentrations were detected by a UV 
spectrometer (Spectrum SP-UV 500DB, United 
Scientific, Southern Africa) from 200 nm to  
400 nm. Ethanol was used as the blank.  
By obtaining the absorbance at 
tetrahydrocurcumin lambda max, the standard 
curve of tetrahydrocurcumin was plotted, and 
the equation was obtained from the standard 
curve. 

Detection of tetrahydrocurcumin in 
supernatant using UV spectroscopy 

THC Au-CuNPs were freshly prepared, 
sonicated, transferred into Falcon tubes, and 
then centrifuged at 13,000 rpm for 10 minutes 
at 17°C. By centrifugation of the preparations, 
the colourless supernatant was obtained and 
scanned under a UV spectrometer (Spectrum 
SP-UV 500DB, United Scientific, United 
States) from 200 nm to 400 nm. The 
absorbance obtained at the tetrahydrocurcumin 
lambda max (280 nm) was multiplied by the 
dilution factor, and the resulting absorbance 
was substituted into the equation of the 
tetrahydrocurcumin standard curve. The total 
amount of tetrahydrocurcumin remaining in the 
supernatant was calculated. The amount of 
tetrahydrocurcumin entrapped in the Au-
CuNPs was determined by subtracting the total 
amount of tetrahydrocurcumin remaining in the 
supernatant from the initial amount of 
tetrahydrocurcumin added. 

Optimisation of tetrahydrocurcumin 
entrapment 

THC Au-CuNPs were prepared with 
different amounts of tetrahydrocurcumin added 
(0.5, 1, 1.5, 2, 2.5, and 3 mg). The amount of 
tetrahydrocurcumin entrapped in the different 
concentrations of preparation was determined. 
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The optimised concentration for preparation of 
the THC Au-CuNPs would be chosen based 
on the nanoparticle size character and 
amount of drug entrapped. 

Zetasizer 

A Zetasizer study was performed to 
characterise the prepared bioengineered 
nanocomposite system, THC Au-CuNPs. The 
particle size and polydispersity index (PDI) of 
the preparation were determined by means of 
dynamic light scattering (DLS) using a 
Zetasizer Nano S (Malvern Panalytical, 
Malvern, United Kingdom). 

Cell culture 

To confirm the biological properties of 
THC Au-CuNPs, xCELLigence real-time 
monitoring of Caco-2 cell cytotoxic activity 
(28) was performed. Caco-2 (ATCC HTB-37) 
cells were used. It was maintained in 
ATCC−formulated DMEM (Dulbecco's 
Modified Eagle's Medium) supplemented with 
10 % foetal bovine serum, 1 % 
penicillin/streptomycin and was incubated 
under a humidified atmosphere of 5 % CO2 
and 95 % air at 37°C (28). 

Dynamic monitoring of cytotoxic activity 
using the RTCA DP system 

Real-time cellular analysis (RTCA) 
xCELLigence technology was applied to 
obtain the cytotoxicity by keeping track of all 
cellular activities in real-time during the 
experiment to learn more specifically about 
the rate at which cells respond. Caco-2 cells 
were seeded in 4 wells of E-plates 16 at a 
concentration of 1x104/well and grown for  
24 hours. Then, the cells were treated  
with THC Au-CuNPs at the optimised 
tetrahydrocurcumin concentration, with  
Au-CuNPs acting as a blank. Readings from 
the xCELLigence RTCA DP instrument 
(ACEA Biosciences Inc., USA) were taken 
every 5 minutes for 24 hours and every 30 
minutes for 48 hours to track the cell 
responses. The kinetic profile of the cellular 
responses and the decrease in cell index 
were obtained accordingly against their 
respective amounts. 

Results and Discussion 

UV spectroscopy of pure gold 
nanoparticles (Au-CuNPs) and gold-copper 
nanocomposites (Au-CuNPs) 

Pure AuNPs and Au-CuNPs in different 
ratios were scanned from 200 nm to 800 nm to 
obtain their spectra (Figure 2). The lambda 
max of 531 nm obtained from the pure AuNPs 
indicated the success of the chemical reduction 
of HAuCl4 to AuNPs due to the presence of 
surface plasmonic absorption on the gold 
nanoparticles (29). Figure 2 demonstrates the 
correlation between the formation of 
nanoparticles and the shift in lambda max. 
With the addition of copper to the AuNPs, the 
result showed that there is a shift in the lambda 
max. AuNPs are the foundation for the 
nonlinear optical response of the 
nanocomposites formed. (30) Therefore, the 
lambda max of the Au-CuNPs formed is 
derived from the lambda max of the AuNPs. 
Changes in the absorbance or wavelength of 
the surface plasmon resonance band can be 
used to determine the size of nanoparticles 
(31, 32). A redshift in the surface plasmon 
resonance band, which is to longer 
wavelengths, indicates the larger size of 
nanoparticles (31-33). The formation of Au-
CuNPs at a ratio of 1:1 obtained a lambda max 
of 520 nm, indicating the smaller particle size 
of Au-CuNPs. On the other hand, Au-CuNPs at 
ratios of 1:3 and 1:4 obtained lambda max 
values of 546 nm and 541 nm, respectively, 
indicating the larger particle size of Au-CuNPs, 
as the shift in the surface plasmon resonance 
band to longer wavelengths showed the larger 
size of the nanoparticles (31-33). Therefore, 
1:1 Au-CuNPs with the smallest particle size 
were chosen to load tetrahydrocurcumin. 

Fourier transform infrared (FTIR) spectrometry 

The presence of IR peaks at 1116 and 
1076 cm-1 in THC Au-CuNPs indicates that the 
THC is loaded in Au-CuNPs (Figure 3). 

Optimisation of tetrahydrocurcumin entrapment 

The lambda max of pure 
tetrahydrocurcumin determined by using a 
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Spectrum SP-UV 500DB spectrophotometer 
was 280 nm. A standard curve of equation y = 
0.0156x - 0.026 was obtained by using 
different concentrations of tetrahydrocurcu
(30, 40, 50, 60, and 70 μg/mL). 

An indirect method was applied to 
calculate the entrapment efficiency of the Au
CuNPs, in which the supernatant obtain
after centrifugation was used to determine the 
free amount of tetrahydrocurcumin. Next, the 
entrapment efficiency was calculated as the 
difference between the initial amount of 
tetrahydrocurcumin added and the free 
amount of tetrahydrocurcumin in the 
supernatant in regard to the total amount of 
tetrahydrocurcumin loaded in the Au
preparation (34). 

Drug entrapment efficiency (DEE) 
was calculated from the formula: DEE = (Total 
drug conc.- Supernatant drug conc.)/
(Total drug conc.) x 100 %. The loading 
capacity (LC %) was calculated from the 
following formula: LC (%) = (Amount of total 
entrapped drug)/(Total nanoparticle weight) x 
100 %. 

Figure 3: Infrared spectra of (a) Au
AuNPs 
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Table: 1. Zeta size distribution of 2 μg/μL THC 
Au-CuNPs 

Record Sample name Z-average 
(d.nm)

4 THC-AuCuNPs 251.4

5 THC-AuCuNPs 244 

6 THC-AuCuNPs 251 

Mean value 248.8

Figure 2: UV-spectra of AuNPs and Cu
AuNPs in different ratios 
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By scanning the colourless 
supernatant of THC Au-CuNPs under a 
spectrometer (Spectrum SP-UV 500DB, 
United Scientific, United States), the 
absorbance obtained at the 
tetrahydrocurcumin lambda max (280 nm) is 
shown in the table below (Table 1). By 
substituting the absorbance as shown in 
Table 1 into the equation y = 0.0156x 
the respective amount of drug remaining in 
each supernatant was obtained. Then, the 
entrapment efficiency of tetrahydrocurcumin 
in the Au-CuNPs was determined.

Example of calculation 

By scanning the THC Au
supernatant with 0.5 mg of 
tetrahydrocurcumin, the absorbance of the 
supernatant was 0.8955. By inserting 0.8955 
absorbance into the y = 0.0156x 
equation, the amount of drug entrapped was 
59.07 μg/mL. Since the total volume of 
preparation was 10 mL, the total amount of 
drug in the supernatant was 590.7 μg. By 
subtracting the total amount of 
tetrahydrocurcumin remaining in the 
supernatant from the initial amount of 
tetrahydrocurcumin added, the amount of 
tetrahydrocurcumin entrapped in the Au
CuNPs was -90.7 μg. 

Figure 4: Zeta size distribution by intensity of 2 ug/uL THC Au
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trahydrocurcumin entrapped in the Au-

When the concentration of 
tetrahydrocurcumin added increases, the drug 
uptake by nanoparticles increases. 
on the calculation, 3 mg THC Au
the highest percentage of drug entrapment, 
82.07 %. However, the particles in THC Au
CuNPs with 2.5 mg and 3 mg of 
tetrahydrocurcumin were too large, which could 
be seen by the naked eye. Therefore, 2 mg of 
tetrahydrocurcumin was selected as the 
amount of tetrahydrocurcumin added to 
prepare the THC Au-CuNP delivery system 
due to the highest possible amount of
entrapment (54.17 %) with optimum 
nanoparticle size characteristics, in which the 
solution was clear and there was no 
aggregation of particles. From the calculation, 
there were 1083.4 μg of tetrahydrocurcumin 
entrapped in 500 μL of the preparation, and 
then 41 μL of ultrapure water was added to 
make the preparation have a concentration of 2 
μg/μL tetrahydrocurcumin in the THC Au
delivery system. 

Zetasizer 

The average of the readings was 
calculated after three cycles of measurement 
via dynamic light scattering (DLS) 
spectroscopy. The average peak provided the 
mean particle diameter of THC Au-
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Based on the results (
Figure 4), the mean particle diameter of 2 
μg/μL THC Au-CuNPs was 248.8 nm, 
indicating the successful formation of 
nanocomposites with a diameter of a 
hundred nanometers (37). Nanoparticles are 
particles with a size range of subnanometer to 
a few hundred nanometers (37). 
is composed of two or more different 
materials to merge their best characteristics. 
When one of the composite materials has one 
or more dimensions that are in the nano size 
range, the composite is known as a 
nanocomposite. (38) Particle size plays an 
important role in drug delivery to tumours
(39,40). Studies have supported that the size 
range of endocytosed drug delivery systems 
within 100-1,000 nm will have increased 
bioavailability (41-43). Furthermore, 
nanoparticles smaller than 500 nm have 
improved cellular internalisation 
with nanoparticles larger than 500 nm
This is due to the larger surface 
nanoparticles, enabling extra ionic 
interactions with the biological membrane of 
the cells for endocytosis and phagocytosis to 
take place (41,44). Therefore, the mean
particle diameter of 2 μg/μL THC Au
at 248.8 nm is desirable. 

The polydispersity index (PDI),
termed the heterogeneity ratio, is a ratio of the 
molecular weight averages that is frequently 
used to describe the polymer
weight distribution and size distribution. 
46) The size distribution of particles is 
important in cellular internalisation, in which 
the formation of monodisperse nanoparticles 
is favoured (39). When the molecular weight 
distribution width increases, the polydispersity 
index increases (46). A PDI value of 0.0 
indicates a homogeneous particle size of the 
sample, and a PDI value of 1.0 indicates a 
highly polydisperse particle size of the sample 
(39). The formation of AuNPs by the chemical 
reduction method usually has two major 
limitations. First, a very dilute AuNP solution 
is formed. Second, as the particle size 
increases, the size distribution widens, 
resulting in polydisperse AuNPs at sizes 
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indicates a homogeneous particle size of the 
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highly polydisperse particle size of the sample 

AuNPs by the chemical 
reduction method usually has two major 
limitations. First, a very dilute AuNP solution 
is formed. Second, as the particle size 
increases, the size distribution widens, 
resulting in polydisperse AuNPs at sizes 

exceeding 50 nm (33,45,47). Studies have 
shown that a smaller size and size distribution 
of AuNPs can be produced by reversing the 
order of the addition of citrate and gold 
(45,48,49). Based on the results (
the PDI obtained was 0.228, showing that 
the polydispersity of the preparation is 
acceptable. Reduction in polydispersity is 
associated with reduction in the diameter of the 
AuNPs produced (45, 50). 

Dynamic monitoring of cytotoxic activi
using the RTCA DP system 

IC50 (half maximal inhibitory 
concentration) is the concentration of the drug 
required to inhibit biological or biochemical 
functions by half, which is used to estimate the 
effectiveness of the drug. Namely, drugs with 
larger IC50 values work less effectively than 
drugs with smaller IC50 values. (51,
value of tetrahydrocurcumin obtained following 
treatment of the Caco-2 cell line with 
tetrahydrocurcumin for 72 hours was 151.72 
μg/mL, which indicated a moderate 
effect (53).  

Three different amounts of THC Au
CuNPs (5 μL, 10 μL, and 15 μL), Au
and a negative control were tested for cell 
cytotoxicity. The cell number was standardised 
at 24 hours. From the results shown in Figure 
5, the cytotoxicity of 10 μL and 15 μL THC 
CuNPs was confirmed, as they successfully 
reduced the cell index to nearly zero, while 5 

Figure: 5. Cytotoxicity of THC Au
Caco-2 cells as demonstrated
xCELLigence RTCA DP instrument.
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μL THC Au-CuNPs showed a slight reduction 
in the cell index. The concentration of THC 
Au-CuNPs prepared was 2 μg/μL, so the 
amount of tetrahydrocurcumin in 5 μL, 10 μL, 
and 15 μL of THC Au-CuNPs was 10 μg,  
20 μg, and 30 μg, respectively. 

Conclusion 

In this research, a Au-CuNP delivery 
system was successfully developed to carry 
tetrahydrocurcumin, named tetrahydrocurcumin 
gold-copper nanocomposites (THC Au-CuNPs). 
The preparation of the delivery system was 
based on the Turkevich method with citrate 
acting as a reducing agent and a capping 
agent. The delivery of tetrahydrocurcumin to 
colorectal cancer and its cytotoxic effect on 
colorectal cancer of tetrahydrocurcumin-
loaded gold-copper nanocomposites (THC 
Au-CuNPs) were confirmed in this study. In 
the RTCA DP system-based dynamic 
monitoring of cytotoxic activity, the cytotoxicity 
of THC Au-CuNPs was confirmed at 10 μg, 
20 μg, and 30 μg, as they successfully 
reduced the cell index to nearly zero, and  
30 μg of THC Au-CuNPs reduced the  
cell index at the highest rate. Future studies 
could focus on further confirming the 
properties of the bioengineered delivery 
system of tetrahydrocurcumin through more 
characterisation studies and optimisation of 
the Au-CuNP delivery system to deliver 
tetrahydrocurcumin in vivo. 
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