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ABSTRACT
Introduction: Cancer of oral cavity is the uncontrolled expansion of damaged cell within the mouth cavity. 5‑fluorouracil (5‑FU) chemotherapy 
was focused to kill the cancer cell, but it would affect the surrounding normal cells during oral cancer treatment. This study included the evaluation 
of chemoprotective effects of curcumin (CU), as an herbal remedy, on 5‑FU‑induced‑cytotoxicity toward oral cancer treatment, loaded within 
a nanocarrier system. CU was combined with 5‑FU chemotherapy as a combinational drug‑delivery system to evaluate synergistic effects.

Materials and Methods: Nanoformulation of CU (nano‑CU) and nanoformulation of 5‑FU (nano‑FU) were prepared by employing 
homogenization with high‑energy sonication. The characterizations of prepared nanoformulations were evaluated on the basis of particle size, 
zeta potential, and polydispersity index (PDI) values. The chemopreventive effect of nano‑CU on 5‑FU induced‑toxicity and synergistic efficacy 
were optimized through different in-vitro assays.

Results: The average particle size of nano‑CU and nano‑FU were up to 200 nm, negatively‑charged, and shown up to 4th‑day control release of 
the drug within the acceptable concentration. IC50 value for growth inhibition was calculated as 47.89 and 26.19 µg/ml, respectively, for nano‑CU 
and nano‑FU. OCC was pretreated with nano‑CU and shown the protective effect by reducing 5‑FU induced‑cytotoxicity by preventing normal 
cells through reduced viability. The DPPH‑indicated fluorescence‑tagged cells had quantified for antioxidant effect as it reduces intracellular 
reactive oxygen species level in OCC. Along with alteration in cell protein expression, Blc2, and Bax, shows enhanced apoptosis rate in OCC.

Conclusion: Nano‑CU provides chemoprotective nature towards 5‑FU induced‑toxicity, along with synergistic effects in oral cancer treatment. 
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INTRODUCTION

The normal cells are the key messenger to maintain good 
health condition of human body called homeostasis 
condition, and cancer cells are damaged form of normal 
cells which produce harmful effect due to its presence 
within any part of the human body. Oral cancer is the 
uncontrolled expansion of damaged cell within the mouth 
cavity and caused the mass of cells called a tumor. It could 
appear on lips, tongue, and intraoral cavity including the 
pharynx area.[1] Oral cancer has reported high prevalence 
rate globally, approximately 4 lakh new cases have reported 
annually with 39% death rate.[2] The survival rate is about 
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5 years for oral cancer patients.[3] The South Asian country, 
specifically Indian subcontinent, has a reported very high 
rate of oral cancer patients due to poor prognosis and delay 
in treatment.[4] In India, only about 85,000 new cases of oral 
cancer were reported with 45% death rate annually.[5] The 
primary causes of oral cancer were to tobacco consumption 
and drinking alcohol along with several dental‑related issues 
and unavoidable precancerous lesions.[6] The most common 
treatment for oral cancer is surgical removal of mass from 
the oral site along with chemotherapy and radiotherapy. 
Chemotherapy is the procedure which involved the use 
of different type of anticancer drugs, which damages the 
malignant cells and dysfunction the cellular pathways.[7] 
There are many pharmacological mechanisms involved that 
enhanced the deaths rate of the cancer cell. 5‑fluorouracil 
(5‑FU) is frequently used anticancer drugs for oral cancer 
chemotherapy. 5‑FU acts as an inhibitor, that block the 
thymidylate synthase enzyme, which promotes DNA damage, 
due to alteration in cellular pathways.[8] 5‑FU have wide 
pharmacological potency against oral cancer but could not 
able to convert into therapeutic response due to limited 
bioavailability, reduced half‑life, and low therapeutic efficacy 
because of conventional dosage formulation, and also have 
the type of adverse effects, including, vomiting, nausea, 
dysentery, and many more. The prolong treatment with 5‑FU 
may also induce several cellular toxicities.[9,10]

The chemotherapy of 5‑FU was focused to kill the cancer 
cell, but it is also required to concentrate on the surrounded 
normal cell, which may also damage due to oral cancer 
treatment because of drug toxicity.[11,12] There are two 
important aspects which may be produced better response 
efficiency of 5‑FU chemotherapy. First, 5‑FU should load 
in a nanocarrier system for specific delivery and thus 
an improvement in biological activity. Second, the 5‑FU 
combined with curcumin (CU), a natural analog, which may 
provide protective effects during 5‑FU chemotherapy along 
with synergistic efficacy against oral cancer treatment.

CU is naturally occurring herbal species, with huge medicinal 
properties. CU extracted from Curcuma longa, generally 
known as “haldi.” CU has broad‑spectrum therapeutic efficacy 
for several types of disease system and also shown the 
effective anticancer property.[13,14] Cu also reported cellular 
protective efficiency against 5‑FU‑induced toxicity. CU has the 
strength to maintain the stable status of normal cells with its 
effective antioxidant, chemopreventive, and pro‑apoptotic 
properties as adjuvant therapy.[15] The earlier studies also 
confirmed that CU induces apoptosis in the malignant cell 
through antagonizing the transcription factors and Nuclear 
factor kappa B cellular pathways.[16] CU has an antioxidant 
effect on reactive oxygen species (ROS) within damaged cells 

and maintains redox status of the cells by interfering with 
free radicals and lipid peroxidation.[17]

The demand for a nanocarrier system to deliver both the 
drugs, 5‑FU and CU, was due to poor bioavailability, low 
solubility, and limited release of the drug on tumor site 
and resulted narrowing of apoptosis rate. The nanocarrier 
system provides advance release of the drug into the tumor 
site. There are different types of nanocarrier system for drug 
delivery to treat cancer such as lipid nanoparticles, liposomes, 
polymeric nanoparticles, quantum dots, dendrimers, and 
nanoemulsion.[18] The nanoemulsion (Nan‑E) system may be 
capable to load combinational drug and specifically release 
the drug on tumor site and control the overall release system 
of the drugs. Nanocarrier system enhanced the solubility, 
stability, and bioavailability of the drug through the specific 
chambered type of structures.[19,20]

The main purpose of the study was to optimize CU adjuvant 
therapy and chemoprotective effects of CU into 5‑FU‑induced 
cytotoxicity in oral cancer treatment, both drugs loaded 
within a nanocarrier system. This study may also optimize 
the synergistic effect of CU with 5‑FU chemotherapy as 
combinational drug delivery system to enhance apoptosis 
rate of malignant cells through alteration in protein 
expression within the cytosol and protective nature toward 
the normal cells.

MATERIALS AND METHODS

Chemical
5‑FU was obtained from the Himedia chemical, India; CU, 
Sigma Aldrich Ltd, Bengaluru, India, and all the other 
chemicals and reagents used for experiments were analytical 
grade and supplied from Sigma Life‑Sciences, India.

Nanohybrid formulation of curcumin (Nanocarrier‑loaded 
curcumin) and 5‑fluorouracil (Nanocarrier‑loaded 
5‑fluorouracil)
The sonication technique was used with a higher level 
of energy application to collect fine particle size and to 
ensure the appropriate loading of the drug in nanoemulsion 
system. The two‑phase Nan‑E was prepared for CU and 
5‑FU drugs. First, the aqueous phase was processed by 
adding 5% v/v glycerol in deionized water and added soya 
phosphatidylcholine (0.5% w/v), with regular magnetic stirring 
for 15 min to prepare an aqueous phase. Separately, CU and 
5‑FU were dissolved in ethanol to form a drug solution, and 
soya oil (2%v/v) and tween 80 (5%v/v) were added gently in 
both drug solutions and vortexed for 20 min. The solvent was 
further vaporized and oil phase collected. After that, both 
phases, oil and water were allowed to heat (70°C–80°C) and 
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the water phase was added constantly into oil phase with 
increasing homogenization (5 min at 6500 rpm) pursued, 
followed by higher energy ultrasonication at 20% amplitude 
for 12 min.

Particle size, zeta potential, polydispersity index, and 
electron microscopy study
All the experiments were repeated thrice and average 
nanoparticles size, surface charge, and polydispersity 
index (PDI) of nanoemulsions were recorded by Malvern 
Zetasizer (3000 HS, ver. 07.12, UK) at room temperature. 
The transmission electron microscopy (FEI, Netherlands), 
optimized the shape of nanoparticles, in diversified 
magnifications.

In vitro release study
The cumulative release of nanocarrier‑loaded curcumin 
(nano‑CU) and nanocarrier‑loaded 5‑FU (nano‑FU) were 
monitored through dissolution method of drug Nan‑E passed 
through dialysis bag. The desired quantity of nanoparticles 
sample was collected in dissolution medium, filled with saline 
(pH 4.5), at predetermined time duration up to a 4th day. 
The collected samples were undergone the quantification 
analysis through ultraviolet (UV) spectrophotometry analysis 
and comparatively examined through the plotted standard 
graph of pure drugs, (absorption vs. time) to draw release 
pattern of the CU and 5‑FU.

Cell culture
SCC090 (human‑tongue squamous cell carcinoma), an oral 
cancer cells (OCC) were procured from National center for 
cell science, Pune. The cell was grown‑up in Dulbecco’s 
modified eagle culture medium, accommodated with glucose, 
sodium pyruvate, alanine with 10% fetal bovine serum‑heat 
inactivated, and mixer of antibiotic.

3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5‑diphenyl tetrazolium 
bromide assay for cell viability study
OCC was allowed to incubate, 10,000 cells/well (96 well plates), 
for 24 h. After 1 day, the culture media was supplemented 
with Nan‑E samples in different concentration for 24 h 
and after that MMT was added in cell suspension for 4 h 
incubation and further washed thoroughly to monitor the 
colorimetric intensity of the cells in a plate reader at the 
absorption maxima 540 nm.[21]

Antioxidant study
2,2‑diphenyl‑1‑picrylhydrazyl (DPPH) indicator was incubated 
for colorimetric analysis to quantify the fluorescence 
intensity and obtain intracellular oxidization[22] and sorting 
of ROS‑affected cells and quantified high fluorescence 
intensity of incubated OCC treated with nano‑FU. Flow 

cytometer recorded the fluorescence data, and these data 
were suggested that high level of oxidative stress within the 
OCC. This application was withdrawn through colorimetric 
indicator to scale‑up ROS level in the cytoplasm. The intensity 
of cell uptake was recorded by flow cytometry at an excitation 
wavelength of 540 nm and discharge wavelength of 610 nm.

Western blotting
The expressive concentration of proteins, Bax and Bcl2, which 
regulate apoptosis was quantified through Western blotting 
analysis[23] of nano‑CU and nano‑FU‑treated OCC. In short, the 
probing was done followed by extraction and separation. The 
sodium dodecyl sulfate polyacrylamide gel electrophoresis 
technique was used to blot the cellular mix and quantify the 
cellular protein expression. Blocking of desired protein was 
performed through primary antibody as locator followed by 
tagging of secondary antibody and enzyme, which enhanced 
the induction of product as coloring blots on the membrane 
paper and examine through Gel docs, Alpha Instruments, USA.

Statistical analysis
All the experiments were performed three times and 
results were given as mean and SD (standard deviation). 
The significant difference between in‑vitro studies were 
validated by student’s t‑test by GraphPad Prism, (7825, 
Fay Avenue, Suite 230, La Jalla, CA 92037, USA) statistical 
software (P > 0.05).

RESULTS

Characterization nanocarrier‑loaded curcumin
The prepared formulation of nano‑CU and nano‑FU were 
characterized, on the basis of particle size, surface charge, 
and PDI. The average particle size ranges from 175 to 
195 nm with negative surface charge, from −25 to −31 mV, 
due to the presence of tween 80, which minimized the 
interfacial tension between oil phase and aqueous phase. 
This phenomenon may influence the uniform distribution of 
oil droplet holding drug molecules into the other solution 
and maintaining the concentration throughout the Nan‑E 
formulation. The average PDI of the nano‑CU and nano‑FU 
were lies from 0.35 to 0.63. All the characterizations were 
performed in triplet and compile in Table 1, as average mean 
data. TEM image of nano‑CU and nano‑FU confirmed the 
uniform distribution of globules within the liquid system in 
spherical shape [Figure 1].

Cumulative release investigation
The cumulative release of nano‑CU and nano‑FU formulation 
was performed to optimize the time‑concentration drug 
release pattern by dialysis tube method (pH 7.4). The drug 
sample passed through tagged dialysis tube into a saline‑filled 
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beaker and collected at the predetermined time interval. 
The release of drug concentration was quantified using 
UV spectrophotometer at 430 nm for CU and 265 nm for 
5‑FU and standardized through plotted calibration graphs. 
Nano‑CU and nano‑FU have shown control release pattern 
which increases with time and monitored up to 4 days. The 
in‑vitro release of nano‑CU has shown rapid release in the 
first 4h, and after that period control release was monitored 
up to 60h. The maximum quantity of drug was released 
between that time periods, 4 to 60h. After 60h, the drug 
has undergone steady state condition and slow release of 
the drug was optimized, only 18.65% drugs released from 
60 to 90h. The nano‑FU, have shown slow release up to 32 
h, only 21% drug was released from the Nan‑E formulation. 
The maximum release of nano‑FU was shown at the time 
between 35 and 65 h about 67% drug released. The release 
patterns were comparatively shown in Figure 2.

Cell viability assessment of nanocarrier‑loaded curcumin
3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5‑diphenyl tetrazolium bromide 
assay was used to monitor the cell viability rate in SCC090 
within a different concentration of nanoformulations (10 to 
100µg/ml). SCC090 were incubated with nanoformulations 
for 24h and inhibition rate was optimized and compared 
with negative control cells, which was treated with placebo 
agent [Figure 3]. The IC50 value of nano‑CU was calculated 
about 47.89 µg/ml. The percentages of the viability of a cell 
in control group, compared with a significant difference 
to treated cells. The inhibition concentration of nano‑CU 
may be useful to quantify the chemoprotective efficacy of 
5‑FU‑induced cellular toxicity.

Chemoprotective effect of nanocarrier‑loaded curcumin
The chemoprotective effect of nano‑CU was established 
in OCC, against 5‑FU‑produced cellular toxicity to protect 
the normal cell. First, OCC was incubated with nano‑FU 
formulation for 24 h to establish the cytotoxicity data of 5‑FU 
in different concentration. The cytotoxicity profile has shown 
the time‑dependent concentration of the 5‑FU, as the time 
increased with dose concentration directly enhanced the death 
rate of the OCC and increased the growth inhibition bout 78% 
at 80 µg/ml. The IC50 value of nano‑FU was determined to be 
26.19 µg/ml. The nano‑FU has shown sufficient anticancer 
effect against OCC, confirmed the improved treatment within 

the nanocarrier system. However, these 5‑FU incubated OCC 
were repeatedly treated with 47.89 µg/ml of nano‑CU, again 
for 24 h to examine the protection rate by CU in 5‑FU‑induced 
cytotoxicity and suggested about 7–9‑fold protection by 
nano‑CU against 5‑FU‑induced toxicity. This phenomenon 
revealed that the dose‑dependent prolong treatment of 5‑FU 
as chemotherapy of oral cancer, which may produce toxicity 
and this toxicity condition in normal cells may be overcome by 
adjuvant treatment with CU. It may produce cellular protection 
during chemotherapy, through reducing 5‑FU‑induced 
cytotoxicity by preventing normal cells through reduced 
viability and allow 5‑FU for prolongation of treatment with 

Table 1: Distribution of particle size, surface charges, and 
polydispersity index values

Nan‑E formulations Particle size (nm) Zeta potential (mv) PDI
Nano‑CU 177±5.15 −26.74±3.47 0.35
Nano‑FU 183±7.87 −27.49±3.73 0.63
Nan‑E: Nanoemulsion, PDI: Polydispersity index, Nano‑CU: Nanocarrier‑loaded 
curcumin, Nano‑FU: Nanocarrier‑loaded 5‑fluorouracil

Figure 2: Cumulative in‑vitro release rate of Nano‑CU and Nano‑CU at pH 7.4

Figure 1: TEM image of (a) Nano‑CU and (b) Nano‑FU

ba

Figure 3: Growth inhibition rate of OCC treated with different drug 
concentration (10 to 100 µg/mL)
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increased dose, ultimately enhanced the chemotherapeutic 
effectiveness of 5‑FU.

Antioxidant action of nanocarrier‑loaded curcumin over 
5‑fluorouracil‑induced reactive oxygen species
The OCC was pretreated with 47.89 µg/ml of nano‑CU for 
12 h and then incubated with 26.19 µg/ml nano‑FU, and 
comparatively, un‑treated OCC was also incubated with 
nano‑FU for 24 h to quantify the intracellular ROS level 
through fluorescence tagging by flow cytometry. The DPPH 
fluorescence was intracellular oxidized and sorted the ROS 
effected cells and quantified high fluorescence intensity 
after the incubation with nano‑FU, these data suggested 
the oxidative stress in OCC [Figure 4]. In another hand, 
combined treated OCC (nano‑CU pretreated and posttreated 
with nano‑FU), significantly shown low fluorescence intensity. 
These results have suggested that low level of intracellular 
ROS in OCC was ultimately shown the protective mechanism 

of CU against oxidative stress during chemotherapy. The 
DPPH indicator had shown the tagged fluorescence intensity 
as ROS level recorded by flow cytometer in OCC [Figure 5].

Regulation of apoptosis by protein expression
The protein expressions within the cytosol coordinate the 
apoptosis as Bcl2 protein shown anti‑apoptosis response and 
resulting increased tumor mass. Untreated OCC has shown a 
high level of Bcl2 protein expression and low level of Bax, as 
a pro‑apoptosis protein expressed.OCC was primarily treated 
with nano‑CU (47.89 µg/ml) and suggested down‑regulation 
of Bcl2 protein expression about 2 fold and up‑regulation, 
about 1.5 fold of Bax protein expression [Figure 6]. The 
nano‑CU treated and nontreated OCC was retreated with 
nano‑FU, to optimize the changes in expression of Bcl2/Bax. 
First, the untreated OCC has shown about 3‑fold decreased 
the level of Bcl2 expression and comparatively increased Bax 
expression. Second, nano‑CU treated OCC were re‑treated 
with nano‑FU and the expression of Bcl2 protein suggested 
down‑regulation, almost negligible. The Bax protein has 
shown about 4.5 fold up‑regulation in expression by Western 
blotting analysis [Figure 7]. This expression of protein 
suggested that synergistic effect of CU and 5‑FU in the 
nanocarrier system may enhance the apoptosis in malignant 
cells and regulate the death rate of the cancer cells.

Figure 4: DPPH indicated, average fluorescence intensity with different 
Nan‑E concentration, (untreated, Nano‑CU 47.89 µg/mL + Nano‑FU 26.19 
µg/mL), in OCC

Figure 5: Intracellular ROS level (DPPH indicated) in different Nan‑E 
concentration, (untreated, Nano‑CU 47.89 µg/mL + Nano‑FU 26.19 µg/mL), 
in OCC by flow cytomete

Figure 6: Comparison of average rate changes of Bcl2/Bax protein expression 
after drug treatment in OCC

Figure 7: Western blot analysis to determine the level of Bcl2/Bax protein 
expression
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DISCUSSION

Oral cancer is the very common type of solid tumor, which 
affects global populations and specifically in a South Asian 
countries, including India. There were 3.7 million fresh cases 
of oral cancer was reported in India only in the year 2014 and 
the death rate may be expected to high 45% up to the year 
2030.[24] The tobacco habits and drinking alcohol is the prime 
elements to exhibit oral cancer.[25] The chemotherapy along 
with surgical removal of tumor and radiation application is 
the essential treatment for oral cancer.[26]

The chemotherapy in the nanocarrier system may provide 
specific treatment over OSS. 5‑FU chemotherapeutics drug 
have shown the desired response to produce antiproliferative 
action against OCC.[27] Along with chemotherapeutic 
treatment, 5‑FU may also induced‑toxicity within the 
normal cells. Different studies about of 5‑FU were reported 
longer duration of treatment, thus increased high level of 
dose‑dependent toxicity.[28]

The natural analogs, CU, reported earlier with potential 
chemoprotective nature and antioxidant effects along with 
anticancer efficacy.[29] The study included the nanoformulation 
of nano‑CU, which was used combined chemotherapy with 
nano‑FU toward OCC. The in vitro assays suggested that CU 
has the capability to provide protective effect and may also 
enhance the synergistic efficacy of nano‑FU chemotherapy.

The leading uncertainty of nano‑FU drug therapy against oral 
cancer was usually serious cytotoxicity toward healthy cells and 
disturbs the cellular pathways indirectly. The chemoprotective 
nature of CU may be beneficial to overcome this cellular 
disturbance and also synergistic efficacy for OCC. The prolonged 
use of 5‑FU was earlier reported as high toxicity and dysfunction 
of regular redox status of the cells caused oxidative stress.[30] The 
primary incubation of OCC with nano‑CU was shown maintained 
viability and increased of cytotoxicity window (≤100%) of 5‑FU, 
which ultimately help to prolong the chemotherapy.

5‑FU‑treated OCC was shown the higher intensity of ROS, 
and on the other hand, CU pretreated OCC has shown 
improvement in cellular pathways through regulating the 
secretion of free radicals and peroxide that damage the 
regular redox condition of the cells to maintain the normal 
condition of the human body. The improvement suggested 
that the CU have the ability to reduce the ROS level when 
it coadministered with 5‑FU and shown an antioxidant 
mechanism to protect the oxidative stress in normal cells.

These results have suggested that low level of intracellular 
ROS in OCC was ultimately shown the protective 

mechanism of CU against oxidative stress during 
chemotherapy.

The idea behind to acknowledge CU additional benefits along 
with chemotherapeutic efficacy since in combinational drug 
delivery CU may provide supportive chemoprotective action 
with 5‑FU and loaded with the nanocarrier system provides 
an upgraded platform to overcome the drawback of both 
the drugs such as low bioavailability, reduced half‑life, and 
limited therapeutic efficacy.

The cancer cells have altered the upregulation and 
subsequently downregulation of several protein expressions 
and inhibit the apoptosis of the tumor cells.[31] The 
medicinal properties of CU have the potency to regulate 
the expression of a different protein which ultimately 
influences the apoptosis.[32] The blotting analyses of protein 
expression for Bcl2 and Bax have shown similar observation 
data after the incubation with CU and 5‑FU as a synergistic 
therapeutic effect. 5‑FU treatment may be influenced the 
ROS upregulation and promote apoptosis rate, which may 
also affect the redox status of the normal cell, CU was highly 
affected and upregulate the apoptosis rate and also repair 
oxidant effect during 5‑FU‑induced toxicity within normal 
cells.

The result observation has reflected the chemoprotective 
nature of CU along with combination chemotherapeutic 
effect with 5‑FU, with in vitro cellular study in OCC. The 
nanoformulation has successfully uploaded the drug within 
nanocarrier chamber inhibit the drawback of the dosage form 
and influence the specific delivery of CU and 5‑FU. The in-vitro 
release pattern suggested the sustained release of drugs up 
to 4th day and about 80% of loaded drugs were released. The 
resultant synergetic effect of nano‑CU and nano‑FU were 
significantly conducting the apoptosis.

CONCLUSION

The data concluded that cotreatment of CU with 5‑FU 
chemotherapy against oral cancer by damaging intracellular 
pathways in OCC. The combinational treatment of CU with 
5‑FU within the nanocarrier drug system may enhance drug 
bioavailability and half‑life and shown a protective effect of 
CU over oral cancer treatment. The nano‑CU may have the 
ability to synergistically maintained the cell viability with the 
reduced toxicity of 5‑FU. Nano‑CU was also inhibiting oxidant, 
ROS within the intracellular system induced by 5‑FU longer 
treatment specifically over healthy cells as antioxidant effect 
and encouraged the longer period chemotherapy of oral cancer 
patients. The alterations in proteins expression (Bcl2 and Bax) 
have clearly demonstrated that codelivery of nano‑CU and 
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nano‑FU, promoted the apoptosis rate in OCC. The overall 
observation suggested that CU have chemoprotective nature 
against 5‑FU‑induced toxicity due to several factors such as 
longer duration of chemotherapy of 5‑FU and nonspecific 
action over healthy cells. These defects may repair by the use of 
CU as combinational drug delivery system against oral cancer.
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