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Abstract
Galangin (GAL) is a natural flavonoid, has various pharmacological activities including
antimicrobial, antioxidant, anti-inflammatory anti-cancer and anti-angiogenesis properties. In
order to enhance GAL activities, in the current study, GAL was loaded on gold nanoparticles (AuNPs-GAL) and free radical scavenging activity, DNA strand break damage and biocompatibility
were evaluated. the results obtained from the DPPH assay showed that AuNPs-GAL has a
significant efficiency than AuNPs and GAL in individual in inhibiting free radicals. Comet assays
was carried out using two types of breast cancer cell line MCF-7and MDA-MB-231 cell lines, and
the results indicated the highly significant damage caused by AuNPs-GAL compared to AuNPs
and GAL, interestingly, the effects was higher on the MCF-7 than the MDA-MB-231 cell line.
Hemolysis and aggregation of red blood cells (RBCs) results showed that AuNPs, AuNPs-GAL
and free galangin have good biocompatibility and can be used safely inside the body according to
ASTM standard. The current study’s findings indicated the safety of GAL along with its anticancer ability, however, additional research is needed to investigate the under lining therapeutic
potential.
Keywords: galangin, gold nanoparticles, hematology, DPPH, comet assay, hemolysis, blood
aggregation.
Introduction
Galangin (3-5-7-trihydroxyflavone) is one of the polyphenolic compounds that have many
biological properties such as antioxidant, anti-carcinogenic, anti-mutagenic and muscle
contraction inhibitor 1, and has been reported to possess wide range of pharmacological activities
including antiarthritic, hepatoprotective, anti-inflammatory, antidiabetic, antibacterial, and
anticancer 2, 3. But the anti-cancer efficacy is limited by its low permeability and poor water
solubility 4, 5. Several studies on different pathways such as metabolism, migration, programmed
death, adhesion, showed that flavonoids have anticancer properties on different types of cancer 6,
7.
Recently, nanomedicine has developed to be a diagnostic and therapeutic tool for cancer, and
because of the development in the field of nanoparticles, it is likely to be used to deliver drugs
effectively and specialized to cancer cells, and on the other hand reduce the side effects of
treatment on natural cells 8, 9.
The unique properties of gold-NanoPs, as well as their various surface functionalities, have
expanded their range of applications in bio-nanotechnology, especially as a drug carriers, because
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Nano-Ps are biocompatible and have a surface area large enough to load higher concentrations of
the delivered drug or even multiple drugs on a single particle 10. AuNPs have apparently
outperformed conventional cancer treatments in their capacity as drug transporters, with ongoing
study into the optimal ways for their creation and utilization 11. Gold-NanoPs has distinctive
physical and chemical properties and is toxic to cells, as this toxicity is affected by several factors,
including the charge, size and what is loaded on its surface 12.
Breast cancer BC it is one of the most common cancers in women worldwide, with more than two
million new cases in 2020. It is one of the most common cancers in women worldwide, with more
than two million new cases in 2020. Breast cancer mortality has increased in the last three decades
due to change in risk factors, good cancer registration and detection 13. According to the WHO,
malignant neoplasms cause 107.8 million in women, 19.6 million of which are attributable to
breast cancer 14. There be 2.26 million new cases of breast cancer in 2020, making it the most
common and prevalent cancer among women worldwide 15. It is expected that the incidence of
breast cancer will increase in low- and middle-income countries due to poor daily habits such as
lack of physical activity, delayed pregnancy, poor diet, reduced age at menstruation, and better
cancer detection and registration 16. Many common anti-cancer treatments such as chemotherapy,
hormonal, immunological and radiotherapy have undesirable side effects on normal cells 17.
Therefore, many methods have been developed to deliver the drug in a specialized way to cancer
cells to reduce the side effects of treatment, as it depends on the biological characteristics of the
tumor, such as the pH, the microenvironment of the tumor, and the overexpression of some
antigens on the surface of the cancer cell 18.
Comet assay is one of the important assays in monitoring and evaluating DNA damage in single
cells and is commonly used to identify the harmful effects of genetoxic agent 19. Because of the
significant increase in cases of cancer around the world, it has become necessary to find effective
and safe chemicals, or at least with few side effects. The current study examined the possibility of
safely using compounds such as galangin loaded with Au-NPs inside the body through
biocompatibility assessment. The antioxidant activity as a protective factor against cancer was also
evaluated. Also, its effect on DNA was evaluated by evaluating the damage to DNA in cancer
cells.
Materials and Methods
Reagents:
Tetracholroareic acid (HAuCl4.3H2O was purcushed from Fluka (USA), Roswell Park Memorial
Institute-1640 (RPMI-1640) medium, Fetal bovine serum, penicillin, streptomycin, trypsin-EDTA
(Capricorn Scientific, USA). (T-25, T-75 cm2; Falcon, USA).While, dimethyl sulfoxide (DMSO),
DPPH 2,2-Diphenylpicrylhydrazyl, crystal violate and galangin were provided by Sigma Chemical
Co. (St. Louis, MO, USA). Comet Assay Kit was from Trevigen (USA). The human breast cancer
cell line MDA-MB-231, and MCF-7 was provided by the Biotechnology Research Center,
University of AL- Nahrain, Baghdad, Iraq. This protocol was approved by the committee of the
ethic in the University of Baghdad 6S/267 in 26/2/2021.
Gold nanoparticles preparation and galangin immobilization:
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Gold nanoparticles prepared as described in our previously work according the citrate-reduction
Turkevich standard method and galangin was loaded on the synthesized AuNPs 20.
Characterization of prepared nanoparticles with and without galangin was done using Uv-Vis
spectrophotometer, FTIR, XRD, TEM and Zeta potential.
In vitro Release of Galangin in different pH values:
Calculated the amount of galangin released from AuNPs-GAL by following the method of
Balakrishnan et al. 21. Briefly, use 100 ml of AuNPs-GAL in a tube and centrifuge at 14,000 rpm
for 20 minutes at 15 °C. Then the pellet was collected and distributed among several tubes, at the
amount of 200µL for each tube, and then diluted with 800µL of PBS which that it is two degrees
different of pH one of them pH= 7.4 physiology and other pH=5.04 acidic to mimic the
environment surrounding the tumor. The tubes were then incubated at 37 °C for periods starting
from 0, 5, 15, 30, 60, 120, 180, 240, 1440, 1488 min. After each period of time, a centrifugation
is done, the pellet is neglected, the supernatant is collected, and it is measured at a Uv-vis., then
the reading is projected onto the standard curve of galangin to calculate the amount of galangin
remaining in the supernatant. The concentrations of the released Galangin from each period were
recognized by using the following formula (1):
Release (%) =W1/WT×100………………………… (1)

Where W1 is the releasing weight of Galangin, while Wt. is the loading weight of Galangin.
Biocompatibility studies Hemolysis and aggregation
Joshy and his co-worker method were used with some modifications to study the biocompatibility
of AuNPs-GAL, AuNPs and free galangin and to evaluate their effect on RBCs 22, 23. The
approval was obtained from the Medical City Hospital and the Ethical Committee of the University
of Baghdad, Baghdad, Iraq. The experience was explained to the people from whom blood samples
were taken before any data and information were collected, and their consent was obtained, human
blood samples were freshly collected from ten healthy volunteers and divided into tubes containing
the anticoagulant agent (heparin) at a ratio 9:1 (blood: anticoagulant). Blood was used for both
hemolysis and aggregation studies, the blood was centrifuged at 700 rpm for 10 minutes to separate
the RBCs layer, then the precipitate was taken and the supernatant was neglected. The RBCs layer
was washed twice with normal saline 0.9%. For haemolysis assay, 200 µL of washed blood was
taken and placed in a test tube, 1600 µL of PBS phosphate buffer saline was added to it, then
200µL of AuNPs-GAL, AuNPs and GAL were added to the mixture, each separately, at a
concentration of 100µM and 50µM, then the mixture was incubated at 37 °C for 1 hour. distilled
water was used as a positive control group, and PBS was used as a negative control group. Finally,
the mixture was centrifuged at 1000 rpm for 5 min, then the precipitate was discarded and the
supernatant was taken to be measured by Uv-Vis. at 541nm and the percentage of haemolysis was
calculated using the following formula (2):
𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 ℎ𝑒𝑎𝑚𝑜𝑙𝑦𝑠𝑖𝑠% =

(
(

)

)
(

)

……… (2)

For Aggregation assay, the washed blood was diluted with PBS in a ratio of 1:4, then 0.5 ml of the
diluted blood was taken and placed in a test tube, then 0.25ml of AuNPs-GAL, AuNPs and
galangin was added at a concentration of 100µM and a concentration of 50 µM, and 0.25ml of
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normal saline (0.9%) was used as a negative control group, and as a positive control group, 0.25ml
of PEI Polyethyleneimine was used, which gives 100 aggregation, then the mixture was incubated
at 37°C for 20 min. Finally, 50 µL were taken and placed on a slide and examined under a light
microscope at a 20 X lens.
Free radical scavenging activity:
Following Al-Rikabi and al-Shmgani (2020) procedure to evaluate the ability of AuNPs-GAL,
AuNPs, and GAL to inhibit Free radicals, DPPH assay was used 24. Briefly, 1 ml of the samples
with concentration of 62.5, 125. 250, 500 and 1000 µM, and an equivalent amount of 60 µM DPPH
solution were mixed. After 1 h. of incubation at 37°C in the dark, the absorbance was measured
spectrophotometrically at 517 nm (Lambda, Germany). L- ascorbic acid was used as positive
control and all the measurements were done in triplicate. The following equation was used to
determine the scavenging inhibition (3):
𝑋100…………… (3)

%𝑖𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 =

DNA damage determined by comet assay:
Comet assay or single-cell gel electrophoresis was used in this study to determined DNA strand
break damage. MCF-7 and MDA-231 breast cell line were cultured at 1×105 cell/well for 24h, the
next day 50 and 100 µM of AuNPs, AuNPs-GAL and GAL was added to the medium and
incubated for another 24 h. cells were digested and suspension with 1% melting point agarose then
pipette on coting slide with normal melting point agarose. Next step all slides were left in lysis
buffer for 1 h. slides were then neutralized and fixed before stained with SYBRGreen and
visualized using Zeiss LSM 800 laser microscope. The images were taken at a magnification of
X20, and then the image-J-Fiji program was used to calculate percentage tail length and percentage
of DNA intensity according following formula (4) 25:
𝐷𝑁𝐴% =

𝑋100…………… (4)

Statistics
SPSS program (version 23.0) was used for statistical analysis of all data using ANOVA test, and
LSD was used to assess the significant differences, and the value was accepted at P≤0.05, and the
data was shown as mean±SD.
Results and Discussion
Characterization of gold nanoparticles:
First sign of nanoparticles formation is the color changes, the results showed the changes from
yellow to red, the galangin was added drop by drop and the color change to dark red (Fig. 1)

Figure 1: color change during the AuNPs production and galangin conjugated
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Uv-Vis spectrophotometer reveled peaks at 349 nm for galangin, 521nm for AuNPs and 574 nm
for AuNPs-GAL. this peaks indicated the loaded of GAL without effecting NPs properties. FTIR
results revealed the function groups such as –OH, C-H, C=C, C≡C and C≡N, at3259, 2379, 2117
and 1635 cm-1 (Fig. 2) . XRD results showed peaks at (111, 200, 220 and 311 cm-1 ), with average
size of particles 54.4 ± 1.38 detected by scanning electronic microscopy (Fig. 3).

Figure 2: Uv-Vis spectrophotometer (A) and FTIR analysis (B) of synthesized AuNPs-GAL

Figure 3: XRD and Scanning electronic microscopy images of AuNPS-GAL.
The high bonding of galangin with AuNPs is due to the presence of different functional groups
present on both 26. By which effectively contribute to the occurrence of the link between galangin
and AuNPs. The presence of the -OH groups allows for hydrogen bonding with other -OH groups,
hydrogen atoms, and other molecules. Alcohols group -OH can react with carboxylic acids to form
an ester, and they can be oxidized to aldehydes or carboxylic acids 27, 28. This bonding is more
effective when one of the positively charged functional groups of bio-molecules is linked with the
negatively charged citrate group present on the surface of the AuNPs 29.
In vitro Release of Galangin in different pH values:
The results of the current study showed that the release of galangin increases with time in an acidic
environment at pH 5.1, reaching 35.09% at 60 min and 80.93% at 1440 min, while the release of
galangin was lower in the physiological environment at pH 7.2, reaching 12% at 60 min and
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35.04% at 1440 min (Fig. 4). In this case, the release of the galangin from the surface of the AuNPs
was more in the acidic environment, which mimics the environment surrounding the tumor, and
this will increase the effectiveness of the galangin and is considered a successful system in
delivering galangin to the tumor. As for the physiological environment, which is the environment
of normal cells, the release of the galangin was low, and this leads to a reduction in the side effects
of galangin on normal cells. The release of galangin in the acidic is faster than in the neutral and
this is due to amine group in AuNPs is protonated causing cleavage the bonds between galangin
and AuNPs 30. There are many studies that prove that the release of chemotherapy from the surface
of nanoparticles is faster in an acidic compared to the neutral 31.

Figure 4: Release kinetic galangin in different buffer.
Biocompatibility studies hemolysis and aggregation
According to the criteria given in ASTM E2524-08 American society for testing materials
(Standard Test Method for Analysis of Hemolytic Properties of Nanoparticles), a hemolysis rate
of more than 5% is considered harmful to RBCs, but if the hemolysis rate is less than 5%, the
substance whose effect is to be measured is considered hemocompatible and can be used safely
inside the body 32. The results of the current study showed that AuNPs-GAL, AuNPs and GAL
with a concentration of 50µM were within the acceptable level according to the ASTM E2524-08
standard, where the amounted to 3.54%, 1.03% and 5.02%, respectively, while at a concentration
of 100µM, galangin was at an unacceptable level higher than 5%, reaching 9.78%, while AuNPsGAL and AuNPs was within the acceptable level, reaching 5.04% and 4.02% respectively (Fig.
5). There are several reasons for the occurrence of hemolysis caused by nanomaterials, including
increasing the surface area of nanomaterials, increasing the release of ions from nanoparticles that
cause damage to RBCs or through direct interaction with RBCs, and all of these reasons cause the
release of hemoglobin from red blood cells. Also, an increase in the concentration of nanoparticles
and the concentration of the number of particles can increase the rate of hemolysis of RBCs 33. It
is possible that interference may occur when measuring, as the measurement of AuNPs is less than
or higher than 540 nm and this interferes with the measurement of hemoglobin because it is
measured at approximately the same wavelength, which gives false results. Therefore, small size
nanoparticles were used and high centrifugation was used to ensure the deposition of all
nanoparticles in the filter 34.
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In the aggregation experiment, the results of the current study showed that AuNPs-GAL, AuNPs
and GAL do not show any blood aggregation like the positive control group PEI (Fig. 6).

Figure 5: Hemolysis percentage of AuNPs-GAL, AuNPs and galangin in human blood
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Figure 6: Human blood aggregation studies of AuNPs, AuNPs-GAL, and galangin at 50 and 100
concentrations. PEI was used as a positive control and PBS was used as negative control.
Free radical scavenging activity:
The free radical 2,2-diphenyl-1-picrylhydrazyl (DPPH) generally developed a deep violet solution
in organic solvent. Results shown in Fig. 7 showed a significant difference between treated groups
compared with vitamin C (control group) at 125, 250, 500 and 1000 µM. However there was no
significant changes at 62.5 µM in treated and control groups (Fig.7). The existence of phenolic
hydroxyl groups causes DPPH to be reduced in the presence of GAL, which reduced the color
intensity in the solution. Remarkably, AuNPs-GAL was significantly more effective in radical
scavenging activity than AuNPs and GAL at the five concentrations tested. From the results it can
be suggested that the synergy of AuNPs with galangin together in inhibiting the DPPH compound.
Perhaps the reason for the antioxidant property of AuNP is due to its chemical structure, as it is
coated with 4-hydroxyl groups -OH that can give a hydrogen atom to the DPPH compound 35.
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Figure 7: DPPH free radicals scavenging activity (%) of AuNPs, AuNPs-GAL, Galangin and the
control group (vitamin C) at concentrations (62.5, 125, 250, 500 and 1000 µM. Data expressed
as mean ± SD. * Significant difference from control group.
Comet assay:
The effect of treated groups on DNA damage of two types of breast cancer cell line (MCF-7 and
MDA-231) was determined by comet assay. The results of tail length and DNA percentage in the
tail were illustrated in Table 1 and 2. The results of the current study showed that the effect of
AuNPs-GAL in tai length and DNA% were higher than that of AuNPs, while there is no significant
change with galangin. Also the damage was dose depended aspect in both types of cells, however,
the effect of 50 and 100µM of galangin, AuNPs and AuNPs-GAL on the MDA-MB-231 was less
than that on the MCF-7 (Fig. 8 and 9).
Small sizes of gold particles are capable of creating a permeability and retention (EPR) effect and
simply enter the cell through a transport mechanism or by accumulation in the extracellular space
within the basal plasma membrane 36, thereby; they were able to inhibit MCF-7 and MDA-231
cells growth by inducing apoptosis and necrotic phenotypes 37. The toxic effect of gold on both
MCF-7 and MDA-231, as explained by Manar and his co-worker, is through the high regulation
of the P53 gene, which in turn activates the pro-apoptotic Bax protein, which is a member of the
bsl-2 family 38. The Bax protein attaches to the outer wall of the mitochondria and causes
permeability to release a protein called Cytocrome-C into the cytosol. This protein activates
Caspase proteins that activate an intrinsic pathway of apoptosis 39. Through the results of our
study, we suggest that AuNPs-GAL, AuNPs and free galangin may have their toxic effect in the
same way, which is to provoke programmed death.
ROS reactive oxygen species are known to damage cells and cause oxidation of protein, lipids and
DNA, Surapaneni and his co-workers 40 showed that treating cells with negative and positively
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charged AuNPs increases the oxidation stress in the cells, which causes severe damage to the DNA.
It can be detected by the comet assay. On the other hand, the oxidative stress induces the
phosphorylation of p38 and thus contributes to the phosphorylation of GSK3-β and inhibition its
activity; this will lead to a change in the Wnt signaling pathway and eventually lead to apoptosis.
Phosphorylated histones are known to play an important role in the progression and arrest of the
cellular cycle. Negative gold particles -evAuNPs increase the gene expression of MAPK and
MKP-1 and thus increase their activity, so it will work on de-phosphorelated histon H3. When the
histone is dephosphorylated, it will stop the cellular cycle and stop the growth and spread of cancer.
It is well known that histone acetylation plays an important role in the regulation of gene
expression. Therefore, Surapaneni’s study showed that AuNPs works to De-acetylation of
histones, causing the entry of cancer cells to programmed death 41.
Table (1): DNA strand break damage by AuNPs, AuNPs-GAL and GAL on MCF-7 cell line
detected using comet assay
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Figure 8: Comet images of MCF-7, showing different levels of damage in visual scoring, (A);
showing fluorescent spheres without DNA damage (no tail), (B); 50µM of AuNPs, (C); 100µM of
AuNPs, (D); 50µM of Free Galangin, (E); 100µM of Free Galangin, (F); 50µM of AuNPs-GAL,
(G); 100µM of AuNPs-GAL, showing a lot of fluorescent heads with tails indicat¬ing DNA
damage (syper green stain).

Table (2): DNA strand break damage by AuNPs, AuNPs-GAL and GAL on MDA-231 cell line
detected using comet assay
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Figure 9: Comet images of MDA-MB-231, showing different levels of damage in visual scoring,
(A); showing fluorescent spheres without DNA damage (no tail), (B); 50µM of AuNPs, (C);
100µM of AuNPs, (D); 50µM of Free Galangin, (E); 100µM of Free Galangin, (F); 50µM of
AuNPs-GAL, (G); 100µM of AuNPs-GAL, showing a lot of fluorescent heads with tails
indicat¬ing DNA damage (syper green stain).
Conclusions:
The current study found that AuNPs is a good carrier and works efficiently as a drug delivery
system to cancer cells and can be used safely inside the body. Flavonoids such as galangin can be
linked with gold-nanoparticles with high efficiency. On the other hand, AuNPs-GAL it has an
effective antioxidant, and its effectiveness was very high compared to AuNPs and free galangin.
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