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Abstract

Herein, the chemopreventive effect of oral and topical administration of composite of alcoholic plant extracts of Butea
monosperma (Lam.) Taub. (BME) leaves and gold nanoparticles (Au NPs) have been investigated. The tumor growth has
been initiated by the 7, 12-dimethyl benz (a) anthracene (DMBA) and skin tumorigenesis in male Swiss albino mice were
promoted by the 12-O-tetradecanoylphorbol-13-acetate (TPA). However, malignant feature of the skin tumors were treated
with composite of (BME-Au NPs) to reduce the tumor incidence, tumor burden, tumor yield, cumulative number of tumors,
tumor size, mass, and volume, respectively. Furthermore, studies were extended to treat CML (chronic myeloid leukemia)
K562 (blood cancer) cells with the combination of DMBA/TPA-(BME-Au NPs) and it show greater (~80%) cellular
inhibition on cancer cells. Compare to BME alone the composite of (BME-Au NPs) shows significant effect on skin

carcinoma and as well on cancer cells. Copyright © 2017 VBRI Press.
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Introduction

Cancer is a disease characterized by uncontrolled
proliferation of cells that have transformed from the
normal cells of the body [1]. The cancer cells can invade
the adjacent cells and metastasize to distant tissues. The
international union against cancer has defined cancer as a
disturbance of growth which is characterized by excessive
proliferation of cells without apparent relation to
physiological demands of organs involved [2]. All cancer
is multifactorial in origin; they include genetics,
hormonal, = metabolic,  physical, chemical and
environmental factors. The human population is exposed
to a number of chemical mutagens and carcinogens
accidentally, occupationally or by lifestyle habits. The
skin is the major environmental interface for the body
and, as a consequence of its direct exposure to variety of
xenobiotics, [3] is at a uniquely high risk of developing
cancer. Non-melanoma skin cancers (NMSCs), usually
basal cell and squamous cell cancers are the most
common types of skin cancer. Incidence of NMSCs has
been increasing worldwide at an alarming rate. Skin
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cancer became one of the most important issues globally.
Several methods such as chemotherapy, radiotherapy and
surgery are related to cancer treatment. However, they are
associated with several adverse effects such as alopecia,
nausea, vomiting and general weakening of the body
immune system due to bone marrow suppression and
significantly increase patient risk for infection. Different
types of plants have been used traditionally as a source of
medicine for all types of diseases. Medicines derived
from plants have played a pivotal role in health care of
ancient and modern cultures. Numerous scientific reports
validate the traditional uses of Butea monosperma [4-5].
It has been reported to possess antioxidant activity,
cytotoxic activity and also preventive effect on hepatic
carcinogenesis. As per the, Lau GT et al. reports, the
Butein is rich with flavanoids isolated from the flowers of
Butea monosperma which down regulates phorbol-12-
myristate-13-acetate-induced = COX-2  transcriptional
activity in cancerous and non-cancerous breast cells.
Sehrawat et al. have reported that flowers of Butea
monosperma exhibited chemopreventive effect against
thioacetamide-mediated tumor promotion related hepatic
alterations in wistar rat (A rat of a strain developed for
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laboratory purposes).Further, it has been reported that
aqueous extract of Butea monosperma flowers exhibited a
strong anticancer activity (growth inhibition, cell cycle
arrest, [6] pro-apoptotic activity and interference with
mitogenic signaling) in hepatoma cells and shows
minimal cytotoxic effect on non-transformed AML12
hepatocytes. However, the effect of Butea monosperma
alone on chemical induced skin carcinoma shows minimal
effect but the composite of (BME-Au NPs) shows
significant effect. Hence, in the present work we aimed to
investigate the effect of composite of alcoholic extract of
Butea monosperma (Lam.) Taub. Leaves with Au NPs on
DMBAVJ/TPA induced skin carcinoma in mice and direct
cellular treatment for K562 leukemia blood cancer cells
[7-9].

Experimental Section

Materials

All the chemicals required for the experiments were
purchased with high purity and used without further
purification. The 7, 12-diemthylbenz[a]anthracene
(DMBA) and 12-O-tetradecanolyphorbol-13-acetate
(TPA) were purchased from sigma Aldrich. The
chemicals, thiobarbituric acid and diphenyl amines were
obtained from SD Fine chemicals. All other chemicals
and solvents were used with the analytical grade.

Animals

Healthy adult male Swiss albino mice weighing ~25-30 g
was obtained from the Institutional Animal House of the
H. S. Kottambari Science Institute, Vidyanagar, Hubli,
and Karnataka, India. They were housed in well ventilated
cage and 12 h with day and night cycle and temperature
maintained between 23 + 1 °C. The animals were allowed
free access to standard laboratory pellet diet and drinking
water ad-libitum. These mice were used for the tumor
based measurements and chemoprevention in skin
carcinoma cells.

Collection of leaves

The fresh leaves of Butea monosperma (Lam.) Taub.
were collected from local area in Vidyanagar, Hubli,
karmataka, India. These leaves were identified and
authenticated by Dr. B.D. Huddar, Head of the
Department of Botany, Sri Kadasiddeshwar, Arts College
and H.S. Kottambari Science Institute, Vidyanagar, Hubli.
Leaves were washed thoroughly under running tap water
to remove dirt and allowed to dry at ~30-45 °C for 24 h.

Extraction of BME and composite of (BME-Au NPs)

The well dried leaves of BME were used to prepare
powder by using agate mortar. Then, amount of 500 g of
BME powder was extracted with 95% ethanol fallowed
by using soxhlet extract apparatus. The extract was
filtered with whatmann filter paper and concentrated at
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low temperature to give the solid mass of EtOH extract
which is equal to 66 g. The yield of the final compound is
ca. 13.2% (w/w). Finally, the extract was preserved in a
closed container and stored in desiccators.

Preparation of composite of (BME-Au NPs)

The well dried BME extract 5 g was separated from
sample vial which is stored in desiccators and dispersed in
10 mL of ethanol and used to prepare the composite of
(BME-Au NPs). The ~200 pg of gold nanoparticles (Au
NPs), [10-11] dispersed in DI water was mixed with BME
extract and composite preparation fallowed by the
sonication for 4 min at room temperature. The mixture of
BME and Au NPs were dried at reduced pressure by using
rotary evaporator and used to prepare the samples for
SEM, TEM, EDAX and other microscopic
characterizations.

Treatment and statistical calculations

Adult male Swiss albino mice (~25-30 g) were divided
into four different groups of ten in each (two groups were
normal and carcinogen control and another two groups
were treated with BME-Au NPs). In normal group, mice
received 100 pL/mouse acetone topically twice in a week
for 15 weeks. In carcinogen control, mice received
DMBA (0.24%) 200 pL/mouse topically. In first week,
5 nM TPA 50 pL/mouse twice in a week, from second
week up to 15 weeks in treated groups, mice received
DMBA/TPA-(BME-Au NPs) ~300 mg/kg b.w. orally and
topically. At the end of study mean survival time, change
in body weight analysis, cumulative number of tumors,
tumor incidence, tumor burden, tumor vyield, average
latent period, tumor size, volume, mass, and lipid
peroxides, total protein levels in plasma and DNA content
in skin tissue homogenate, [12-13] and histopathological
changes, [14] in the skin were studied and reported in
fallowing sections.

Results and discussion

Results demonstrate the oral and topical administration
of the composite of (BME-Au NPs) shows significant
reduction in tumor incidence, tumor burden, and
tumor yield. The composite has been seen in TEM images
(Fig. 1).

The cumulative number of tumors, tumor size, shape,
mass, volume, and LPO levels with a significant increase
in the average latent period of tumor appearance has been
reported. The TEM image (Fig. 2) illustrates the
morphology and size of pure Au NPs. The total protein
and DNA content has been measured. The dose selection
and In-vivo chemopreventive effect, [15-19] of (BME-Au
NPs) was chosen based on LDso values. However, 300
mg/kg b.w. dose was selected and suspension was
prepared in 20% tween-20 in normal saline. The
chemopreventive property of (BME-Au NPs) was
determined using DMBAJ/TPA induced two stage
carcinogenesis models in mice. The induction of
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experimental tumor in mice received a topical application
of the carcinogen 7, 12- dimethylbenz [a] anthracene
(DMBA) 200 pL/mouse; Twice a week to the dorsal skin.
This is accomplished by holding the mouse by the tail and
allowing it to hold onto the wire top of an empty mouse
cage. Upon treatment, the mice were placed in cages
where they remain for 7-day observation. After one week,
the bedding was discarded in the infectious waste. The
SEM image (Fig. 3) corroborates the morphology of
BME-Au NPs composite which used for oral and topical
administration for skin carcinoma and cellular inhibition
and size of the gold nanoparticles is very small (~20-50
nm) which cannot be seen in SEM images.

BV 7

Fig. 1. TEM images illustrate the morphology of BME plant extract and
it’s composite with gold nanoparticles. Image (a) corresponds to only
plant extract without any gold nanoparticles, (b) for BME plant extract
embedded with gold nanoparticles, (c and d) shows the composite from
lower to higher magnifications.

Ol o - ® .

Fig. 2. TEM images (a, b) represents the morphology (size, shape) of
gold nanoparticles from lower to higher magnifications. The image
(c) corresponds to HRTEM for gold nanoparticles with lattice parameter
and (d) shows the diffraction pattern for gold nanoparticles.
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Although DMBA is a carcinogen, this initiating dose
does not cause skin tumors in the mice. Tumor
development requires subsequent repetitive treatment
with a tumor promoter. Hence, one week after carcinogen
exposure, the mice received twice weekly treatments with
the tumor promoter 12-O-tetradecanolyphorbol-13-acetate
(TPA ~50 pL/mouse). Although TPA is a strong mouse
skin irritant and a tumor promoter of carcinogen treated
skin, it is not a tumor promoter for human skin; human
cells are not responsive to it. Skin tumors were counted
once in a week for 15 weeks. However, Table S3,
(supporting information) shows the group-Ill and 1V
represents the treatment process with test compound
(BME-Au NPs) one week before the induction of tumor
and continued for thrice in a week up to 15-week 1 h
before the application of DMBA/TPA chemicals. The
collection of blood and organs, tissue homogenate was
followed by the anaesthetization of mice by using diethyl
ether (Et-O-Et) after 15-week treatment and observations.
The blood samples were collected by retro-orbital
puncture in sterilized, heparinized tubes. The plasma was
separated and used for lipid peroxides, and total protein
estimation. The mice were killed by cervical dislocation
and the dorsal skin was excised out for histopathological
studies and for DNA estimation.

1

SNWN)H,W 12,6mm x3,00k SE

Fig. 3. SEM images for composite of BME plant extract embedded with
Au NPs.

The liver and spleen were excised immediately and
weighed. At the end of experiment, animals were
sacrificed by cervical dislocation, tumor affected dorsal
skin was quickly removed and thoroughly washed with
chilled PBS solution (phosphate buffer saline),
0.85%, whose pH is ~7.4 with 0.01 mmol concentration.
Then, it was blotted for dry and weighed. A 10% (wi/v)
tissue homogenate was prepared in 0.15 M, Tris HCI
(pH ~7.4) [20]. The tumor incidence, tumor burden,
tumor yield, decrease in the average latent period,
increase in the tumor size, mass, and volume and decrease
in the survival time and body weight, increase in the liver
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and spleen weight, decreased levels of total protein in
plasma, and decrease in DNA content of the skin tissue
homogenate has been calculated through the formulas
produced in the Table S1, (supporting information).
The cumulative number of tumors and its formation time
(in weeks) has been reported in Fig. S2, (supporting
information).
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Fig. 4. EDAX to analyze the elemental composition present in the
composite of BME plant extract embedded with Au NPs. The SEM
image (a) shows the morphology of composite, (b) shows the peak
intensities for the elements present in the composite and table
(c) corroborates the amount of weight (%) and atomic (%) present in the
composite.

DNA content estimation

The DNA content was estimated by the Burton method.
Tissue homogenate was prepared as mentioned previously
and centrifuged at 10000 RPM for 10 min and washed
with 5 mL cold 10% TCA. Thereafter, the homogenate
was kept for 30 min at ~4°C and centrifuged at 10000
RPM for 10 min. The pellet was collected and mixed with
5 mL cold 10% TCA. Then, the mixture was centrifuged
at 10000 RPM for 10 min and further mixed with 5 mL
alcohol ether (3:1) and centrifuged at 10000 RPM for
10 min. The pellet was collected and mixed with 5 mL 1N
KOH and incubated for 18 h at ~37°C. The solution was
mixed with 0.4 mL of 6N HCI and 5 mL of cold 5% TCA
and allowed to precipitate at ~4°C for 30 min. Again, it
was centrifuged at 10000 RPM for 10 min. The pellet was
collected and mixed with 5 mL 5% TCA, heated for
15 min at ~90°C and cooled under tap water. Again, it
was centrifuged at 10000 RPM for 10 min and
supernatant was collected. Then, 1 mL of supernatant was
mixed with 2 mL of diphenyl reagent (diphenylamine:
GAA: conc. H,SO., 1:100:2.5) and again incubated for
18 h at ~37°C. The absorbance was recorded at ~620 nm.
The levels of DNA content estimated was expressed as
mg/g of tissue sample and values were reported in the
Table S13, (supporting information). The DNA content
(mean + SEM) for control samples is 0.8670 + 0.07443,
for DMBA/TPA treated samples 0.3166 + 0.08737, oral
(BME-Au NPs) treated sample 1.201 + 0.1557 and for
topical (BME-Au NPs) treated samples it ranges from
0.6970 + 0.1624, respectively.
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The lipid peroxide level in plasma

The LPLP was analyzed by the TBARS (2-thiobarbituric
acid reactive substances) method. The blood was drawn
from each mouse in the conventional way and plasma was
separated by centrifugation at 2000 RPM for 20 minutes.
The determination of TBARS through the malonaldehyde
(MDA) as an index of lipid peroxidation, [21-22] was
carried out according to the Niehaus WG method. The
main principle involved in this is, free oxygen causes
breakdown of poly unsaturated free fatty acid in bio-
membranes and the end product formed is MDA. This end
product has high affinity to form complex with
thiobarbituric acid. The proposed method is based on the
formation of purple colored product by the reaction of
MDA with TBA in an acidic medium upon heating at
~80 °C. A molecule of MDA forms complex with two
molecules of TBA to give colored product which is
measured calorimetrically at ~532 nm (excitation). The
amount of MDA was calculated using following formula
(7) in Table S1, (supporting information). It expresses the
MDA (in nmol) and protein (in mg/mL) using molar
extinction co-efficient of 1.56 x 10° micm™. The Table
S11, (supporting information) shows the difference
between LPLP (mean + SEM) for control samples is
2.596+0.6018, for DMBAJ/TPA treated samples
8.368+1.885, oral (BME-Au NPs) treated sample
4.642+0.3099 and topical (BME-Au NPs) treated samples
it ranges from 4.070+0.5445, respectively. Similarly,
the total protein content (TPC) in plasma was determined
by modified Biuret end point assay using span diagnostic
kit. The assay principle for the peptide bond of protein
reacts with cupric ion in alkaline solution to form a
colored chelate. The absorbance of each sample was
measured at excitation wavelength of ~578 nm.
The biuret reagent contains sodium potassium tartarate
which helps in maintaining solubility of this complex at
alkaline pH medium. The absorbance of the final color is
proportional to the concentration of total protein in the
sample. The reagents and sample were mixed well and
incubated at ~37 °C for 5 min in CO; incubator. The
program analyzer has been set as per the above assay
parameter.

Table. 1. Data interprets the weight of liver and spleen in mice for
four samples (control, DMBA/TPA, DMBA/TPA/BME (oral) and
DMBA/TPA/BME (topical)).

Liver weight (g) and Spleen weight (mg)
S.No Control DMBA/TPA | DMBA/TPA{(BME-Au NPs) | DMBA/TPA-(BME-Au NPs)
(Oral) (Topical)
Liver | Spleen | Liver | Spleen Liver Spleen Liver Spleen
1 145 180 | 261 180 1.26 100 129 120
2 173 120 | 252 180 L5 80 339 140
3 151 178 | 213 290 1.35 120 1.06 150
4 205 120 1.75 292 1.62 378 142 190
5 1.52 100 1.51 1426 1.40 1722 098 110
6 1.64 1672 | 219 | 2474 1.24 98.5 1.16 150
7 1.55 140 | 464 285 1.28 752 112 68.6
Mean | 1636 | 1436 | 248% | 23L1%| 1379% 83397 1.489" 132.7%
+SEM | 00773 | 12.04 | 03898 * 0.5284 9912 03215 1441
23.63
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The estimation of TPC was carried out according to
the fallowing formula (8) in Table S1, (supporting
information) and it has been calculated as per the Table
S12, (supporting information) and values reported as
mean + SEM for control sample is 8.663+0.4452, for
DMBA/TPA treated samples 6.887+0.4052, oral
(BME-Au NPs) treated sample 9.267+0.5287 and topical
(BME-Au NPs) treated samples it ranges from
8.169+0.5261, respectively.

Statistical analysis

The data are expressed as Mean = SEM (standard error of
measurement) and analyzed using One Way ANOVA
followed by Student’s ‘t’ test, p<0.05 is considered as
significant. However, two stage carcinogenesis models
were used to study the chemopreventive effect of
composite of (BME-Au NPs) using DMBA as an initiator
and TPA as a promoter. The topical application of DMBA
followed by TPA results in skin tumorigenesis as
indicated by increase in the tumor incidence, tumor
burden, tumor yield, and cumulative number of tumors,
decrease in the average latent period, increase in the
tumor size, mass, and volume. The decrease in mean
survival time for control, DMBA/TPA, oral and topical
samples from 105 £ 0.0, 77.70 £ 13.90, 86.80 + 12.13,
and 88.20 + 11.25 has been incorporated in Table S4,
(supporting information). The initial and final body
weights have been represented in the Table S5,
(supporting information). The weight difference in liver
and spleen has been reported in the Table 2. The
decreased levels of TPC in plasma, and DNA content of
the skin tissue homogenate associated with increase in
oxidative stress as indicated by increased levels of lipid
peroxides in plasma. The treatment with (BME-Au NPs)
at 300 mg/kg b.w., orally and topically prevented the
DMBA/TPA induced as indicated by decrease in the
tumor incidence, burden
0.0 + 0.0 for control,8.857 + 3.508 for DMBA/TPA,
0.5714 + 0.3689for oral and 2.143 + 0.7693for topical
treatment. The Table S6, (supporting information), shows
the Effect of BME-Au NPs on tumor burden in mice
exposed to DMBAJ/TPA topical application. The Table
S7, (supporting information), shows the effect of BME-
Au NPs on tumor yield in mice exposed to DMBA/TPA
topical application. The data are expressed as Mean *
SEM (n = 10). The *p < 0.05 for DMBA/TPA, #p < 0.05
topical treated samples. The increase in the average latent
period has been reported in the Table S8, (supporting
information), effect of BME-Au NPs on average latency
period in mice exposed to DMBA/TPA topical
application. The data are expressed as Mean + SEM
(n=14). The ***p < 0.001 for DMBA/TPA, #p < 0.01 for
oral and p < 0.05 for topical treated samples. The
decrease in the tumor size (Table S9, supporting
information), increase in mean survival time (Table S4,
supporting information), body weight (Table S5,
supporting information) and decrease in the liver and
spleen weight (Table 1). The (Table 1) shows the weight
of liver and spleen decreased in (BME-Au NPs) treated
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samples (oral and topical) compared to control samples.
The increased levels of total protein in plasma, and
increase in DNA content of the skin tissue homogenate
and it is associated with decreased oxidative stress as
indicated by decreased levels of lipid peroxides in plasma
(Table S11, supporting information). The survival time in
the animals after treatment with BME-Au NPs increased
when compared to DMBA/TPA treated animals. Thus, it
clearly suggests the increase in the lifespan of animals
with the treatment of BME-Au NPs.

Table. 2. Depict the tumor volume initiated with DMBA/TPA and
suppressed with composite of (BME-Au NPs) through the oral and
topical administration.

Tumor volume per mouse (mm®)
S.NO | Control | DMBA/TPA | DMBA/TPA-(BME-AuNPs) | DMBA/TPA-(BME-Au NPs)
(Oral) (Topical)

1 0 20.398 9.654 3.902

2 0 10.605 4291 5370

3 0 13.595 0 7.595

4 0 9514 0 6.246

5 0 12.681 0 4414

6 0 8.801 0 0

7 0 7206 0 0

8 0 — — 0

9 0 — — —

10 0 — — —
Mean+ | 0.0+ 00 11.83+ 1.9924 1.413%# 34414 1.082%#
SEM 1.652%++

However, the supplementation of composite of BME-
Au NPs orally and topically to DMBA/TPA treated mice
did not prevent decreased body weight. The weight of
liver of mice in DMBA/TPA treated group was
significantly increased. Since liver is the site for
biotransformation of xenobiotics (including carcinogens)
and detoxification process, the phase- and phase-II
detoxification agents plays a crucial role in the alterations
of liver. The increased weight of liver is because of
increase in the level of phase-I detoxification agents and
decrease in the activities of phase-Il detoxification agents
in the liver of skin tumor bearing animals. The weight of
spleen of mice in DMBA/TPA treated group was
significantly increased, this effect has been shown with
severe splenomegaly in skin tumor bearing animals.
The increased weight of liver and spleen were
significantly reduced with the administration of BME-Au
NPs orally and topically. Thus, it clearly suggests the
chemopreventive effect of composite of BME-Au NPs.
Average latent period (the lag between the application of
the promoting agent and the appearance of 50% of
tumors) was significantly less in animals which were
exposed to DMBA/TPA, whereas in BME treated animals
orally and topically increase the average latent period,
indicating the delaying effect of BME-Au NPs on the
promotion phase of carcinogenesis. Moreover, DMBA is
metabolized to dihydrodiol epoxide which is the ultimate
carcinogen, mediated carcinogenic process by inducing
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chronic inflammation over production of ROS and
oxidative DNA damage. In DMBA/TPA treated animals
the histology of skin section showed marked acanthosis
(diffused epidermal dysplasia) with irregular proliferation
and deposition of keratinocyte pearls were observed in
dermis and epidermis which is characteristic feature of
well differentiated squamous cell carcinoma, dermal
fibrosis, decreased hair follicles and sebaceous glands,
disrupted basal lamina, hyperkeratosis i.e. thickening of
keratinized layer over the epidermis were observed.
Along with these changes severe dysplastic changes,
papillomatous projections, necrotic cells, infiltration of
neutrophils and lymphocytes into stroma, pleomorphic
cells, and infiltration of malignant squamous cells into
deeper regions were also observed from the micrographic
imaging (Fig. 5a-d).

Control

DMBA/TPA-(BME-Au NPs) (Oral) [ DMBASPA-(BME=Au'NPs) (Topical)

Fig. 5. Micrograph (a) shows histological section of normal/healthy skin
in mice. Marks ‘e’ for epidermis, ‘d” for dermis, ‘b’ for basal lamina, ‘s’
for sebaceous glands, and ‘hf* for hair follicles. Micrograph (b) shows
histological section of DMBA/TPA induced skin tumor in mice ‘i’ for
infiltration of neutrophils and lymphocytes into stroma, ‘k’ keratinocyte
pearls, ‘pp’ for papillomatous projections, ‘hy’ for hyperkeratosis, ‘df’
for dermal fibrosis, and ‘dy’ for dysplastic epithelium. Micrograph (c)
shows histological section of DMBA/TPA induced skin tumor in mice
administered with BME orally as per the control group (a). Micrograph
(d) shows histological section of DMBA/TPA induced skin tumor in
mice administered with (BME-Au NPs) topically as per micrograph (b).
Images were acquired at 100x magnification.

These changes suggest the characteristic feature of
well differentiated squamous cell carcinoma. These
pathological changes were completely prevented with the
oral administration of BME. The extent of lesions
developed in DMBA/TPA-BME (Topical) treated mice,
were less as compared to DMBA/TPA treated group.
Mild dysplasia, acanthosis and infiltration of malignant
squamous cells into deeper regions were observed. From
these results it seems that oral and topical administration
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of (BME-Au NPs) composite prevents the carcinogenesis
significantly.

Cell viability, inhibition assay and imaging

To examine, the functionality of (BME-Au NPs)
composite on cancer cells, three different cell lines such
as cancerous K562 (leukemia blood cancer cells), HepG2
(hepatocellular carcinoma) and non-cancerous (HEK293,
human embryonic kidney cell) were used for cell
inhibition studies and cellular imaging [20, 23-25].

The (Fig. 6a), corresponds to cell viability with
different concentrations (1.0, 5.0, 10, 25, 50 and 100 ug
mL1of (BME-Au NPs) composite and it demonstrates the
less (negligible) effect on non-cancerous (HEK293) cells
as the increase in concentration.

This composite is showing effect on cancerous cells
[26-28]. The (Fig. 6b), illustrates the cellular inhibition
with the above-mentioned concentrations of composite
and inhibition is >80% at 400 pug of composite. The from
the confocal microscopic imaging of K562 cells treated
with  developed nanoformulation (BME-Au NPs
composite loaded with anticancer drug DOX), it is clearly
evidenced that the morphology of cells was changed
compared to untreated cells (Fig. 7a-d) [29-34].
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Fig. 6. The plot (a) corresponds to cell survival rate with composite of

alcoholic plant extract (BME) and Au NPs. The plot (b) shows the cell
inhibition on cancerous cells is more compare to noncancerous cells.
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K562-FITC

K562-DOX

K562-DAPI K562-Merged
,t‘.

-

Fig. 7. Laser scanning confocal microscopic images of K562 cells. Cells
were treated for 24 h with DMBA/TPA-(BME-Au NPs) fallowed by the
incubation. Image (a) green fluorescent of K562 cells stained with FITC
which stains cytoplasm, (b) red fluorescent images of cells stained with
anticancer drug DOX molecules, (c) blue fluorescent stained with DAPI
which stains A-T rich regions in the genetic material and (d) corresponds
to merged of (a, b, c) cells.

Conclusion

In-vivo mice based results demonstrate the significant
chemopreventive effect of (BME-Au NPs) composite on
skin carcinoma cells upon oral and topical administration
It is found that significant reduction in tumor incidence,
tumor burden, and tumor yield with (BME-Au NPs)
composite. The cumulative number of tumors, tumor size,
mass, volume, and LPO levels with a potential increase in
the average latent period of tumor appearance, total
protein, and DNA content is more evidenced for
carcinogenic treatment on skin carcinoma. Composite is
bio-safe and biocompatible to mankind without any side
effects and cytotoxicity. It has been evaluated that (BME-
Au NPs) based composite shows decreased oxidative
stress and prevents the DMBA induced TPA promoted
skin carcinogenesis in mice. Furthermore, this BME-Au
NPs composite has been used to treat leukemia blood
cancer (K562) cells and it shows greater extent of cell
inhibition. However, composite of (BME-Au NPs) can be
used as a potential chemopreventive agent for skin
carcinoma and to cure the several types of cancers and for
other pharmaceutical applications.
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1. Characterizations Techniques

Following list of instruments were used to characterize
the plant extract (BME), gold nanoparticles (Au NPs) and
composite of (BME-Au NPs) and its chemopreventive
studies in mice and on K562 cancer cells.

1) Auto analyzer (ERBA Chem-5 Plus V2) a
clinical chemistry analyzer for extracts through
the absorbance.

2) Binocular microscope (Nikon E200) to view the
objects and imaging.

3) Digital electronic microbalance (Acculab).

4) Homogenizer (REMI, RQ 127A).

5) Micro centrifuge (Genei) for separation.

6) Micro-pipette (Accupipet).

7) COq2 incubator (Equitron, Medica Instrument) for
cell culture and to treat the cell based samples by
maintaining 5% volume of CO; at ~37 °C.

8) Sonicator  (Ultrasonic  cleaner,  Enertech
Electronics).

9) UV-Vis-NIR: Absorbance measurements
were carried out using a Perkin Elmer
(Lambda-750) model UV-Vis-NIR
spectrometer. The calibration curve of
absorbance against different concentrations
of pure DOX was acquired at 530 nm.

10) Multimode Reader: MTT assay, cell
inhibition with DOX, imatinib and for the
free DOX and imatinib were performed in 96
well plates using a BioTeck Synergy H*
multi mode reader.

11) LSCM: Fluorescence microscopy imaging
experiments of the DOX molecules loaded micro
and nanoporous polymeric capsules were
performed by a Zeiss LSM 700 laser scanning
confocal microscope. Micro and nanoporous
polymeric capsules were incubated in DOX
solution for 24 h, then it was gently washed for
thrice and re-dispersed in propanol and a drop of
(5 pL) dispersion was taken on a glass slide.
After proper drying confocal microscopy images
were acquired.

12) Sputter coating: The non-conducting natured
polymer samples were sputter coated with metal
ions (gold/Au) to get the conductivity throughout
the surface of the polymer sample. The Quorum
Q150R ES model sputter coating machine has
been used for the same. The coating was carried
out for 3 minutes with 10 mA of current. The
density of the material is 19.32 g/m® with gold as
sputtering material. The coating rate is 1 nm/min
and we obtained ~3 nm thickness of gold ions on
the surface of the polymer sample.

13) FESEM: Morphology and structure of porous
polymeric capsules were observed with a Zeiss
Ultra™ 55 field emission scanning electron
microscope (FESEM) at 15 kV accelerating

Copyright © 2017 VBRI Press
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voltage. Samples were coated with Au/Pd on
metal die.

14) EDAX (energy dispersive spectroscopy) has
been used to analyze the elemental
composition present in the composite of
BME-Au NPs.

2. Carcinogens and their handling

The carcinogenic  materials such as 7, 12-
diemthylbenz[a]anthracene =~ (DMBA) and  12-O-
tetradecanolyphorbol-13-acetate (TPA) upon receipt from
Sigma Aldrich suppliers were placed in a plastic freezer
bag and stored in the freezer at -20 °C.
A foil-wrapped scintillation vial and cap is weighed on an
electronic microbalance and the weight has been noted.
Then the vial is taken to the fume hood and a diaper is
placed over the work area. Gloves and apron were worn
during chemical transfer. A small amount of chemical is
placed into the vial with a wooden applicator stick and
replaced with the cap.
The vial with the chemical is weighed and the quantity of
chemical determined by subtraction method. Calculations
performed to determine the amount of acetone to add to
make a 10x stock solution and then to make a working
solution. The stock and working solutions were stored in
zip-lock bags in the freezer. Contact materials are
disposed in the infectious/or biohazard waste. Unused
solutions are arranged for proper disposal and
incineration.

3. Histological studies

Histological changes in the skin were analyzed by the
following procedure. Tumors and normal skin removed
from sacrificed mice were immediately fixed in 10%
formalin fixative for 24 h. The tissue was then dehydrated
in ascending series of alcohol and kept in mixture of
absolute alcohol and benzene (1:1) and then in benzene
for 1 h each. Finally, tissue pieces were embedded in
paraffin wax and 4-micron thick sections were cut and
spread on glass slides, stained with hematoxylin and
eosin, slides mounted in DPX and viewed under optical
microscope and fallowed by imaging. Globulins = Total
Protein — Albumin, Total protein concentration (g/L) =
Total protein concentration (g/dL) x 10. Total protein
level in plasma is expressed as (gm/dL).

4. The lipid peroxide level in plasma

The following reagents are required for the measurement
of lipid peroxide level in plasma such as 1.15 M
potassium chloride (KCI), TBA reagent, and 0.25 M HCI
containing 15% trichloroacetic acid, 0.375 % of
thiobarbituric acid and 0.055% of butylated hydroxy
toluene and stored at ~2-8°C. The method involved in the
estimation of bio-chemical parameters such as (1) 0.2 mL
of plasma, 1 mL of KCI and 2 mL of chilled TBA reagent
were added slowly with mild stirring and tubes were
stoppered. The reaction mixture was then incubated at
~80 °C on a water bath for an hour, (2) the tubes were
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then cooled on ice bath for 5 min and centrifuged at 5000
RPM at ~4°C for 10 min and (3) the absorbance of pink
chromogen formed was measured against blank at
excitation of ~532 nm  with UV-Visible
spectrophotometer.

5. Different types of calculations

The chemo-preventive potential of BME was accessed by
considering the fallowing properties such as calculation of
(1) survival time or (increase in life span), (2) change in
body weight analysis, (3) cumulative number of tumors,
(4) tumor incidence, (5) tumor burden, (6) tumor yield,
(7) average latent period, (8) tumor size, tumor volume,
and tumor mass. Based on final number of survival
animals of DMBAJ/TPA tumor bearing mice, the average
survival time (MST) and percentage of increase in life
span (% ILS) were calculated by using the equation (1) in
table (1). Similarly, the body weight of mice before and
after tumor induction was weighed with specific time
intervals. The cumulative number of tumors in every
week was measured till the end of experiment. The tumor
incidence is defined as the number of mice carrying at

2017, 8(11), 1057-1064
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least one tumor which is expressed as a percentage
incidence and calculated by using the fallowing equation
(2) in table (1). The tumor burden is defined as the
average number of tumors per tumor bearing mouse, and
it is calculated by using fallowing formula (3) in table (1).
The tumor vyield is defined as the average number of
papillomas per mouse, and it is calculated by using
fallowing formula (4) in table (1). However, the lag
between the application of the promoting agent and the
appearance of 50% of tumors has been determined. The
average latent period was measured by multiplying the
number of tumors appearing every week by the time in
weeks after the application of the promoting agent and
dividing the sum by total number of tumors.The average
latent period has been calculated by using the fallowing
formula (5) in table (1). The tumor size, shape, massand
volume per mouse has been calculated through the digital
Vernier calipers (Mitutoyo digimatic caliper IP 65
model). The diameter and radius (R) of each tumor was
measured before and after the experiment to evaluate the
tumor size, shape, volume and mass based properties.

MST of treated group—MST of control group

0 p—
1) ILS (%) = MST of control group

No.of mice bearing tumors

+100 ... (1)

2) Tumor incidence (TI) =

Total no.of mice

Total no.of tumors

-(2)

3) Tumor burden (TB) =

4) Tumor yield (TY) =

Total no.of mice

Total no.of mice bearing tumors

Total no.of tumors

" . fx
5) Average latent period (ALP) = ET
DR2m
6) Tumor volume (TV) = = .. (6)
(0.D.)Test xTotal volume of reaction mixture i1

By

7) MDA/Protein (nmol/mg) =

1.56 X105 x 10~9?xsample volume

- (7)

Protein (mg/mL) "’

Absorbance of test

8) Total protein concentration (TPC, g/dL) =

Absorbance of standard

£6.5...(8)

Table. S1. Shows the equations and formula’s involved in different calculations. The increase in life span, tumor incidence, tumor burden, tumor yield,
average latent period, tumor volume and total protein concentration were calculated by using the above equations.

Copyright © 2017 VBRI Press
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Fig. S1. Optical microscopic images of K562 (leukemia blood cancer) cells acquired before treatment with our BME-Au NPs based composite.

Cumulative no. of tumors

-
(5]
)

-
o
1

-e- Control

- DMBA/TPA
-+ DMBA/TPA+BME (Oral)
-+ DMBA/TPA+BME (Topical)

Tumor formation time (Weeks)

10 15

20

Fig. S2. Illustrates the increase in number of tumors with DMBA/TPA and their suppression with BME-Au NPs based composite

Pipette into tube marked | Blank | Standard Test
Plasma - - 10 pL.
Reagent-1 1000 pl. | 1000 pL | 1000 pL.
Reagent-2 - 10 pL. -

Table. S2. Represents the total protein working procedure.

Copyright © 2017 VBRI Press
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Group Status Treatment methods
| Normal control Receives 100 plL vehicles (acetone) topically twice in a week for 15 weeks.
(n=10)
1} Tumor control Receives DMBA 0.24 % 200 pL/ mouse topically for two applications in first week and 5 nM
(n=10) TPA 50 pl/ mouse twice in a week up to 15 weeks.
m Tumeor + BME Receives DMBA 0.24 % 200 pL/ mouse topically, two applications in first week and 5 nM TPA
(oral treatment) | 50 pl/mouse, twice in a week from second week up to 15 weeks. These are treated with BME 300
(n=10) mg/kg (body weight, oral route). Thrice in a week before one hour of DMBA/TPA application.
v Tumor + BME | Receives DMBA 0.24 % 200 pL/mouse topically, two applications in first week and 5 nM TPA 50
(topical treatment) | pl./mouse, twice in a week from second week up to 15 weeks. These are treated with BME 300
(©=10) mg/kg (body weight, topical route). Thrice in a week applied topically before one hour of
DMBA/TPA application.

Table. S3. lllustrate the experimental design and treatment methods fallowed by the dosages.

Mean survival time (days)
S.NO | Control | DMBA/TPA DMEBA/TPA(BME-Au NPs) DMBA/TPA(BME-Au NPs)
(Oral) (Topical)

1 105 14 14 14

2 105 14 14 28

3 105 14 105 105

4 105 105 105 105

5 105 105 105 105

6 105 105 105 105

7 105 105 105 105

8 105 105 105 105

9 105 105 105 105

10 105 105 105 105
Mean | 105+0.0 | 77.70+ 13.90* 86380+12.13 8820+ 11.25
+SEM

Table. S4. lllustrate the effect of BME-Au NPs composite on mean survival time in mice exposed to DMBA/TPA oral and topical application. Data are

expressed as Mean + S.E.M. (n=10). *p< 0.05 when compared to control sample.

Copyright © 2017 VBRI Press
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Body weight (g)
S.NO Control DMBA/TFA | DMBA/TPA(BEME-AuNPs) | DMBA/TPA(BME-Au NPs)
(Oral) (Topical)

1 204 | 368 | 355 | 305 278 o 263 349
2 226 | 356 | 368 | 328 268 272 27 433
3 29 418 | 326 | — 283 o 318 307
4 252 | 355 | 275 | 338 29 295 31 306
5 273 | 405 | 284 | — 282 26.1 337 433
6 26 26.3 30 35 28.7 329 20 22
7 23 354 | 204 | 362 28 295 173 o
8 208 | 325 | 385 | 303 26.6 325 2838 o
9 332 | 367 | 213 | — 318 o 323 336
10 31 411 | 198 | 381 314 291 32 309

Mean | 26.75 | 3622 | 29.08 | 2367 28.66 20.66 28.02 2694
+ 1286 | 1.444 | 2.180 * 0.5447 4554 1.743 4.902

SEM 5219

Table. S5. Effect of BME-Au NPs composite on body weights of animals in mice exposed to DMBA/TPA topical application. Data are expressed as Mean +
S.E.M. (n=10). *p<0.05 when compared to control.

Tumor burden
S.NO | Control | DMBA/TFA | DMBA/TPA(BME-AuNPs) | DMBA/TPA(BME-Au NPs)
(Oral) (Topical)
1 0 9 2 6
2 0 29 2 3
3 0 6 0 2
4 0 8 0 2
5 0 6 0 2
6 0 2 0 0
7 0 2 0 0
8 0 - - 0
9 0 - - -
10 0 - - -
Mean + 00+ 8857+ 0.5714 £0.3689% 2143+ 0.7693%
SEM 0.0 3.508+%

Table. S6. Effect of BME-Au NPs composite on tumor burden in mice exposed to DMBA/TPA topical application. Date are expressed as Mean + S.E.M.
(n=10). *p<0.05 when compared to control and #p<0.05 when compared to DMBAJ/TPA treated group.
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Tumor yield
S.NO Control | DMBA/TPA | DMBA/TPA-(BME-Au NPs) DMBA/TPA-(BME-Au NPs)
(Oral) (Topical)

1 0 9 2 6

2 0 29 2 3

3 0 6 0 2

4 0 8 0 2

5 0 6 0 2

6 0 2 0 0

7 0 2 0 0

8 0 — — 0

9 0 — — —
10 0 — — —

Mean+ SEM | 00+00 | 62+2752*% 04+ 02667 15+ 06191*

Table. S7. Effect of BME-Au NPs composite on tumor yield in mice exposed to DMBA/TPA topical application. Date are expressed as Mean + S.E.M.
(n=10). *p<0.05 when compared to control and *p<0.05 when compared to DMBA/TPA treated group.

Average latent period (Weeks)
No. of Weeks after TPA | Control DMBA/TPA | DMBA/TPA(BME-AuNPFs) | DMBA/TPA(EME-Au NPs)

Application (Oral) {Topical)

1 0 0 0 0

2 0 0 0 0

3 0 0 0 0

4 0 1.333 0 2

5 0 0.631 0 125

6 0 1.285 0 1

7 0 0617 7 1

8 0 04 3.999 1

9 0 0.409 4.5 09

10 0 04 4.5 0.833

11 0 0397 11 0

12 0 0.710 12 1.714

13 0 0276 13 0

14 0 0.846 14 0.933
Mean + SEM 00+00 0.5253+ 5+ 14554 0.7593+0.1786*

0.1136%***

Table. S8. Effect of BME-Au NPs composite on average latency period in mice exposed to DMBA/TPA topical application. Data are expressed as Mean +
S.E.M. (n=14). *** p<0.001 when compared to control group, #p<0.01 and *p< 0.05 when compared to DMBA/TPA treated group.
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Tuamor size (mm)
S.NO Control | DMBA/TPA | DMBA/TPA(BME-AuNPs) | DMBA/TPA(BME-Au NPs)
{Oral) (Topical)

1 0 3.655 18 2701

2 0 3.524 14 2946

3 0 3220 0 297

4 0 3281 0 2.64

5 0 3.630 0 222

6 0 3.718 0 0

7 0 3.505 0 0

8 0  — —_— 0

9 0  — —_— —_—
10 0 —_— —_— —_—

Mean + SEM | 0.0+ 0.0 3505+ 04571+ 02983 1.685+ 0.4998%
0.07159+%++

Table. S9. Effect of BME-Au NPs composite on tumor size in mice exposed to DMBA/TPA topical application. Data are expressed as Mean + S.E.M.

(n=10). ***p<0.0001 when compared to control, #p<0.0001, and *p< 0.05 as compared to DMBA/TPA treated group.

Tumor mass (mg)
S.NO Control | DMBA/TPA | DMBA/TPA(BME-Au NPs) DMBA/TPA(BME-Au NPs)
(Oral) (Topical)

1 0 571 432 31.15

2 0 61.25 37.03 34.37

3 0 35.15 0 30.73

4 0 41.93 0 34.25

5 0 54.09 0 3545

6 0 40.58 0 0

7 0 34.25 0 0

8 0 —_— —_— 0

9 0 e e e
10 0 —_— —_— —_—

Mean+ SEM | 0.0+ 0.0 4634+ 11,464 7 429%# 2074 & 6.099%
4.147%**

Table. S10. Effect of BME-Au NPs composite on tumor mass in mice exposed to DMBA/TPA topical application. Data are expressed as Mean + S.E.M.

(n=10). ***p<0.0001 when compared to control, ##p<0.001 and *p< 0.01 as compared to DMBA/TPA treated group.
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Lipid peroxide in plasma (nM/mL)
5.NO Control | DMBA/TPA | DMBA/TPA(BME-Au NPs) (| DMBA/TPA-(BME-Au NPs)
(Oral) (Topical)

1 3.903 7 4.675 5384

2 2423 5384 4576 3.153

3 3.0%6 11.576 3.807 2423

4 5115 6.076 53807 5.115

5 2019 8615 5403 4.846

6 0.538 2.288 3.467 2153

7 1.076 17.634 4.756 5413
Mean + 2596+ 8368+ 4642+ 0.3099* 4.070+ 0.5445*%
SEM 06018 1.885%*

Table. S11. Effect of BME-Au NPs composite on lipid peroxides in plasma in mice exposed to DMBA/TPA application. Data are expressed as Mean +

S.E.M. (n=7). **p<0.01 when compared to control and *p<0.05 when compared to DMBA/TPA treated group

Total protein in plasma (g/dl.)
S.NO Control | DMBA/TPA | DMBA/TPA(BME-Au NPs) | DMBA/TPA(BME-Au NPs)
(Oral) (Topical)

1 824 791 11.02 1093

2 7.51 8.66 883 742

3 877 6.05 1092 761

4 8.16 565 8.85 738

5 11.16 6.29 9.85 896

6 87 7.06 8.10 303

7 81 6.59 730 6.80

Mean + 8663+ 6887+ 9267105287 8169+ 0.5261%

SEM 0.4452 0.4052%*

Table. S12. Effect of BME-Au NPs composite on total protein levels in plasma (mg/mL) in mice exposed to DMBA/TPA topical application. Data are
expressed as Mean + S.E.M. (n=7). **p<0.01 when compared to control, *p<0.01 and #p<0.05 when compared to DMBA/TPA treated group.
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DNA content (mg/g of protein)
S.NO Control | DMBA/TPA DMEBA/TPA-(BME-Au NPs) DMBA/TPA(BME-Au NPs)
{Oral) (Topical)
1 0.788 0.187 0.889 0.962
2 0.990 0.140 0.883 0.626
3 0.670 0.355 1.548 0.665
4 1.083 0.267 1.594 0.148
5 0.804 0.634 1.093 1.084
Mean + 08670+ 0.3166+ 1.201+ 0.1557%# 0.6970+£0.1624*%
SEM 0.07443 0.08737%+*

Table. S13. Effect of BME-Au NPs composite on DNA content in skin tissue homogenate of mice exposed to DMBA/TPA topical application. Data are
expressed as Mean + S.E.M. (n=5). ***p<0.001 when compared to control, #*p<0.001 and *p<0.05 when compared to DMBA/TPA treated group.

Copyright © 2017 VBRI Press



