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ABSTRACT

1, 4 and 5, 8- positions as well as type of functionalities on these positions at anthraquinone-9,
10-dione are proposed to be significant for anticancer activity. Therefore, keeping this in to
consideration, series of 1-substituted anthraquinone based compounds are designed, synthesized,
characterized and biologically evaluated for anticancer activity. The structure of synthesized
compounds are confirmed by spectroscopic analysis i.e. 1D (*H and *C) NMR, ESI-MS studies,
FT-IR tools. Synthesized 1-substituted anthraquinone compounds showed cytotoxic  effect
against MCF-7, PC-3 and Hep2C (Hela derivative) cell lines. All the compounds,showed mild
antibacterial property in comparison to standard antibiotic streptomycin against Gram+ve and —
ve bacteria. They also exhibit mild antifungal activity. In-vitro ct-DNA binding studies of
synthesized series using UV-Visible, Fluorescence tools indicates, partial intercalative mode of
binding. Electronic properties of synthesized analogues and_Mitoxantrone are compared using
HOMO-LUMO calculation. Low energy gap between, HOMO-LUMO of 1-substituted
antharaquinone compounds indicates the highly charged structure of the molecules in
comparison to mitoxantrone and same is proposed to‘be responsible for comparable cytotoxic
activities of the synthesized 1-substituted anthraquinone molecules. Docking interaction of
synthesized 1-substituted anthraquinone compounds and i-motif sequence indicates intercalative

mode of binding of compounds with telomeric junction.

Keywords: Anthraquinone; Sulfonamide; Mitoxantrone; HOMO-LUMO; Docking; Cytotoxicity;

Antibacterial.
1. Introduction

Anticancer(class of.drugs includes large number of molecules which are divided on the basis of
their mechanism of action like-alkylating agents, antimetabolites, anthracycline class of
antibiotics, hormonal agents and signal transduction inhibitors (Beziane, Teerme, & Vanelle,
2005; Nor et al, 2013; Adachi et al, 2014; Krapcho, Getahun, Avery, Vargas, & Hacker, 1991;
Guidi et al, 1994; Zuravka, Sosic, Gatto, & Goottlich, 2015). Anthracycline class of compounds
are widely found in nature. The naturally occurring anthraquinones compounds carry a broad
spectrum of bioactivities, such as antibacterial, antifungal, anticancer alongwith antioxidant

activities (Zhang et al, 2011). The anthraquinone chromophore is an important structural feature
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of the anthracycline class of antibiotics. Further anthracyclines are proved to be most effective
for cancer treatment and use to treat cancers such as leukemia, lymphoma, breast uterine,
ovarian, bladder and lung cancer. Some anthracycline class of drugs like daunorubicin,
adriamycin, epiadriamycin and mitoxantrone are presently used in chemotherapy, however,
major side effect associated with them is - cardiotoxicity. Mitoxantrone proposed to be less
cardiotoxic then adriamycin and daunomycin (Murdock, Child, Fabio, & Angier, 1979).
Mitoxantrone has symmetrical structure consist of tricyclic planar anthraquinone chromophore
with [(aminoethyl) amino]-ethanol side chain. Large number of analogues of mitoxantrone have
been synthesized and biologically evaluated for their anticancer activity (Bailly, Routier,\Bernier,
& Waring, 1996; Sissi et al, 1999; Collier, & Neidle, 1988; Cheng-Zee, Robert; & Cheng, 1978;
Cairns, Michalitsi, Jenkins, & Mackay, 2002; Routier, Bernier, Catteau, Riou, & Bailly, 1998;
Horn et al, 2000). Further anthraquinone series of compound having amido linkage are reported
in literature and interestingly some of these compounds showed goed biological activity (Zagotto
et al, 1997). Compounds with 1, 4 dihydrogen having longer side chains at 5, 8 position on
anthraquinone ring showed better intercalative activity along with cytotoxicity at micro molar
concentration. Further incorporation of amino d@cid in the side arms at 5,8 position on
anthraquinone ring; followed the similar mechanism ‘of inetraction like that of Mitoxantrone
(Zagotto, Sissi, Gatto, & Palumbo, 2004;:Zagotto;,Supino, Favini, Moro, & Palumbo, 2000; S-
Aliabadi, Tabarzadi, & Zarghi, 2004). (Analegues of 1-hydroxy derivative of anthraquinone
showed significant anticancer activities. against various cell lines. Further epoxidation of
anthraquinone increases the _eytotoxicity (Wei, Wu, Chung, Won, & Lin, 2000). Also
modification of ketonic functionality of anthraquinone ring also reported in literature. Most of 9-
substituted compounds_are’ cytotoxic but lower than the Mitoxantrone (Konopa, 2001; Huang,
Chiu, Lu, & Yuan, 2005).

Anthraquinone derivatives are proposed to be telomerase inhibitor and clinically proven to be the
active site of drug interaction (Freccero et al, 2014; Chung et al, 2014; Balasubramanian, &
Neidle, 2009). Telomeric activity is very high in cancer cells however low or nearly non-
noticeable in normal cells as per literature review. Further -SO,-NH- feature have been reported
to bear anticancer activity. This feature has been proposed to show CDK2 inhibitory property
and arrest cell cycle. Number of compounds with SO,-NH- feature are synthesized and shown to
be active against various cancer cell lines (Supuran, Briganti, Tilli, Chegwidden, & Scozzafava,
2001; Fukuoka et al, 2001; Ella, Ghorab, Heiba, & Soliman, 2011). Further this feature has been



reported to show significant multifunctional activities (Alsughayer, Elassar, Mustafa, & Sagheer,
2011; Tan et al, 2011).

In present research paper we have incorporated 1-substituted sulfonamide functionality along
with various amino acids i.e glycine, valine, phenylalanine and S-alanine in side chain on the
anthraquinone chromophore. All molecules are synthesized in our laboratory under normal
temperature pressure condition. The structure of all the molecules are confirmed by FT-IR, ESI-
MS, PMR and *C-NMR spectrophotometric tools. All the 1- substituted synthesized compounds
(S1-S8) are tested against MCF-7, PC-3 and Hela cancer cell lines. Likewise, compounds are
also evaluated for their antibacterial, antifungal and antioxidant activity. Majerity ,of 1-
substituted compounds of the series are observed to be cytotoxic in comparisonito Mitoxantrone.
Detailed in-vitro binding study of 1-substituted synthesized molecules (S2-S8) has been carried
out in comparison to Mitoxantrone using UV-visible and spectroflueremetric tools. The study
confirmed the partial intercalative mode of binding of 1-substituted synthesized molecules.
Quantum chemical calculation indicates that synthesized l-substituted molecules are highly
charged in comparison to mitoxantrone which might suppose to facilitate DNA binding
interactions at cellular level. Further, telomeric intercalation activity is confirmed by docking
study on d (TCs).

2. Material and methods

The compounds under investigation (S1-S8) were synthesized in our laboratory. The chemicals
used for synthesis were purchased.from Sigma-Aldrich with a stated purity of 97%. All solvents
were distilled and dried, as/per. set> methods and procedures, before use. Reactions were
monitored by TLC performed on-Silica gel plates, the spots were located by iodine. Purity was
checked in TLC with.selvent.system of benzene and methanol giving single spot. Melting points
were uncorrected~and..measured in open capillary tubes on Digital Melting/Boiling point
apparatus. Fhe FT=IR spectrum of the compounds were collected in the frequency region of
4000-500 cmi* using KBr pellet recorded on PERKIN ELMER spectrophotometer. The spectrum
was recorded at room temperature, with a scanning speed of 8 cm™ min™ with the spectral
resolution of 8 cm™. *H NMR spectra were recorded in CDCIl; and DMSO on a BRUKER
AVANCE 11 400 NMR spectrometer. Chemical shifts are given in ppm at 294.7 K. Mass spectral
studies are carried out on ESI-MS instrument of Waters Micromass Q-Tof Micro; equipped with
electrospray ionization (ESI) and atmospheric pressure chemical ionization (APCI) sources

having mass range of 4000 amu in quadrupole and 20000 amu in ToF.



2.1. General procedure for the synthesis of (S1-S8) compounds

A mixture of benzene sulfonyl chloride (6.35ml, 0.05mol), different amino acids (0.05 mol) and
NaOH sol (1N, 200ml) was stirred together at 45-50°C for 4 hours. A clear solution was obtained
and cooled to 5°C and treated with conc. HCI to make it slightly acidic (pH-6.5). Benzene
sulfonyl amino acid (A) was separated out as white crystals. Further benzene sulfonyl amino
acids was stirred for 20 min. with the freshly prepared thionyl chloride (5.0g) and then refluxed
for 3 hours to give acid chloride of benzene sulfonyl amino acid. Benzene sulfonyl amino acid
chloride (0.003M) and 1-amino anthraquinone (0.004M) was then taken in dry benzene (1N),
stirred together at 35-40°C for 6-8 hours. It was then poured into ice- water mixturé and extracted
with chloroform. The extract was washed with excess of water. The solvent was then‘removed to
leave a residue which was recrystallized from diethyl ether to give final product (B). The purity
and reaction progress of the compound was checked by TLC (Vatsal, Devi, & Awasthi, 2018).
The procedure is same for p-toluenesulfonyl amino acids. [Supplementary Fig. | (1a) and

characterization (1b)].
2.2. Cytotoxicity assay

2.2.1. In vitro cytotoxicity analysis: [3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyl tetrazolium
bromide] (MTT) - based cytotoxicity assay-against Hep2C.

The cytotoxic effects of synthesized compounds were carried out against Hep 2C Heal derivative
(human cervix carcinoma) cell_lines which were determined using MTT and compared with
control. The cells were cultured in Dulbecco's Modified Eagle's Medium (DMEM) supplemented
with 10% fatal calf serum,penicillin (100 units/ml) and streptomycin (100ug/ml) in a 5% CO,—
humidified atmosphere incubator. The cells were plated in a 96-well plate and treated with
different concentrations of the compounds for 12 h in a CO, incubator (37°C, 5% CO, and 90%
relative humidity): The cytotoxicity was measured by adding 20ul of freshly prepared MTT
solution (5 mg/mL in PBS, sterile filtered) to each well. Culture plates were gently stirred
at150rpm for 5 min, to thoroughly mix the MTT into the media and incubated for another 3 h in
dark at 37°C to allow metabolization of MTT. The purple formazan crystals were resuspended by
adding 5mg/ ml in methanol to each well. The absorbance was read at 570 nm in a
spectrophotometer. The cell death was calculated as follows:

Cell death = 100 — [(test absorbance/control absorbance) x 100].



2.2.2 SRB (Sulforhodamine B)assay against MCF-7(Human breast cancer cell line) and PC-3

(Human prostate cancer cell line).

Cells were inoculated into 96 well microtiter plates in 100 pL. After cell inoculation, and before
addition of experimental drugs plates were incubated at 37°C, 5% CO,, 95 % air and 100 %
relative humidity for 24 h. Experimental drugs were dissolved in dimethyl sulfoxide at 100mg/mi
and diluted upto 1mg/ml using water. At the time of drug addition, an aliquot of frozen
concentrate (1mg/ml) was thawed and diluted to 100 pg/ml, 200 pg/ml, 400 ug/ml and 800 pg/ml
with complete medium containing test article. Aliquots of 10 pl of these different drug dilutions
were added to the appropriate microtiter wells already containing 90 pl of medium, resulting in

the required final drug concentrations i.e.10 pg/ml, 20 pg/ml, 40 pg/ml, 80 pg/ml.

Further, plates were incubated under standard conditions for 48 hours..Cells were fixed in situ by
the gentle addition of 50 ul of cold 30 % (w/v) TCA (final cancentration, 10 % TCA) and
incubated for 60 minutes at 4°C. The supernatant was discarded and plates were washed five
times with tap water and air dried. Sulforhodamine B (SRB),solution (50 pl) at 0.4 % (w/v) in 1
% acetic acid was added to each of the wells fellowed by 20 minutes incubation at room
temperature. Residual dye was removed by washing five times with 1 % acetic acid. The plates
were air dried and stain was eluted with, 10 mM, trizma base. Absorbance was checked at a
wavelength of 540 nm (SRB) with 690 nm reference (Mitoxantrone) wavelength. Percent growth
was calculated for test wells relative to control wells. Percentage growth inhibition was
calculated as: [Ti/C] x 100 % (\Vanicha Vichai & Kanyawim Kirtikara, 2006; Skehn et al, 1990).

2.2.3. Cell cycle analysis

Cell culture was trypsinized, and washed with phosphate buffered saline (PBS) and incubated at
a density of 5X10° cells/well with 5 mL of complete medium in 6 well plate. Cells were grown in
Dulbecco’s Modified Eagle Medium (DMEM) supplemented with 10% fetal bovine serum and
1% antibiotic-antimycotic. Test samples dissolved in DMSO (Dimethyl sulfoxide) to make 10

mg/mL stock solution. Finally working concentration made by farther dilution of stock solution
in complete medium and several dilutions of the test compounds in 1 mL of complete medium
were added. Alone cells (without treatment) used as control. The plates were then incubated at
37°C for 12 to 24 hours in 5% CO, incubator. After Incubation period, both adherent and floating
cells were harvested and centrifuged at 200 g for 5 min. Pellet were washed with phosphate

buffer saline and again centrifuged at 200g for 5 min. After that, cell pellets were resuspended in
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70% EtOH and fixed for 2h at 4 °C. Fixed cells were washed with PBS (14 mL) and centrifuged
at 200g for 5 min. Cell pellets were resuspended in propidium iodide solution ( 50pg/mL in 0.1
% sodium citrate, 0.1 % Triton-X 100 and 20ug/ml RNaes A) for 30 min in dark. Samples were
processed using an Amis flow cytometer. The distribution of cells in each phase of the cell cycle
was calculated using IDEA software.

2.3. Preparation of solution for antibacterial and antifungal study

All the chemicals and solvents used in the present work were of analytical grade. A phosphate-
buffer saline (PBS) was used as a diluents and prepared by dissolving 1.5mMe¢ disodium
hydrogen phosphate, 0.5mM sodium phosphate, 10mM NaCl and 0.25mM_EDTAat pH=7.1
using double distilled water. The Mueller-Hinton agar growth medium was nutrient broth for
antibacterial assay and Potato dextrose agar for antifungal study. Streptomycin was used as an
internal standard for Minimum inhibitory concentration in antibacterial assay. 200l
concentration range of streptomycin was prepared using PBS as an“internal standard. The
addition of 2uL. microbes grown in nutrient broth and 2uL of'Selutiens of varying concentrations
of each compound dissolved in methanol to 96 microtiter, plates. Six bacterial species, 3 gram-
positive (Salmonella. aureus, Salmonella epidermidis, and Salmonella. citreus) and 3 gram
negative (Escherichia. coli, Klebscilla. pneumaonia,and Shigella. flexneri) were used as target
organisms in antibacterial assay and two fungi Candida albicans and Mucor sps. for antifungal

activites. The plates were incubated and autoclaved.

2.3.1. Antibacterial activity assay

The nutrient agar and nutrient broth medium was prepared and then it was autoclaved. The agar
medium poured in to the petriplates in a laminar flow and the media was left as it is overnight.
The bacterial strains were spread over the media and left this for half an hour. The media
containing the bacterial strains was punched with the help of the sterilized puncher. The
compounds was-dissolved in methanol were put inside the punched holes. The petri plates were
left overnightin BOD incubator. The plates were incubated for 24 hours at 37°C then diameter of
zone of inhibition was measured to know the antibacterial activity of the samples. The
antibacterial study was carried out using a modified agar well diffusion method in order to check
the MIC measurement and diameter of zone of inhibiton. Antibacterial activity of compound can
be determined against 6 pathogenic strains. The activity was determined at a concentration of
Img/ml in methanol against 3 gram-positive, Staphylococcus aureus, Salmonella epidermidis,

and Salmonella citreus and 3 gram-negative Escherichia coli, Klebsiclla pneumonia and Shigella
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flexneri. The microplate assay for measuring antibacterial activity was adapted by incorporating

200ul concentration range of streptomycin as an internal standard (40pg/ml).

2.3.2. MIC (Minimum Inhibihitory concentration) measurements

MIC is the lowest concentration to inhibit any kind of visible bacterial growth on culture plates
by an antibacterial agent which will inhibit the visible growth of a microorganism after 24h
incubation at 37 °C. The most commonly employed methods are the tube dilution method and
agar dilution methods. This procedure is a standard assay for antimicrobials. Minimum inhibitory
concentrations are important in diagnostic laboratories to confirm resistance of microorganisms
to an antimicrobial agent and also to monitor the activity of new antimicrobial agents..The MIC
was determined by the broth micro dilution bioassay in 96-well micro titer 'polystyrene plates;
where in six bacterial species, 3 gram-positive (S. aureus, S. epidermidis, and"S.citreus) and 3
gram negative (E. coli, K. pneumonia and S. flexneri) were used. The calculation of MICs
involves semiquantitative test procedure. It gives an approximate value of minimum
concentration of an antibacterial agent required to prevent bacterial growth. The serial dilution
method was used for the determination of MICs of these ecompounds. The method involves the
addition of 2pLL microbes grown in nutrient broth and2pL-0f solutions of varying concentrations
of each compound dissolved in methanol to 96, mierotitre plates containing 200uL of nutrient
broth each. The end result of the test is the-minimum concentration of the compound that gives a

clear solution, i.e. no visible growth after 24 h'in a BOD incubator at 37 °C.
2.3.3. Antifungal study

The aim of study is to assess the antifungal activity of anthraquinone based compounds and to
determine the zone ¢of inhibition of synthesized compounds (S1-S8) on fungal strains i.e.
Candida albicans and=Mucor species. The samples were dissolved in methanol. Aliquots
(10mg/mL) of«the ‘each sample were added to assay. The flasks containing 100 mL of sterile
growth medium potato dextrose agar (PDA). After vortexing, 50 mL were poured into Petri
dishes. The assay was performed by placing a 0.7 cm diameter plug of growing mycelium in the
centre of a Petri dish. Three replicates were run simultaneously. The zone of growth inhibition
was measured after 24 hours at an incubation of 30°C.

2.4. Superoxide scavenging ( Superoxide Dismutase assay)

For antioxidant study by SOD (Superoxide dismutase assay) the reaction mixture containing 1
ml of alkaline DMSO (1 ml DMSO in 10 mM NaOH) and drug (200pug/ml), 100ul of Nitroblue
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Tetrazolium (NBT -1mg/ml) was added. NBT was purchased from Hi-Media laboratories.
Inhibition of the photo reduction of nitro blue (NBT) was performed to measure the SOD
activity. The photo chemically excited riboflavin was first reduced by methionine into a
semiquinone, which donated an electron to oxygen to form a superoxide source. The superoxide
readily converted the NBT into a purple formazan product. As a result, the SOD activity was
inversely related to the amount of formazan formation. MTX was used as a standard. Superoxide
radical is generated when sodium hydroxide was added to air saturated DMSO. The generated
superoxide remains stable in solution, which can reduce NBT into formazan dye at room
temperature and this formazan can be measured at 570 nm. Briefly, to there aetionwmixture
containing 1 ml of alkaline DMSO (1 ml DMSO in 10mM NaOH) and drug_ (200ug/ml), 100ul
of NBT (1mg/ml) was added. The scavenging activity was calculated as follows:

Superoxide radical scavenging effect (%) = [Ao — A1 / Ag] X100

Where A, was the absorbance of the control and A; was the absorbance in the presence of the
sample.

2.5. Spectrophotometric parameters

2.5.1. Materials

UV-Visible absorption spectra measurement ‘was«carried out on T80+UV/Vis spectrometer
(Shimadzu). The absorption spectra were, recorded in wavelength range of 200-800nm.
Fluorescence experiments were performed using RF-5301 PC spectrofluorophotometer
(Shimadzu).

2.5.2. Sample preparation for UV-Visible and fluorescence spectroscopic studies

Calf thymus (ct) DNA and_other chemicals for buffer preparation such as sodium dihydrogen
phosphate, disodiumshydrogen phosphate were purchased from Sisco research laboratories. The
buffer was prepared by dissolving 1.5mM disodium hydrogen phosphate, 0.5mM sodium
phosphate, ' 10mM NaCl and 0.25mM EDTA at pH=7.1 using double distilled water (400 ml).
The concentration of ct-DNA was spectroscopically determined by molar extinction coefficient
eona = 6600M™ cm™ at 257 nm. The stock solution of mitoxantrone and synthesized series (S1-
S8) was prepared by dissolving 1mg of synthesized molecules and MTX in 1ml DMSO. 10uL
of each i.e. mitoxantrone and synthesized compounds of S1-S8 series is used to each different

concentration of DNA for further study.

2.6. Computational studies



2.6.1. Gaussian protocol

The computational work was carried on Gaussian 98W and Gauss view 6 software tools in order
to study the electronic properties of synthesized analogues in comparison to mitoxantrone. The
quantum chemical calculations were fully optimized at Density functional theory level of
approximation. The optimized HOMO-LUMO structure of analogs were computed by Density
functional theory methods with 6-31G d,p. DFT is a widely used approach to compute the
geometrical structure of atoms or molecules at electronic level. The hybrid density functional in
DFT is B3LYP which stands for Becke, 3-parameter, Lee-Yang-Parr. This method is a low cost
method which provides good results. The energy and dipole moment of the optimized Structures
are obtained from DFT methods.

2.6.2. Autodock

Molecular docking was performed using Autodock 4.0 software http:/autodock.scripps.edu/.

The receptor in docking process is i-moif sequence d (TCs) .downloaded from RCSB protein
data bank bearing PDB code (225d) i.e. the tetrameric DNA structure with protonated cytosine:

cytosine base pairs. Molecules were designed using chem sketch (www.acdlabs.com) and saved

as mol file. DNA sequence was optimized for energy=minimization in Swiss PDB Viewer
(SPDBV) version 4.1.0. DNA sequence was loaded and stored as 225d.pdb. The mol file of
synthesized analogue was also loaded as-pdb in Open BabelGUI. The grid map files were
selected directly with 40x40x40 dimensions.for searching of ligand with active site of DNA
sequence. This way grid parameter ‘was:/ created. Followed by genetic algorithm, the docking
parameter used Lamarckian, (genetic™ algorithm to predict best fit conformation in docking
process. Docking is carried out using Cygwin interface and results were analysed in Pymol 27

software (ww.pymol.com).

3. Result and discussion

3.1. Cytotoxic.study

MCF-7 (Human Breast Cancer cell line), PC-3 ( Human Prostate Cancer cell line) and Hep 2C (
Hela derivative Human cell line) were used with the purpose to confirm the concentration of
synthesized 1-substituted (S1-S8) compounds required to cause the damage. Cell lines were
treated with different concentration of S1 to S8 series of synthesized compounds for a fixed
hours. Mitoxantrone showing cytotoxic effect at lower concentration (1-5pg/ml) for all the cell
lines (K-Chyla, Jedrzejczak, Skierski, Kania, & Jozwiak, 2005). 1-substituted anthraquinone
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series (S1-S8) compounds showed poor performance for PC-3 cell lines. However little
inhibition to MCF-7 cell lines at higher concentration of S2, S3 and S5 compounds has been
observed (Fig.1la and 1b) and (Table la and 1b). Interestingly S-series showed better action
against Hep 2C cell lines. The synthesized compounds S1 and S3 were cytotoxic at 9ug/ml while

S4 was cytotoxic at 1.008ug/ml i.e. better than mitoxantrone at 2.5 pg/ml.

3.2. Cell cycle analysis

Cell cycle analysis of S3 and S4 compounds of S series against Hela cells for 24 hours produced
interesting results. It is well established that mitoxantrone arrests G1 and G2 phases at.cell cycle
progression and ultimately inhibit the cell growth (Khan, Lal, Kimar, & Khan, 2010). Further it
is also confirmed that mitoxantrone also promotes the arrest of S-phase of cell cyele.:\G1 and G2
are the growth phases in cell cycle analysis whereas S-phase is a synthetic phase where in DNA
replication and DNA synthesis takes place. Hence cell goes apoptosis upen treatment with MTX
due to inhibition at cell growth phases G1 and G2 alongwith,inhibiting the DNA replication/
duplication process (S phase). Direct attack on cell regulatory,protein is suggested. Further it
play vital role in controlling the regulation of G2/M"™ and“G1 phases. S4 in accordance to
cytotoxic studies on Hep 2C cell lines showing better. effect over mitoxantrone i.e. 1.008ug/ml
and 2.5 pg/ml respectively (Table 2). Like wise S3/S1 is showing inhibiting action at higher
concentration i.e. 9 pg/ml than MTX 2.5 pg/ml as per cytotoxic study.

We have carried out flow cytometric=study of S4 and S3 compounds only as S3 and S1 are
showing almost similar cytotoxic effects..Concentrations of S3 and S4 compounds were taken 10
pg/ml and 5ug/ml respectively as'per-cytotoxic studies. After examining the data for S4 (Fig. 2)
good number of cells are”arrested in Go/G; phase i.e. initial phase of cell cycle. Hence all the
chemical activities i.¢. increase in supply of proteins, doubling in number of cell organelles etc is
countered. Biosynthetic activity is very high during G; phase which seems to be droped by 5 %
in comparisonsto “control. However the activites in G, phase increase by~4.5% i.e. cell
accumulation takes place in G, phase. 0.1 % cells arrest is observed in S-phase i.e. inhibiting
DNA replication mechanism. Similarly for S3 different pattern is observed i.e. variation at G;
and G, phase are 1.3 and 0.1 % respectively in comparison to control. Interestingly S pahse is
reduced by 1.9 % in comparison to control; indicating the arrest at DNA synthesis i.e. DNA
duplication and replication. Hence both the molecules S4 and S3 deregulate the cell cycle which
is the primary condition for any drug candidate to be cytotoxic. Further as per literature study G;
and G, check points are mandatory for tumor cell to go for uncontrolled proliferation. Both the
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molecules S4 and S3 arrest G; and G, phase by disturbing biochemical process alongwith
disturbance at S phase i.e. affecting the DNA synthesis/ replication. But some difference in the
mechanism of operation of S4 and S3 has been observed during the progression of cell cycle
like:

e (3 /G; phase were highly disturbed by S4.

e S phase was highly disturbed by S3
It concluded the different mechanism of operation of both the molecules (S3 and S4). Though
basic structure of both the compounds i.e. anthraquinone ring and 1-substituted position of side
arm is same but small variation in the structural features of side arm affects the cytotoxicity and

mechanism of the operation of S3 and S4 at cellular level.

3.3. Antibacterial study and Antifungal studies

Two features (i) -SO,NH and (ii) -NH-CO are reported to be important for antibacterial and
antifungal action. Number of compounds/ drugs are presently in.market bearing the said feature ,
act as an antibacterial and antifungal agents. Synthetic series (S1-S8) is tested against Gram +ve
as well as Gram —ve strains in comparison to streptomycin (Table 3). Analogues of (S1-S8) are
found to be more active on K. pneumonia (Supplementary Fig. Il and Ill; and Supplementary
Table I) in comparison to streptomycin. Lack in universality in antibacterial action in comparison
to standard drug could be due to hydrophilicity and inability to penetrate in to cell wall of
bacteria along with long chains at-pesition 1 on the anthraquinone ring. Likewise the S1 to S8
series showed mild antifungal activity-against Mucor species and Candida albicans (Kang, Fong,
& Tsang, 2010) (Supplementary-Table I1). Hence it is not only the structure features but there
position and orientation inwasmolecule is vital for important biological activities. This requires
more detailed structural-study while keeping into consideration the pattern shown by S1-S8

series in the'said study.

3.4. Antioxidant study

It has been reported by researchers that use of anthraquinone class of drugs in chemotherapy is

limited due to their peroxidating activity and production of the free radicals. The activity is

initiated by the oxy-reductase enzymes at cellular level which is the main cause of cardiotoxicity.

Anthraquinone class of drugs have admiration towards these enzymes as it is likely to go for one

electron transfer reaction and produce Osradicals (oxygen radicals). Comprehensive study have
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been carried out and reported in literature on natural and synthetic anthraquinones class of
compounds with diversed structural features to check their ability and essential requirement to
undergo redox reactions. It has been confirmed that functional group present over the
anthraquinone ring favours or disfavours the oxidation-reduction/ free radical formation (
Tarasiuk et al, 1998; Alderton, Gross, & Green, 1992; Reszka, Hartley, Kolodziejczyk, & Lown,
1989). However mitoxantrone, a standard refrence drug taken in present study, showed poor
affinity towards NADH dehydrogenation reaction despite of presence of OH groups at land 4
position and unmodified carbonyl group. Mechanistic reason is not clear but it could.be due to
presence of aromatic amino group with long chains at 5, 8 substituted positions=en the ring.
Highest level of flexibility and steric hindrance with protein molecule could be the reason.
Therefore, we have carried out SOD analysis of synthesized series (S1-S8) to evaluate the
potential to scavange O, radical production. Interestingly  synthesized  1-substituted
anthraquinone molecules (S1-S8) were ineffective in stimulating free radical (0;) oxygen
production (Supplementary Table I1I).

3.5. Spectroscopic confirmation of binding of (S1-S8) compeunds with DNA.

3.5.1. UV-Visible spectral studies

Various studies, biochemical as well as biophysical, has confirmed the intercalative mode of
binding of mitoxantrone with receptor sité,i.e. DN/A. Mitoxantrone exhibit maximum absorption
at 608 and 660 nm and successive addition of,ct-DNA leads to hypochromic and bathochromic
effect. Intercalative mode of binding(is proposed.

Likewise interaction of synthesizedl-substituted anthraquinone molecules (S1-S8) with ct-DNA
has been carried out and_Kp,(binding constant) and AG (free energy of binding) has been

calculated according to Benesi-Hildebrand equation:

yErrl s T TN @
Ao and A are the absorbances of compounds in the absence and presence of DNA,
respectively, and eg and ep.c are the respective absorbance coefficients. Ky is the association/
binding constant. A plot of A¢/A-A, versus 1/ [DNA] was constructed, linear fitting of data
yielded binding constant (Fig. 3). The values (Table 4) obtained out of experiments are in range
with the values reported for interactions of anthracycline molecules with DNA (K~ 10* to 10°
M™) (Li, Ma, Yang, Guo, & Yang, 2005). All synthesized molecules (S1-S8) show absorption
maxima at 420-425 nm. Upon comparing with mitoxantrone, having two maxima at 608-660 nm,
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is due to two types of functionalities i.e. OH and NH at 1,4 and 5,8 position respectively. S1-S8
compounds are only 1-substituted and maxima at lower A could be due to one NH group directly
attached to anthraquinone ring along with O=S=0 group and absence of OH auxochrome at 1, 4
position of anthraquinone ring. Continuous decrease in absorbance with red shift has been
observed for all the molecules (S1-S8) with increasing concentration of DNA. This hypochromic
effect is due to interaction between electronic states of (S1-S8) molecules and base pairs of
DNA. Slight red shift (~9 — 24nm) in maxima could be due to lack of functional group
interaction in internal hydrophobic environment of DNA. All the synthesized molecules (S1-S8)
series shows hypochromic effect with red shift upon binding with DNA. This behavior is an
indication of partial intercalative mode of binding (Pasternack, Gibbs & Villafranca, 1983;
Krugh & Reinhardt, 1975; Lu, Wang, Lv, Zhang, & Liu, 2010). Slightly different pattern of
absorption maxima is observed for S5 and S6 molecules. The additional structural feature
incorporated in S5 and S6 is CH3 group at para position of benzene.ring A. In case of S5 though
intense hypochromic effect with bathochromic shift is observed where as in S6 at high
concentration of DNA sharp bathochromic effect has_been observed. The only structural
difference in S5 and S6 is additional —CH, grouprat (C,,) of (Structure 1). CH; group at para
position on ring A in S5 could be having somefinteractions due to fixing of -NH-SO,- group or
hydrophobic character leading to steric interactions,and allowing -NH-SO,- group for additional
interaction with DNA molecule. However ‘in case of S6 initially, if allowed, some polar
interaction between the charge functionality of the molecule with DNA bases could be there but
at high concentration it was Jest.«Upon comparing the Ky, the value does not show much
difference. However AG value,for S6 is more than S5. Therefore it confirms some additional
interaction of molecule, S6 with DNA and finally stabilizing the molecule. But to our surprise
same behaviour could,not be observed for S7 and S8 where p-substituted —CHj is in position at
ring A. Upen comparing the structure of S2 and S6 the only difference is para —CH3 group at
ring A while comparing S6 with S7, S5, S8 an additional —CH, group is incorporated in the side
arm which might have induced extra flexibility to the side chain and ultimately dissimilar
behavior of S6 in terms of absorbance maxima and AG value.

3.5.2. Fluorescence spectra

Interaction of synthesized compounds (S1-S8) with ct-DNA has been investigated by
fluorescence spectroscopic study in order to confirm the intercalative mode of interaction and

effect of different structural feature on behavior of molecules (S1-S8) with DNA. The data is
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compared with interaction of Mitoxantrone-DNA complex. Mitoxantrone show an excitation
maximum at 596nm and emission maxima at 680 nm (Li, Ma, Yang, Guo, & Yang, 2005).

We have carried out experiment by 10uM solution of (S1-S8) series and MTX in phosphate
buffer solution. Ae for S1-S8 molecules observed at 390 nm and ey, was in range of 560-565
nm. Similarly for MTX Aem Was 600-602nm. Quenching effect is observed in S1-S8 molecule
upon binding to DNA. This confirms the hydrophobic interaction of chromophore with DNA
bases. In literature, it is proposed that there is lack of substituent interaction of side chain of
mitoxantrone with the solvent i.e. water molecules upon binding to DNA and confirms the
intercalative mode of binding. In S1-S8 series, no doubt that quenching is shown, by all the
molecules (S1-S8) i.e. decrease in fluorescence intensity accompanied with, shifting toward
higher wavelength (~ 6nm) indicates partial intercalative mode of interaction upon DNA
binding. Slight deviation in fluorescence spectra of synthesized compound S1-S8 seems to be
due to difference in type of side chain (structure 1 and 2) as red shift is;observed at lower D/P
ratio. However fluorescence quenching mechanism for..S4,, S6 and S7 was different.
Fluorescence emission spectra of S6 was entirely different from rest of the molecules. Though
quenching was observed in fluorescence intensity,of S6 but emission spectra is moving fast
towards higher A with rise in DNA concentration. This indicates some additional
mode/interaction of ligand with acceptor as observed in absorption spectra (Fig. 3). Though K,
and Ky and AG values could not add much on this but their values shows partial intercalative
mode of binding (Table 4). However behaviour of S1-S8 series molecule in emission spectra
clearly indicates that extensions,of'side arm with more hydrophobic groups along with polar
functionality i.e. -NH-SQO,- would leads to additional flexibility at side chain and ultimately
additional interactions_(Awasthi, Dogra, & Barthwal, 2013; Khan, Islam, Yennamalli, Sultan,
Subbarao and Khan, 2008").

The fluorescenee quenching constant, K, is evaluated using Stern-Volmer equation:
Fo/F= 1+ Ks, [DNA] (2)

Where Fpand F are the fluorescence intensities in the absence and presence of DNA respectively,
[DNA] is total concentration of ct-DNA, Ky, is Stern Volmer quenching constant (a measure of
guenching efficiency by DNA). K, is obtained by plot of Fo/F versus [DNA]. Using a typical

fluorescence life time of 0.2x107s; the corresponding biomolecular quenching constant K, is
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calculated. The binding constant Ky and binding stoichiometry (n) of the compound has been

determined using following equation:
Log (Fo—F)/F=log Ky + n log [Q] (3)
Where Q is quencher concentration i.e. [Q] = [DNA].
Further the total binding energy changes were calculated according to standard Gibbs equation:
AG’=-RT InK, (4)

where R and T refers to gas constant and temperature in kelvin respectively. ,All,.the parameters
are mentioned in (Table 5) and fluorescence spectra are shown in (Fig. 4). All molecules (S1-S8)
series showing linear straight line graph of Stern-Volmer plot. Therefore, only one type of
quenching process is operational i.e. either static or dynamic (Lakowiez, pp. 239-240; Zhong,
Yu, Huang, Ni, & Liang, 2001). S4 is showing better cytotoxicyactivity in comparision to
Mitoxantrone and fluorescence spectrum of S4 differs than rest,(S1; S2, S3, S5, S6, S7 and S8)
as well as Mitoxantrone. Quenching is slow and shift in/fluorescence intensity toward right i.e. at
higher wavelength. Therefore, in addition to partial‘intercalative mode of interaction, molecule is
also undergoing additional mode of interaction\with. DNA molecule by involving it polar side
chains bearing -NH-CO,- and -NH-SO,-_functional groups (Dogra, Awasthi, Nair, & Barthwal,
2013).

3.6. Molecular modelling

3.6.1. Electronic properties of synthesized (S1-S8) and MTX

In order to correlate the binding mechanism and cell killing potential of S1-S8 series with their
electronic properties;,detailed quantum chemical study has been carried out using DFT/6-31G
(d,p) method. Malecular orbitals and atomic charges are calculated. Results were compared with
MTX. The thighest occupied molecular orbital (HOMO) represents the ability to donate an
electron while lowest unoccupied molecular orbital (LUMO) represents the ability to accept an
electron hence corresponds to ionization potential and electron affinity respectively. The
HOMO-LUMO calculation has been carried out and graphical representation of movement of
charge, dipole moment and energy indicates the large electronic difference between synthesized
series (S1-S8) (Fig. 5). For the stability of the structure of the molecule, energy gap between the
HOMO and LUMO orbitals is an important parameter. The molecule with smaller energy gap

have higher reactivity and low kinetic stability and considered to be soft molecule (Shukla,
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Yadava, & Roychoudhury, 2015). Energy gap (a.u.) in MTX is higher than rest of synthesized
compounds of the series (S1-S8). At the same time dipole moment of synthesised series (S1-S8)
is higher than MTX (Table 6). Therefore it can be concluded that due to small difference in
HOMO-LUMO of S1-S8 series along with high dipole moment; synthesized molecules (S1-S8)
can be easily reduced. At the same time due to instability in the conformation might lead to fall
in cytotoxicity in comparison to MTX. As per electronic study S1 is quite comparable with
mitoxantrone in terms of energy gap but S3 and S4, are claimed to be comparable to MTX in
terms of ct-DNA binding and cytotoxic study (Table 1a). Moreover upon comparing the dipole
moment of synthesized molecules (S1-S8) it is interesting to note that since all thessynthesized
molecules (S1-S8) differs at Ry and R, (Structurel); the dipole moment of S1 and S5.(.R;=H and
R,= CH3) is comparable to MTX, whereas rest of compounds with ( Ry;=,Hand R,= CH3) i.e.
S3 and S7; S2 and S6; S4 and S8 large variation in dipole moment is-observed. In majority of
cases, X component of dipole moment is going —ve to +ve and adding up in the total resultant
value (Fig. 5). However variation in Ry, specifically, in S4,.addition of CH, group in the side
chain at position 1 raised the direction of electrical dipolewvalue to +8.2 which is completely
different from MTX. Interestingly S4 is more cytotoxic at lesser micro molar concentration than
MTX i.e. 1.008ug/ml and 2.5ug/ml respectively.(Table'la). Therefore, some additional/different

mechanism of operation seems to be followed while drug interacting with receptor.

3.6.2. Molecular docking details

Computational docking tool'.is used to understand the binding interaction of synthesized
molecules (S1-S8) with telomeric'sequence. The binding energy, binding interactions, hydrogen
bond length (A°) are listed in (Supplementary Table V). The orientation and hydrogen bond
length is shown in (Fig. 6). It is well known that mitoxantrone interact with DNA via interfering
the telomeric activity. They have also shown to inhibit telomeric activity (Barthwal, Tripathi,
Pradeep, 2015).; Searle, & Balkwill, 2006; Phan, & Mergny, 2002; Kim et al, 1994, Tripathi, S.,
Pradeep, P, Tarikere & Barthwal Ritu, 2016). Telomere are proposed to be “biological clock™ in
order to determine the proliferative activity of the human cells (Cairns, Michalitsi, Jenkins, &
Mackay, 2002). Mitoxantrone and various synthesized analogue has been studied to intercalate at
telomeric junction of the DNA (Neidle, & Parkinson, 2002; Waller, Sewitz, Hsu, &
Balasubramanian, 2009; Yang, & Issa, 2003). Based on these lines we have carried out docking

study of synthesized series (S1-S8) along with mitoxantrone on with d (TCs). Data is tabulated
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in (Supplementary Table 1V). Not much of the difference in AG, (Kcal/mol) could be observed.
However variation in K; can be seen for synthesized series (S1-S8) and MTX. Therefore it is
concluded that synthesized series (S1-S8) and MTX binds to i-motifs. However same could be
validated only after doing experimental studies for synthesized series hence would be reported

subsequently.
4. Conclusion

Anthracycline class of drugs are most commonly used chemotheuraptic agents. Number of
analogues of this class of compounds are reported but Adriamycin, Daunemycin and
Mitoxantrone are presently in use in cancer hospitals. Mitoxantrone is proposed_to be less
cardiotoxic over Adriamycin and Daunomycin. Further 1, 4 substituted diamino alkyl chains on
anthraquinone chromophore are proposed to be important along with"5, 8 substituted —OH
groups (Structure 2) for desired biological activity. Anthraquinone,ring facilitate the docking of
the molecule in the DNA double helix via intercalation however /1,4 diaminoalkyl side arm
interacts with DNA and imparts biological activity; hence declared to be pharmacophoric group
(Konopa, 2001). In present research paper we, have synthesized series of 1-substituted
anthraquinone compounds. 1-substitued side arm,is modified by incorporating sulphonamide and
amide functionalities. Sulphonamide <@nd amide functionalities are proved to show
antiproliferative activities in some cell lines as\per literature study. All the synthesized molecules
in series (S1-S8) having 1-substitued anthraquinone ring but molecules differs in structure and
functional groups at the side arm. Comprehensive biological and spectrophotometric studies has
been carried out on synthesized molecules (S1-S8) in comparison to the Mitoxantrone.
Significant cytotoxic activity has been observed over Hela cell lines and one of the molecule S4
is showing better_activity over Mitoxantrone. Cell cycle analysis of S3 and S4 molecules
indicates the arrest of cell cycle at G1 and G2 phases. Similarly partial intercalation mode of
binding of all the synthesized molecules (S1-S8) is proposed in comparision to Mitoxantrone on
the basis of spectrophotometric study. Antioxidant study could not conclude any result however
small energy gap with high dipole moment of synthesized molecule (S1-S8) than Mitoxantrone
has been observed using DFT/6-31G (d,p) method. Molecules (S1-S8) are proposed to be
reactive and will facilitate in formation of charge transfer complexes. Further synthesized series
are proposed to be good i-motif inhibitor using docking tools. In present study, we conclude that
1,4 (OH) position and 5,8 diaminoalkyl residue on anthraquinone ring is not mandatory
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requirement for molecule to be anticancer agent, whereas structure and functionality over side
arm is proposed to be important to mark the desired biological activity. Further same would be
confirmed only after we report synthesis of (2); (3); (1,4); (1,8) and (1,5) substituted
anthraquinone with sulfonamide and amide functionality bearing side arms. Chromophore
modification with 1 and 1, 4 substitution with 1-[1-oxo-3-phenyl-(2-benzosulfonamide)-propyl
amido] — anthracene-9, 10-Dione arm will finally confirm the same, hence, will be reported
subsequently. Further studies on thermal stability of DNA on binding to different ligands S1-S8
are expected to provide further insight into the binding mechanism. We have also, carried out
antibacterial and antifungal affects of synthesized series. S1-S8 molecules showed mild activities

for antibacterial and antifungal actions.
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Table 1a. Cytotoxic studies on Hep2C cell lines (Hela Derivative)”

Hep-2C (Hela cells) Human cervix carcinoma

ICs0 value (Concentration of an inhibitor where
the response (or binding) is reduced by half)

MTX 2.5ug/ml
S-1 9ug/mi
S-2 NE
S-3 Qug/ml
S-4 1.008pg/ml
S-5 NE
S-6 NE
S-7 N
S-8 NE

NE= Not effective.

* Cervix carcinoma at 24 h, as determine by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl

tetrazolium bromide assay.
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Table 1b. Measurement of Potential Cytotoxicity of (S1-S8) series by Sulforhodamine B (SRB)

Assay on MCF-7 (Human breast cancer cell line) and PC-3 (Human prostate cancer cell line).

Compounds MCF-7 (Glsp = Concentration of drug | PC-3 (Glso = Concentration of
causing 50% inhibition of cell | drug causing 50% inhibition
growth) (ug/ml) of cell growth)

S1 <10 NE
S2 41.2 NE
S3 58.0 NE
S4 NE NE
S5 >80 NE
S6 NE NE
S7 - NE
S8 NE NE
MTX <10 <10
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Table 2. Cell cycle analysis

Population (% Cell distribution)

Sample
Go/Gl S GZ/M
Control 73.6 17.4 8.44
S4 (5ug/ml) 68.5 17.3 12.1
S3 (10ug/ml) 74.9 15.4 8.38
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Table 3. Minimum inhibitory concentration against clinically isolated micro-organisms (Ig/ml).

S.no Compounds Gram-positive Gram- negative

2 &

=i — =

£ & 2

S o b= ) = =

© @ o O » <

wn wn n L X
S1 + 3.06 |+ 12.25 | 612 6.12
2 S2 24.5 6.12 | 12.25 |12.25 | 6.125 0.76
3 S3 + 12.25 | + 6:12 1.53 1.53
4 S4 12.25 |3.06 |3.067 [24.5 6.12 1.53
5 S5 24.5 3.06 | 12:254424.5 6.12 0.76
6 S6 24.5 0.76 + 1225 | 245 6.12 0.76
7 S7 24.5 12.25,| 6.12 12.25 |6.12 0.76
S8 12.2 12.2 |6.12 12.2 6.12 0.76
Streptomycin 3.06 0.76 |2.15 3.06 0.76 6.12
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Table 4. Binding constant (K,) and AG of 1-substituted anthraquinone compounds (S1-S8) and

MTX.
Compounds Ko (M) AG (KJ/mol)
S1 9.92X10% -28.509
S2 2.84X10% -25.409
S3 1.23X10° -29.042
S4 8.36X10° -22.339
S5 4.86X10% -26.741
S6 2.9X10° -19.755
S7 6.69X10% -27.533
S8 5.26X10* -26.94
MTX 1.52X10° -29.57
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Table 5. Binding constant (Kp), Stern Volmer constant (K,), quenching constant (X,), specific
sites (n) and free energy change (AG) of 1-substituted anthraquinone compounds (S1-S8) and
MTX.

Compounds | Ko (M) [ K,(M's™) | Ky(M7) n AG (KJ/mol)
4 4 3
S1 045X10 | 473X10 | 2.84X10 1.065 3112
4 14 7
52 3.86X10 | 1.93X10 6.81X10 1.067 -27.57
4 14 7
53 8.57X10 | 429X10 | 7.09X10 0.972 -27.68
3 3 3
S4 498X10 | 2.49X10 | 1.091X10 0.834 -17.33
4 4 7
S5 535X10 | 2.67X10 1.35X10 0.857 23,57
4 4 Z
56 3.59X10 | 1.79X10 | 1.004X10 0.869 -22.83
4 14 7
57 2.69X10 | 1.34X10 3.94X10 1.026 -26.22
4 4 Z
58 43X10 | 2.15X10 5.3X10 0.983 -26.97
MTX 8.96X10" | 4.48X10™ | 3.48X10° 1.125 -31.62




Table 6. Total energy, degree of freedom and electric dipole moment.

Compounds Energy DFT(6-31G (d,p) Energy

(Hartree) Dipole Moment (Debye) gap (a.u.)

MTX -1525.7251 | 1.66 (x=-1.0727, y=-0.2746, z= -1.2495) -0.302
S-1 -1845.7423 | 5.06 (x=1.7479, y=-4.7236, z= -0.5088) -0.231
S-2 -1762.0184 | 6.38 (x=6.3259, y=-0.8614, z=0.1724) -0.057
S-3 -1835.8698 | 6.35 (x=1.4122, y=6.0975, z=1.0888) -0.03
S-4 -1718.5155 | 9.67 (x=8.2619, y=-4.9086, z=-1.1295) -0.042
S-5 -2037.7217 | 6.42 (x=6.0848, y=1.1114, z=-1.7200) -0.048
S-6 -1799.6466 | 15.71 (x=15.6710, y=-1.1302, z=0.151) -0.029
S-7 -1882.4946 | 2.03 (x=-0.63358, y=-1.4244, z= -1.302) =0.0%
S-8 -1765.1083 | 4.58 (x=-4.574, y=0.267, z=2.0702) -0.006
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Fig. 1a. ICs for Hep 2C cancer cell assay
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Fig. 1b. Glso far MCFE-7 and PC-3 cancer cell
assay
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Fig 4. Fluorescence spectra of S1, S2, S3, S4, S5, S6, S7, S8 and MTX (10 uM) drug in
phosphate buffer solution (pH=7.1) were recorded with Ag:=390Am and Ay = 560-565 nm
shift in absence and presence of DNA at D/P ratios of 2,5::1.6,,1.2, 0.8 and 0.4.
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Fig. 5. HOMO-LUMO of the synthesized compounds (S1-S8) were optimized with
DFT/B3LYP/ (6-31G (d, p).
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Fig. 6. Schematic representation of H-bond interactions betweenithe sequence d(TCCCCC)
intermolecular i-motif and synthesized compounds (a) S1 (b) S2 (c) S3 (d) S4 (e) S5 (f) S6 (g)
S7 (h) S8.
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