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Abstract: Our previous work included the synthesis and identification of curcumin and its
analogues (1-6). This study involved in vitro evaluation of curcumin and its analogues (1-6) as anti-
breast cancer against MDA-MB 231cell line. Curcumin and all analogues (1-6) were assayed in vitro
as anti-proliferation against the MDA-MB-231 breast cancer cell line by using the Micro-Culture
Tetrazolium (MTT) method. Compound 6 (IC50 99.36 and SI 2.5) exhibited strong cytotoxic activity
and selectivity than curcumin and compounds (1-5). This makes it a more promising selective agent
for treating triple-negative breast cancer cell lines (TNBC) than other compounds 1-5.
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1. Introduction

Breast cancer is a diverse disease, and one of its types is triple-negative breast cancer
(TNBC)(1). It’s a characterized by the absence of three common types of receptors: estrogen
receptor, progesterone receptor, and human growth factor receptor 2 (HER2)(2).
Epidermal growth factor receptor 2 (EGFR) is known to trigger the growth of most breast
cancer(3). Clinical characteristics common to TNBC include a poor prognosis over the long
term or a particular pattern of relapse(4). In comparison to other subtypes of breast cancer,
TNBC carries a greater risk of metastasis and a higher death rate(5). Targeted therapy
strategies focus on proteins and pathways that were linked to the malignancy, such as
(phosphoinositidine-3-kinase)p13K, (protein kinase B) Akt, (mammalian Target of
Rapamycin)mTOR, (Transforming Growth Factor Alpha) TGF-a, (Epidermal Growth
Factor) EGF, and (Tumor Suppressor Protein) p53, as well as proteins like (Mitogen-
Activated Protein Kinase) MAP(6). A single therapeutic strategy is insufficient due to its
high cost, lack of safety, and ineffectiveness(7, 8). TNBC, which is classified according to a
wide range of different molecular markers and signaling pathways(9). Because of the lack
of required receptors, conventional hormone treatment and medications targeting these
receptors are ineffective(10). Currently, natural ingredients are used in the production of
around half of all medications(11). Numerous plant-derived chemicals with antitumor
action for a variety of malignancies have been found in the search for an efficient
chemotherapy-preventive regimen(12). Phenolic chemical compounds originating from
plants have a wide range of beneficial properties and may be able to stop many stages of
carcinogenesis(13, 14). Curcumin, one of the polyphenolic compounds, can inhibit the
proliferation of cancer cells, induce apoptosis, stop angiogenesis, control the synthesis of
anti-apoptotic proteins, and defend the immune system from tumor carriers, It may have
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surprising therapeutic benefits(15, 16). Pharmacokinetic studies indicate that it has limited
systemic bioavailability(17). Curcumin having two aromatic rings, which include hydroxyl
and methoxy substitutions, is essential for the binding of the compound to a possible
receptor(18). They help stabilize the molecule. It is essential to the anti-proliferative action.
Substitution of halogen, methoxy, and hydroxyl significantly increased the compounds'
potency(19).

Curcumin analogs that may be less toxic but more effective(20). Therefore, these
studies display the effect of curcumin and its analogues in vitro against the MDA-MB-231
breast cancer cell line.
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Figure (1). The chemical structure of curcumin.

2. Materials and Methods

2.1. Materials

The MDA-MB-231 breast cancer cell line and the HdFn normal cell line were
supplied by the Biotechnology Research Center at Al-Nahrain University. The micro
culture tetrazolium bromide (MTT) kit was purchased from Intron Biotech Korea.

2.2. The Chemical synthesis of curcumin and its analogues (1-6)

The synthesis and characterization of curcumin and its analogues (compound 1-6) as
shown in scheme 1 were mentioned in acceptance letter (AJCA-2409-1671(R1).
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Compound 2 R;=OC,;Hj; RL,=0OH R;3;=H
Compound 3: R;=Cl R,=O0OH R3=H
Compound 4: R;= Br RL,=OH R3;=H
Compound 5: R;= CHj; RL,=O0OH R;3;=CHj;
Compound 6: R,;=Br R,=0OH R3=Br -

Scheme (1). The chemical synthesis of curcumin and its analogues (1-6).

Curcumin (1E,6E)-1,7-bis(4-hydroxy-3-methoxyphenyl)hepta-1,6-diene-3,5-dione

From 3-methoxy-4-hydroxybenzaldehde(7.6g): Yield 7.1g(74.57%), dark yellow
powder-IR(KBrdisk cm1):0H str.(3600-3200br,m) Ar-C=C-H(3050w),C-
Hstr.(2950w),C=0(1627s),C=Cstr.(1602,1591s)-"HNMR (500 MHz-DMSO-ds):0=16.34(s,1H),
07.52(d,2H) J=16Hz, 0=6.71 (d,2H)
J=16Hz,56.01(s,1H),07.28(s,2H),07.11(d,2H)J=8Hz,06.79(d,2H)]=8.5Hz,53.80(s,6 H),09.62(s,
2H)-3CNMR(125MHzDMSOd):(C1)101.3,(C8,C8")

149.8,(C9,C9°)148.3(C7,C7")116.2,(C10,10°)111.8,(C6,6')123.5,(C5,C5") 126.7 )
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(C4,C4")141.1,(C3,C3")121.5,(C2,C2") 183.5,(R1) 56.1-m.p=180-183C- Amax 425nm-
EIMS(M-* 368.1) .

Compound 1(1E,6E)-1,7-bis(3-hydroxy-4-methoxyphenylhepta-1,6-diene-3,5-
dione From 3-hydroxy-4-methoxybenzaldehde(7.6 g):Yield7.31g(76.82%)-Bright yellow
powder IR (KBr, cm?) OH str.(3500-3100br,m),Ar C=C-H(3025w ), C-H str (2841 w),
C=0(1624 s), C=Cstr(1602,1591s)-"HNMR(500MHz-DMSO-
d6):016.25(s,1H),07.46(d,2H)J=16Hz,06.60  (d,2H)/=16Hz, = 86.06  (s,1H) ,87.07-
7.10(m,4H),06.92(d,2H)J=8.5Hz,09.18(s,2H), © 3.77(s,6H)-*CNMR(125MHz-DMSOds)
(C1)101.6, (C8,C8Y) 150.5, (C9,C9Y)
147.2 (C7,C77)114.6,(C10,10)112.5,(C6,C67)122.1,(C5,C57)128.1,(C4,C47)140 .9 (C3,C37)12
1.8,(C2,C2")183.5,(R2)56.1-m.p=138-141C-Amax 417nm-EIMS(M+) 368.2.

Compound 2 (1E,6E)-1,7-bis(3-ethoxy-4-hydroxyphenyl)hepta-1,6-diene-3,5-dione

From 3-ethoxy-4-hydroxybenzaldehde (8.3g): Yield5.2g(48.95%),Orange yellow
powder -IR (KBr,cm1):OHstr.(3600-3100br,m), Ar-C=C-H (3050w) ,C-
Hstr.(2983s,2933s)C=0(1625s) C=Cstr(1600s,1587s,1510s)-'HNMR (500MHz -DMSO-
ds):07.49(d,2H)J=16Hz,6.69(d,2H) J=16Hz ,06.00
(s,1H) ,07.25(s,2H),57.10(d,2H)]=8Hz,6.79(d,2H)]=8Hz,04.04(q,4H)]=7Hz,1.31(t,6H)J]=7Hz
,09.51(s,2H)-BCNMR(125MHz-DMSOds):(C1)101.3,(C8,C8") 150.0 ,(C9,C9)
147.5,(C7,C77)116.2,(C10,C10%)113.1,(C6,C67)123 .4, (C5,C5") 126.8,(C4,C47)141.1, (C3,C3")
121.5,(C2,C27) 183.6,(R1) 64.3,15.1. - m.p=188-191"C-Amax425 nm -EIMS( M++396.1).

Compound 3 (1E,6E)-1,7-bis(3-chloro-4-hydroxyphenyl)hepta-1,6-diene-3,5-dione

From 3-chloro-4-hydroxybenzaldehde (7.82g): Yield 2.8 g(28.71%)-yellow powder-
IR (KBr, cm):OHstr.(3600-2800br,m), ArC=C-H(3025w), C=0(1624s),C=Cstr(1598s,1500s)-
THNMR(500MHz-DMSO-ds):016.23 (s,1H),07.45-
7.72(m),56.74(d,2H)J=16Hz,5.97(s,1H),7.45-7.72(m),56.96 (d,2H)J=9Hz,d7.45-
7.72(m),510.77(s,2H)-*CNMR(125MHz-DMSO-ds) :(C1)102.0,(C8,C8%)155.5, (C9,£9%)130.3,
(C7,C7) 117.3, (C10 ,C10°) 127.6,(C6,C67)122.7,(C5,C57)129.1,(C4,C47)139.5,(C3,C37)120.9,
(C2,C27) 183.5- m.p=209-212°C-Amax 413 nm- EIMS( M~*376.9).

Compound 4 (1E,6E)-1,7-bis(3-bromo-4-hydroxyphenyl)hepta-1,6-diene-3,5-dione

From 3-bromo-4-hydroxybenzaldehde (10.05 g) :Yield 7.94 g(65.92%), dark
yellowpowderIR(KBr,cm™):OHstr.(3600-2800br, m), Ar-C=C-H(3050), C=0
(1622s),C=Cstr(1597s,1515s) HNMR (500MHz-DMSO-d6):616.21(s,1H) 0 6.93-
7.50(m),06.74(d,2H)J=16.5Hz,  5.97(s,1H),  07.87(s5,2H),06.93-7.50(m),  ©10.82(s,2H)-
BCNMR(125MHz-DMSO-
d6):(C1)102.0,(C8,C8)156.5,(C9 ,C97)133.4,(C7,C7")117.0,(C10,C107)110.5,(C6,C67)122.7,(C
5,C5%)128.0 ,(C4,C4’) 139.4,(C3,C3")129.7,(C2,C2") 183.5.- m.p=219-212°C-Amax 415 nm-
EIMS(M- 465.9).

Compound 5 (1E,6E)-1,7-bis(4-hydroxy-3,5-dimethylphenyl)hepta-1,6-diene-3,5-
dione

From3,5- dimethyl -4-hydroxybenzaldehde (7.5 g):yield 5.1 g(54.14%), dark orange
powder IR (KBr, cm?): OH stre.(3600-2800br,m),Ar- C=C-H(3035 ), C-H str.( 2916w),
C=0(1622s) C=Cstr(1571,1531s)-'HNMR(500MHz-DMSO-
d6):07.43(d,2H)J=16Hz,06.62(d,2H)J=16, 5.95(s,1H), 87.25 (s,4H) ,02.14(s,6H),08.81(s.2H)-
BCNMR(125MHz-DMSO-d6):(C1)101.4,56.5,
(C8,C8)156.3(C9,C9),(C9,C97)121.1,(C7,C77)121.1,(C10,C107)125.1,
(C6,C67)125.1,(C5,C57)129.7,(C4,C47)141.0,(C3,C37)126.2,(C2,C27)184.2 ,(R1) 19.0,
16.9,(R3)19.0,16.9. - m.p=188-190°C- Amax 425 nm-EIMS(M~*364 .2).

Compound 6 (1E,6E)-1,7-bis(3,5-dibromo-4-hydroxyphenyl)hepta-1,6-diene-3,5-
dione
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From3,5-dibromo-4-hydroxybenzaldehd (13.99 g) Yield:5.76 g (35.73%), lemon
yellow-IR (KBr, cm™): OH str.(3600-2800),Ar- C=C-H(3050 ), C=0(1629s),C=Cstr(1579s-

1477s)-'HNMR(500MHz-DMSO-d6): 516.11 (s,
1H),57.44(d,2H)J=16Hz,56.87(d,2H)J=16.5Hz,5.96(s, 1H),57.92(s,AH),06 10  .38(s,2H)-
1BCNMR(125MHz-DMSO-ds):(C1)102.7,(C8,C8") 152.8

(C9 ,C9 )132.6,(C7,C7)132.6,(C10,C107)112.7,(C6,C6")112.7,(C5,C57)124.4,(C4  ,C4Y)
138.0,(C3,C37)129.8, (C2,C2")183.4-m.p=253.8-254C-Amax 411 nm-EIMS(M-+623.8).
2.3.Cell culture and anti-breast cancer cell line cancer assay by MTT method.

2.3.1. Assay in vitro the MTT

The cytotoxic activity of curcumin and its analogues (1-6) was done in the Bio-
technology center /Al-Nahrain University against MDA-MB-231 breast cancer cell line,
HdFn normal cell line and using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) method. A flat 96-well plate was seeded with 100 uL of cells each well, or
1 x 10¢ cells per well, which let the cells growth in an incubator with 5% CO2 for 24 hours
at 37 °. Following the incubation period, fresh media containing different concentrations
of curcumin and its analogues (25, 50, 100, 200, and 400 pug mL-!) were added to each well.

The plate needed to be incubated for a further 24 h. A 10 puL solution of MTT was
added to each well after incubation. Another four hours were used for incubating the plate.
To solubilize the formazan crystals, 100 pL of DMSO solubilization solution was applied
after removing the medium and MTT. After the purple formazan was fully dissolved, the
optical density at 570 nm was measured using an ELISA microplate (Bio-Rad, USA), and
the percentage of inhibition with respect to the vehicle control (untreated cells) was
computed. Each cell line's half-maximal inhibitory concentration (ICso) values are
calculated after treatments were done in triplicate@.

2.3.2. Cell lines maintenance and the cultures.

The breast cancer cell lineMDA-MB-231 and (HdFn) normal cell line, were kept in
Roswell Park Memorial Institute (RPMI) media supplemented with 10% heat-inactivated
fetal bovine serum(FBS), 2 mM L-glutamine, 20 mM HEPES Z(4-(2-hydroxyethyl)-
1piperazine-ethane sulfonic acid), 100 U/mL penicillin G, and 100 pg/mL streptomycin was
used for maintaining the cells. After being seeded into tissue culture flasks, the cells were
cultured at 37 °C for 24 to 48 hours with an extra 5% CO2 until they achieved
approximately 90% monolayer confluency. Gently trypsinize(solution of trypsin) the cells
(2-4 mL, 50 mg mL) to harvest the cells@.

2.4. The biological activity of curcumin and its analogues (1-6).

The preliminary analysis of cytotoxic activity and selectivity of curcumin and its
analogues (1-6) against MDA-MB-231 breast cancer cell line and HdFn normal cell using
the MTT method(23), by which determined the inhibitory concentration IC50 and the
selectivity index(SI). The selectivity index was calculated the selective capability of
curcumin and its analogues (1-6). (SI) means the ratio of the 50% inhibitory concentration
of normal cell (IC50) to 50% inhibitory concentration of the cancer cell (IC50) and
calculated by using equation
SI=IC50 of normal cell / IC50 of cancer cell equation 1

When(SI) values higher than 1.0 indicates that the compound has a great anti-
cancer property, while when SI much greater than 1.0 Indicates that the compound is
highly selective(24). The absorbance was measured at wavelength of 575nm using ELISA
reader. Statically analysis was performed on optical density data to determine the(IC50).

3. Results
In vitro cytotoxic activity study of curcumin and its analogues (1-6) against MDA-MB-
231 breast cancer cell line
The result obtained from the Table (1) and Figures (3-8) show that, compound 6 with
IC5099.36 and SI 2.5 was classified as superior inhibitory effect and selective agents, while
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curcumin and the remaining compounds (1-5) with ICs ranged between 112.6- 215.1
ug/mL are classified as moderate cytotoxic agent@. The results revealed that, the type of
substitution on the aromatic rings play an important role in the activity and selectivity of
compounds against MDA-MB-231 breast cancer cell line@). The different in activity and
selectivity may be due to different substitution on aromatic ring as show in compound 1
(ICs0 121.6 pg/mL and SI 1.69) and compound 2 (ICso 112.6 pg/mL and SI 1.14), exhibits
higher activity and selectivity than curcumin. While compound 4 (ICs0 129.5ug/mL and SI
1.83) and compound 5 (ICs0 140.3 pg/mL and SI 1.43) exhibits activity less than curcumin
but with higher selectivity. Compound 3 with ICs0 215.1ug/mL and SI = 0.83, exert less
activity and selectivity than curcumin. So, when compared with curcumin the results show
that, exchanging the position of the 4-OH with 3-OCHs groups or replacing the 3-OCHs
group with the 3-OC2Hs group as seen with compounds 1 and 2 respectively, lead to
increase activity and selectivity of compounds®. While when 3-OCHs was replaced by
either Br or by presence two CHs groups ortho phenolic OH as seen in compounds 4 and
5 respectively, lead to decrease activity and increase selectivity of compounds@.
Compound with the chloride atom instead of methoxy group, give less activity and
selectivity than curcumin@.

Table (1). The ICs and SI values of curcumin and its analogues against MDA -

MB-231.
Compounds | ICso of MDA ICso HdFn S1
curcumin 125.5 130.1 1.03
1 121.6 206.4 1.69
2 112.6 128.4 1.14
3 215.1 178.8 0.83
4 129.5 237.0 1.83
5 140.3 201.2 1.43
6 99.36 252.9 2.5
1004 '»_-..,_1\¥\1\ 100
80 s T 3ICg=1255 90 T\
‘_% s0- IC50=130.1 £ a0 L) —Jicy=2064
2 404 % 704 \\‘\
= e f‘
20- 604 T % IC50=121.6
0 T T T T 1 50 T T T T 1
0 100 200 300 400 500 0 100 200 300 400 500
Conc.(pg/ml) Conc.(pug/ml)
<» MDA <> HdFn < » MDA < HdFn
Figure (3). Effect of curcumin on viability Figure (4). Effect of compound 1 on
viability
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Figure (8). Effect of compound6 on viability

4. Conclusion

On the basis of our results for evaluation of anti-proliferation activity of the
synthesized compounds curcumin and its analogues against the MDA-MB-231 breast
cancer cell line by using MTT method demonstrated that the activity and selectivity
depend on substitution on the aromatic rings. The result revealed compound 6 possesses

a stronger inhibitory effect and is more selective towards MDA-MB-231 breast cancer cell
line compared to curcumin and compounds 1-5.
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