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Include at least 3 and at most 5 Aim:: The renin-angiotensin system (RAS) is an endocrine system essential
'I‘i?;‘é‘l'ords or phrases in separate for regulating blood pressure and fluid balance. Components of this system are
Breast Cancer expressed not only in various body cells but also in breast cancer cells.
Renin Angiotensin System Angiotensin-converting enzyme (ACE) inhibitors, which are widely used as
i:;’i‘;‘t’;:ii’szeceptor blockers antihypertensive agents, have been proposed to have an additional benefit in
ACE Inhibitors reducing the risk of certain cancers. Doxorubicin is a commonly used

chemotherapy drug, also employed in the treatment of breast cancer. One of
the side effects of doxorubicin is its toxicity to cardiac cells. This research aims
to investigate the effect of cytotoxicity of four RAS antagonists (enalapril,
captopril, valsartan, and losartan) in the presence and absence of doxorubicin
against two breast cancer cell lines including MCF-7 and MDA-MB-231. The
study’s objective is to determine whether these RAS inhibitors can modulate
the cytotoxicity of doxorubicin and their potential impact on breast cancer cell
survival.Material and methods: MTT is one of the colorimetric methods to
investigate cell survival. This assay is based on the conversion of the MTT
reagent to a formazan product by metabolically active cells, providing a
quantitative measure of cell viability. The effect of RAS inhibitors in the
presence and absence of doxorubicin on the survival of cancer cells was
measured using the MTT test. Chemotherapy drugs, such as doxorubicin,
typically reduce cell survival by inducing apoptosis. One of the markers of
apoptosis induction in cells is the evaluation of caspase-3/7 activity. The
induction of apoptosis in MDA-MB-231 cells treated with the RAS inhibitors

* Corresponding author. Tel.: +98-8733664600; Fax: +98-8733622702

E-mail address: r.shakeri@uok.ac.ir

DOI: : https://10.52547/]CT/15.1.71

Received: 6 Mar. 2024; Received in revised form: 10 Jun. 2024; Accepted: 23 Jun. 2024 @NelS)
Original Article

© Author


https://10.0.205.67/JCT/14.2.107

Investigating the effect of Alpha-ketoglutarate on the survival and proliferation of ovarian cancer cell line SKOV3

was investigated using a caspase-3/7 activity assay kit, which quantifies the
enzymatic activity in cell lysates. Results: Enalapril had no significant
cytotoxic effect on breast cancer cells at concentrations up to 500 pg/mL.
Captopril and losartan were toxic to breast cancer cells. Valsartan had no
cytotoxic effect on breast cancer cells and increased cell proliferation over
time. The cytotoxic effects of captopril and losartan on breast cancer cells may
be attributed to their inhibitory effects on the RAS. The RAS plays a crucial
role in regulating blood pressure and fluid balance, but it also has inhibitory
effects on tumor growth and progression. By blocking the activity of the RAS
with captopril and losartan, the cells may experience reduced proliferation and
ultimately cytotoxicity. Enalapril, captopril, valsartan, and losartan protected
breast cancer cells from doxorubicin cytotoxicity in a concentration- and time-
dependent manner. Captopril and losartan treatment increased caspase-7/3
activity in MDA-MB-231 cells. The increase in caspase-7/3 activity in MDA-
MB-231 cells suggests that captopril and losartan-induced cytotoxicity may be
accompanied by apoptosis. Apoptosis is a desirable outcome in cancer
treatment as it allows for the elimination of cancer cells while preserving
normal tissue function.

Conclusion: RAS inhibitors can interfere with the cytotoxic effects of
doxorubicin on breast cancer cells, depending on the concentration and
duration of exposure. Further research is required to understand the optimal
use and dosage of RAS system inhibitors in this context to ensure a balance
between protecting the heart from doxorubicin-induced cardiotoxicity and
maintaining the efficacy of cancer treatment.
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MDA-MB-231 (48 Hours)

==g==Doxorubicin  ==e==Doxorubicin +Enalapril 500

100
;\g/ 80
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0
Dox 0 Dox 0.001 Dox 0.01 Dox 0.1 Dox 0.5
Concentration (ug/mL)
Concentration (pug/mL) 0.00 0.01 0.10 0.50 500
Doxorubicin 4.12 6.50 35.22 60.21
Doxorubicin +Enalapril 500 14.13 15.32 36.52 61.77
Enalapril 21.57
Sum (Doxorubicin + Enalapril500)  25.69 28.07 56.78 81.77
Diff (Doxorubicin +Enalapril500)  -11.56 -12.75 -20.26 -20.00

s celo A Sles wosly 50 JinVUl 5 cpmmrgysuSsd il slaclile jpia> o MDA-MB-231 (slaJsho slis aoys Jloges ¥ S5
S P-value ool sadosls lis # b olesd 4 g )9S 90 b dnslie 5o Jok (sliy s yo Jloline M .l i Giolojl aw nSileo
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MDA-MB-231 (72 Hours)

e=@==Doxorubicin  ==#==Doxorubicin +Enalapril 500
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Dox 0 Dox 0.001 Dox 0.01 Dox 0.1 Dox 0.5
Concentration (ug/mL)
Concentration (pg/mL) 0.001 0.01 0.1 0.5 500
Doxorubicin 11.78 27.34 39.24 69.23
Doxorubicin +Enalapril 500 24.74 40.46 39.15 71.76
Enalapril 35.13
Sum (Doxorubicin + Enalapril500) 46.91 62.47 74.37 104.36
Diff (Doxorubicin +Enalapril500) 22217 2201 -35.22 | -32.60
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MCF-7 (48 Hours)

==g==Doxorubicin === Doxorubicin +Enalapril 500
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0
Dox 0 Dox 0.001 Dox 0.01 Dox 0.1 Dox 0.5
Concentration (ug/mL)
Concentration (pg/mL) 0.001 0.01 0.1 0.5 500
Doxorubicin 9.22 20.37 41.66 56.57
Doxorubicin +Enalapril 500 11.84 20.07 43.44 51.34
Enalapril 35.77
Sum (Doxorubicin + Enalapril500) 44,99 56.14 77.43 92.34
Diff (Doxorubicin +Enalapril500) -33.15 -36.07 -33.99 -41.01

o Sile s el FA by so3ls iUl 5 mnigysmS'ss ilidee glaclile jgam 5 MCF-7 sl Jsho slis suoys Jlogoi :F IS0
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MCEF-7 (72 Hours)

e==g==Doxorubicin  ==#==Doxorubicin +Enalapril 500
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Dox 0 Dox 0.001 Dox 0.01 Dox 0.1 Dox 0.5
Concentration (pug/mL)
Concentration (ug/mL) 0.001 0.01 0.1 0.5 500
Doxorubicin 17.90 31.09 40.51 54.09
Doxorubicin +Enalapril 500 43.43 41.83 67.00 67.40
Enalapril 37.72
Sum (Doxorubicin + Enalapril500) 55.61 68.81 78.23 91.81
Diff (Doxorubicin +Enalapril500) -12.18  -26.98 -11.23 -24.41
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MDA-MB-231 (48 Hours)

==g==Doxorubicin  ==s==Doxorubicin + Captopril 1000
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0
Dox 0 Dox 0.001 Dox 0.01 Dox 0.1 Dox 0.5
Concentration (pug/mL)
Concentration (ug/mL) 0.001 0.01 0.1 0.5 1000
Doxorubicin 4.124363 6.504518576 35.2151437 60.20678
Doxorubicin +Captopril 1000 30.49202 42.69031946 70.8430957 77.30671
Captopril 59.61173714

Sum (Doxorubicin + Captopril1000)  63.7361 66.11625572 94.8268809 119.8185
Diff (Doxorubicin +Captopril1000)  -33.2441  -23.42593626  -23.983785 -42.51181

b el FA o 503l o Juysinll 5 crmentgysnSsd chlis slaclile s> o MDA-MB-231 (sl Jsko (slis doys loges # S
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MDA-MB-231 (72 Hours)

e=g==Doxorubicin  ==e==Doxorubicin + Captopril 1000

Cell Viability (%)
3

Dox 0 Dox 0.001 Dox 0.01 Dox 0.1 Dox 0.5
Concentration (pg/mL)

Concentration ([Lg/mL) 0.001 0.01 0.1 0.5 1000
Doxorubicin 9.874359 25.77221391 37.9280628 68.56715199
Doxorubicin +Captopril 1000 30.30303 33.57753358 38.6946387  66.93306693
Captopril 24.77522478
Sum (Doxorubicin + Captopril1000) 34.64958 50.54743868 62.7032876  93.34237677
Diff (Doxorubicin +Captopril1000)  -4.34655 -16.9699051 -24.008649 -26.40930984
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MCF-7 (48 Hours)

==@==Doxorubicin  ==e==Doxorubicin + Captopril 1000
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0
Dox 0 Dox 0.001 Dox 0.01 Dox 0.1 Dox 0.5
Concentration (pg/mL)
Concentration (ug/mL) 0.001 0.01 0.1 0.5 1000
Doxorubicin 13.92393 16.83090264 38.9042176  44.65247668
Doxorubicin +Captopril 1000 21.75798 36.27644199 52.1580607 57.2657995
Captopril 7.71580607

Sum (Doxorubicin + Captopril1000)  21.63973 2454670871 46.6200236  52.36828275
Diff (Doxorubicin +Captopril1000) 0.11825 11.72973328 5.53803705  4.897516752
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MCF-7 (72 Hours)

==@==Doxorubicin Doxorubicin + Captopril 1000
100
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£ 70 *
Z o
E—E 50
> 40 *
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o 30 ~
20 =
10
0
Dox 0 Dox 0.001 Dox 0.01 Dox 0.1 Dox 0.5
Concentration (pug/mL)
Concentration (j1g/mL) 0.001 0.01 0.1 0.5 1000
Doxorubicin 17.89577  31.09328909  40.5113078  54.09292035
Doxorubicin +Captopril 1000 35.56416 39.06710914 65.1087758  68.65781711
Captopril 78.06047198
Sum (Doxorubicin + Captopril1000)  95.95624 109.1537611 118.57178  132.1533923
Diff (Doxorubicin +Captopril1000)  -60.3921 -70.08665192 -53.463004  -63.49557522
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MDA-MB-231 (48 Hours)
==g==Doxorubicin  ==e==Doxorubicin + Valsartan 2000

100

Cell Viability (%)
3

Dox 0 Dox 0.001 Dox 0.01 Dox 0.1 Dox 0.5
Concentration (ug/mL)

Concentration (pg/mL) 0.001 0.01 0.1 0.5 2000
Doxorubicin 3.017394 13.19370489 33.380665  50.06508106
Doxorubicin + Valsartan 2000 24.24565 18.58951603 45.6395693  48.76345995
Valsartan 26.12708555
Sum (Doxorubicin + Valsartan2000)  29.14448  39.32079044  59.5077506  76.19216661
Diff (Doxorubicin + Valsartan2000)  -4.89883  -24.97929239  -13.868181 -27.42870666

w5 el FA Slo gosls 10 obldly 5 mmnrs g 3 cilihe glacdilé 5> 5o MDA-MB-231 (sl Jsko (sl 0oy loges 1)+ S
S P-value ool saools lid # b sles s g youS 50 b duslie jo Jolos slay oo yo jloline B .l Jatus (iolejl aw o Sile
gy oS 93 5 i o 10 0,59 Ko Yo v v 1 Ldlg ¢ yamnng y5mnS 50 Lo (slaoo o (P-value < 0.05:) ol saiiaid 5 )l 1o jlolias +/+0 |
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MDA-MB-231 (72 Hours)

e=ge==Doxorubicin  ==e==Doxorubicin + Valsartan 2000

Cell Viability (%)
3

Dox 0 Dox 0.001 Dox 0.01 Dox 0.1 Dox 0.5
Concentration (ug/mL)

Concentration (pg/mL) 0.001 0.01 0.1 0.5 2000
Doxorubicin 9.874359 25.77221391 37.9280628 68.56715199
Doxorubicin + Valsartan 2000 17.48252 29.37062937 37.2294372  64.33566434
Valsartan 6.071706072
Sum (Doxorubicin + Valsartan2000) 15.94607 31.84391998 43.9997688  74.63885807
Diff (Doxorubicin + Valsartan2000) 1.536452  -2.473290608 -6.7703316  -10.30319373
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MCEF-7 (48 Hours)
==g==Doxorubicin  ====Doxorubicin + Valsartan 2000

100

Cell Viability (%)
3
*

Dox 0 Dox 0.001 Dox 0.01 Dox 0.1 Dox 0.5
Concentration (ug/mL)

Concentration (pg/mL) 0.001 0.01 0.1 0.5 2000
Doxorubicin 24.22614 28.93323101 42.4788949  49.65464313
Doxorubicin + Valsartan 2000  41.05909 44.09056025 53.6454336  63.13635201
Valsartan 40.75211051
Sum (Doxorubicin + Valsartan2000) 64.97826 69.68534152 83.2310054 90.40675365
Diff (Doxorubicin + Valsartan2000) -23.9192 -25.59478127 -29.585572  -27.27040164
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MCEF-7 (72 Hours)

==g==Doxorubicin  ==e==Doxorubicin + Valsartan 2000

Cell Viability (%)
3
*

Dox 0 Dox 0.001 Dox 0.01 Dox 0.1 Dox 0.5
Concentration (ug/mL)

Concentration (jLg/mL) 0.001 0.01 0.1 0.5 2000
Doxorubicin 17.89577 31.09328909 40.5113078  54.09292035
Doxorubicin + Valsartan 2000 25.39199 34.15163248 45.4924898  63.50605486
Valsartan 19.39204218
Sum (Doxorubicin + Valsartan2000) 37.28781 50.48533126 59.9033499  73.48496253
Diff (Doxorubicin + Valsartan2000) -11.8958  -16.33369878 -14.41086  -9.978907668

o eSle S el VY giles 503k 5o (ULl 5 (g )9S 90 Glides slacdale j5.a> )0 MCF-T sl Jsho sliy oo Jloges VY S
100 51 S P-value ol sadosls ylis # b olds 4 GumgyomS 90 b dolie 10 Jolw li ao o jlobie NS ol Jiuw iolejl
2O g y3mS 99 5 yid e 50 0,575,800 Voo e 1 Lidly ¢ pnng 9S85 Hlae sloas o (P-value < 0.05%) coul suiais 5 )l o jlobias
Caodle by 910 5 mmnnag )9S 93 Jleen w230 5l o i oot el o 03ls liS Jgu 50 (e j0 59 See Yook ULy b oS s
oS 5 ond 0als i iy, 5y ;5 DIfF ceadle b sutionnlie oo oy 5 0 i ins )l oy (st S el ool iy, 55 4o SUM

sl 00 yaseiie 30,8 S5, L o ,lel il o xe

% 0ylos 11 0,95 18 > [VEoY log /bl 9 Jok



MCF-7 s MDA-MB-231 (Jglw laos; 51 (ot rgmaS'3d (oo Cosous 32 romilisn 55T = (5 ) itamons (S Carni oS T 31 (s

sl 08T VY 518 (gla S5 50 56 l55) 5 Crmmmigy5uS 30 s 00 lass MCF-7 s MDA-MB-231 (sla_Jskos (5l 00,0
i3S 39 b Jloss el FA 5 g MDA-MB-231 gla Jsbow (glis cuo ) 055 o odnlive VA IS 0 45 jsboilon
osdosalin Sl AW Ganlio 0l olelia gy eaSes b jled b (g)loline BUSIN -+ ()15 b S 5 50
oS 5 50 Cmmeigy0uS 90 Lo /Y g o /e o) glacdale (o ol OS] SLas ol s i smmezs L gl g0 oSS
a5 Dlis (pl b el Vee 6,500 alie 0o 00+ 61550 5 (g )9S 9o b sl Lo gl el Ve e (1500 L
@ (g )9S 30 b (g lobine (1ol B0 (B)5e) 9 /D (g 905 90 90> ;5 MDA-MB-231 (sl Jolw (slis )0
Ve S lis) 5 (oS5 b MDAMB-231 Jlas colis ol B+ + 51390 S izt 151 (53 o8 s olgs
30 S g Sl Gl ol lecdale gadS 10 g gmS g0 aS ol e (Ve JSK8) celw VY lejcoe ;0 B0+
Sololine falS Bc e (B)l59) 5 g 9S50 j3a> 5 MDA-MB-231 (slaJohw sliy (lie el Voo 1) l5g) Hoa>
Sodale ;5 (g )9S 90 Sl 0ed oo csalie Yo IS5 50 zouie Joaz )0 a5 jebples 018 i (g S 9o b
GAlS 10 g emS g0 Sl aS Jlo jo s g 1o 90 cremd 1 Jolee Voo Ul bl 5 y0 /0 g /e ) /e e
N Uy SR T N BN ICA TS

JS5) el FA e 15 00+ LV e v 0550 5 g8 50 b sl 51 e (s sl 2o ys MCF-7 (sla Jsblos ,o
i i3l 5Ly a5 51 (g loline GO gy 90 Lale Lo o Ve e yll5e0 b o /e o) il glinul ay (V)

ostioanlie 5145 ams o L xsazti yrogcS e duoyo b odoanlive yragcS o do ) oy A2l el 1 Jolos yrogcS yo
> Bl 5, U i) 5 oS3 SeanS g 51 S5 1 50 o Smn ol ] el gz 1 S
ol el Ll oyls (g loline rals” U,1550 o (g yguaS 90 98> 50 (oo Sl le o2 (VY JS0) el VY lojne

ol 0SS 0 Shes (0 5518 g0 cpl Sl Sl oS s ez Hil gojlailay als

MDA-MB-231 (48 Hours)

e=ge=Doxorubicin === Doxorubicin + Losartan 100 Doxorubicin +Losartan 500
120
100
S 80
2
Z 60
E
T 40
3
20
0
Dox 0 Dox 0.001 Dox 0.01 Dox 0.1 Dox 0.5
Concentration (pg/mL)
Concentration (ng/mL) 0.001 0.01 0.1 0.5 100 500
Doxorubicin 10.10802 27.36625514 32.973251 37.24279835
Doxorubicin + Losartan 100 11.88272 29.16666667 24.1769547 4297839506
Doxorubicin + Losartan 500 1998457 38.50308642  39.5833333 71.24485597
Losartan 18.98148148 31.01852
Sum (Doxorubicin + Losartan 100) 29.08951 46.34773663 519547325 56.22427984
Sum (Doxorubicin + Losartan 500) 41.12654 58.38477366 63.9917695 68.26131687
Diff (Doxorubicin + Losartan 100) -17.2068 -17.18106996 -27.777778 -13.24588477
Diff (Doxorubicin + Losartan 500) -21.142 -19.88168724 -24.408436 2.983539095
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MDA-MB-231 (72 Hours)
==g==Doxorubicin ==e==Doxorubicin + Losartan 100 Doxorubicin +Losartan 500

100
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40
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20
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0

Cell Viability (%)

Dox 0 Dox 0.001 Dox 0.01 Dox 0.1 Dox 0.5
Concentration (pg/mL)
Concentration (j1g/mL) 0.001 0.01 0.1 0.5 100 500
Doxorubicin 17.10376 26.03572786 36.4120106 56.59445078
Doxorubicin + Losartan 100 22.50095 19.30824781 40.8969973  56.89851767
Doxorubicin + Losartan 500 44.0707 81.75598632 71.2656784 88.97757507
Losartan 16.64766249 38.42645

Sum (Doxorubicin + Losartan 100) ~ 33.75143 42.68339035 53.0596731 73.24211326
Sum (Doxorubicin + Losartan 500)  55.53022 64.46218168 74.8384645  95.0209046
Diff (Doxorubicin + Losartan 100)  -11.2505 -23.375142353 -12.162676 -16.34359559
Diff (Doxorubicin + Losartan 500)  -11.4595 17.29380464 -3.572786 -6.043329532
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MCEF-7 (48 Hours)

e=g==Doxorubicin ==e==Doxorubicin + Losartan 100 Doxorubicin +Losartan 500
100
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E 70
~ *
2 60
é 50 T *
> a0 e ¥ * x
=t * T L
3 30 1 u L
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20 3
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Dox 0 Dox 0.001 Dox 0.01 Dox 0.1 Dox 0.5
Concentration (ug/mL)
Concentration (ig/mL) 0.001 0.01 0.1 0.5 100 500
Doxorubicin 24.22614 28.93323101 42.4788949 49.65464313
Doxorubicin + Losartan 100 29.52162 39.52417498 54.1570734  65.77129701
Doxorubicin + Losartan 500 72.2947 67.79227424 66.3596828 82.0926068
Losartan 35.43105654 53.79893

Sum (Doxorubicin + Losartan 100) = 59.6572 64.36428754 779099514 85.08569967
Sum (Doxorubicin + Losartan 500)  78.02507 82.73215656 962778204 103.4535687
Diff (Doxorubicin + Losartan 100)  -30.1356 -24.84011256 -23.752878 | -19.31440266
Diff (Doxorubicin + Losartan 500)  -5.73037 -14.93988232 -29 918138 | -21.36096188

s oSk gl el FA oleg 503k 15 o l35) 5 Comprs 5 sd cilies laclale joim 3 MCF-7 sla Jsho (sliy suoys logas )5 IS5
[0 51 eS P-value ool sadesls lis # b olasd 4 GeengygaS g b avolio 4o sl slay ooy loliee G sl Jatae ilos!
2° s sS993 Fd koo 30 £ 55550 e 9V et Ulis) g )5S 50l sloao s (P-value < 0.054) cool satad 5 1 ) jlobins
Los)ls 5 GmmrnygmS 90 sloe 0,0 5l odd nien Egeme el oad oals (las Joaz 0yl dee 3 0,598 B0 e g Ve Bl b S S

% oylod /1 0595 118 Al NF¥ jlog /el g Joku



MCF-7 s MDA-MB-231 (Jglw laos; 51 (ot rgmaS'3d (oo Cosous 32 romilisn 55T = (5 ) itamons (S Carni oS T 31 (s

-

g0 ealy i s, o jo DIff cudle b oatoaslics jlge duojd g 0o o ke 2oy s OS] sl ool Ly, S50 SUM cdle
ol 00 mdeiie 30,8 S5y L g el Hlasl s ae glacddlis]

MCF-7 (72 Hours)
e=g==Doxorubicin  ==#==Doxorubicin + Losartan 100 Doxorubicin +Losartan 500
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Cell Viability (%)

Dox 0 Dox 0.001 Dox 0.01 Dox 0.1 Dox 0.5
Concentration (pg/mL)

r r

Concentration (pg/mL) " 0.001 7 0.01 0.1 0.5 100 500
Doxorubicin 19.53195 56.91569157 69.5769577 70.1170117
Doxorubicin + Losartan 100 62.91629 56.25562556 70.4770477 72.27722772
Doxorubicin + Losartan 500 35.83858 87.09870987 85.9585959 84.39843984
Losartan 61.05610561 85.05851
Sum (Doxorubicin + Losartan 100)  80.58806 117.9717972 130.633063 131.1731173
Sum (Doxorubicin + Losartan 500)  104.5905 141.9741974 154.635464 155.1755176
Diff (Doxorubicin + Losartan 100) -17.6718 -61.71617162 -60.156016 -58.89588959
Diff (Doxorubicin + Losartan 500) -18.7519 -54.87548755 -68.676868 -70.77707771
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