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Evaluation of Cytotoxic Properties of Caffeine Treated with
Over-the-counter Drugs in the Intestinal Cells

Hyun A Choi, Mi-Ri Kim, Kyung A Park, and Jungil Hong*
Department of Food Science and Technology, College of Natural Science, Seoul Women's University

Abstract Caffeine is a xanthine alkaloid derivative found in many foods and beverages. Dietary caffeine may interact
with commonly-consumed over-the-counter (OTC) drugs in body. In this study, cytotoxic effects on the intestinal cells by
combined treatment of caffeine with several OTC drugs, including ibuprofen, aspirin, and acetaminophen. Cytotoxic effect
of caffeine was more potent in normal intestinal INT 407 cells than in colon cancer HCT 116 cells. Relative toxicity of
caffeine and the OTC drugs was significantly enhanced in INT 407 cells when treated together. Intracellular thiol levels
of the cells treated with the OTC drugs increased in the presence of caffeine. When HCT 116 cells were incubated with
each OTC drug after or before caffeine treatment, the relative cytotoxicity of the OTC drugs increased. The present study
may provide basic information about possible health effects through the interactions between caffeine and OTC drugs in

the intestinal cells.
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71191 (1,3,7-trimethyl-1 H-purine-2,6(3H,7H)-dione or 1,3,7-trime-
thylxanthine, Fig. 1Ay 7 2}, 2t 5% 22 715589
228 59 4Fe Ffslo] Yol 4AY W okl AEA,
QA ol duelokEel WHEAY AYAES AT §Ee
AutelekE A 2% FufE 2 Jrh(1). Xanthine YZEo|= F
Z=AIQ1 71212 blood brain barrierS EAl S8t SFAEA
£ A=ste a3t A dHA e, olet Hsto
Hgee] Fleele M%}%% w3 sk 24wt gou
JYoz AASH A4, T8 5L fUsT 99, 24, 2
Aol Ao vk 2R, Tblle ERRPE
ol ARNEE Asgro M P A3 ERRE(), %
M3z M| EZAAA apoptosis)S - 0}741/}(6) GO/G1 phase arrest
FEstel(7) I e vkt BaE g, 71
el ANoNA phase 1 hAFEAS] cytochrome P450(CYP)S] %}
of 23] thAtEthal RauElon Zhak Aol CYP 1AV
1A29] H¥E SV B E ATHS,9).
Paracetamol(acetaminophen, AAP), acetylsalicylic acid(aspirin,
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chemical Co.(Buchs, Swizerland)olA T35 th. 3-(4,5-dimeth-
ylthiazol-2-y1)-2,5-diphenyltetrazolium bromide(MTT) A2 Amresco
Inc.(Solon, OH, USA)lIA 3l ARSI, 2 9o ARgH
ZE A9kE Sigma-Aldrich chemical Co.0llA FUsIATE 7192,
Ibu, Asp, 222|322 AAP:E= dimethyl sulfoxide(DMSO) &-3lA17] 3L
13] B4 Yro] -80°C AL WS I(lshin Bio Base,
Bucheon, Korea)ollxl ®#3ste] AREsAT) 17 FAAS A4
FHA MEF INT 4072 el Aeid g A8 (Korea
Univ., Seoul, Korea)ollA] ¥¢F W9rom 17k thad A|3ZF HCT
116= American Type Culture Collection(Manassas, VA, USA)°l
A Fdstdth INT 407 A E9 HCT 116 AEE 10% Eio}
&% (fetal bovine serum, FBS)Z} 100 unit/mL penicillin, 0.1 mg/
mL streptomycin®] 23 MEM, RPMI 1640 wijX]ol|A] Z}z} wj
SR, INT 407 MEE 213 MEM HiRl= 712 1% non-
essential amino acidE H71SFH T RE AIXF= <F 80% con-
fluency®l] T3S Wl AuSFIAT, FE 95%, 37°C, 5%
CO, x719] wigF7]elA] st

7ol uto|otE MEo| BHE K= SE ME S Wt

INT 4073 HCT 116 M¥E trypsin-EDTAZ *2]sle] ©d A
X deldoz e 3 96 well plateol]l welld ~1.5x10%¢] A X
g 238t 37°C, 5% CO, ¥ig71elA 24A17F F1t v sttt
M2Z9] confluency”’t ~80%° &35S i, 7Hl91=2} Anke|ok
JE Ibu, Asp, = serum free HiA|o] A2 FEZ 34
Fod welld 200 pLy @5 E= 539 X8k 2] Ao
2 SA¥SE Wrtel] sk, drkeorE AR B 7l
A dEoF AEstal 24x7F & FHEI] e YRk SR
| 23 w2 2z wA|ste] 24A17F o vkt Al
=S MTIT assays AHE-3te] E4138I9 T MTT Al 92
phosphate buffered saline(PBS)°ll 5 mg/mLe] F== E3A1A 0.2
um filter2 AF3 3, 4°Co] BAsl] ARSI 79 92 o
HhojekE MRS UA AIZF X2 F, 7]E serum free BIA= A
Ast MTTS] HE %7} 0.5 mg/mLe] H%E serum free Hl
Ao slAsted Zh welld 100 WA 78ttt 37°ColA oF 14
ARl &, WA ehdE] AlAS AEE B MTT
formazang DMSOZ -£3l5t¢] microplate reader(Triad LT; Dynex
Technologies Inc, Chantilly, VA, USA)Z 550 nmelX S3=5 =
At
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MZ L thiold 22 &2 ¥ ufjlol &kt & &3
Fhol=} Uuk ojekEo] W = B3 2] A] AIE W GSH

£ HIEE thiold &2 o] Wsk= monobromobimane(mBBr)
S o] g3le] =43tk INT 4072 HCT 116 AlEE 96 well
platecll A 919} FUSH W o= wjekst &, Q1 UnkejoRE
AJE Tbu, Asp, AAPE serum free HiX|o| F=E Z|ste] 200
pLA T = B3RP skATh A7 F, R FHEIRIS A
23t viA & AASL, 40 uM mBBr PBSES welld 100 ul¥
A7kt 37°C wig71olA] 30 &<t A=lekdth. o] §, mBBr
g AASZ PBSE 50 ul® Z71eted washingdt ¥, THA]
PBSE welld 100 uL¥ Fo] excitation 360 nm<} emission 465
nm®| ZZAA FFEE S7 3 TH(SpectraMax M3; Molecular
Devices Inc., Sunnyvale, CA, USA). $HH M| 2] its] &
e A7 FRE Alarel] A2k w100 pLE FHsked 600 uM
2,2-diphenyl-B-picrylhydrazyl(DPPH) 100 pLe} &6} 4ol A
308 B¥ 5517 nmmelA FRES 248 THSpectraMax M3).

dnt 24 W SAHXE

TE AYANE PFLRFANE Jedy, 7 A8aE &
A} 242 One-way ANOVAS} Tukey’s HSD testS 415}
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7l 2 kgl ot ME 542 o]ES FAZS A A
DA INT 407 Ml2Zeb Q7Fde HCT 116 Ao A2
S AEAE o MTIT $¥eS Hluste] 718kt INT
407 2 HCT 116 AXe] 719 =5 Ezl3le] 2477 Hz]gh
T M EAEES HIISE 43 INT 407 AlZoA § 7338 AlE
EXJo] W E A THIC,, value, 191 vs. 245mM) (Fig. 1B and
O).

AukejokE A by, Asp, AAPE INT 4073 HCT 116 A%
MM Fx oE&Hoz AX FAHaHAE YeERJL, E3] Tburt
o2 2o Blale] 74 AlE =4S B, Ay AE
HCT 1163 34 A INT 40791 zH2F 1.0 1.8 mM2] IC, 4
velflo] dAlEe fojdo &2 548 w3 THFig 10).
W AAPY] A9 & AlEFQ) HCT 11680 A4 AEFQ] INT
407914 =& EA4S eI, IC,32 7 12,59 7.6 mM
2N AHENAN FelH oz UgthFig. 10). Asp F 7
o Azl FARE a3E UEriA=T, AspZt HCT 116 Al
o et 548 B @48 A9ty AYRue) gAHeRE f

A CRIER BN

Ftmielnt of=o| SEtx2|o] 2lst ME =o #s|

7H1e Yol ke vl 2F Sl =] del A
A== AR, SGTAd A7 EAY dEe Jofgow
2aE7|x gtk Al el 1Y AF NEFE 400 mge =
dHA o, A4 =l NIYES ez AR 1Y 719
ol HF HAFS 12049 mglE BAE v} ATH(16). WA o
HrookE Aiste] Fgo] RIHEHA dojd & glor, oo g
g ST RE Yoliy] fl8) TRl FES INT 407 2
HCT 116 Mol E3tAz st & Ax 549 Hss 7k
ok 711 0.5, 1 mMS A7 Al AEZFQ1 INT 4079 T
o2 YRS W 2 173 29%7F AstE AEAESS U
R eH, 2mM Ibu, 10mM Aspet AAPS ©=o 2 X3k
Al ZM = 40-50% Atole] AEES BT 7i/le FES 5
Aol APERE AE T FE Skl e E] B4
7be AASHA YERRETI(Fig. 24), S Aol o A0
ol M Ee e AARIAE Hetsr] 8 7 =
< 71FoR 3 AUEAES AESIIT 4 7 e A4
HE 7150 R ato FhERle] AdA 54S Wriek 23t 05
mM 7H1¢] EA4dl= foF ozt iy, 1mM 7]
o] Aol felHoz FUtelAA 53], Ibuet A X Al =
de] F7PF 7P dASHA Vel TthFig. 2B). R 719] A
AE 71EoZ 3t 7} FEEHS Ui 25, 1mM 719
EA| Bl FEHoR oFE HAo] HslEe S U
(Fig. 2C). 7H191& et MIE3F HCT 116014 INT 407 A X
of wg) thh 7HAhE A4S JepiET 05 1 mMES A st
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Fig. 1. Structure of caffeine (A) and effects of caffeine and the
OTC drugs on viability of the intestinal cells. (B) Concentration-
dependent effects of caffeine on viability of INT 407 and HCT 116
cells after 24 h incubation. INT 407 and HCT 116 cells were
incubated with different concentrations of caffeine and the OTC
drugs. After 24 h, viable cells were analyzed using MTT assay. IC;,
values of caffeine and OTC drugs are calculated on each cell line
(C). Each value represents the mean+SD (n=8). Significantly
different each other according to Student’s #-test (**, p<0.01).

A W 27k 15 2 27%3E2] AlE Ao] ZHAaEATHFig. 3A).
HCT 116 AlZo] 2mM Ibu, 10mM Asp2t AAPE 2]+ A}
712k 24, 54 2 87%2] MEAEES Vel O] Tbue] S4do] INT
407904 ®Bo} ZeA 2dE vba AAPE 3 SAS veld
Fig. 1€ Axe} AX3IILE Zh ke AH2PduE 7= 3t
o FheQle] AuEAe Aste A3 059 1 mMe FHEIdEE
ol dzE FA4e Sy 7AEGS YERR] eSkth(Fig. 3B).
g FHE9l A AdelolA zF oFEe] Auld 5A4S vwsks]
S o Ibud} Aspe] FAdo] Q3] Tidhe AT Uehton,
7o o] XEst AAPY] FUIEAFLS foHoz I8k
thFig. 3C). INT 4072} HCT 116 AlE2] AA 2l S vl
SIS o, ZHEl kR B3kl ot AuH 597ts)
Fafo] A} A EZFS] INT 407904 F2 YeRoy, HCT 116
AZAME AAPE A|98 FEE2] EAJo] ok3lE ). o]z sk
Qi ditd oz o Alxol wd® kB4 7|2 mliEo s A}
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Fig. 2. Effects of caffeine treated with the OTC drugs on
viabilities of INT 407 cells. INT 407 cells were incubated with
caffeine (0.5 and 1 mM) in the absence or presence of Ibu (2 mM),
Asp (10 mM), or AAP (10 mM) for 24 h (A). Effects of caffeine (B)
and the OTC drugs (C) on the relative cell viability under conditions
of each drug and caffeine treatment, respectively, were also
calculated. Each bar represents the mean+SD (n=8). Different
letters indicate a significant difference (p<0.05) based on one-way
ANOVA and the Tukey’s HSD test (in B). Significantly different
from drug only control according to Student’s z-test (¥, p<0.05; **,
p<0.01) (in C).
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Fig. 3. Effects of caffeine treated with the OTC drugs on
viabilities of HCT 116 cells. HCT 116 cells were incubated with
caffeine (0.5 and 1 mM) in the absence or presence of Ibu (2 mM),
Asp (10 mM), or AAP (10 mM) for 24 h (A). Effects of caffeine (B)
and the OTC drugs (C) on the relative cell viability under conditions
of each drug and caffeine treatment, respectively, were also
calculated. Each bar represents the mean+SD (n=8). Different
letters indicate a significant difference (p<0.05) based on one-way
ANOVA and the Tukey’s HSD test (in B). Significantly different
from drug only control according to Student’s #-test (*, p<0.05; **,
»<0.01) (in C).
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Fig. 4. Changes in intracellular thiol levels and medium
antioxidant actibities by caffeine and the OTC drugs. INT 407
(A) and HCT 116 (B) cells were incubated with caffeine (0.5 and 1
mM) in the absence or presence of Ibu (2 mM), Asp (10 mM), or
AAP (10 mM) for 2 h. Intracellular thiol levels in each treated cell
were analyzed using mBBr. Antioxidant activities of the culture
media of HCT 116 cells after 2 h incubation treated with caffeine
and/or each drug were also analyzed based on DPPH radical
scavenging activity (C). Each bar represents the mean+SD (n=8).
Significantly different from control according to Student’s #-test (*,
p<0.05; ** p<0.01) (in A and B). Different letters indicate a
significant difference (p<0.05) based on one-way ANOVA and the
Tukey’s HSD test.
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Fig. 5. Effects of caffeine and the OTC drugs on cell viabilities by different sequence of treatment scheme. INT 407 (A) and HCT 116 (B)
cells were incubated with vehicle (DMSO) or caffeine (0.5 or 1 mM) for 24 h. The medium was then replaced by one containing vehicle, Ibu
(2 mM), Asp (5 mM), or AAP (10 mM), and the cells were further incubated for 24 h. INT 407 (C) and HCT 116 (D) cells were also treated with
vehicle, Ibu (2 mM), Asp (5§ mM), or AAP (10 mM) for 24 h first. The treatment was replaced with or without caffeine and the cells were
incubated for further 24 h. Each value represents the mean+SD (n=8). Different letters indicate a significant difference (p<0.05) among relative
toxicities of the drug under conditions of caffeine treatment based on one-way ANOVA and the Tukey’s HSD test. # indicates increased values

of relative toxicity (in A).

HQl 2 buet Aspe AEEEodA 10%]We] vn]gt DPPH 2t
oz A2AZAE Ueld v 10mM AAPE 40% B9 A
g AAZES Jepiew, Fdat 7z ofEe] &3t <t

fFolAe AAZA] Wske YeR] 29 Tthdata not shown).
71 oFEe] Aol o] ME W GSHel ¥wd & Wsls

el HCT 116 AXel| 5Ug 270z 247 He F, AE
wjele] DPPH etz 2A83S S48t 7HQd ©=A
2ol ool ST UEhstoy, ofeate] EeA g
ofal] FelHQl Wshs YehbA] SdtHFig. 40). 53] AAPE A
ﬂﬂ HjFA ol M= 40%c1’d2] DPPH 2t 27 24de Uehl
o}, FHQlEte] EAelel o7k Wske dFEA| B3hTt. of
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o] A Fadhs AR et (Fig. 5A) 2 Sk A
Z2 AW 6.7%°IH A thdata not shown). $HH 7150 A2
g HCT 116 MXEoM BE oFEe] Az 540 feodo=z
Z7kete Ao YER oW (Fig. 5B), 53] Ibust Aspe] Ath=
do] 1520% g = 753 thdata not shown).
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Aot Fxo] FES 2407 Bt A &, o]ojA FHIe R
aA s 24A17F o A et HER] AR R A
oA HlwA ME F4o] o A LA, AAHeR
AT FARE FFS JERNATHFig 5C and D). INT 407
AlzoA FHQl A2 FEE 7o 2 st kel AUl 5
S ALEIAS o, @A 1budl FA4o] FoFH R FUteIAL

I F7MEE 4%|W S THFig. 5C). 3HAITE HCT 116914 E 2
obo] AA Z=Ao] folHow Zrlaldon Aspe] Z7F E
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S W HCT 116 AlZEol|A F& k2o =Xo] 7slee AN
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s fﬂ*&% E3] 7Rl Al o8] HCT 116 A9 °k“'°ﬂ
gk o] S7RIAAW, 719l €& oF7]®l HCT 116 Al
T ] mE 38 o] Yoz AlgEY R Wus 7%
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