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Acetaminophen and DMSO modulate growth and 
in FM3A breast cancer cells in vitro 

gemcitabine cytotoxicity 

Received Pebrwry 17,2004 

Addition of antioxidants to chemotherapy is an unresolvcd problcnl in oncology. It is still an issue of debate, wlicllicr 
antioxidants may reduce rough cellular toxicity and thereby the systcniic sidc cffccts of tlic clicmothcrapy, witlioul 
sacrificing the anti-turnor efficacy. 

Gc~ncitabine is a rather new anli-cancer agent, whicli is quite potent against a range of drug rcsistanl tumors, particularly 
breast cancer. Tumor-sensitivity towards gcrncitabinc can be increased with COXinliibitory anti-i~illam~natory agents and 
ribonuclcotidc rcductase (RR) inhibitor flavopiridol. Acctaminophcn and DMSO are two uniquc anti-inflamniatory antl 
anti-oxidant agents with unrelated structures, yet both capnblc to block RR and COX, simulti~ncously. Using plating 
cfIicacy and "-I-thymidine labeling, wc monitored efficacy olacclaminophcn and DMSO to niodulate growth and gcmci- 
tabine sensitivity in FM3A breast tumor cells, which is highly ~lscd to study thyminelcss clcatli i~lducccl by 11~1clcotid~- 
mctabolisrn hemming drugs. Peculiarly, acetaminophen alonc stitnulated S-phase, which was not ilccompanicd with en- 
hanced plating, rather resulting in 40.3% growtli inhibition at tlic 96 liour. DMSO alonc significantly diminished 110th the 
plating and S-pliasc, which rcsulled in 71.7%) growth inhibition at the 96 liour. Gcmcitabinc tllastically rcrluccd S-phase and 
plating until 72 hours, ycl at 96 hours it last ilscfficacy tosupprcss the S-pliasc with concomitant 2-fold risc in cell nurnhcrs in  
comparison to72hour time point. Both DMSO and acetanlinoplicn brought S-pliasc to around zero pcrccnl in conlbination 
with gcmcitabine u11lil48 hours, yet they both reduced early cytotoxicity of gc~ncitabinc at thcsa~nc tinw interval. I-lowcvcs, 
at the 96 hour, they both strongly augmcntcd gemcitabine cmcwy to block S-pliasc and prcvcntcd thc risc in plating. 
Acctaminophcn antl DMSO should be tcslcd in animal niodcls, wlictlier they could augnrcnt efficacy and reduce the 
toxicity of gemcitahinc. 

Gerncitabine (2',2'-difluorodeoxycyticli~~e) is a nucleo- 
sidc analogue with promising activity o n  many solid tumors 
with particular importance in breast  cancer [23]. It blocks 
tumor growth via irreversible inhibition ol DNA polymer- 
ase epsilon [IS], and suppression of  ribonucleotide reduc- 
tase (RR) [23]. Sincc ihcre  is a correlation between 
expression of cyclooxygenase (COX) and P-glycoprotein 
in breast cancers [22], i t  has  been hypothesized that COX 
inhibitory clrugs could overcome d r u g  resistance before t h e  
development of resistant tumor  clones 1221. TIILIS, we aimed 

"Author to whom corrcsponclence should be sent. 

to study tnodulation ol' long term c y t ~ t o x i c  (plating) and 
cytostatic (S-phase) effects o f  gemcitabine with nnliinl'lam- 
niatory drugs, 

Acetaminophen rcrluces the active oxiclizcd form ol' 
COX to the resting l'orm, and thereby inhibits its activity 
[ZO], moreover it reduces DNA synthesis by  a spccil'ic In- 
hibition of RR [14]. DMSO also inhibits prostsglnnclm bio- 
syntliesis from eicosa-8, 11, 14-tricnoic acid in bovine 
seminal vesicles [21]. It  is also widely rccognizctl t11at 
DMSO shows potent anti-tumor activity vin induction of 
differentiation, ancl during induction ol'granulocytic cli1'l'er- 
entiation in EIL-60 promyelocytic leukemia cells, it complc-  
tely inhibits the  expression of the M2 subunil oT IZli [45. 
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'~hercfore, DMSO and acetaminoplren were selected as 
candidate drugs for gemcitabine sensitization, since they 
may block both l iR and tlre prochinxed co-mediator oEdrug 
resistance, COX. This study is also an extension to our pre- 
vious research focus, in which we showed that acetamino- 
phcn could be used for carboplatin sensitization in human 
ovarian cancer cells [I]. 

Qll crilciire rrrlcl drugs. The FM3A ccll line establisl~ed 
from the Arncrican Type Culture Collcctio~r was main- 
tained in RPMI-1640 medium (Biological I~~dustries Hae- 
mck, Israel) with 10% heat-inactivntecl fetal calf'serum, 100 
pj.~lml penicillin and 100 pgl~iil streptomycin, Flasks were 
kept in an incubator with a humiclifiecl atmosphere of 5% 
CO:! at 37 "C. Cells were transferred using Ca- and Mg-free 
14anks1 basic salt solution and 0.25% trypsin-EDTA (Bio- 
logical Industries). Acctaminophe~~ (A3035, Sigma), 
IIMSO (D2650, Sigma) and  Gclncitabine (Gemzar", Lilly) 
wcrc dissolved in biclistillcd water and added into cell cul- 
ture in eclual volumes. 

l ' l~rtir~g ~ f l c a c y  trrrtl cy~oroxicity. Exponentially growing 
cclls prcpared in 5 ml of RPMI-1640 were plated to each 
well of a(,-well plate at a concentration oO 1xlO~ml  with 
LOO'% viability. Drugs wcrc i~ddetl in cclual volumes of 100 
111 to the plates, after cell harvesting. Cell viability was esti- 
mated by counting the number of cclls, which excluded 
[I ~ypnn-blue solution (in 0.4% normal saline; Gibco) in 
;I hc~irocylomcter al'ter each 24-hour period of plating until 
the 96th liour, The vinbility of the controls was always more 
tl1:111 90% . 

. ' l l -~hyn~id irzc  Irrhclirrg rrssny, Half an lrour before the 
end of each 24-hour period o l  monitoring of the plating, 
cclls were incubated with 37x 1 0 ~ 3 q / n ~ l  I-I-thymidine (spe- 
cific activity 185 GBqI~n~nol, Amcrsham, England). Follow- 
ing 30 minutes oS incubr~tion (pulse labeling), cells were 
trypsinizcd and smear slides were prepared. Then the slides 
wcre fixed with Carnoy's Cixativc (ethanol-glacial acetic 
acid a t  a ratio of 3:L). Inbound ri~dioi~ctive materials were 
washed twice with 2% perchloric acid a1 4 "C lor 30'. To 
tletcrnline the labcling inclcx, cover slips wcre coated wilh 
gcl emulsion film (Ilford K2, England). 

After 3 days of exposure a t  4 "C, autoradiograms were 
washed with D-10 developer and all t l ~  slides were evalu- 
ated by the same pcrson elfter Gie~nsa staining. On each 
slick, at least 3x10' cells wcrc cv:~luatccl in 100 different 
i1rcas with 100x 12.5 magnification; cells with at least 5 grilins 
in their nuclei wcrc considered to be labeled, and back- 
ground grain was def'ined as less than 1 per area. Thymicline 
labeling indices (T'LIs) were determined by division o l  the 
thymidine labeling value of ex11 treatment group by tlrc 
vdue  of the thymidine labcling of tlie controls. 

Plati~ig eflicacy ( m d  pcrcoztage of trypnn blue positive 
cells). As shown in Figure l a ,  cells in the control group 
exerted a healthy growth beginning with approximately 
0.9 million cells at 24 hours, rising to 9.1 million cells at 
the 96 hour. Acetaminophen at all times reduced the cell 
numbers, which occurred with 40.3% inhibition at tlie 96 
lrour, and these reductions were stalistically significant for 
the 48,72 and 96 hour time points with pd .05 ,  p<0.01 and 
pc0.05, respectively. DMSO was a t  all tinres more potent 
than acetaminophen to inlxibit plating, which reached to 
72.7% growtll inhibition at the 96 lrour, and whiclr were 
always significant with pe0.05, pc0.00001, pd.005 and 
p<0.005 lor 24,48,72 and 96 hour time points, respectively. 
Gerncitabine tlrastically reduced cell numbers very signifi- 
cantly at all intervals, which occurred at 98.4% inhibition at 
the 96 liour, and with p<0.01, p<0.005, p<0,005, p<0.005 for 
24,48,72 and 96 hours, respectively. Acetaminophen at the 
24 and 48 lrours slightly reduced gemcilabine cytotoxicity, 
whiclr occurred with significance at the 48 hour (pd.05). 
I-Jowever, on the 72 hour and 96hour time points, it further 
reduced cell numbers by 4 1 .UOh and 46.0% in comparison to 
gerncitabine alone, wl~ich was significant for the latter 
(p<0.05). DMSO acted very similar like acetaminophen, 
and cxcept the 48 lxour time point, it always further recluced 
cell numbers in comparison to gerncitabine alone, which 
reached to 64% further reduction of the cell number at 
the 96 hour and which occurred with p 4 . 0 5  and ~ ~ 0 . 0 0 5  
for 24 and 96 hour time points, respectively. Since the cell 
numbers with gemcitabine arc quite low in comparison to 
control, the moclifications on gemcilabine eKicncy by 
DMSO and acetaminophen are clepicted in a cliSlerent 
graph in Figure lb ,  wlrere the cylotoxicity of geincitabine 
is diminisl~ed by both DMSO alld acetaminophen until the 
first 48 hours and augmented thereafter. When we sepa- 
rately graphed only the ~rypan-bluc positive necrotic cells, 
it became obvious that the efficacy of DMSO and acetaini- 
nophen to recluce early cytotoxicity of gerncitabine is mainly 
via prevention or cellular necrosis. Moreover, a reduced 
dose of ncetaminopllcn scemed to be less ellective in redu- 
cing cellular nccrosis at the 48 hour time point. 

"1-Thyr?zitline lohelir~g iridex (TLI) / S-pliasc frrrction. 
Control group cclls had a healthy pattern o l  S-phasc frac- 
tion, wliich reduces in time due to cnlrancccl population or 
cells consuming from the same nutritional pool, with TLI 
values oC41,7'K,, 48,9%, 23.9%, 12.9% at 24, 48,72 and 96 
hours, respectivcly. Acetaminophen at al times increased 
the TLI va l~~es  to 52.1 %, 54.3%, 44.2% and 37.5% a t  24, 
48, 72 and 96 hours, respectively. All these changes were 
highly signilicant with p<0.000001, p<0.001, p<O.O00001 and 
p<0.000001 fos 24,48,72 and 96 hours, respcclivcly. DMSO 
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Pig~trc 1. 11) Modulntio~t of FM3A cell plating wil l~  gc~ncitabinc r~ncllor 
DMSO or acctnn~il~opl~cn; I)) I'luling cflicacy of PM3A cells [gentcitdhc 
frcr~tetl gronps only 1; c) Motlulatinn of  genlcitubinc intlucccl trypan b h c  
podtive cclls with DMSO m d  ~~cctsminophcn. 

reduced the TLI values very significantly until 72 hours, yet 
it lost its efficacy tp suppress the TLI at 96 hour, more so 
because the conlrol group TLI decli~iecl sharply after 48 
hours. It brought TLI values to 11.1%, 15.7%, 15.5% and 
15.5% at 24, 48, 72 and 96 hours, respectively. These 
cllanges occurred always witli high significance value with 
p<0.000001 until 72 hours, and [lie slight higher TLI at 96 
hour in co~nparison to control was statistically insignificant 
(p>0.05). Gemcitabine drasticnlly reduced TLI values to 
3.9%, 1.9% and 0.0% at 24,48 and 72 hours, respectively, 
which always occurred will1 very higl~ significance 
(pc0.000001). However, remembesing the colnpletely 
blocked S-pliase at 72 hours, a dramatic change occurred 
at the 96 hour time point, wllen the remaining vital cells 
again underwent into at1 aclive cell cycling with a TLI value 
of 20.6%, which was not statistically cliflerent h o ~ n  control 
(p>0.05), indicating complete loss olgemcitabine efficacy at 
this time point. Parallel lo this data trypan blue excluding 
vital cell number was double at 96 hour in co~nparison to 72 
hour cell numbers in geincilabine-treated group, as given 
above. When acetaminopllcn was combinccl with gerncita- 
bine, except the 72 hour time point, it always aug~ncnted 
gelncitabine efficacy lo suppress the S-phase with pc0.0000 2 
ancl brought TLI values lo O.O%, O.O%, 2.02%, and 1.3%, 
lor 24,48,72 and 96 hours, respectively, DMSO acted very 
similar like acetaminophen, and except the 72 hour time 
point it also very strongly (p<0.000001) oug~nentcd TLI 
suppressions to 0.3%, 0.0'%, O, l% and 0.3% a1 24, 48, 72 
and 96 hours, respectively. 

Gel~icitabilic was very aclivc in reclucing the S-phase and 
plating of FM3A cells until the 72 liour in our slucly. 13ul 
thereafter, inhibition of S-phase has ceased, and plated cell 
number has doublccl in con~porison to cell numbers at 48 
and 72 hours, which were nl  steady-slate. Wc postulate tlli~t 
a small cell colony li-om the whole cell population havc lost 
their sensitivity towards gcmcitnbine during continuous cx- 
posure. Degradation of gcmcitabinc i n  culturc ~~v.xlia is less 
likely, since co-prescnce oL'eithcr DMSO or o c e t a m i ~ i ~ p h e ~ ~  
prcvented the risc in cell numbes and obtained very large 
clccreases in S-phase at the 96 liour, such as seen witli siliglc 
gemcitabine at earlier inlcrvals. 

Since neitlm DMSO ancl nor  acetaminophen had such 
a potential in therr single action, it is logical lo assume that 
they hove prevented tlie emcrgcncc of a n  insensitive cell 
population. 

Acetaminophen role as COX blocking agent is well cle- 
fined [20], ancl DMSO could also suppress prostaglandin 
synlhesis [21]. It should be elucidated, whcther tl~esc drugs 
may havc prcvented formation of insensitive cloncs because 
oT suppressing the COX-procluct dcpcndcnt cells, which 
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Figure 2.11) Tllynlidine Inbcling indices of FM3A cells trcuted with gelncitu- 
t)itic stirllor DMSO or ncetnrni~~optlen: b) Modnlatio~~ ol~emcilubine dcple- 
lion of tlly~~iirli~w labeling with ncelaiainophen und DMSO. 

simultaneously may have expressed drug excluding and 
anti-apoptotic P-glycoprotein [22]. 

Instead of waiting the gain of resistance by cancer cells 
via repcated drug applications, the drugs were applied si- 
multaneously in our study. As indicated above, this condi- 
tion was our main drive to think that the lale interval drug 
sensitization by DMSO and acetaminophen were preven- 
tion rather than reversal of drug resistance. Drug resistance 
is a major problen~ of cancer chemotherapy and occurs via 
multiple mechan~sms including enhanced efflux of che- 
mothcrapeutical drugs by P-glycoprotein dependent and 
non-clependent mechanisms, transcriptional activation of 
certain genes, or enllanced DNA repair involving DNA 
lopolsomerases [Ig]. Among these, some transcription-ac- 
tivated proteins forcc multiple pathways towards enhanced 
levels ol intrinsic drug resistance and tumor aggressiveness. 

Ribonucleotidc reductase (RR) enzyme is one of these, 
and its ovcrexpression is a major mechanism of gemcitabine 
resistance [16]. It first gained attention as cl~e~notl~erapeutical 
target, since it catalyzes synthesis of dNTP' s as substrates for 

DNA replication [6] .  Then it was found that the enhanced RR 
activity in rat myoblast cell lines was correlated with reduced 
cell difLerentiation [7]), and the reduced RR activity with cell 
senescence [8]. Currently it is recognized that elevation of the 
RR activity, and particularly its small M2 subunit is correlated 
with enhanced de-differentiation and even with metastatic 
phenotype of cancer cells [ S ] .  

Differentiation agents such as DMSO [4] and Vitamin D3 
[3] could induce dramatic and long-lasting reductions of M2 
subunit expression during induction of HL-60 leukemia cell 
differentiation. We think that M2 subunit of RR is also 
a likely target by DMSO and acetaminophen to prevent 
gemcitabine insensitivity of FM3A cells at  96 hour interval 
in our study, since both inhibit RR, as mentioned [4, 141. 
Moreover, a recent study has showed that flavopiridol, a cy- 
clin dependent kinase inhibitor, could very patently en- 
hance gemcitabine induced clonogenic and apoptotic cell 
death in gastrointestinal cancer cells, with transcriptional 
clown-regulations in M2 subunit of R R  [lG]. Other targets, 
such as inhibition of NF-KB may also underlie gemcltabine 
sensitizing effects of anti-inflammatory drugs, since 
NSAID' s have found to sensitize pancreas cancer cells to- 
wards gemcititbine indepandcntly of COX expression status 
1281; and both acetaminophen [2] and DMSO 1171 could 
inhibit NF-KB, a transcriptio~~ factor, which is selectively 
involved in breast cancer drug resistance [27]. Inhibition 
of  NF-KB would also explain some of the Lindings af our 
study, which seem paradoxical at the Uirst glance. Acetami- 
nopl~en alone has increased S-phase ofFM3A cells, but this 
stimulation was not reflected by the platccl cell numbers. We 
have made a similar observation of S-phase elevation in 
MDAH 2774 human ovarian canccr cells with acetnmino- 
phen, despite inducing carboplatin sensitization [I]. 

These investigations ilre parallel to a series of studies by 
FIARNAGEA-TI-IEOPI-IILUS et al, which showed that acela- 
minopl~en induces breast cancer cell proliLeration tl~rough 
interaction with estrogetl receptors but without binding to 
them [11,12,13]. 

The uncoupling ol S-phase elevation from enhancement 
oC cellular plating may relate with NF-KB inhibitory effect 
of acetaminophen [2], since NF-KB plays a significant role 
in enhanced cellular adhesion [25]; and loss of NF-KB ac- 
tivity reduces CDl lb  integri~l [25], which is involved in plas- 
tic surface adherence [9] .  Lastly, we will discuss modulation 
ol' rough toxicity of gemcitabine by acetaminophen and 
DMSO. At earlier intervals until 48 hour, both DMSO 
and acetaminophen prevented cellular necrosis induced 
by gemcitabme, but thereafter both drugs enllanced it. De- 
spite that we did not measure apoptosis, we presume that 
enhanced necrosis seen with these drugs ; ~ t  later periods 
may be result of secondary necrosis of apoptotic bodies. 

Both acetaminophen 1181 and DMSO [24] possess signif- 
icant antioxidant properties, these may have helped to re- 
duce rough gemcitabine toxicity at earlier inkrvals; and 
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may also kelp to  reduce cliemotherapeutic toxicity a t  a clin- 
ical setting. Tllough higher doses af acetaminophen m a y  act 
pro-oxidant through its metabol i te  N-acetylbenzoquinoni- 
mine  [10], it isless likely t o  b e  causal [actor for  enhanced late  
interval necrosis with acetamil~ophen-gemcitabille combi- 
nation here,  since higher dose  (40 pglml) of acetaminophen 
induced less rough toxicity then t h e  lower (20 pglnd) dose, 
probably d u e  t o  a higher antioxidant effect. Moreover ,  a t  
the  clinical stage, directing pro-oxidant  metabolism of acet- 
aminophen in tumor cells rather  than in hepatocytes is now 
possible via selective activation of t h e  cytochrome CYP2D6 
i11 the  tumor mass b y  gene  therapy [26]. 

I3ILIR A, AL'flNOZ MA, A'lTAII E, ERKAN M, AYDINER A. 
Acctnminaplien niorlulntions of chemotlierapy efficacy in 
MDAI-I 2774 Il~unan eodonietrioitl ovarian canccr cells in  
vitro. Ncoplasma 2002; 49: 38-42. 
I3OUI.ARES All, GlARDlNA C, INAN MS. KIIAIRAI.LAII EA, 
C:OIEN SD. Acetaminophen inhibits NF-kappa13 activalion 
by intcrl'cring with the oxirlant signal in nlurinc I-lepa 1-6 
cclls. Tuxicol Sci 2000; 55: 370-375. 
CIIENY.SOKOI.OSKIJA, C1IU E. Regulalion of the cxprcssion 
olcnzymcs involvcd in thc replication of DNA in chemically 
induccd n~o~iocyticl~~~acropliagic clilfcrentialion of I-IL-60 
leukemia cclls. Lcuk Rcs 1098; 22: 697-703. 
CIIEN Y,SOKOI,OSKI JA, CIIU 13. SAR'I'QROI.1.I AC'. Regulation 
oC the cxprcssion of enzymes involved i n  the replication of 
DNA in cheniically-induced granulocytic differentintion of 
I-IL-(I0 lcukcnlia cells. Leuk Iies 1908; 22: 687-695, 
c l r n N s , z r r o i r  I ~ , I  I~?F ,YENY.  Inhibition a[ human cancer ccll 
growth by inducible cxprcssion of human ribonuclcotirle 
laductasc ilntiscnsc cDNA. Antiscnsc Nuclcic Acid Drug 
Dev 2000; 10: 11 1-116. 
CORY I(;. Ribonuclcotidc rcductase as a chc~nothcrapcutic 
target, Adv Emyme Rcgul 1988; 27: 437-455. 
CXEASEY DC, WRICil l'r JA. Invdvc~ncnt of ribon~~clcotidc 
rcductasc in cellular difl'crentiation. Uiosci licp 1984; 4: 
209-309. 
IXCX JE. Wl<l(ilI'I'JA. Ribonuclcoticlc reduclnsc aclivity dur- 
ing tlic scncscenoc of nominl 11~11nan diploid fibroblasts in 
cullurc. Mcch Ageing Dcv 1985; 32: 85-97. 
I>IIASKOVIC'-I'AVI-OVIC 13, VAN DER IAAN LJ, PEJNOVIC N, 
IIIJKSTRA I'D, CCXIC M. Dilfcrcntial el'fccls of anti-rill 
CDl lb nionoclonal antibodies on granulocyte adllcsivc- 
ness. Inimunology 1999; 96: 83-89, 
GIIjSON JD. PIIMPOIZD NR, SAMOKYSZYN VM, IIINSON JA. 
Mechanism ol' accla~iiinopl~cn-i~lcl~~ccd licpatotoxicity: 
covalcnt binding versus oxidative slress. Chcm Res Toxicol 
IL)96; 9: 580-585. 
lIAI<NACiEA-'SIIliOl'IIlI,llS E, GAJID SL, KNIGIIT-'I'REN'I' Al l ,  
L>I.C;T:OIK~I: GI,, MII.IXR MR. Acelaminophcn induced pso- 
li1cr;rtion d b r c a s t  canccr cclls invulvcs cslrogcn rcccptors. 
Toxicol Appl Pl~arrtiacol 1999; 155: 273-279. 
IIARNAGEA-T~IEC~PIIII.US E, MILLER MR. Acctaminopl~cn 
alters cstrogcnic responses in vitro: stimulation of DNA 

synthesis in cslrogcn-responsive human breast canccr cclls. 
Toxicol Sci 1998; 46: 38-44. 
IIARNAGEA.TIIEOI'IIII,US E, MILLER MR, RAO N. Positiolld 
isomers of acetaminophen diElcrentially inducc praliCcration 
of culturcd breast canccr cclls. Toxicol Lett 1091; 104: 11-18. 
IIONGSLO JK, BJORGE C, SCIIWARZE PE Ct d. Paracclallloi 
inhibits replicalive DNA synthesis and induces sislcr chro- 
matid exchange and chron~osomal aberrations by inhibition 
of ribonuclcotide rcductasc. Mutagcncsis 1990; 5: 475-480. 
IIUANG P,CIIUB13 S, IIEITI'ELLW,GRINDOY Gl3,I'IdIJNKE'I1'W. 
Action of 2',2'-difluoroclcoxycyti~li~ic on DNA synlhcsis. 
Canccr Rcs 1991; 51: 6110-6117. 
JUNG CP, MO'SWANI MV, SCIIWARTZ GK, Flavopiridol in- 
crcascs sensitization to gcmcitabinc in human gastrointcsl- 
inal canccr cell lines and corrclatcs with down-rcgulnlion uf 
ribonuclcotide rcductase M2subunit. Clin Canccr Rcs2001; 
7: 2527-2536. 
KELLY KA, llII.I,MK, YOUKIIANA K, WANKEII F. GIMBI.EJM. 
Dimethyl sulloxidc modulates NF-kappa 13 and cylokinc 
activation in IipopolysaccIiaricIc-trcalccl murinc milera- 
phages. Inl'cct Imniun 1994; 62: 3 122-3128. 
MERl<l1,t, GF, C;OI,I)RERG 13. Antioxidant propcrlics ol' accl- 
aminopl~cn and cardioprolcclion. Basic Rcs Cardiol 2001; 
96: 423-430. 
NOUSER K, S'SOTER 0. M~lccular ~~lcclianisnls of mulliclrug 
rcsistancc in canccr chcmothcrapy. Pathol Rcs Pract 1996; 
192: 768-780. 
OUEI.I,E'I: M, PI;,1<CIvAId MI). Mechanism of acctaniinopllc~~ 
inhibition of cyclnoxygcnasc isol'orms. Arch Biochcm Bio- 
phys 2001; 387: 273-280. 
PANGANAMALA RV, SllARMA IIM, 1IEIKKII.A RE. G I T R  SC', 
CORNWELL DC;. liolc ol' l~yclroxyl radical scavengers dinw~hyl 
sulfoxitlc, alcohols and mctliional in the inhibition of prostn- 
glanclin biosynlhcsis. Prostaglandins 1976; 11: 599-607. 
IIA'I'NASTNGIIEI~, DASCIINER I'J, ANVOR MR, KASIJRZA1< 131 1, 
TAYLOR PR ct al, Cyclooxygcnasc-2, P-glycoprotcin-170 
and drug resistance; is clmnoprcvcntion against mullitlrug 
rcsistancc possiblc? Anticancer Rcs 200 1; 21: 2141-2147. 
SEIQMAN AD.The evolving role ofgcn~cilabinc in lhc man- 
agement of brcasl canccr, Oncology 200 1; 60: 189-198. 
SlllMlZUS,SIMON RI',GI<AIIAM S11. Di~iictl~ylsull'oxiclc (DMSO) 
trcatnicnt recluces infarction volume after pcrniancnl focal cer- 
cbrel ischc~i~iil in rals. Ncurosci Lett 1997; 230: 125-127. 
SOKOI.OSK1 JA, SAR'I'OREI.I.1 AC, IIOSEN CA, NARAYANAN I t .  
A~itiscnsc oligunuclcotidcs to tlic p65 subunit oS NF-kappa 
B block CD 1111 cxprcssion and alter adhesion propcrtics ol' 
difl'crcntietccl I-IL-60 granulocytcs. Blood 1993; 82: 625-032. 
'I'I1A'~CIIER NJ, EDWAIZIX RJ, LEMOINI? NR, IIOEI IMER J, 13.4- 
v l n s  Ds. The pokntial of acctaminopl~cn as a prodsug in 
gene-directed cnzymc psoclrug Lhcrapy. Canccr Gcnc Tllcr 
2000; 7: 521-525. 
WELDON C13, 13UROW ME, IZOLPI? KW, CLAYTON JI,. .IAPr:I: 
BM, BECKMAN US. NF-kappa 13-mediated cllcnloresistnncc 
in breast canccr cclls. Surgcry 2001; 130: 143-1 50. 
YIP-SCIINEIIIER MT, SWEENEY CJ. JUNG SII, CROWI?IL 1'1,. 
MARSIIALL MS. Cell cycle cfikcts ol' nonstcroidal anti-in- 
Ilanimatory drugs and cnhanccrl growth inllibition in com- 
bination with gcnlcilabinc in pancreatic carcinoma cclls. J 
Pliarmacol Exp Thcr 2001 ; 298: 976-985. 




