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This paper reports the activity of four dibutyl-
tin(IV)– N-arylidene-a-amino acid complexes
against the National Cancer Institute (NCI)
panel of 60 cell lines. The results indicated that
three of the organotin complexes (C17H25NO3Sn,
C18H27NO3Sn and C20H31NO3Sn) exhibit their
highest cytotoxic effect on the NCI-522 (non-
small cell lung cancer) cell line. The fourth
complex, C21H27NO3Sn, exhibits its highest
cytotoxic activity on the cell line RXF-631L
(renal cancer). In general, a low to moderate
cellular response was observed for all the
organotin complexes, with at least one cell line
in each subpanel of cells exhibiting a very low
growth inhibition response to all the organotin
complexes. The low-responding cell lines in-
cluded HOP-62 (non-small lung cancer), DLD-1
(colon cancer), SF-539 (CNS cancer), SK-MEL-5
(melanoma), IGROV-1 (ovarian cancer) and
RPMI-8226 (leukemia). The results also indi-
cated that the compounds did not exhibit any
significant subpanel activity and suggested that
the compounds were not active in all the cell
lines contained in any subpanel. The low to
moderate activity of these compounds across the
cell lines was attributed to the presence of
nitrogen-bearing ligands which prevented the
dissociation of the compound and the subsequent
binding to DNA. # 1998 John Wiley & Sons,
Ltd.
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INTRODUCTION

Organotin compounds have a wide range of appli-
cations, which include their use as therapeutics for
the treatment of viral diseases and certain tumors. A
number of organotin compounds have been found
to be active in vivo and in vitro against P388
lymphocytic leukemia tumor.1,2 Antitumor proper-
ties have been reported for various octahedral di-
organotin dihalide complexes, R2SnX2�L2, where
L2 is generally a bidentate ligand.3–5 Some organo-
tin compounds have selective effects on lympho-
cytes, as observed with the di-6–8 and trialkyltin
compounds.9,10 The selective effects of these
organotin compounds can be used in cancer chemo-
therapy or to control other pathological effects. To
this end, four dibutyltin(IV)–N-arylidene-a-amino
acid complexes were tested across a panel of 60 cell
lines to establish the disease-oriented activity for
these compounds. The results are reported herein.

EXPERIMENTAL

The antitumor screenings were carried out on a
panel of 60 human tumor cell lines derived from
seven cancer types [leukemia, lung, colon, central
nervous system (CNS), melanoma, ovarian and
renal cancers]. Cell lines derived from a particular
type of cancer are classified as belonging to the
same subpanel. The cell lines for which results are
reported here were:

Leukemia: CCRF-CEM, HL-60 TB, K562, MOLT-
4 and RPMI-8226.
Non-small cell lung cancer: A-549, EKVX, HOP-
18, HOP-62, HOP-92, NCI-H23, NCI-H322, NCI-
H460, NCI-H522 and LXFL-529 L.
Small cell lung cancer: DMS-114 and DMS-273.
Colon cancer: COLO-205, DLD-1, HCC-2998,
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HCT-116,HCT-15,HT-29,KM-12, KM-20L2 and
SW-620.
CNS cancer: SF-268, SF-295, SF-539, SNB-19,
SNB-75,SNB-78,U251andXF-498L.
Melanoma: LOX-IMVI, MALME-3M, M14,
ME19-MEL, SK-MEL-2, SK-MEL-28, SK-MEL-
5, UACC-257andUACC-62.
Ovariancancer:IGROV-1,OVCAR-3,OVCAR-4,
OVCAR-5, OVCAR-8 andSK-OV-3.
Renalcancer:786-O,A498,ACHN, CAKI-1, RXF-
393L, RXF-631L, SN-12C,TK-10 andUO-31.

The four dibutyltin(IV)–N-arylidene-a-amino
acid complexes were synthesizedaccording to
previously publishedmethods11 and are listed in
Table 1. The complexeshave been previously
characterizedusing 1H and 13C NMR and IR
spectroscopies.11 In addition, the structure for
compoundIII hasbeenpreviouslydeterminedby
X-ray analysis.11 The compoundswere testedby
theDivision of CancerTreatment,NationalCancer
Institute (NCI), Bethesda,MD 20014,USA. The
NCI protocolfor the48-hcontinuousdrugexposure
method,utilizing a high initial inoculumof tumor
cells, wasusedto assessthe antitumoractivity of
the dibutyltin(IV)–N-arylidene-a-amino acid com-
plexes.12 Thecellswereinoculatedinto a seriesof
standard96-well microtiter plates (20000 cells/
well) and preincubatedfor 24h. The test com-
poundswereaddedafterthepreincubationperiodin
five 10-fold dilutions(10ÿ8 M to 10ÿ4 M). Thecells
were incubatedfor 48h, thenfixed with trichloro-
aceticacidandwashedseveraltimeswith deionized
water. The dye sulforhodamineB (SRB)13 was
addedand the cells were washedand dried. Cell
viability wasdeterminedby solubilizing thebound
dye and determining the concentrationspectro-
photometricallyat 564nm.

RESPONSE PARAMETERS

Under assayconditions in vitro, exposureto a
chemicalagentmaydecreasethenumberof viable
cells either by direct killing or by decreasingthe
rateof cell proliferationandgrowth.The viability
of thecells is measuredby theresponseparameters
(LC50, GI50 andTGI). The LC50 is the concentra-
tion at which only 50% of the cells are viable
(percentagegrowth is ÿ50), the GI50 value is the
concentrationthat yields 50% growth (percentage
growthis�50),andtotalgrowthinhibition (TGI) is
the concentrationat which no growth is observed
(percentagegrowth is 0).

The statisticsprogramCOMPAREwas usedto
detectdifferencesandsimilaritiesamongthemean
graphfingerprintsof thefour compounds14 andwas
also usedto calculatethe differential sensitivities
for thecompounds.

Mean graph representations

The meangraphs(Figs 1–4) comparethe relative
cell line sensitivitiesderivedfrom the LC50, GI50
and TGI resultsfor eachcell line. The barspro-
jecting to theright representa logarithmicincrease
in thesensitivityof thecell line to thetestagentin
excessof theaveragesensitivity.Barsprojectingto
the left representa logarithmicdecreasein cellular
sensitivity.

Differential cellular sensitivity

Thedifferentialsensitivity(D) representsthemean
cyctotoxicpotencyof a compoundover the entire
panelof 60cell linesandcanbecalculatedfor each
responseparameterusingtheequation:

� � log10�1=X� ÿmean�log10�1=X��
whereX = LC50, GI50 or TGI.15 Valueslower than
unity for the differential sensitivity response
representa low sensitivityof the compoundto the
panel of cells, valuesbetween1 and 3 represent
moderatesensitivity, and values that are greater
than3 representhighsensitivityof thecompoundto
thepanelof cells.

Differential subpanel sensitivity

Thedifferentialsubpanelsensitivityvalues(DLC50,
DGI50 and DTGI) represent the mean subpanel
potency exhibited by a compoundbasedon the
calculatedLC50, GI50 andTGI values.A resultof

Table 1 Thedibutyltin–N-arylidene-a-aminoacidcomplexes
(OArCR@=NCHR'CO2)SnBu2 screenedagainstthe NCI panel
of cell linesa

Compound Formula Ar R' R@

I C17H25NO3Sn C6H4 H H
II C18H27NO3Sn C6H4 H CH3
III C20H31NO3Sn C6H4 i-C3H6 H
IV C21H27NO3Sn C10H8 H H

a Thestructureof compoundIII hasbeendeterminedby X-ray
analysis(Ref. 11)
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50 or larger indicatesa significantsubpaneleffect
for that compound.

The DH valueconfirmsthemeasureof subpanel
sensitivity. Values greater than 75 indicate a
significant subpanelor selective effect for the
compound.

RESULTS

Themeanconcentrationsrequiredto achieveGI50,
TGI and LC50 levels for the four compounds
againstthepanelof cellstestedaregivenin Table2.
CompoundI was found to be the most cytotoxic
compound,where the GI50, TGI and LC50 con-
centrationswere3.98� 10ÿ7 M, 1.58� 10ÿ6 M and
3.98� 10ÿ6 M, respectively.The least cytotoxic
compoundwascompoundII , wherethe GI50, TGI
and LC50 concentrations were 1.00� 10ÿ6 M,
3.16� 10ÿ6 M and7.94� 10ÿ6 M, respectively.

The four dibutyltin(IV)–N-arylidene-a-amino
acid complexesexhibited a low to moderatere-
sponseto all the differential sensitivityparameters
(Table 3), sincethe valueswere lessthan 3. This
indicatesthatthecompoundsonly inhibitedcellular
growthata low to moderaterate(from theGI50 and

TGI parameters),and were at most moderately
cytotoxic (from the LC50 parameter).From the
resultsin Table3, compoundIV wasactiveagainst
more cell lines from different subpanelsthan the
other three compounds, since its differential
cellular sensitivityvalueswerehigher.

Theresponseof eachcompoundto thesubpanels
of cellswasalsoevaluated.Theresultsarereported
in Table 4 assubpanelspecificitiesusing the four
parametersDGI50, DTGI, DLC50 andDH. Noneof the
four compoundstestedexhibited significant sub-
panelspecificitiesas indicatedby the DGI50, DTGI
andDLC50 parameters,sincetheir valueswereless
than50.TheDH valuesfor thecompoundsconfirm
thesefindings,sincetheir valueswerelessthan75.

DISCUSSION

ForcompoundI , thedifferentialcellularsensitivity
waslow to moderatefor thecell linestested(Table
3) and the compounddid not exhibit a specific
activity towardsanyparticularsubpanelof cells,as
indicated by Table 4. However, a higher than
averageresponsewasobservedfor this compound
in the cell line NCI-H522 (non-small cell lung

Table 2 Themeanresponseconcentrations(M) for the four dibuyltin(IV)–N-arylidene-a-aminoacid complexesscreenedagainst
the panelof cell lines

Meanresponseparameter CompoundI CompoundII CompoundIII CompoundIV

GI50 3.98� 10ÿ7 1.00� 10ÿ6 3.98� 10ÿ7 5.01� 10ÿ7

TGI 1.58� 10ÿ6 3.16� 10ÿ6 2.00� 10ÿ6 2.00� 10ÿ6

LC50 3.98� 10ÿ6 7.94� 10ÿ6 5.01� 10ÿ6 6.31� 10ÿ6

Table 3 The differential sensitivities(D) for the variousdibutyltin(IV)–N-arylidene-a-aminoacid complexesto the panelof cell
lines

Differential cellular sensitivity CompoundI CompoundII CompoundIII CompoundIV

GI50 1.1 0.7 1.0 1.5
TGI 0.9 1.0 1.1 1.8
LC50 1.0 1.0 1.1 2.0

Table 4 Subpanelspecificitiesfor the four dibutyltin(IV)–N-arylidene-a-aminoacid complexes

SubpanelSpecificity CompoundI CompoundII CompoundIII CompoundIV

DGI50 23.5 6.4 44.4 33.3
DTGI 30.8 46.3 43.3 33.3
DLC50 38.9 18.5 37.0 40.7
DH 67.3 73.5 66.0 51.9
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cancer), where the concentrationsrequired to
achievethe GI50, TGI andLC50 valueswereone-
tenthof theaverageconcentrationfor thecell lines
(Fig. 1).

A low to moderatedifferential cellular response
wasalsoobservedfor compoundII andtherewas
no subpanelselectiveeffect. This compounddid
not exhibit any cytotoxic effect in the leukemia
subpanelof cellsat themaximumdosetested(Fig.
2).

The differential cellular sensitivity of the cell
lines toward compoundIII was moderate.Even
though no subpanelspecificity was observedfor
this compound,somecell lines were particularly
sensitiveto it. Thesecell lines includedthe NCI-
H522, LXFL-529L (non-small cell lung cancer)
and RXF-393L (renal cancer), where the LC50
concentrationswere one-tenthof the meanLC50
concentration(Fig. 3). In addition, two cell lines
exhibitedvery low sensitivitiesto this compound:
theOVCAR-8(ovariancancer)andSF-498L(CNS
cancer)cell lines exhibiteda growth rate of more
than50%at themaximumdosetested.

For compound IV , the differential cellular
sensitivity was also moderate.As with the other
compounds,no subpanelspecificitywasobserved.
However, the highest cytotoxic responsewas
recordedby this compoundtowardthe RXF-631L
(renal cancer) cell line (Fig. 4). The higher
differential cellular sensitivity may be explained
by the increasedlipophilicity of this compound
whencomparedwith the other compoundstested.
This may allow the compoundto passthroughthe
cell membranesmoreeffectively.The total growth
inhibition wasobservedat concentrationslessthan
one-hundredthof the meanLC50 andTGI concen-
trations (Fig. 4). The effect of compoundIV on
NCI-H522 was similar to the responseobserved
with compoundsI and III for the samecell line.
The lowestcellular responseto compoundIV was
observed with NCI-H322 (non-small cell lung
cancer),OVCAR-8 and SF-498L cell lines. The
growthratein thesecell lineswasmorethan50%at
thehighesttestedconcentration.

SUMMARY

Therewasnosubpanelselectiveeffectobservedfor
any of the four dibutyltin(IV)–-N-arylidene-a-
amino acid complexes.At least one cell line in
eachsubpanelexhibiteda low response(TGI and
LC50 parameters)to the four compoundstested.

Thesecell lines includedHOP-62(non-smallcell
lung cancer),DLD-1 (coloncancer),SF-539(CNS
cancer), SK-MEL-5 (melanoma), IGROV-1
(ovarian cancer) and RPMI-8226 (leukemia),
wherethe growth rateswere greaterthan 50% at
thehighesttesteddose.Unlike theactivity reported
for other organotin compoundswhich are active
againstleukemiacell lines,1 the dibutyltin(IV)–N-
arylidene-a-amino acid complexesshowed very
little cytotoxic effect in the leukemia cell lines
tested.

The low to moderateactivity of the complexes
againstmostof the cell lines may be attributedto
the presenceof the nitrogen-bearingligand,which
increasesthe stability of the compounds16 and is
believedto reducetheactivity of thesecompounds
becauseits dissociation,which is necessaryfor the
binding of the organotinto DNA, is hindered.16 It
may alsobe due to the fact that thesecompounds
are not very hydrophilic, and are preventedfrom
forming a biologically effectiveintermediate.
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