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Abstract

Drug development of cucurbitacins requires derivatives that have lower cytotoxicity. Therefore, the effect of structural modification on in vitro
cytotoxicity has been investigated. Lipophilicity or chromatographic hydrophobicity index (CHI) was chosen as molecular property. CHI was
determined by RP-HPLC in both aqueous acetonitrile and aqueous methanol. Compounds CHI range was wide and better defined in acetonitrile
(CHIacn =46-88 and 38—-102) than in methanol (GEldL =56—78). Higher resolution was achieved in acetonitrile, and higher precision on
the shorter C18 column. Cucurbitacins cytotoxicity{avas measured on the hepatocyte-derived HepG2 cells. Strong relationship between
CHI and logarithmic 1Gy was found. As a result, cytotoxicity increased linearly with increasing hydrophohicit®(90). Other lipophilicity
parameters, such as IB@ndClog P were also estimated. Cytotoxicity correlated well with B@ = 0.95) and slightly wittClog P (r =0.74).

The logP andClogP data showed good correlation with CHIX0.92). Overall, alkylation of C1 hydroxyl, unsaturation of-@12 bond,

and acetylation of C25 hydroxyl increased both lipophilicity and cytotoxicity. This assay should prove useful for monitoring cucurbitacin
homologues or other drug candidates for their cytotoxicity.

© 2004 Published by Elsevier B.V.
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1. Introduction the antitumor activity and lowered the toxicity on mice
[7-9].

Plants secondary metabolites represent tremendous re- Lipophilicity is one of the major factors that influences
sources for scientific and clinical researches as well as forthe transport, absorption, and distribution of chemicals in
new drug developmeritl]. Cucurbitacins are particularly  biological systems, and it is a predominant descriptor of
known in folk medicine for their strong purgative, anti- the pharmacodynamic, pharmacokinetic and toxic aspects

inflammatory, and hepatoprotective activitifs2]. They of drug activities in quantitative structure-activity rela-
are positioned on the top of the NCI list as potential anti- tionship (QSAR) studie$10-13] In the 1960s Hansch'’s
tumor agents in various tumor subpan@s]. However, cu- octanol-water partition coefficieoct (Poct= Coct/ Cwater;

curbitacins strong biological activity was found to be very C: analyte concentration) became the standard parameter to

close to their toxic dose, which renders them unlikely bio- measure lipophilicity for both experimental and theoretical

logical agent$6]. On the other side, methylation of the eno- investigations[14]. The octanol-water partition coeffi-

lic hydroxyl (a.k.a. diosphenol) of cucurbitacin E enhanced cients can be obtained from other solvent systems, with
certain restrictions, by applying Collandefk5] equation:

* Corresponding author. Tel.: +1 605 688 4269; fax: +1 605 688 6364, 109P1=alogP2+b. RP-HPLC has been long recognized
E-mail addressfathi.halaweish@sdstate.edu (F.T. Halaweish). as a potential method for lipophilicity determination, where
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mainly hydrophobic forces dominate the retention process amount of cucurbitacin glycosides were isolated by prepara-
[16-20] Moreover, the mobile phase/stationary phase tive HPLC from the concentrate @fitrullus lanatus(Cucur-
interface models better the biological partitioning processes bitaceae) (Florida Food Products, Eustis, FL).
than the solute partitioning in the bulk octanol/water phase
[21]. The chromatographic retention data is a linear free- 2.2. HPLC separation
energy related parameter and it is a more reliable descriptor
in QSAR than the estimated or calculated hydrophobic, @ We used Dynamax liquid chromatograph (Varian Chro-
electronic and/or steric parametd®2]. Chromatographic =~ matography Systems) with PDA-2 photodiode array UV
hydrophobicity index, CHI, is deduced from the retention detector, controlled by the Dynamax PC Chromatography
data and reflects not only the lipophilicity of the compound Data System (v. 1.9) software. Dynamax dual pump sol-
but it approximates the concentration of organic phase ventdelivery system, model SD-200. Cucurbitacins final pu-
required achieving an equal distribution of analyte between rification and separation was conducted on Econosil C18
the mobile phase and stationary phase. Thus, hydrophobicity(Alltech; 250 mmx 22 mm, 10.m) preparative column at
index is a useful tool in method developmé¢23]. flow rate of 13.00 ml/min, and at gradient elution in ace-
Drug development would require analogues that retains tonitrile (Pharmco, Brookfield, CT; 20-55% in 50 min), or
or enhances the natural cucurbitacins biological activity and MeOH (Pharmco; 60-75% in 50 min). Cucurbitacins ana-
reduces toxicity. We choose HepG2 cell line for our in vitro lytical separation was optimized on Alltima C18 (Alltech;
study, because it is one of the best human cell lines to predict250 mmx 4.6 mm, 5.m) HPLC column[4,35,36] at gra-
basal human cytotoxicitjg4—-26] dient elution in acetonitrile (30—70% ACN in 57 min), and
This work presents a precise and reliable technique toin MeOH (60-75% MeOH in 50 min). Cucurbitacins stock
study the effect of structural modification on cucurbitacins concentration of 10> M in DMSO:ethanol (1:1) was stan-
cytotoxicity. The basal cytotoxicity of seventeen cucurbitacin dardized against pure cucurbitacin | (Indofine Chemical
analogues was monitored on HepG2 cells, and their hy- Company, Hillsborough, NJ) by analytical HPLC means.
drophobicity calculated in different ways. The lipophilic pa- Compounds CHI was measured in both ACN, by using
rameters are the CHI, measured by RP-HPLC, ané®lagd Alltima C18 column, and in MeOH, by using Econosil
ClogP estimated with ALOGPS software. In order to have a C18 column (Alltech; 150 mnx 4.6 mm, 5um). Analyti-
larger number of compounds, some cucurbitacins were iso-cal separations were conducted at a flow rate of 1 ml/min.
lated from plants and others generated by alkylation and The aqueous phase was buffered for the CHI measure-
acetylation of enolic analogues. Cucurbitacins drug devel- ment. For this purpose, solid ammonium acetate (Fisher
opment requires derivatives with low cytotoxicity, and cor- Sci. Co., Fair Lawn, NJ) was dissolved in deionized dis-
relation of lipophilicity with in vitro toxicity may lead to tilled water at 50 mM final concentration and its pH adjusted
important conclusions regarding this issue. to 7.0.

2.3. Chromatographic hydrophobicity index

2. Experimental
2.3.1. CHI measurementin ACN

All standard compounds were purchased from Acros
(Acros Organics, NJ). The chromatographic lipophilicity or

Ripe fruits of Cucurbita texana(Cucurbitaceae) were hydrophobicity was determined applying Valk technique
received from Dr. D.W. Tallamy (University of Delaware, [37]. A standard mixture of seven compounds was prepared
Newark, Delaware). The fruits were cut and homogenized in solution: theophyllineX9), benzimidazoleZ0), acetophe-
with methanol (MeOH), filtered, and the solvent removed none @1), indole 2), propiophenone?3), butyrophenone
under reduced pressure. The residue was subjected to flask24), and valerophenon&¥). In the first approach, the mix-
column chromatography (silica gel G60) with gradient elu- ture of compound$9-25, dissolved in water:ACN (1:1), was
tion (hexane/ethyl acetate and then ethyl acetate/MeOH ofinjected at isocratic elution of 40, 45, 50, 55, and 60% ACN.
increasing polarity)27] and the fractions were screened us- The retention factor, log=log((tr — to)/tg), was calculated

2.1. Extraction, isolation, and identification

ing NP-TLC (silica gel, U\s54, 250um layer). TLC plates

for each analyte from five good injections of LDsample.

were developed with toluene:ethyl acetate 40:60 solvent The dead time t§) was measured by injecting NaNO

mixture, and visualized for thet?3-24 cucurbitacins with
vanillin/orthophosphoric acid or for the diosphenols with
FeCk solution [28]. Fractions were further separated us-
ing preparative NP-TLC (silica gel, Wés, 2mm layer)
under similar developing conditions to the analytical TLC
and bands were visualized with UV light. Cucurbitacli€
and'H NMR spectra (Bruker 400 MHz) were recorded in
CDCl3 and compared to published d§g9—-34] Additional

together with the sample. Then, the logalues were plot
against isocratic ACN concentrations to establish the linear
regression equations for each analyte. From each straight
line the isocratic hydrophobicity index was computed,
¢o = (—intercept/slope). Further, the calibration mixture was
injected at fast gradient elution, 0—22 min 0-100% ACN,
and three additional minutes at 100% ACN. Thgevalues

for the test compounds were plot against gradient retention
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time and the linear equation determined from the following 2.7. Cell culture and induction of toxicity
equation:
HepG2 (human hepatocellular carcinoma, ATCC) cells
go=CHI = Air+ B 1) were grown in EMEM (Gibco, Grand Island, NY) supple-
, L . mented with 10% FBS, and 1% penicillin/fungizone mix-
A mixture of 18 cucurbitacin analogues was injected under ture (Gibco). Thabrew'$40] optimized procedure was fol-

similar gradient elution and from the peaks retention time |\ o4 Cells were batch cultured for 10 days, then seeded
their CHIvalues were deduced applying ). Inthe second 5 oncentration of 30,000 cells/well in fresh media in 96-

approac_h, Eq1)was generated from the corrglation bgtween well microtiter plastic plates at 3T for a day. Then cells
the published CHI valug87] and the fast gradient elution of e exnosed to different concentrations of cucurbitacins at
compoundsl9TZS, coIc_hlcme 26) and phenyltheophylllne final volume of 10Qul/well. Five-fold serial dilution of com-
(27). The gradient elution conditions were similar to the one pounds was carried out in the plate for five consecutive wells.

from the first approach. After 24 h of incubation with chemicals, live cells were visu-
alized by the MTT assay (Promega, Madison, WI). The ab-

2.4. CHI measurement in MeOH sorbance was measured at 570 nm. Negative (without cells)
and positive (without test chemicals) controls were also incu-
A standard mixture of 10 compounds includi©§-21, bated with each plate. The endpoint was determined from the

23-27, aniline @8 and bromobenzene?9), dissolved in exponential curve of viability versus concentration agglC
MeOH, was injected at five isochratic elution, at 40, 45, 50, which represents the concentration of compound that kills
55, and 60% MeOH. Then the mixture was injected atfastgra- 50% of the cells. At least three reproducible experiments
dient elution to establish the correlation from EL. The fast were performed per compound with three replicate wells per
linear gradient elution was optimized for 30—100% MeOH in concentration.

aqueous buffer with 10 min runtime.

2.5. Structural modification 2.8. Calculations

2.5.1. Alkylation The estimated loB and ClogP octanol/water partition

The C2 hydroxyl of enolic analogues, such as cucurbitacin coefficie_nts for cucurbitacins were obtained by means of
E cucurbitacin I, was alkylated by the Williamson ether syn- the on-line software ALOGPS v. 2.1 (Virtual Computa-
thesig38]. Pure cucurbitacin (2 mg) and freshly dried anhy- tional Chemistry Laboratorywww.vcclab.org. The logP

drous KCOs (3 g) were mixed and refluxed in acetone under calculation is based on the neural network ensemble anal-
N, with continuous stirring for 3 days. During this period, ysis, where the molecular structure was represented by the

two portions of alkyl iodide, or Rl (R: Me-, EtiPr-, ornPr-; electrotopological state indices and the number of hydro-

50 ml) were added at 24 h intervals. The solution was filtered 96N and non-hydrogen atoniél]. The ClogP partition
and the salt washed twice with acetone. The combined fil- COefficient is based on the fragmentation principle devel-
trate and washings was evaporated under air and the residu@Ped by Leo et al{42]. The CLOGP program version
further purified by preparative RP-HPLC. 4.0 uses improvelogP calculation theoryf43] and it is
running under evaluation license of BioByte Corporation
. [44].
2.5.2. Acetylation The data analysis was carried out using the Micrd&bft

_ Cucurbitacin E-Me ether (2 mg) was acetylated at C16 po- gy el 2000 software package. The correlation coefficignt “
sition overnight at room temperature in dry pyridine (Sml) £ et and-test were the basis for testing the significance

and acetic anhydride (5mIB8]. The mixture was decom- fitting quality. In addition, the S/O was introduced as a
posed with cold water and the product extracted in methylene g cific fitting error. It represents the ration of standard error
chloride, then evaporated and further purified by preparative 4 range of observation. The statistical residual variance RV

RP-HPLC. was considered in assessment of the prediction error. RV is
the ratio of prediction sum of squares (PRESS) and the total

2.6. Enzymatic hydrolysis number of data, and PRESS is:
Additional amount of aglycons were generated by the en- n 5
zymatic hydrolysis of saponins cucurbitacinpEglucoside ~ PRESS= Z(Obsj — Pred) ()

and | B-glucoside, using@-glucosidase enzyme (Worthing- Jj=1

ton, Lakewood, NJ). A ratio of 1:4 saponin to enzyme was

suspended in acetate buffer at pH 5 and stirred continuouslywhere Obgand Pregare the collected and predicted values.
under N for 3days in awater bath, at 3Z[39]. Half portion High quality models should give S/O and RV values close to
of enzyme was added to the mixture after 2 days of stirring. zero.
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No. Cucurbitacin Ry R, R; R, time (min)

1 I Gluc®® Glu =0 H H A" AR

2 E Gluc™® Glu =0 H Ac  A'? AR Fig. 1. Cucurbitacins HPLC separation on Alltima C18 (250 m#.6 mm,

3 Db OH =0 H H p2324 5um). Conditions: 30-70% ACN in water in 57 min, flow rate 1 ml/min.

4 's°'bDb 0 OH H H o shifts for the semi-synthesized compounds were identified,
5 : OH =0 H H a¥a%% for the R, side chain: 55.0 ppm (C4+O) for compound$-8

6 I-Me® O-Me =0 H H A% and17; 14.4 ppm (CH) and 63.4 ppm (Ck+-O) for 8 and

7 L-Me® OMe =0 H H A 14; 21.5ppm (CH) and 70.3 ppm (CHO) for 11 and 16;

8 I-Et* OEt =0 H H A" A% 10.4 ppm (CH), 22.1 ppm (CH), and 69.4 ppm (Ck+O)

9 B OH =0 H Ac A2 for 12and18. The R; group*C—NMR shift of 17was found
10 iso-B° =0 OH H Ac AR at 19.9 ppm (CH) and 169.8 ppm (€0).
1 LiPr oiPr =0 H N The RP-HPLC separation of cucurbitacin analogues was
12 l-nPr® O-nPr =0 H Al2, A2324 conducted in both aqueous ACN and MeOH. Chromatograms
13 gb OH =0 H Ac a2 p»% are illustrated irfFigs. 1 and 2where peaks are numbered fol-
14 E-Me® OMe =0 H Ac  A'2 B lowing the order irBcheme 1Higher resolution was achieved
15 EEf OFt =0 H Ac a2 B in ACN than in MeOH organic phase._ Interestingly .eljough,
s e ot =0 H  Ac A2 gB Alltima C18 HPLC cplumn showed dlﬁgrent selectlwty. to-

. ~ 2 2 ward the C250H derivatives8, 11, and12in the two organic

7 EMehe OMe =0 Ac Ac  A7A™ phase. Methanol is a good proton acceptor and tends to in-
18 E-nPr° O-nPr =0 H Ac  A'2 p®%

teract with hydroxylated moleculg47]. This would suggest
that compounds, 11, and12, with an extra hydroxyl group
relative to other derivatives, would elute faster in MeOH rel-
ative to ACN, contrary to what was actually happening. We
can explain it with the fact that there are some complex inter-

? B-D-glucopyranose; P isolated from plants; ° generated by semi-synthesis

Scheme 1. Cucurbitacins used for the assay.

3. Results and discussion

Cucurbitacin analogues were isolated fr@rtexanaand
C.lanatusand diosphenoBandl3were further modified by
alkylation and esterificatiorScheme L We generated alkyl-
oxy derivatives to follow up earlier studi§s,8] that demon-

actions taking place between the solute and stationary phase.
Abraham quantified these interactioj@8], and Vallo tai-

lored Abraham’s equation for various organic phases finding
that both solute dipolarity and hydrogen-bond acidity had
weaker influence over solute elution in methanol than in ace-
tonitrile [49].

strated five times lower toxicity for cucurbitacin E-Me ether
in Swiss mice than for the parent compound cucurbitacin E.
The alkylation of compoundsand13and acetylation ot4
yielded 100% the product. On the other hand, methylation
of a mixture containing non-separable cucurbitacins | and
L generated only L-Me ether. The enzymatic hydrolysis of
1 and?2 yielded 35% of cucurbitacin | and 100% of cucur-
bitacin E, respectively; the transformation was not complete
for 1 even though both and2 havep-glucosidic bond. Sev-
eral attempts have been made to methylate the C2 hydroxy! of
cucurbitacin B. Unfortunately, alkylation in the presence of
a strong base (NaH, THF, RI, 3C) [45] or reaction with di-
azomethane (freshly prepared §¥, HBF4, CH>Cl,, 0°C) 10 20 80 40 ime (m?r?)
[46], destroyed the functional groups.

1H and!3C NMR data of the isolated and modified cucur-
bitacins matched the published dg28—33] The new carbon

Absorbance mAU

14 11 12 15

Fig. 2. Cucurbitacins HPLC separation on Alltima C18 (250 sa#h.6 mm,
5um). Conditions: 60—75% MeOH in water in 50 min, flow rate 1 ml/min.
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Table 1
Linear equations and statistical data for the standard compounds and cucurbitacins
Number Compounds Equation r S/O RV
CHI vs.tr
2 n=7 (19-25) CHlacn1 =¢@oacn =3.983r —5.473 0962 Q13 2579
3 n=9 (19-27) CHlacn2 =6.172g —42.993 0998 Q03 268
4 n=10 (19-21, 23-29) CHImeoH = ¢oMeoH = 6.951r +2.046 0996 Q03 184
ClogP vs. CHI and biological data
5 n=18 (1-18) CHlacn2 =21.49%C log P +6.290 0927 011 4411
6 n=18 (1-18) CHIpmeon=7.25ZlogP +45.304 0959 Qo8 269
7 n=17 (1-9, 11-18) log ICs0=—0.55log P +3.052 0742 021 015
logP vs. CHI and biological data
9 n=18 (1-18) CHlacnz =20.769log — 3.985 0920 Q11 4799
10 n=18 (1-18) CHIpeon =6.896logP +42.261 0937 Q10 408
11 n=17 (1-9, 11-18) log IC50=—0.688logP + 3.905 0948 Q10 003
log ICs5p vs. CHI
12 n=17 (1-9, 11-18) log IC50=—0.026CHhcn2 +3.264 0824 Q17 011
13 n=17 (1-9, 11-18) log IC50=—0.083CH}eoH + 6.996 0847 Q16 010

2 All equations showe <0.01 for theF- andt-test.
b Compounds identification number is indicated in parentheses.

Cucurbitacins lipophilicity was measured by RP-HPLC.

was not included in the QSAR studies. The GtN2 and

The selectivity differences in the two organic phase prompted CHlyeon data correlated well with one anothem=18,
us to measure CHI in both ACN and MeOH organic phase. r=0.979). Furthermore, the ldg and ClogP of cucur-
Due to its high viscosity, aqueous MeOH required a shorter bitacins were calculated using ALOGPS prograralfle 3.

column than the one applied for ACN. First, the C18

It has been reported that CHI values depend on the type of

columns were calibrated against a standard mixture, and thestationary phase, the type of organic phase and, for acidic or

relationships established between the fast gradiggandeg
or published CHI (see Egs. (2)—(4) frorable 3. The CHI of
the standard compounds is listedTiable 2 Second, cucur-

basic compounds, the ga7]. The pH affected only the elu-
tion of benzimidazole, one of the compounds from the stan-
dard mixture; therefore, we employed buffered mobile phase

bitacins were injected at fast gradient elution under similar to measure correctly the hydrophobicity. We recommend the

conditions, and their CHI calculateddble 3 from Egs.
(2)-(4). Egs(2) and (4) involve the isochratic hydrophobic-
ity index, o, while Eq. (3) employs the earlier established
gradient CHI in buffered ACN37]. Faster gradient elution
did not improve statistically Egs. (2)—(4). The fitting quality
and predictive power of Eq. (3) (Chidn2) and Eqg. (4)
(CHlmeoH) are relatively high, while the predictive power
of Eq. (2) (CHIacn1) is lower, therefore the latest equation

Table 2

selected test mixture, compounti®-21, and23-29, for the
calibration of any 150 mm long RP-HPLC C18 column to
measure CHjeon. This standard mixture covers a range of
CHI between 25 and 73. However, shorter columns are more
convenient for less polar or larger compoutdi8]. For the
CHlacn measurement of the standard mixture, \Gatk al.

[37] applied ODS-2 Interstil column of 150 mm. We chose
Alltima C18 column of 250 mm and so we generated different
values for these compoundBaple J. This indicates that the
column parameters have influence over the data. Neverthe-

Standard mixtures chromatographic hydrophobicity indexes in buffered ace- less, any column can be calibrated by applying known CHI

tonitrile and methanol using three different approaéhes

Standard compound Chiin® CHlacn® CHIlpeon?
Theophylline (9) 32.63+ 0.07 15.76 25.76: 0.05
Aniline (28) - - 29.94+ 0.05
Benzimidazole 20) 43.18+ 0.12 30.71 41.0% 0.04
Acetophenonel) 61.93+ 0.05 64.90 52.4% 0.05
Colchicine 6) - 41.37 57.56+ 0.04
Indole 22) 67.73+ 0.13 69.15 -
Propiophenone2) 71.72+ 0.15 78.41 60.41 0.04
Ph-theophylline 27) - 52.04 61.61t 0.04
ButyrophenoneZ4) 79.32+ 0.14 88.49 66.79t 0.05
Bromobenzene2Q) - - 69.43+ 0.07
Valerophenone2b) 86.66+ 0.08 97.67 73.05t 0.12

2 All data has less tha#t1% error.
b |sochratic and gradient elution of standard mixture.

values for the standard compounds at fast gradient elution.
Thus, CHhcna translates the standard mixture and cucur-
bitacins lipophilicity on our column, while CHEng2 gives the
calibrated values against published data for inter-laboratory
purposes.

The cytotoxicity of 17 cucurbitacin analogues on HepG2
cells is listed inTable 3 This is the first in vitro assay of
cucurbitacins on HepG2 cells to study the effect of structure
alteration on cellular toxicity. Cells were challenged with cu-
curbitacins at various concentrations for a day and then live
cells quantified with MTT dye. This period of time measures
exclusively compounds cytotoxicity, while longer incubation
time may lead to interference from metabolif2§]. We did

¢ Gradient elution of standard mixture and correlation with published data NOt have enough amount from iso-cucurbitacin B to include

[37].

it into the biological assay.
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Table 3
Cucurbitacins cytotoxicity on HepG2 cells, chromatographic hydrophobicity indexes in buffered acetonitrile and methanol using three miifeaehies,
and the software estimat&log P value$

Compound 1Go (WM) CHlacni CHIlacnz CHlpeon ClogP logP
1 Gluc 390.0+ 10.0 4648 3750 5641 184 209
E Gluc 226.7+ 15.3 5398 4913 6227 275 228
D 77.3+ 8.7 5831 5583 6040 205 312
iso-D 80.3+ 3.5 6059 5937 6227 222 307
| 15.8+ 6.7 6327 6353 6386 244 333
I-Me 15.0+ 5.6 6484 6595 6658 269 381
L-Me 19.0+ 1.0 6484 6595 6658 355 379
I-Et 55+ 05 6999 7394 6961 308 415
B 27.7+ 9.0 7093 7540 6733 296 369
iso-B - 7286 7838 6850 312 368
I-iPr 7.0+ 1.0 7387 7994 7155 338 454
I-nPr 50+ 05 7592 8313 7288 36 452
E 15.3+ 4.2 7592 8313 6961 335 372
E-Me 12.0+ 3.0 7784 8609 7155 359 415
E-Et 51+ 0.9 8276 9373 7425 398 468
E-iPr 43+ 05 8684 10004 7630 429 478
E-Me-Ac 26.0+ 1.0 8684 10004 7630 430 429
E-nPr 3.7+ 01 8834 10237 7766 451 493

2 All CHI values has less thait1% error.

Correlations between Cltnz or CHIlyeon and log- increasing alkyl chain at C2 hydroxyl (compourf)s8, 11,
arithmic 1G5o, as a measure of cytotoxicity, have been 12, 14-16, and18).
investigated Fig. 3), and found statistically significant Good correlations were found between Bgr ClogP

correlations Table 1. These equations suggest that com- and CHI, and between Idgor ClogP and log 1G (Table J).
pounds lipophilicity increases in vitro cytotoxicity, with the  While the RP-HPLC hydrophobicity data is experimental,
exception of cucurbitacin E-Me-Acly). This compound it confirms the good quality of the estimated octanol/water
lipophilicity is increasing while its toxicity is decreasing partition data. OverallC log P shows better correlation with
relative to cucurbitacin E and E-Me ether analogues. Acety- both CHIacn2 and CHpeon, and the lodP correlates better
lation of C-16 hydroxyl diminishes toxicity in accordance with logICso. As mentioned in Sectiog, different mathe-
with published dat47,50]. Equations orfFig. 3 present the matical approaches were used to calculate Hag ClogP.
improved QSAR wherl7 was not considered. Glycosides In addition, the lod® values were reported to be more accu-
1 and 2 showed much lower toxicityTable 3 than their rate tharClog P [41]. While logP correlates better than CHI
aglycon counterparts, cucurbitacins | and E. It should be as-with log ICsg, estimated lipophilicity is usually not as reli-
sociated with the glucose molecule, which increases greatlyable as measured values. More research is necessary to vali-
both the polarity and the volume of the structure. Contrary date the lod® values calculated with the ALOGPS program.
to the in vivo data mentioned above, we noticed an increaseThe scale of hydrophobicity defined as G\, CHlyeoH,

in cytotoxicity for the alkylated derivatives on HepG2 cells. logP or ClogP (Table 3 indicates that CHicny has the
Additionally, cytotoxicity increased proportionally with largest range, and therefore it should provide a highly sen-

3 5 y =-0.0308x + 3.53 3 y = -0.0955x + 7.7677
r=0.901 r=0.918
. *
S 2 S 2
= =
Q (=)
0 0
3 Q
31 & 11
0 T T T | 0 T T T T 1
25 45 65 85 105 55 60 65 70 75 80
(a) CHI ACN (b) CHI MeOH

Fig. 3. Relationship between cucurbitacins toxicity on HepG2 cells and CHI measured in acetonitrile (a) or in methanol (b).
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