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Abstract A novel flavone-C-glycosuie. aclculatm (l), has been isolated fkom the metbylene chlonde extract of 
Chrysopogon acrc&nS (Poaceae) collected m the Phhppines. The 8tlUCtllE of 1 was dctcmmncd by analysis of 
spectral data Aclculatm exhibits cytotomclty towards KB cells that IS mduced by an order of magnitude in the 
presence of exogenous DNA m&catmg that 1 bmds to DNA 
- 50 j.tM for bmdmg of 1 to calf thymus DNA 

DNA bmdmg assays mticated an apparent Kd of 15 

Compounds bind to DNA by one or more of several recognrzed mechamsms l-4 Frequently, the 

consequence of dus hndmg 1s an alteraoon m DNA structure, which m turn represents the basis for the blologcal 

actlvrty of a number of antumcroblal and antmeoplastlc agents 5-g Regardless of the eventual blochem& 

consequences of DNA bmdmg. one aspect of the mterachon common to such agents is the mmal step of bmdmg 

We have undertaken a program to ldentiy novel DNA bmdmg molecules from natural somces with the goal of 

Qscovenng novel classes of compounds with potential antmunor acnvlty Natural products have been a tradmonal 

source of DNA mteracnve agents,l@lh and man y natural products with m vitro antmmor actnnty have been 

&scover&l7-20 Moreover, a number of antmeoplastlc drugs denved from natural products have been 

successful chmcally, mcludmg bleomycms, vmca alkalouis, actmomycm, etc 21 To dscover novel DNA- 

mteracnve compounds, we exammed a collection of plant extracts to identify those ~ntb cytotoxlc achvlty agamst 

the transformed human cell hne, KB, that could be mhlblted by e/aluaa.ng the test substance III the presence of 

excess exogenous DNA The rationale for tlus protocol was that chenucals which bound to DNA would be 

prevented from entenng the cells and exertmg their cytopathlc effect The assay was vahdated usmg a wide 

variety of structurally &ssirmlar agents 22 

The crude CH2C12 extract of the roots and rhizomes of Chrysopogon acxulutu exhibited cytotoxlaty 

towards KB cells that was reduced on the addmon of exogenous calf thymus DNA (50% reduction at 25 p&L) 

Using this achvlty to guide nolanon, the crude extract of C ucmdatts was chromatographed on sihca gel to give 

an active fraction that was was further punfied by crystalhzanon to give aclculatm (1) as yellow plates, mp 257- 

260° C The molecular formula of 1 was estabhshed by high resolution FABMS as C22H2208 which unphes the 

presence of 12 double bond equivalents H/D exchange by FABMS m&cated the presence of four exchangeable 
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Table 1 ‘H (360 MHz) and % (90 MHz) NMR Data fcx Acxulatm (1) III 1 1 C!DCl3/eD3OD 

Atom # 6H (multiplicity, integration, J) 6C (multiplicity) 

z 164 9 6 58 
(s. 

1 
Hj 

(s) 

4 E ; ::; 
4a 
5 

76 
8 

2ax” 
2eq” 
3” 

4:: 

-&e 

643(s,lH) 

7.96 (d, 2 H,-J = 8.7 Hz) 
696(d,2H,J=87Hz) 

6 96 (d, 2 H,-J = 8 7 Hz) 
796(d,2H,J=87Hz) 
;64d&l;jJ=120,18Hz) 

186 (m: 1 H) 
4 16 (m, 1 H) 
349(dd,lH,J=96,29Hz) 
3.95 (dd, 1 H, J = 9 6, 6.1 Hz) 
1 39 (d, 3 H, J = 6 1 Hz) 
3 93 (s, 3 H) 

104 7 (sj 
161 2 (s) 
94 7 (d) 

162 5 (s) 
106 9 (s) 
155.2 (s) 
121 9 (s) 

::58 4 g 
160.9 (s) 

:::-3 g; 

% g) 
35 8 (t) 
67 2 (d) 
73 0 (d) 

7% gj 
55 3 (q) 
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protons The IR of 1 had absorpnons at 3300 - 2800 and 1654 cm-1 correspondmg to hydmxyl and hydmgen 

bonded unsaturated carbonyl groups. The UV spechum of 1 exhlbtted bands at 222,270 and 328 nm, the latter 

gave a bathochronnc shrft of 60 nm on the addmon of base. Thus mformaaon along urlth a cursory exammatron of 

the NMR data (Table 1) md~ated that 1 was a flavone glycosuie. 

The 360 MHz 1H NMR spectrum of 1 revealed a high field methyl doublet, a methoxyl group, two high 

field aromanc smglets, an AX pan of axomanc doublets (4H) charactensac of a para&ubsntuted aromamz 

ring, and SIX well-resolved signals of the sugar pomon of 1 m the low-field ahphanc regon. The carbon NMR 

spectrum of 1 was obtained and fully assigned with ad of lH-% con&bon and COLOC spectra The cherrucal 

shift values of the carbons associated Hrlth the para&subshtute&aromanc residue and those of the associated 

protons lead to the conclusion that the para-subsmuents were an electron-releasmg group (e g OH or OMe) and 

an electron-wthdrawmg group ~th some shleldmg atusotmpy (e g carbonyl) 

The idenmy of the sugar moelty was established from analysis of the lH-lH COSY NMR spectrum. The 

anomenc proton signal at 65 64 ppm was coupled to the methylene protons at 2 60 and 186 ppm wtth couphng 

constants of 12.0 and 18 Hz respecavely Th= suggested that the sugar was a 2-de~xy sugar and that the 

anomenc proton was axlaIly &sposed The chenucal shtft of the anomenc methme carbon (8 65 3) m&cated that 

the sugar was attached to the aglycone as a C-glyconde Each of the methylene proton signals was coupled to H- 

3” with small couplmg constants (2 9 and 2 0 Hz) H-3” showed no couphngs larger than 2 9 Hz, and therefore 

was required to be equatonal H-3” was coupled to H-4” (3 49 ppm. J = 2 9 Hz) which was in turn coupled to 

H-5” (54.5 = 9 6 Hz), the large couplmg constant reqmred H-4” and H-5” to be trans-&axlal to each other H- 

5” 1s coupled to the methyl doublet tmplymg that the sugar was a 2.6-dnieoxy sugar The sugar has thus been 

ulenafkd as dlgltoxose, wbch 1s hnked to the flavone aglycone through a PC-glycos&c bond 

Difference NOE expernnents allowed final deternunanon of the complete structum of aclculann (1) One 

nnme&ate conclusion was that the methoxyl group was not the electron-releasmg group on the panuhsubsntuted 

aromahc nng It relaxed the aromatic smglet at 6 6 43 ppm and the anomenc H-l” proton The methoxyl must 

therefore have been central m space to a cluster of these three resonances Smce the IR carbonyl smtch of 1654 

cm-l m&cated a hydroxyl group at C-5, the methoxyl must be at C-7 and the d@oxose moelty must have been 

attached at either C-8 or C-6 A weak NOE between the sugar methyl group and H-2’,6’ places the sugar residue 

at C-8 Fmally the aromatic smglet at &i 58 ppm also relaxed H-2’,6’and could therefore be asslgned as H-3 

In order to confirm the structure of 1, the sample was permethylated and analysed usmg electron ioxuzanon 

MS The spectrum mn&cated the uptake of four methyls with a molecular Ion at & 470 Typical flavanold 

glycoslde Ions23 were observed at J& 132, 135,338 and 339 Rgure 1 suggests structures to account for these 

ions The mass spectra of 0-glycosldes of flavones always exhibit an abundant fragment correspondmg to the 

oxonmm ion of the carbohydrate moiety Ions correspondmg to hexosyl. deoxyhexosyl. or dkoxyhexosyl 

species were absent, confirmmg that the compound was a C-glycoslde. Fmal confiiahon of the structure of 

aclculatln (1) was achieved m a smgle crystal x-ray lffractlon study to be presented elsewhere 24 
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Figure 1 ElMS fragmentanon pattern of permethylated aclculatm 

The dependence of cytotoxlclty on the concentrahon of 1 IS shown m Figure 2 After a 48 hour exposure, 

the EC50 m the absence of exogenous DNA was 7 6 &/nL In the presence of DNA, thus was mcreased Xl-fold 

to 72 0 p&nL l&s decxease m cytotoxlclty was due to the compound being bound to DNA and effecnvely 

removed from solution, thereby preventmg it from entenng the cells to exert its cytopathlc effect From these 

data, an apparent &ssoclatlon constant was calculated to be 50 pM Analylsls of bmdmg of 1 to punfied calf 

thymus DNA by equlllbnum dialysis confirmed this value, yielding an apparent Kd of 15 pM (data not shown) 

The ablhty of 1 to mteract with DNA snmulated our interest m its ability to prevent tumor cell growth 

Furthermore, a related compound, flavone I-acetic acid (NSC 347512) IS of particular interest as an anhneoplashc 

agent because It has demonstrated selecovlty for sohd tumors rather than leukemias and lymphomas 25-26 The 

anntumor actlvlty of flavone I-acenc acid also has been ascribed to Its ablhty to cleave DNA 27 The cellular 

pharmacology of 1 will be reported 111 a subsequent manuscnpt 28 
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Figure 2 Cytotoxlclty of actculatm (1) and reversal by exogenous DNA. o, drug tested in the absence of DNA, 

l , drug tested m the presence of exogenous DNA 

EXPERIMENTAL 

General Methodq Meltmg pomts were obtamed on a Kofler hot stage nucroscope apparatus and ate uncorrected 

Optical rotations were performed m MeOH rclanve to the D hne of s&urn usmg a Jasco DIP-360 d@al 

polanmeter equpped wtth a constant temperature bath held at 20 “C Infrared spectta were reco&d on a Nlcolet 

Model 20 DXB FlTR Spectrometer Ultrawolet spectra were recorded on a Beckman DU-7 spectmphotometer 

IH and 13C-NMR spectra were obtained usmg a Bruker WM360 operanng at 360 13 MHz (IH) and 90 56 MHz 

(‘SC) and mnntamed at ambient temperature (29 “C) using a 1 1 mutture of CDClfleOD NMR expenments 

Included tH COSY and 1H/t3C correlation 2D NMR measurements, pmton decouplmgs. tiference NOE, 

COLOC and t3C e&ted spectra All chenucal shifts are reported with respect to TMS (6 0) Fast atom 

bombardment (FAB) mass spectra were obtamed on a VG ZAB-I-IF mass spectrometer, the sample (ca 10 Fg) 

was dispersed on a stamless steel probe tip m a mamx of a-monothloglyceml or Dj-a-monothioglyceml!MeOD 

FAB accurate mass measurements were made by peak matchmg at an mstrument resoluhon of 10.000 (M/m) 

using polyethylene glycerol as the reference Electron lomzatlon (El) mass spectra were obtamed on a Fuuugan 

MAT 4610 mass spectrometer using ca 1 pg of sample All solvents used were either HPLC or 

spectrophotomemc grade 
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Q c ac1culufus (Poaceae) was collected ln Phlhppmes ln 

September, 1981, a voucher specunen B861%2 1s preserved m the Nauonal Herbarmm, Washmgton. DC Dry 
pulverized roots and rhizomes from C ac~cuZurus (250 g) wen exhausttvely extracted w&~ 10% IPA m CH2C12 to 

gve 5 6 g of crude extract which was chromatographed on sdlca gel 60 (EM Reagents, 230-400 mesh) usmg an 

mcreasmg gra&ent of EtGAc m EtzG Elutmg fracuons were analyzed for DNA bmdmg The acave fractton, 

which was eluted unth 50% EtGAc, was crystahzed hKlce from CH$$/MeOH to gwe 1 as yellow plates 

(660 mg. 0 26% dry wt) 

Aclculahn (1) mp 257 - 260 “C (1 1 CH2ClzFleoH), [czl~ +50 8 (c = OS, MeOH), IR (KBr) 3300-2800, 

1654, 1604, 1563, 1497.1447, 1392, 1369, 1336, 1283, 1298, 1207,1179. 1123. 1110, 1084. 1073. 1020, 

1007,908,838,736,577 cm-l, UV (MeOH) 222 nm (e 17.800), 270 nm (E 15,000). 328 MI (E 15.200). UV 

MeOH + NaOH) 225 nm (E 18,000), 270 nm (& 15.000). 388 MI (E 20,900). tH and l3C NMR - Table 1, high 

resolution FABMS, observed m/z = 415 1393, C&H2208 (M + H)+ reqmres m/z = 415 1393 (A = 0 0 mDa) 

Methvlatlon of Aclcul~ (1) A sample of l(250 pg) was tisoived m DMSO and reacted with a soluuon of 

sodmm t-butoxlde m DMSO for 5 mm. Methyl l&de was added and reacted for 2 mm The sample was dned 

under N2 and pamuoned fist between CHCl3 and 1 N aceuc acid and then between CHC13 and Hfi The 

organic layer was evaporated and the permethylated sample analyzed by GC and EIMS (See Figure 1) 

DNA Blm. KB cells were routmely grown m antibiohc-free muumal essential me&urn (GlBCG 

Laboratones, Grand Island, NY) contammg 20 mM HEPES and 10% fetal bovme serum (Flow Laboratones. 

McLean, VA) For cytotoxtclty assays, cells were added to 96well mtcmhter plates at 5 x 104 cells/well and 

allowed to attach overmght. Test substances (crude extract, lsolauon fractions, or pure compound) were 

&ssolved at 10 mg/mL in DMSO and mtxed ~nth an equal volume of water or 10 mg/mL calf thymus DNA 

(Sigma Chenucal Co, St Lams. MO) &ssolved m water. This rmxtum was mcubated at rt for 18 - 20 hr before 

addmg to cells DNA premed with DMSO only was mcluded as a control and cell cultures were tested wnh a 

final DMSO concentration of 1% Culhlres were incubated m whole medmm at 37 OC for 48 hr. the me&urn was 

removed, and the remammg cells were stamed with 0 5% crystal violet III 70% methanol The amount of stam 

(propotional to the number of live cells remauung) was quantdied by absorbance usmg a Dynatech MR 600 

rmcroplate reader and expressed as a percentage of controls which were not exposed to the drug 

Bmdmg of puntied aclculatm was also measured by eqmhbnum dlalysls Calf thymus DNA was 

xepunfied by repeated phenol/chloroform extractions and ethanol preclpltauon It was &ssolved m 1X SSC 

(0 15 M NaCl, 0 015 M sodmm citrate, pH 7.4) at 3 mM, and &alyzed agamst the same buffer usmg a 12,000 

d&on cut-off membrane The same molecular weight cut-off was employed m eqmhbnum tiysls chambers, 

and eqluhbnum was estabhshed w&m 24 hr at rt The UV-vlslble spectrum of the solution m each &alysls 

chamber was obtamed m a Perkm-Elmer Lamda 4C spectrophotometer, and the amount of flavone bound to DNA 

was computed by subtractmg the DNA background 
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