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Summary hydroquinone2 was oxidized to the benzoquinoBewith
ferric chloride in dimethylformamidé3]. The reaction be-

A number of 2,5-disubstituted-1,4-benzoquinone derivatives wertveen the quinone and the amié 20-22 results in the

prepared and characterized by elemental analysis, infrared (IRprmation of the 2,5-disubstituted quinonts-g(Table 1).

nuclear magnetic resonancé{NMR), and mass spectra (MS). The structure of each compound was confirmed by elemental
These compounds and their synthetic precursors were evaluatgﬁawsis and spectroscopic techniques.

for theirin vitro antimicrobial and cytotoxic activity. The most

potent antimicrobial compound was the thiadiazolyl derivatlye

which was 2- to 4 times more active than the antimicrobial drugable 1.2-Arylamino-5-(3-benzoylamino-2,4,5-thiadiazolyl)-1,4-benzo-
sulfathiazole. All the tested compounds were active in the Bringuinones4a-).

Shrimp Lethality (BS) Test. Compoure which was the most

active in the BS test was also found to possess a significahp Aryl % yield Recryst. Molecular
cytotoxicity against two tumor cell lines. Some of the compounds solvenf  formul
were found to be mutagenic at relatively high concentration.
4a 4-benzylpiperazinyl- 90.3 DM/Et  £H5{N5O3S
4b 4-[(N-(2-thiazo|y|- 85.0 DM/Et Co4H16Ng05S3
aminosulfonyl)phenyl]-
. amino
IntrOdUCtlon 4c CGHS' 86.8 DM 021H13N3038
The continuous development of bacterial resistance to the p-CHs-CgHy- 87.0 DM/Et  GoH3sN303S
existing drugs has urged scientists to continue their search4er p-OH-CgH,- 78.6 THF/DM  GyH13N30,S
new antibacterial druddl. 1,3,4-Thiadiazoles, substituted at4f p-Br-CeHy- 80.9  DM/Et  GyHiN3OsS
positions 2 and 5, and their open chain thiosemicarbaziée P-NO,-CgHy. 64.2 DM/Et  GyH12N4OsS

analogues are an interesting group of compounds known for
their wide range of biological activities including antimicro-"DM: dichloromethane; THF: tetrahydrofuran; Et: ethanol.
bial activities*~6l. Quinones and hydroquinones are alsBAnalyzed elements C, H, N.

found incorporated into a large number of drug classes ) ) ] )
including anticancel’! and antimicrobial®! agents. The brine shrimp bioassay was used to detect the cytotoxic

When allowed to react with a 1,4-benzoquinone, the siiffect of pharmacologically active compouiti. The test
fonamides and other bacteriostatic agents containing ¥&S used in this study as a screening test for cytotoxic
amino group will give compounds considered to be vinylgctivities. Compounds with a median Iethal_ concentration
gous amidé}él, which may undergo simple hydrolytic cleav-(!—C?ggs of more than 100Qig/ml were considered inac-
age inside the microorganisi?!; bacteriostatic action can tive 1 All the tested compounds were found active in the
be achieved by the release of the amine, or they may h&®@ test. The most active compounds wW&réa, 4d, 4eand
intrinsic antimicrobial activity. 4f with LCsg of 7, 14, 0.019, 4.6 102 and 3.7ug/mi

In continuation of our wotk!l, a combination of 2-ben- respectively (Table 2). These compounds were evaluated
zoylamino-1,3,4-thiadiazole and an aminoquinonyl derivdurther using three tumor cell lines at the Purdue Cancer
tives at position B213] would be expected to result in Center, and only compoure, was found to possess signifi-
biologically active agents. cant cytotoxicity against two cell lines which was also the
most active in the BS test (Table 2). The activity is considered
significant when the median effective dose ggDis
10pug/ml or les&3l. The ERgs for compound4e were

The target compounds were synthesized by the reactid®.48ug/ml (A-549, Human Lung Cancer); 7.8§&/ml
sequence shown in Scheme 1. Condensation of 2,5-dilff4CF-7, Human Breast Cancer); and 48)ml (HT-29,
droxybenzoic acid hydrazide with benzoylisothiocyanateluman Colon Cancer).
yielded N-(2,5-dihydroxybenzoyl)-Rtbenzoylthiosemi-  The antimicrobial testing showed that compoufgdéb,
carbazidel. The thiosemicarbazide was cyclodehydratednd4ghave activities at a minimum inhibitory concentration
with concentrated sulfuric acid® in absolute ethanol to (MIC) values of 25Qug/ml or less (Table 3). Compoudd
yield the corresponding 1,3,4-thiadiazdlf he 2-substituted has a weak antifungal activity with an MIC value of@iml,

Results and Discussion
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Table 2.Brine shrimp bioassay and cytotoxicity test results. Table 3: Antimicrobial test results.
No. Brine shrimp Cytotoxicity EB, (ug/ml) Microorganisn
LCsqin pg/ml No. E. coli P. aeru- B. sub- S. au- C. albi-
(95% Confidence A-589 MCF-7 HT-29° ginosa tilis reus cans
Interval)
1 250 250 2 8 250
1 26 (18-41) - - - 4b 62 31 62 62 31
2 315 (14-99) - - - 4g 250 250 2 250 250
3 7 (4-11) 38.8 >100 3476 N2 8 250 62 62 31
4a 14 (4.6-53) 65.38 >100 38.20 T<E 125 125 250 250 125
4b 189 (44-894) - - -
4c 20.8 (5-242) - - - o —
4d 0.019 (0.002-0.8) 3631 7622  13.60 b)LhAe aCtI!‘C”'_tY '”“93 ml.
2 : nalidixic acid.
de 4.0<10” (0.01-0.578) 16.48 789 480 orql \L(2-thiazolyl)sulfanilamide
af 3.7 (2.2-6.3) 95.94 >100 >100 ’ '
49 46.6 (13-1388) - - — . . . . L .
aeruginosaand 8 times less active agaiistherichia coli
AM¢ - 4.36¢107° 438107 2.45¢107 ginosa 9

Compoundl was found to have good activity agaiSsiphy-
lococcus aureuwrith an MIC value of §ig/ml. Compared to
the antimicrobial drug sulfathiazole, compoudidvas found

3 A-549 = Human lung carcinoma.
5 MCF-7 = Human breast carcinoma.

Z))HT_ZQ = Human colon adenocarcinoma. to be 2 to 4 times more active against all the tested microor-
AM = Adriamycin. ganisms.
g The results of the antimicrobial activity studies indicates
¢ that incorporation of the sulfa drug into the 2-substituted-1,4-
—&NHNH, benzoquinones might improve their antimicrobial activities,
& and further structural activity studies on these compounds
CeHsCONCS might prove to be useful.
o s o Compoundsl, 4b, and4g which showed promissing anti-
—8—NH.NH..8--NH—E—® microbial activities were evaluated further for their carcino-
o &so genip effect by evaluating their mutagenic action, since most
l 2o carcinogens were also found to be mutag€flcThe results
OH  N—N o are presented in Table 4. The tested compounds were found
@—( )—NH—E to be mutagenic using the Ames test; however, the mutagenic
o s 2 activity of compoundd and4g were at maximum value at
FeCly relatively high concentrations. They showed base pair substi-

0 nIn o tution mutagenicity but no frameshift mutagenic activity,
Q-{ )—w-&-@ since the strains TA 100 and TA 1530, the only strains that
3 3 gave positive results with the tested compounds, are known
s @_NH - to detect base pair substitution mutagens Bf y

O N—N o
@@4 Nt
o]

Table 4: Mutagenic activity of some compounds.

Compound Strain Concentration No. of reverants
4b-q No. ug/plate® per plat8
N
G= H(g). CHs(d). OH(e), Brid), NOz(ﬂ)OzSNH‘Q} © 1 TA 1530 10 90
4b TA 1530 1 360
49 TA100 26 600

¥The concentration at which the highest mutagenic activity was obtained.

o An average of two experiments after substracting the spontaneous rever-
tants.

O N—N o
-2
0 4a :

Scheme 1
From these results we suggest that further investigation
compared with the antifungal drug miconazole nitrate whic#sing different systems must be made prior to any decision
was used as a reference subst#ftwith an MIC value of regarding their use in humans.
0.49ug/ml. Compoundtb showed good activity against both
Gram negative and Gram positive microorganisms, coMcknowledgment
pared with the bactericidal drug nalidixic ald; they have _ . o
comparable activities against the Gram positive microorgan—The authors wish to thank the Deanship of Scientific research at JUST and

. . - . the Deanship of the Faculty of Pharmacy of Amman University, for providing
isms Bacillus subtilisand Staphylococcus aureusith the necessary facilities. Special thanks to Professor J. L. Mclaughlin, School of

same MIC value _Of 6@g/ml. qupounenb was found to be  pharmacy, Purdue University, West Lafayette, Indiana, USA, for the anti-
8 times more active than nalidixic acid agaPstudomonas cancer testing.
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Experimental 2-(4-Phenylpiperazin-1-yl)-5-(3-benzoylamino-2,4,5-thiadiazolyl)-
1,4-benzoquinonel)

To a mixture of3 (0.31 g, 1 mmol) and 4-phenyl piperazine (0.08 g,
0.5 mmol), ethanol (15 ml) followed by 5 drops of glacial acetic acid were
added. The mixture was heated under reflux for 0.5 h. The reaction mixture
was filtered while hot, and the precipitate was washed with 5 ml of boiling
ethanol. The brown solid product was dried, and recrystallized from dichlo-

Melting points were determined on Gallenkamp melting point apparati@methane:ethanol mixture. mp, decomposes before melting;. IR)(cm
and are uncorrected. Thin layer chromatography (TLC) was performed 8420 (NH), 1670 (C=0).2H-NMR ([Dg] DMSO) & 2.96-3.96 (m, 8 H,
silica gel plates with fluorescent indicator F-254 (Sigma Chemical Co.). TRRCH2 CHN), 6.84-8.12 (m, 12 H Ar-H and quinone protons), 9.32
infrared (IR) spectra were determined on a Shimadzu spectrophotome@iH,NH); MSm/z(%) 471 (M"13), 366 (14,M-benzoyl), 352 (19,M-Cs
IR-435 using the KBr disc technigue. The proton nuclear magnetic resonafte CONH), 312 (41,M—phenylpiperazinyl),291 (10,M{phenylpiperaz-
(*H-NMR) spectra were recorded on a Bruker WP pulse spectrometer, dnl+ benzamide]), 105 (100, benzoyl cation), 77 (45, phenyl cation).
the chemical shifts are reported dnunits downfield from the internal
reference tetramethylsilane. The mass spectra (MS) were measured @34-(N-2-(Thiazolylaminosulfonyl)phenyl)amino]-5-(3-benzoylamino-
7070-E VG analytical mass spectrometer. The elemental analysis werd,5-thiadiazolyl-1,4-benzoquinonbj
provided by the Microanalytical unit (Alexandria University, Egypt). The
analyzed elements were C, H, N.

Chemistry

Material and Methods

Obtained from3 (0.31 g, 1 mmol) and NZ—(thiazonI) sulfanilamide.
(0.11 g, 0.5 mmol), as iha. mp, decomposes before melting.— TLC with
dichloromethane:methanol (9.2:0.8, v/vire=0.38.— IR (crﬁl) 3400, 3120
Synthesis (NH); 1665,1640 (C=0); 1320, 1135,1090 (S&Y-NMR ([De] DMSO)
) ) ) ) 06.78-8.25 (m,13 H, Ar H and quinone protons), 12.45 (s, 1H, NH), 12.82
2,5-Dihydroxybenzoic acid hydrazide was prepared from methyl 2,5-dis 14 NH).
hydroxybenzoate following the procedure reported in the litefittire

Phenylamino-5-(3-benzoylamino-2,4,5-thiadiazolyl)-1,4-benzoquirahe (
1 . . . .
N'-(2,5-dihydroxybenzoyl)-Nbenzoyithiosemicarbazide)( Obtained from3 (0.31 g, 1 mmol) and aniline (0.047 g, 0.5 mmol), as

A mixture of 2,5-dihydroxybenzoic acid hydrazide (12.60 g, 75 mmol) iffescribed foda.mp, decomposes before melting.— ]’LC with n-hexane:ethyl
ethanol (75 ml) was heated under reflux for 0.5 h. The reaction mixture W’é%etate:methanol (3.0:1.8:0.2, vV 0.42.~ IR (cnm) 3240, 3120 (NH),
allowed to cool to room temperature, the precipitate formed was filtered, ah@6>: 1630 (C=OYH-NMR (ID¢] DMSO)3, 6.82-8.16 (m, 12 H, Ar-H and
the product was washed with ethanol. The crude product was recrystalliZ&gnone), 9.25 (s,1H,NH), 12.25 (s,1H,NH); M&/z(%) 402 (M,21),400
from ethanol-chloroform mixture to give white pure crystals. Yield: 22.4%100'M+_2"'_)' 372 (36, M‘[ZHJ'CO_])’ 282 (11,M-[CsH5CONH]), 105 (8,
(90%).— Mp 229-231 °C.— TLC with methylene chloride: methanoP€nzoy! cation), 77 (18,phenyl cation).

(9.0:1.0,v/v).—R¢ = 0.62.— IR (crii) 3500 (OH),3280,3160 (NH), 1660,

1645, 1635 (C:O).iH-NMR [De]DMSO (deuterated dimethyl sulfoxide), 2-(4-Methylphenylamino)-5-(3-benzoylamino-2,4-5-thiadiazolyl)-

5 6.86-8.05(m, 8 H, Ar-H), 7.37 (s,1 H, NH), 8.60 (s,1H,§19.16 (s,1 H, 1,4-benzoquinonetf)

NH), 1.1‘70 (5,1 H,0H), 11.85 (s,1H,0H). The NH and OH hydrogens are optained frons (0.31 g, 1 mmol) and methylaniline (0.054 g, 0.5 mmol),

deuterium exchangable.— M®/z(%) 331 (M,46), 313 (13,M-H,0), 168 c.cpn m L S . i
g . / . mp, decomposes before melting.— TLC with n-hexane:ethyl ace

(44, M'—dihydroxycarbonyl), 137 (73[2,5-dihydroxycarbony! cation]), 10540 methanol (3.0:1.8:0.2, VIVIV)R: = 0.39.~ IR (Crﬁl) 3280, 3120 (NH),

(100, benzoyl cation), 77 (67. phenyl cation).Anakst€isN304S0.5H0). 1665 and 1630 (C=dH-NMR (IDs] DMS0)53.56 (s, 3H, CH), 6.85-8.17
(m, 11 H, ArH and quinone), 9.05 (s, 1H, NH), 12.65 (s, 1H, NH); M2,
2-Benzoylamino-5-(2,5-dihydroxyphenyl)-1,3,4-thiadiaz2)e ( (‘)ﬁ)) 4}6 (M, )14), 388 (11, M-CO), 105 (100, benzoyl cation),77 (33,
phenyl cation).
To a stirred solution of (9.00 g, 27 mmol) in absolute ethanol (200 ml),
sulfur_ic ac?d (24 ml) was carefully added over a period of 15 min. Th_?—(4—HydroxyphenyIamino)—5—(3—benzoylamino—2,4,5—thiadiazolyl)—
reaction mixture was left at room temperature for 20 h and then poured Wit,hl-benzoquinonetl(a)
stirring to an equal volume of ice-cold water. The precipitate formed was
filtered, washed with water, and recrystallized from methanol: dichlo- Obtained fron8 (0.31 g, 1 mmol) and 4-aminophenol (0.055 g, 0.5 mmol),
romethane mixture to give a white product. Yield: 2.52 g (89%).— Mgf. 4a mp, decomposes before melting.— TLC with dichloromethane:metha-
285-287 °C (dec.).— TLC with methylene chloride: methanol (9.2:0.8, v/v)ol (9.4:0.6, v/v).-Rr =0.36.— IR (crh)3390 (OH), 3180 (NH), 1665-1620
R = 0.56.— IR (cr)3330 (OH), 3120 (NH), 1665, 1650, 1625 (C = 0).—~(C =0, C = N).-*H-NMR ([D¢] DMSO) 3 6.67-8.09 (m, 11 H, Ar-H and
'H-NMR ([D¢] DMS0) & 6.82—8.19 (m, 8 H, Ar-H), 9.07 (s, 1H, NH), 10.37 quinone protons) 9.53 (s, 1H, NH), 12.56 (s, 1H, NH) 12.89 (s, 1H, NH); MS,
(s, 1H, OH), 12.92 (s,1H, OH); M8Y/z(%) 313 (M',17), 105 (100,benzoyl M/z(%). 418 (M, 4), 105 (100, benzoyl cation), 77 (34, phenyl cation).
cation), 77 (47,phenyl cation). Anal. {E111N303S).
2-(4-Bromophenylamino)-5-(3-benzoylamino-2,4,5-thiadiazolyl)-
1,4-benzoquinonetf)

) ) o ) Obtained fron8 (0.31 g, Immol) and 4-bromoaniline (0.086 g, 0.5 mmol),
To astirred solution ¢#(3.13 g, 0.01 mol) in dimethylformamide (10 ml), ¢f. 42 mp, decomposes before melting.— TLC with n-hexane:ethyl ace-
a 10% solution of ferric chloride (25 ml) was added, portionwise. Stirringgte:methanol (3.0:1.8:0.2, v/v/v)R:= 0.40.— IR (critt) 3390 (NH); 1660—
was continued for 15 min, and the reaction mixture was diluted with watggog (c=0 C:N).—lH-NMR (IDs] DMS0)3 6.73-8.21 (m, 11 H, Ar-H and
(50 ml), a yellowish-orange precipitate was formed. The precipitate W&Riinone protons) 9.15 (s, 1H, NH), 12.85 (s, 1H,NH); Mz (%) 481

filtered, vyashed with water until it is free from Fhe ferric.ion| dried, angM*+2, 59), 479 (46, M), 400 (15,M —Br), 105 (100, benzoyl cation), 77
recrystallized from methanol: dichloromethane mixture to give a yellow soliggg phenyl cation).

product. Yield: 1.92 g (95%).— Mp decomposes before meltinq.— TLC wit
methylene chloride:methanol (9.4:0.6, v/iVR+= 0.52.— IR (crm) 3160
(NH), 1665, 1650 (C=0), 1610 (C = N)l.H-NMR, ([Dg]DMS0) 66.85-8.10
(m, 8 H, Ar-H and benzoquinone protons), 9.50 (s, 1H, NH); iMZ2(%)
311 (M', 100), 282 (3,M—CHO), 196 (3,M-benzoyl), 149 (6[1,4-benzo-  Obtained fronB (0.31g, 1 mmol) and 4-nitroaniline (0.069 g, 0.5 mmol)
quinonyl-CH=N=NH cation]), 105 (30, benzoyl cation), 77 (10, phenytf. 4a. mp, decomposes before melting.— TLC with n-hexane:ethyl ace-
cation). Anal. (@sHoN303S). tate:methanol (3.0:1.8:0.2, viviv)Rr= 0.33.— IR (cml) 3395 (NH); 1665,

2-(3-Benzoylamino-2,4,5-thiadiazolyl)-1,4-benzoquin@)e (

2-(4-Nitrophenylamino)-5-(3-benzoylamino-2,4,5-thiadiazolyl)-
1,4-benzoquinonet()
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1650 (C = O).-*H-NMR ([D¢] DMSO) & 6.95-8.11 (m,11 H, Ar-H and  The plate incorporation test was followi&d. The top agar was distributed

quinone protons), 12.25 (s, 1H, NH), 12.91 (s, 1H,NH); M, (%) 447 into capped culture tubes which were held at 45 °C in a water bath. To each

(M*, 9), 419 (46,M—-CO), 105 (100,benzoy! cation), 77 (85, phenyl cation)tube, 0.1 ml of a fresh overnight culture of the tester strain was added,
followed by the addition of 0.1 ml of the test compound. Positive and
negative controls were used in each assay. The test components were mixed

Brine Shrimp Bioassay (BS Test) by vortexing the tube for about 3 s at low speed and directly poured onto a

minimal glucose agar plates. After 45 min the plates were inverted and placed

in a dark 37 °C incubutor. The revertant colonies on the treated as well as on

e control plates were counted.

This bioassay was performed as described by l\/my_d['ls]. The samples
were prepared by dissolving 10 mg of the compound in a 1:1 ethanol-
methyl sulfoxide mixture (2 ml). Brine shrimp eggs (Living World, Meta-
frame Inc., EImwood Park, NJ. USA) were hatched in artificial sea water
prepared from a commercial salt mixture (Instant Oceans, Aquarium SysteReferences
Inc., Mentor, OH, USA). Appropriate amounts from the compounds solution
were transferred to vials and dried. A disposable pipette was used to trant¢r R. Finch,Medicine1996 1, 27-30.
ten shrimps to each sample v_ial, and artifi(_:ial sea water was a_dded to mfnije T. J. Kress, S. M. Costantind, Heter. Chem198Q 17, 607—608.
the volume up to 5 ml. The vials were maintained under illumination. The
nauplii were counted visually after 24 h. The Probit Analysis Method dé3] A M. Osman, K. M. Hassan, H. S. El-Kashef, M. A. El-Maghraby, M.

scribed by Finne§® was used to determine the 4dG and 95% confidence A. Hassan). Indian Chem. Sod979 56, 521-524.
intervals. [4] 1. Chaaban, O. O. Ojil. Indian Chem. S04984 61, 523-525.

[5] A. K. Shakya, R. K. Agrawal, P. Mishra, Indian Chem. S0d.99]
Cytotoxicity Tests 68, 147-148.

The cytotoxicity tests were determined in the Purdue Cell Culture Labtfl M. G. Mamolo, L. Vio, E. BanfiFarmaco1996 51, 71-74.
ratory (Purdue Cancer Center, Purdue University, West Lafayette, IN,US@)J F. Techou, A. H. Khan, J. S. Driscol, Med. Chem1976 19,
against three human cell lines: A-549 (Human Lung Carcinoma); MCF-7"  1302-1308.
(Human Breast Carcinoma); HT-29 (Human Colon Adenocarcinoma) fol- .
lowing protocols established by the National Cancer Institute (NCI) of th&] M. S. R. Nair, M. AnchelTetrahedron Lett1972 9, 795-796.

USA. [9] R.C.FusonChem. Rev1935 16, 1-27.
[10] I. M. Roushdi, A. A. Mikhail, I. C. Ahmed, Acta. Pharm. Jugoslav.
Antimicrobial Activity 1976 26, 287-294.
Antimicrobial activities of the compounds were tested against two Grartll M. A. Hassan, M. T. You_ssef, AS Alkofahi, H. D. Tabba, |. M.
positive microorganismsBgcillus subtilis ATCC 6633, Staphylococcus LaboutaActa. Pharmaceutica Turcican press.
aureusATCC 25923) and two Gram-negative microorganisBsefierichia  [12] I. M. Roushdi, A. A. Mikhail, I. ChaabaActa Pharm. Jugoslat976
coli ATCC 25922, an@seudomonas aeruginoBA 0303) by macrodilution 26, 277-285.

method"”in dextrose broth. Nalidixic acid (pharmaceutical grade) was used

as an antibacterial reference substance and was kindly provided by %’zﬂ] I. Chaaban, E. Mohamad, El-Khawass,O. M. Aboulwafa, A. Hazzaa,
Al-Dawa Development and Investment Company, Na'ur, Jorddr2-N Acta. Pharm. Jugosla1989 39, 143-149.

(Thiazolyl)sulfanilamide (sulfathiazole) was purchased from Merck Co[14] M. Suzuki, T. lwasaki, M. Miyoshi, K. Okumura, K. Matsumgt@rg.
(Schuchardt, Germany). Chem.1973 38, 3571-3575.

Antifungal activities of the compounds were tested against yeast-like fungi - .

(Candida albicansIGR 66-hospital isolate, Institute Gustave-Roussy,ﬁS] ?5 ’\é'l'\gier’ N. R. Ferrigni, J. E. Putnam, etBlanta Medical982
France). Miconazole nitrate (pharmaceutical grade was used as an antifungal '
reference substance, and was kindly provided by the Middle East Pharrf8] D. J. FinneyProbit Analysi¢ 3 edn., Cambridge University Press,
ceutical and Chemical Industries and Medical Appliances Company, Am- Cambridge1971

man, Jordan). . I .

Stoc_k solu_tions of the compoun_ds were_prepared in di_methyl sulfoxid@?] iéﬁﬁ:t\fg,sgr_]gﬁén's&t|cﬁj\i|r]§?ﬂl_u2?2uﬁfs(t£§nﬂri?nan'i c|-e|1ll
then diluted in dextrose broth to give an initial concentration of@Bl. Microbiology, 29 adn. PP 410-417. American Society for Microbiol-
Serial 2-fold dilutions in dextrose broth were made until a final concentration ogy, Washin’gton1978, pp. 410-417.
of 0.4 ug/ml is reached. The microorganisms were grown overnight in
dextrose broth at 35 °C and diluted to 1fust before being used. Four [18] D. M. Maron, B. N. AmesMut. Res1983 113 173-215.
control tubes were used: one with dextrose broth only, one with dextrq3e] E. Hoggarth,). Chem. Sod.949 1160-1163.
broth and the test organism, one with the highest drug concentration, and oné
with the lowest drug concentration. Test tubes containing 2 ml dextrose brigi®] M. Z. Barakat, S. K. Shehab, M. M. El-Sadr,Chem. Soc1958
were inoculated with 0.05 ml of the diluted overnight test organisms. All 901-902.
tubes were then incubated at 35 °C for 18 h. The lowest concentratiof2f] T. zinche, D. V. HagerGChem. Ber1883 18, 786—788.

which there was no growth was considered as the minimum inhibitor¥ )
concentration (MIC). [22] F. 1. Carrol, K. H. Dudley, H. W. Miller). Med. Chem1969 12,

187-1809.

[23] M. Suffness, J. Douro€ancer Drug Development, Part lv: Methods
in Cancer Research. V. T. T. Devita, H. Busc (Eds). Vol XVI, Academic

The bacterial strain§almonella typhimuriurstrains TA 1530, TA 100, Press, New York979,pp 73-123.
TA 1537 and TA 97A were kindly supplied by Prof. B. N. Ames (Departmerp4] G. L. Mandell, M. A. SandeAntimicrobial AgentsS. C. Harvey
of Biochemistry, University of California, Berekely, USA). Vogel-Bonner  Antiseptics, Disinfectants, Fungicides, and Ectoparasiticities\. G.
medium E (58), histidine-biotin solution (0.5 M) top agar, minimal glucose Gilman, L. S. Goodman, A.Gilman (Ed3)e Pharmacological Basis
plates, histidine-biotin plates and ampicillin plates were prepared as de- of Therapeuti(;seth ed., Macmillan Publishing Co., Inc New York,
scribed by Maron and AméES], 1980, pp. 982-1121.

Stock solution of samples were prepared by dissolving 10 mg of t

compound in 1 ml dimethylsulfoxide-ethanol mixture (1:1, v/v), and serii?S] J. McCann, B. N. Amegyroc. Natl. Acad. ScL976 73, 950-954.
dilutions ranging from 5 mg/ml-to-0.01 mg/ml were prepared. Received: July 23, 1998 [FP322]

Mutagenicity Test
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