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Summary vealed a marked decrease in antiproliferative activity when

any of the 1,8-dihydroxy substituents was modiffédThus,

to counteract these proinflammatory mediators, we have de-
1,8-Dihydroxy-9(1®)-anthracenones with a If-aminoacyl signed novel agents combining the required 1,8-dihydroxy-
group were synthesized using either a mixed-anhydride couplingnthracenone chromophore and moieties which have a high
method or Boc-protected oxazolidinediones. The novel anaffinity for iron or/and may act as free radical scavengers,
thracenones were evaluated as inhibitors of the biosynthesis §E|Ch as catechol-, pyrogallol- or hydroxamate-terminated
12(S)-hydroxyeicosatetraenoic acid (BMHETE) in epidermal Tside chain&9l.

homogenate of mice and for inhibition of the growth of HaCa . . s
keratinocytes. These cells were also tested for their susceptibil:k\élm.Orde;cr to .broa.de.n the hStrUCtural dlvgrﬁlty V(\j”t?m gur |COI'
for the action of the most potent members of this series on plas ction of antipsoriatic anthracenones with modulated release
membrane integrity, in order to confirm that inhibition of cell of oxygen radicals, we sought alternatives to anthralin which
growth is not a result of membrane damage induced by prooxidank€tain potent inhibitory action against keratinocyte growth
released from anthracenones. Hydroxyl-radical generation a3t do not induce damage to the cell membrane. The work
measure of the prooxidant potential of the compounds was detgresented here describes the synthesis and evaluation of new
mined by deoxyribose degradation. The most potent analogues p0-a-aminoacyl-1,8-dihydroxy-9(18)-anthracenones such

this series were equally potent as anthralin again§)-HETE 3524

biosynthesis and keratinocyte proliferation, while oxygen-radical

generation and the resulting damage to cell membrane was stron%% .

reduced as compared to the antipsoriatic drug. emistry

The conventional introduction of a 10-acyl substituent onto
anthracenones is achieved by reaction of acyl chlorides with
1in the presence of pyridift?). However, this method is not

Introduction efficient for the preparation of the desired d-@minoacyl
] substituted anthracenones, since reactidnnth anN-Cbz-

Anthracenones are important agents for the treatment @stected amino acid chloridéy-benzyloxycarbonyl-L-
psoriasis. While antipsoriatic drugs such as vitamin D angnenylalanoy! chloridé'Yl, gave only a poor yield a2a
logues and retinoids serve only to abate this hyperprolifergscheme 1). Carboxylic acids may also be directly attached
tive skin disorder, drugs such as anthrall) ¢lear the g the 10-position of in the presence of the coupling agent
pathological features of psoriasis totdfyl. However, the gjcyclohexylcarbodiimide (DCG§2l. However, treatment of
therapeutic use of this compound is accompanied by severgiith N-acetyl-L-phenylalanine under these conditions gave
inflammation of the non-affected skin surrounding the ps@m|y trace amounts @b, which was obtained together with
riatic lesion(3]. This is a significant drawback which is seri-nigentified byproducts and proved difficult to purify. A
ous enough to prevent the use of anthralin or reduce patiggmewhat more promising route to this compound appeared
compliancé®]. Accordingly, the development of a topicallyto be via a standard mixed-anhydride coupling methd
effective antipsoriatic anthracenone which should obviate the
undesired proinflammatory effects is highly desirable. The OH O oOH
mechanism for the inflammatory reactions of the skin asso-
ciated with anthralin treatment is not completely understood, OH O OH
but several lines of evidence derived from chemical and @)
biological studies have revealed that it is associated with the O‘O
formation of reactive oxygen species or anthralin radicals and
subsequent lipid peroxidati&®l. Furthermore, structure— 1
activity relationships of simple analogues of anthralin re-

2a R=CO.Bn
Abbreviations: 2b R=Ac

Cbz, benzyloxycarbonyl; DCC, dicyclohexylcarbodiimide; DMSO, di-

methyl sulfoxide; LDH, lactate dehydrogenase;S-HETE, 128)-hy-  Scheme 1.Reagents: (a)N-Cbz-L-Phe chloride, toluene, pyridine (R =
droxyeicosatetraenoic acid; 12-LO, 12-lipoxygenase; MDACOzBn); N-Ac-L-Phe, ethyl chloroformate, NEtO °C; acetone, pyridine
malondialdehyde. (R =Ac).
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OH O OH oL logues2e and 2f, respectively, isolated as their hydrochlo-
“ \( e
0 CHs (@)
N__O
O‘O + # Y OfoHs
R O CHs

Biological Evaluation

Psoriasis is a widespread, inflammatory and scaling skin
disease, which is characterized by increased cell proliferation
of the epidermi§!l. Both features of psoriasis, hyperprolif-
eration and inflammation, are resolved following topical ther-
apy with anthralin. Inhibition of the biosynthesis of
lipoxygenase-derived metabolites may be appropriate to
manage the inflammatory component of the disEakei2-
Hydroxyeicosatetraenoic acid (12-HETE) is the major
lipoxygenase (LO) product found in the skifi and has been
2e R=Bn demonstrated to be present in high levels in psoriatic epider-
2f R=Me mis!27]. Furthermore, the characterization of LO activity in

human epidermis indicates that germinal layer keratinocytes
Scheme 2Reagents: (a) N&tacetone, M (b) ethyl acetate, 36% HCI2N — contain a highly active 12-LO which is selectively expressed
at a higher level during psoriatic inflammatidf. 12-HETE
Thus, a pure sample Bb could be isolated from the reactioniﬂgﬁ'#;fiﬁgggtneor?sﬁg g;orlgirr?éfgg_ﬁrfdéggggesnhﬁgI?rg_lcal
of 1 in acetone with the mixed-anhydride Nfacetyl-L-  tormation, we evaluated the ability of the novel compounds
phenylalanine and ethyl chloroformate (Scheme 1). to inhibit the 12-LO pathway in epidermal homogenate of

A much more satisfactory route is illustrated in Scheme g&jcel22].

By use of the Leuchs-type of mixed anhydrides, i.e. thenoreover, the biological activity of drugs useful as antip-
requisite Boc-protected oxazolidinediones, With the pres-  soriatic agents may be evaluated by their antiproliferative
ence of triethylamine in acetone we were able to obtain thetivity in cell culture$23], which may be critical in resolving
10-a-aminoacyl anthracenon@es and2d, which upon cleav- hyperproliferation of psoriasis. HaCaT keratinocytes can be
age with ethyl acetate and hydrochloric acid provided anased as a model for highly proliferative epidermis, and this

Table 1.Inhibition of 12§)-HETE biosynthesis in mouse epidermis, antiproliferative activity and cytotoxicity against HaCaT Cells, and hydroxyl-radical
generation of 1@aminoacyl-1,8-dihydroxy-9(18)-anthracenones.

Compd R R? 12-LO AA LDH *oH¢
ICs0 (uM)? ICs0 (uM)° (mU)°

1 anthralin 9 0.7 294 2.890.14
2a Bn COBn 6 0.8 147 0.49 +0.09
2b Bn Ac 30 1.2 ND 1.20% 0.26
2c Bn COytert-Bu 10 2.1 ND 0.52+ 0.13
2d Me COytert-Bu 20 3.9 ND 0.47+0.10
2e Bn H 30 (58) 0.7 15% 2.32£0.19
2f Me H 30 (52) 0.8 180 3.05 0.39

#1nhibition of 126)-HETE biosynthesis in mouse epidermal homogenates. Inhibition was significantly different with respect to that of tHsl soBitool
more,P 0.01). Values in parentheses are percent inhibition at the indicated concentpipren@l standard errors average 10% of the indicated values.
bAntiproliferative activity against HaCaT cells. Inhibition of cell growth was significantly different with respect to that adritrol N = 3, P < 0.05).
CActivity of LDH (mU) release in HaCaT cells after treatment witkM2test compound; values are significantly different with respect to vehicle cdxtrol (
=3, SD 10%P < 0.01).d Deoxyribose degradation as a measure of hydroxyl-radical generation. Indicated vajumelaemalondialdehyde/mmol of
deoxyribose released by jgB! test compound (controls < 0.1). Values are significantly different with respect to cBrtr@l01.2Values are not significantly
different with respect to vehicle contrél;< 0.01. ND = not determined.
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10-a-Aminoacyl-9(1(H)-anthracenones 33

nontransformed human cell line was described as an eenones seems to be independent of their ability to inhibit the
tremely sensitive target for the antiproliferative action adbiosynthesis of 1&)-HETE, which was found to be a stimu-
anthralin[24], Accordingly, 10e-aminoacyl anthracenoneslator of epidermal proliferatiom vivo['®l and to be mito-
were also evaluated for inhibition of the growth of HaCaTgenic in endothelial cell€8]. Moreover, analoguga which
cells. Moreover, keratinocytes were tested for their suscep-a much weaker generator of hydroxyl radicals than an-
bility for the action of the most potent members of this seri¢ralin documents that potency comparable to that of the
on plasma membrane integrity, in order to confirm that inh&ntipsoriatic drug is not directly related to the hydroxyl-radi-
bition of cell growth is not a result of membrane damageal generating capability of the compounds. However, com-
induced by prooxidants released from anthracenones. Finalypundsl, 2e, and2f reveal that the greatest potencysdC
the prooxidant potential of the compounds was determin@d7—0.8uM) is coincident with the strongest prooxidant ac-
by deoxyribose degradation. tivity.

Results and Discussion Integrity of the Plasma Membrane

) ) A major concern in the testing of potential inhibitors of cell
Hydroxyl-Radical Generation growth is to confirm that the drug does not interfere with the

The deoxyribose assay is a sensitive test for the productigfjctioning of cell membrane by causing leakage of cyto-
of hydroxyl radicald?®l. The release of malondialdehydeP'3S™ through it. Anthralin has been reported to cause mem-

(MDA) is a measure of this feature and reflects the prooxidaj{ane damage, but di(]j not directly lead to substantial
mbrane destructidfl. Cytotoxicity against HaCaT

properties of the compounds. Table 1 shows that substitutiglF M S
at C-10 of anthralin witiN-acylateda-aminoacyl groups Keratinocytes by the most potent cell growth inhibitors was

strongly reduces the intensity of hydroxyl-radical generatio?‘ﬁseSSEd by the activity of lactate dehydrogenase (LDH)

(2a, 2, 2d). However, analogues without amino protected€!6aS€d into the culture medium, which is commonly used
group such age and2f are oxygen-radical generators withs indicator of plasma membrane damage. In this assay, LDH

an intensity comparable to that of anthralin. Also, ebvateralease by anthralin significantly exceeded that of the vehicle

amounts of deoxyribose damage are observed fox-tize- control. On the other hand, the activity of the novel analogues
tylated analoguéb was due to cytostatic rather than cytotoxic effects, as LDH

release was unchanged as compared to controls. The excep-
Inhibition of 12(S)-HETE Biosynthesis tion was the potent hydroxyl-radical genera®fy which
shows slightly increased membrane damage as compared to

In this study we used epidermal strips from mouse skin tontrol cultures. By contrast, cytotoxic effectafind even

investigate the effects of the novel analogues. To excluéte 2b, the latter of which is also able to produce appreciable

oxidation of arachidonic acid by a nonspecific free radicaimounts of hydroxyl radicals, were not apparent a2

mechanism which affords racemic 12-HETE, the absolute

stereochemistry of 12-HETE was determined biég]hiral phaSgability

HPLC to confirm the presence of tBe&enantiome Anthralin staining i . tant limitati fits th
Except for analoguea and2c, introduction of am-ami- nthralin staining IS an important imitation ot 1s therapeu-
use and is primarily due to its oxidation to the anthralin

noacyl substituent into the anthracenone nucleus seemd! q ; e X e ‘
ical which dimerizes or polymerizes to give inactive prod-

decrease the inhibitory activity against the epidermal 12-L& . X
enzyme as compared to anthralin, ucts such as bianthrone and the so-called anthralin-brown,

respectively?’]. With the 10a-aminoacy! side chain, this

side effect should be reduced because of steric hindrance to

radical dimerization. To prove this hypothesis, we have de-
The novel analogues were also evaluated in whole ceédirmined the decomposition of tiheCbz protectec®c and

studies. Their antiproliferative potential was determined dihe N-unprotected?e in DMSO and ethanol by RP-HPLC

rectly by counting the keratinocytes. The cells were enumeaver a 5-day period at 25 °C. Table 2 shows the half-lives of

ated in Neubauer counting chambers by phase contrést selected compounds together with those of anthralin in

microscopy after 48 h of treatment. Shown in Table 1 is the

ability of all compounds to inhibit the proliferation of HaCaTTable 2.Ha_1|f-|ives (t1/2,.h) and degradation products O.f selectedd@mino-

cells as demonstrated by reduction in cell number over tirﬁ@/l-sgbstltuted 1,8-dihydroxy-9(#HJ-anthracenones in DMSO and ethanol

as compared to control plates. ar2s °c.
In general, all novel analogues exhibit potent antiprolifera-

tive activity. Compoundgeand?2f, derived from phenylalan- ¢pq tu2 () tu2 (h) Degradation products detected

ine and alanine, respectively, and each possessing an DMSO ethanol by HPLC

unsubstituted amino group, show equivalent potency. Com-

pound2ais also equipotent to these analogues, regardlessof

Antiproliferative Activity

the N-benzyloxycarbonyl substituent, whereas thacetyl o 51 8 dantron

analogue?b is a somewhat weaker inhibitor of keratinocyte

growth. However\-protected compoun@s and2d with the 2 05 06 anthralin, anthralin dimer, polymers
bulky tert-butyl ester moiety are less potent than their unprog,ain (1) 18 3 dantron, anthralin dimer, polymers

tected congener@e and 2f, respectively. Furthermore, it
should be noted that the antiproliferative activity of anthra=
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the corresponding solvents. Our finding is tNaprotected ether (25 mL) was cooled on an ice/NaCl bath to 0 °C. Ethyl chloroformate
2cis considerably more stable than anthralin, whereas dep{fb_OQ g, 10 mmol) was added slowly under stirring, and the temperature was

. . o _ keptat 0 °C. Then the mixture was warmed to room temperature within 1 h
tection Qe) dramatlca"y decreased Stablllty' Fawand an and filtered. The filtrate was washed with a solution of Nakl@OC) and

thralin, decomposition WQ.S more favored in the prOti_C SOlveﬁ'ltf:zn with water, dried over MgSQand evaporated. The cruNeacetyl-L-
ethanol than in the aprotic DMSO white was also slightly = phenylalanoylethylcarbonate (1.53 g, 5.50 mmol) in absolute acetone
faster degraded in DMSO. Moreover, decompositio@@f (10 mL) was used in the subsequent acylatioh iof acetone (48 h, room

resulted in formation of the corresponding anthracenediorigmperature), as described f2a Purification by chromatography

dantron, as also observed with other 10-acylated a&g:_quzlEtzO 9/1) afforded2b as yellow crystals (10%): mp 162-164 °C;

thracenone®8l. However, degradation products 26 are _-NMR (250 MHz, CDC}) 812,63, 12.15 (2 5, 2H, OH), 7.68-6.74 (m,

: L -11H, Ar), 6.18, 5.43 (2 d,J = 8 Hz, 1H, NH), 5.37, 4.39 s, 1H, 10-H),
anthralin and the anthralin dimer, precursors of anthrali 33.5.25, 5.11-5.02 @m, 1H, CH), 3.57-3.49, 2.91-2.82 421, Jag =
brown, which is somewhat unfortunate.

14 Hz,Jsx =7 Hz, 1HHCH), 3.40-3.31, 2.74-2.65 €, Jas = 14 Hz,Jax
=7Hz,1H, H®), 2.17,1.78 (X s, 3H, Me); FTIR 3363 (NH), 1763 (CON),

We have synthesized a small series ofid@minoacyl-1,8-  1,8-Dihydroxy-10-[2-(1,1-dimethylethoxycarbonylamino)-1-oxo-3-phenyl-
dihydroxy-9(1(H)-anthracenones and have determined theiropyl]-9(10H)-anthracenoné2c)

b'QIOQ'Cal activity in \_/ar'ous as_,says.. Appendage of an aminoOrg g solution ol (1.00 g, 4.42 mmol) in absolute acetone (160 mL) under
acid group to anthralin results in an interestimgtro profile. N, were added triethylamine (0.66 mL, 4.75 mmol) and Boc-L-phenylalan-
Based on this limited data set, we found that the ability of thv@-N-carboxyanhydridg3.81 g, 12 mmol, Fluka), and the mixture was
compounds to inhibit 1H-HETE biosynthesis is quite vari- stirred fqr.12 h under N Then the mixture was concentrated, and the residue
able in this series, whereas their capacity to inhibit the growfgs Purified by chromatography (@) to afford2c as a yellow powder

: : ; - ; %): mp 147-149 °CH-NMR (CDCh) & 12.27 (s, 2H, OH), 7.50-6.71
of keratinocytes is consistently high. With respect to both 14 11H, A), 5.38 (s, 1H, 10-H), 4.73.4.33 (m, 2H. CHNH), 2.87 (m. 2H.

these features, analog@a is equipotent to anthralin and ¢4 "1 29 (s, 9Htert-Bu): FTIR 3349 (NH), 1726 (CO), 1696 (OCONH),

compares favorably in further tests with this antipsoriatigszo cm® (CO-HO). MSm/z400 (2) (M - Otert-Bu)*, 226 (100). Anal.

drug. In particular, hydroxyl-radical generation Bg is  (C2gH27NOs) C, H, N.

largely reduced and damage to cell membrane was not ob-

served at concentrations necessary for potent antiproliferatilsg-Dihydroxy-10-[2-(1,1-dimethylethoxycarbonylamino)-1-oxopropyl]-9

action. However, the observation thataaminoacyl substi- (10H)-anthracenon¢2d)

tuent at the 10-position of the molecules only slightly in- 2dwas prepared from Boc-L-alanimécarboxyanhydride as described for

creases the stability as compared to anthralin is somewBatPurification by chromatography (GEI2/ELO 95/5) afforded2d as a

disappointing. yellow powder (25%): mp 150-151 °&4-NMR (CDCl) & 12.24 (s, 2H,
OH), 7.63-6.88 (m, 6H, Ar), 5.47 (s, 1H, 10-H), 4.83-4.40 (m, 2H, CHNH),
1.39 (s, 9Htert-Bu), 1.09 (d,J = 7 Hz, 3H, Me); FTIR 3363 (NH), 1725
(CO), 1674 (OCONH), 1632 cth(CO-HO). PI-FDMSm/z 397 (M™).

Experimental Part Anal. (C22H23NOs) C, H, N.

Melting _points: Biichi 510 melting point appara;us (uncorrecﬁ}dl). 10-(2-Amino-1-ox0-3-phenylpropyl)-1,8-dihydroxy-9(10H)-anthracenone
NMR: Varian EM 390 (90 MHz) or Bruker Spectrospin WM 250 SpeCtromeHydrochloride(Ze)

ter (250 MHz). Fourier-transform IR spectra (KBr): Nicolet 510M FTIR
spectrometer. UV spectra: Kontron 810 spectrometer. Mass spectra (E[To a solution oRc(0.10 g, 0.21 mmol) in ethyl acetate (8 mL) was added,
unless otherwise stated): Varian MAT CH5 spectrometer (70 eV). HPL@ropwise over 30 min, 36% HCI (1 mL). The mixture was stirred until the
Kontron 420, 735 LC UV detector, 258- 4-mm column (4-x 4-mm  reaction was completed (TLC control). Then the solvent was evaporated, and
precolumn), LiChrospher 100 RP18 {6+ particles; Merck, Darmstadt, the residue was digested with small amounts of ether and filtered by suction
Germany). Data recording and analysis: MacLab data acquisition systénafford 2e as a yellow powder (81%): mp 191192 °C (dé}NMR
(WissTech, Germany), software Peaks (Apple Macintosh computer). Chi&D30D) 8 7.65-6.97 (m, 11H, Ar), 4.76 (dax = 9.5 Hz,Jux = 5 Hz, 1H,
matography refers to column chromatography on silica gel (E. MerckiH), 3.56 (qJam = 14.5 Hz Jux = 5 Hz, 1HHCH), 2.86 (q,Jam = 14.5 Hz,
70-230 mesh). Jax = 9.5 Hz, 1H, H@®), 10-H, 1,8-(OH), NH2 exchanged; FTIR 2855
(NH3"), 1721 (CO), 1630 citt (CO-HO). PI-LISIMS (DMSO, glycerol)
10-(2-Benzyloxycarbonylamino-1-oxo-3-phenylpropyl)-1,8-dihydroxy- ~ M/2452 (M+H+DMSO0), 374 M+H). Anal. (GsH20CINO,) C, H, N.
9(10H)-anthracenone2)

. . 2-Amino-1- 1)-1,8-dihyd -10-9(10H)-anth Hydro-
To a solution o ?% (1.00 g, 4.42 mmol) in absolute toluene (75 mL) an{rhlorri]yg&f) oxopropyl) fhyaroxy ( )-anthracenone Hydro
dry pyridine (0.43 mL, 5.50 mmol) was added dropwise a solution o

N-benzyloxycarbonyl-L-phenylalanoyl chloriéfé! (1.55 g, 5.50 mmol) in 2fwas prepared by deprotectiordfas described f@e Recrystallization
absolute toluene (10 mL) undes.N'he reaction mixture was stirred at room from acetone affordedf as yellow crystals (76%): mp 193-194 °C (dec);
temperature for 12 h, filtered, and the filtrate was evaporated. The resid#NMR (250 MHz, CROD) & 7.63-6.97 (m, 6H, Ar), 4.54 (4,= 7 Hz,
was purified by chromatography (@) to afford2a as a yellow powder 1H, CH), 1.57 (dJ=7 Hz, 3H, Me), 10-H, 1,8-(OH)NH2 exchanged; FTIR
(10%): mp 152-154 °CH-NMR (CDCh) 5 12.36 (s, 2H, OH), 7.61-6.62 2925 (NH"), 1725 (CO), 1630 citt (CO--HO). PI-LISIMS (DMSO, glyc-
(m, 16H, Ar), 5.34 (s, 1H, 10-H), 4.89-4.56 (m, 4H, CHNH, QH erol) m/z390 (M+H +glycerol), 298 (M+H). Anal. (Ci7H16CINO4) C, H,
2.86-2.66 (m, 2H, B2CH); FTIR 3332 (NH), 1705 (CO), 1674 (OCONH), N.
1630 cmit (CO-~HO). Anal. (GiH2sNOg) C, H, N.

Degradation of 2-Deoxp-ribose
10-(2-Acetylamino-1-oxo-3-phenylpropyl)-1,8-dihydroxy-9(10H)-anthra-

cenone 2b) The deoxyribose assay was conducted as deséithedhe reaction

mixtures contained the following reagents at the final concentrations stated:
Mixed-anhydride coupling methdd! A solution ofN-acetyl-L-phenyl- 0.3 mL of KbPQs-KOH buffer, pH 7.4 (30 mM), 0.2 mL of # (double
alanine (2.07 g, 10 mmol) and triethylamine (1.01 g, 10 mmol) in absolutkstilled), 0.2 mL of 2-deoxyp-ribose (2 mM), 0.2 mL of Fe@l6H0O
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(0.1 mM), and 0.1 mL of anthracenone derivativel(¥B. After incubation  [8] K. Mdller, P. Leukel, K. Ziereis, I. Gawlik]. Med. Chem1994 37,
for 2 h at 37 °C in a shaking water bath, TBA-reactive material was measured 1660-1669.

at532 nm. [9] K. Miiller, H. Prinz,J. Med. Cheml997, 40, 2780-2787.

Inhibition of 12(S)-HETE Biosynthesis [10] B.L.Van Duuren, A. Segal, S.-S. Tseng, G. M. Rusch, G. Loewengart,
U. Maté, D. Roth, A. Smith, S. Melchionne, I. SeidmhaMed. Chem.
Preparation of the epidermal homogenate from NMRI-mice and the epi- 1978 21, 26-31.
dermal 12-LO assay were performed as descHBbaest compounds were . . i
preincubated for 5 min at 37 °C, and the concentration §+#TE formed ~ [11] M. Bergmann, L. Zervas, H. Rinke, H. Schieietoppe-Seyler's Z.

after 10 min was measured by reversed-phase HPLC analySsHEZ(E Physiol. Chem1934 224, 33-37.
was analyzed by chiral phase chromatography as destfbed [12] K. Milller, H. Reindl, I. Gawlik,Eur. J. Med. Chem.1998 33,
969-973.

Cell Culture and Determination of Cell Growth [13] S. A. Thompson, P. R. Andrews, R. P. HanzlikMed. Cheml986

HaCaT cell$®Y were cultivattcfgolld and the cell proliferation assay was 29, 104-111.
performed as previously described After 48 h of incubation, cell growth o
was determined by enumerating the dispersed cells by phase contrast miJr%‘g- L. Fry,Br. J. Dermatol 1988 119, 445-461.
copy. Inhibition was calculated by the comparison of the mean values of {i®] K. Miller, Arch. Pharm. (Weinheinf)994 327, 3-19.
test compoundN = 3) with the control | = 6-8) activity: (1 - test com- . . . .
pound/controlk 100. Inhibition was statistically significant compared to thal[16] ;'5§_u327lzka’ A. Vitto, M. P. Print&giochim. Biophys. Actad83 751,
of the control (Student's t-ted®?, < 0.05). Each |6 value was derived by '
interpolation of a log inhibitor concentration versus response plot using foid7] E. A. Duell, C. N. Ellis, J. J. Voorheek, Invest. Dermatol1988 91,
or more concentrations of the compound, spanning the 50% inhibition point.  446—450.

R [18] H. Hussain, L. P. Shornick, V. R. Shannon, J. D. Wilson, C. D. Funk,
Lactate Dehydrogenase Rel A. P. Pentland, M. J. Holtzma#im. J. Physioll994 266, C243—-C253.

HaCaT cells were incubated with the test compoundsMpfor 4 h at  [19] C. C. Chan, L. Duhamel, A. Ford-Hutchinsdh,Invest. Dermatol.
37 °C. Extracellular LDH activity was measured using the UV method with 1985 85, 333-334.
pyruvate and NADH and is expressed in mU/mL. Appropriate controls with

the vehicle were performe® & 0.01;N = 3, SD < 10%). [20] J. D. Fallon, K. Kragballe]. Invest. Dermatol1984 82, 400.
[21] P. M. Dowd, A. Kobza Black, P. M. Woollard, R. D. R. Camp, M. W.
Stability Studi® Greaves,). Invest. Dermatoll 985 84, 537-541.

The test compounds (1 mM) were dissolved in the pertinent solvents (p[@3] K. Mller, I. Gawlik,Biochem. Pharmacol 995 50, 2077-2083.
and were kept in the dark at room temperature. Aliquots qgil2@ere 23] E. B. Klem.J. Invest. Dermatoll978 70, 27—32
withdrawn after appropriate time and subjected to HPLC analysis. EIuaLt: 1 E.B. " ' 870 '
methanol/water/acetic acid (77/23/0.1, adjusted to pH 5.5 with);Nidw  [24] B. Bonnekoh, B. Farkas, J. Geisel, G. MahAe;h. Dermatol. Res.
rate 1 mL/min; 200 bar; detected at 254 nm. 199Q 282 325-329.

[25] B. Halliwell, M. Grootveld, J. M. C. Gutteridgélethods Biochem.
Anal. 1988 33, 59-90.

. . . {26] B. N. Y. Setty, J. E. Graeber, M. J. StudrtBiol. Chem1987, 262
Dedicated to Prof. Dr. B. Unterhalt, Munster, on the occasion of his ~ 17613_17622.
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