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Taxol (paclitaxel), amicrotubule stabilizer with antitumor activity, mimics the actions of lipopolysaccha-
ride (LPS) on murine macrophages (M¢). In the present study, a variety of synthetic analogs of paclitaxel
were examined for their potencies to induce nitric oxide (NO) and tumor necrosis factor (TNF) production
by peritoneal M¢ from LPS-responsive C3H/HeN, and L PS-hyporesponsive C3H/HeJ mice, and by M-
like LPS-responsive J774.1 and its mutant LPS-hyporesponsive J7.DEF3 cells. In this structure-activity
relationship study, we found that (i) the benzoyl group at the C-3' position of paclitaxel is the most
important site to activate C3H/HeN Md; (ii) the phenyl group at C-3’ is not a requisite for the activity;
(iii) there is good correlation between NO and TNF production by the M¢ in response to compounds,
except for the analogs having a tert-butoxycarbonyl (10-acetyldocetaxel) or a thiophene-2-carbonyl group
at C-3'-N instead of a benzoyl group, which is more dominant in TNF than in NO production; (iv) the
compounds tested induce neither NO nor TNF production by C3H/HeJ M¢; (v) active compounds to C3H/
He M¢ induce TNF production by J7.DEF3 cells as well as J774.1 cells; and (vi) there is no correlation
between the NO/TNF inducibility to C3H/HeN M¢ and growth inhibitory activity against M¢-like J774.1
and J7.DEF3 cells. These data also suggest that the binding of taxoid/LPS to tubulin is not essentia for
the M¢ activation. © 1996 Academic Press, Inc.

Taxol (paclitaxel), a complex diterpene isolated from the stem bark of Taxus brevifolia, has
antiproliferative activity against various cultured cells as well as antitumor activity in vivo (1).
The activity is believed to reside in its ability to bind S-tubulin, to promote microtubule
assembly, and to stabilize microtubules by bundle formation (2, 3). Ding et al. (4) found that
paclitaxel mimics certain effects of bacterial lipopolysaccharide (LPS) on murine macrophages
(Md), in spite of the lack of similaritiesin their chemical structures. M¢ stimulated with LPS
produce various active mediators, including nitric oxide (NO) and tumor necrosis factor (TNF),
and it causes endotoxic shock (5, 6). Peritoneal M¢ taken from LPS-responsive C3H/He mice
with Lps" gene secrete the mediators when stimulated with paclitaxel as well as LPS in vitro,
whereas the LPS-hyporesponsive C3H/Hel M¢ with Lps® gene (7, 8) are unable to secrete
these mediators in response to either LPS or paclitaxel (4, 9, 10). Genetic analyses have
indicated that the gene which regulates the responsiveness and hyporesponsiveness to paclitaxel
isgenetically linked to Lps alele (4). These data have provided strong evidence that paclitaxel
may share the actions of LPS for M¢ activation, i.e., paclitaxel is an LPS-agonist.

Here we report structure-activity relationships of a set of synthetic paclitaxel analogs (tax-
oids) for their potencies to induce NO and TNF production by murine C3H/HeN and C3H/
HeJ M¢ and to inhibit the growth of M¢-like cell lines, LPS-responsive J774.1 and its LPS-
hyporesponsive mutant J7.DEF3 cells. The data obtained reveal that there are different struc-

1 To whom correspondence should be addressed. Fax: +81-285-44-1175. E-mail: tkirikae@jichi.ac.jp.
Abbreviations: IFNy, interferon ; iNOS, inducible nitric oxide synthase; LPS, lipopolysaccharide; M¢, macro-
phages; NO, nitric oxide; TNF, tumor necrosis factor.
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tural requirements, among taxoids, for macrophage activation as compared to those for inhibi-
tion of the cell-proliferation.

METHODS

Mice. C3H/HeN and C3H/HeJ mice were bred and maintained in the Animal Facility of the Jichi Medical School.
Female mice were used at 10 to 15 weeks of age.

Taxoids. Paclitaxel was obtained from Sigma Chemical Co., St. Louis, MO, and paclitaxel analogs (taxoids) were
synthesized (11-17) by means of the -Lactam Synthon Method (18-24). The structures are given in Table |. Paclitaxel
and its analogs were stored at —80°C as a 10 mM stock solution in dimethylsulfoxide (DMSO), and dissolved in
RPMI 1640 medium (Flow Laboratories, Irvine, Scotland) containing 2% heat-inactivated fetal bovine serum (Summit
Biotechnology, Ft. Callins, CO) at a concentration of 300 uM before adding it to the cells.

Reagents. Murine recombinant interferon y (IFN+y) was donated from Shionogi Pharmaceutical Co., Osaka,
Japan. Rabbit anti-inducible NO synthase (iNOS) antibody was purchased from Affinity Bioreagent Inc., Neshanic
Station, NJ.

Cell preparations. Mouse M¢ were isolated by peritoneal lavage 4 days after i.p. injection of 1.5 ml of 3%
thioglycolate broth, exactly as described previously (25). Mouse M¢-like J774.1 cells and TNF sensitive L929 cells
were kindly provided by Dr. T. Suzuki and Dr. M. J. Parmely, the University of Kansas Medical Center, respectively.
A mutant J7.DEF.3 cell line derived from J774.1 cells has been characterized previously (26). Although the J7.DEF3
cells are defective in binding of ***I-LPS (26) and in expression of CD14 antigen (unpublished observation), which
serves as a receptor for the complex of LPS and LPS-binding proteins (reviewed in 6). These cells were grown at
37°C with 5% CO, in RPMI 1640 medium containing 8% FBS, 4 mM L-glutamine, 100 U/ml penicillin and 100 g/
ml streptomycin (8% FBS-RPMI 1640). The M¢ and M¢-like cells were plated at 2x10° per well in 96-well plates
for NO release and, if necessary, at 2x10° per well in 6-well plates for Western blot analysis.

Simulation of NO and TNF production by M¢. C3H/He M¢ were incubated with paclitaxel analogs in 2% FBS-
RPM11640. C3H/HeJ M¢ were incubated with paclitaxel analogs or LPS in 2% FBS-RPMI 1640 containing 0.5 U/
ml IFNy for NO production, or 5 U/ml IFN+y for TNF production. Stimulation times were 4 h for TNF assay, 48 h
for NO assay, 16 h for Western blot.

NO assay. NO formation was measured as the stable end product nitrite (NO3) in culture supernatants using the
Griess reagent (25, 27).

TNF assay. TNF activity was determined by a functional cytotoxic assay using actinomycin D-treated L929, as
described previously (10). TNF activity is expressed in units per milliliter, with 1 U being the amount of TNF causing
50% lysis of L929 cells.

Detection of inducible NO synthase (iNOS) protein in M¢. iNOS in the M¢ was detected by Western blot with
anti-iNOS antibody as described previously (26).

Cell growth inhibition assay. The J774.1 cells or J7.DEF3 cells were plated at 5 x 10* per well in 96-well plates,
and cultured for 3 days in the presence of serial diluted taxoids. At the end of culture, the number of viable cells
were determined by a quantitative calorimetric staining assay using a tetrazorium salt (MTT, Sigma). The doubling
time was 13.1 h and 18.3 h, respectively.

RESULTS

NO and TNF production by peritoneal M¢ stimulated with paclitaxel analogs. Nineteen
compounds (Table I) were examined for their ability to induce NO/TNF production by the
C3H/HeN and C3H/HeJ peritoneal M¢. Compounds 1, 4, 5, 9, 10, 16 and 17 with the range
of 1 uM to 30 uM did not show any ability to induce NO/TNF production by these M.
Compound 7 induced weak but significant NO production, however, it did not induce any
detectable TNF production. The other 11 compounds (paclitaxel, 10-acetyldocetaxel, 2, 3, 6,
8, 11, 12, 13, 14 and 15) definitely induce both NO/TNF production by C3H/HeN M¢ (Figs.
1A and 1B). Especiadly, paclitaxel, 2, 6, 8, 11 and 12 showed strong activity to induce NO/
TNF production. Dose-range of the compounds approximately from 7 to 30 uM seemed to be
effective. LPS-hyporesponsive C3H/HeJ M¢ could not produce NO/TNF in response to the
active taxoids, even in the presence of IFN+vy (2 U/ml). NO and TNF inducibilities of these
compounds to C3H/HeN and C3H/Hel M¢ are summarized in Table Il. The results suggest
that NO and TNF inducibility by these compounds is fundamentally correlated.

Expression of iNOS molecules in the C3H/HeN peritoneal M¢ in response to active com-
pounds. The iNOS expression in the C3H/HeN Md¢ in response to compounds was aso
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Chemical Structures of Taxoids

TABLE |

R 0

OH

compound R' R2 R
paclitaxel OAc O
1 OAc OC(CHg), —CH=C(CH3),
10-Ac-docetaxel  OAc OC(CH3)3
2 onc <) = CH=C(CHy)z
3 OAc _@ 'O
4 OAc ﬁ ‘O
s on 2 Y,
6 OAc O
;o ©
.o ) O
9 OAc —CH=CH© —@
10 0Ac O ~CH=C(CHy),
A S v
12 OAc —O'F ‘O‘F
13 OAc <) —~CH=C(CHa)
A
15 OAc OC(CHg)g -@—F
16 OH OC(CH2)s —@-F
17 OCOCH,CHg OC(CHg)s ~CH=C(CHy),

examined (Fig. 2). Paclitaxel and compounds 2, 6 and 8 induced the strong expression. The
expression induced by compound 11, 12 and 13 were weak but significant, while those by 10-
acetyldocetaxel and compounds 3, 7, 10 and 14 were very weak or negligible. NO formation
and iNOS expression should be closely correlated. However, the dissociation between iNOS
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FIG. 1. (A) Taxoid-induced NO production by C3H/He M¢. C3H/He M¢ were incubated with various doses of
taxoids for 48 h. NO production was determined by measuring nitrite accumulation in the supernatants in triplicate
with Griess reagent. Each point represents the mean + standard error of the mean of three or four experiments. (B)
Taxoid-induced TNF production by C3H/He M¢. C3H/He M¢ were incubated with various doses of taxoids for 4
h. TNF activity in the supernatants in triplicate was determined by the cytotoxic assay using L929 cells. The data are
from one of two experiments with similar results.

expression and NO production in response to some of the compounds was seen. It may cause
the different sensitivities between iINOS and NO detection methods.

Structural requirement of active compounds to induce NO/TNF production by C3H/HeN
M¢. Some specia structures or groups are required for the induction of NO/TNF production.
The aromatic group (R?) attached to the N-acylamino group at position C-3' is especially the
most important structure to induce NO/TNF production by C3H/He Md, i.e., replacement of
the benzoyl group at position C-3' (paclitaxel) with atert-butoxycarbonyl (10-acetyldocetaxel),
2-furoyl (4), biphenyl-4-carbonyl (5), 2-naphthoyl (7), cinnamoyl (9) or cyclohexylcarbonyl
(14 vs. 11) group results in a substantial loss of activity, whereas the introduction of a 1-
naphthoy! (6), phenethoyl! (8) or fluorobenzoyl (12 vs. 11) virtually does not affect the activity
(Table I1). The phenyl group (R® at position C-3’ is not required for the induction of NO/
TNF, i.e, 2 and 13 retain the activity nearly equivalent to that of paclitaxel and 12, respectively.
The acetyl group (R') at position C-10 has a distinct effect on the activity (15 vs. 16).
Interestingly, 10-acetyldocetaxel and 4 distinguished the potency for NO production from that
of TNF production. In comparison with paclitaxel, both compounds revealed less NO formation,
but induced the same level of TNF secretion (Fig. 1A and 1B). These two compounds did not
induce iNOS expression (Fig. 2).
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TABLE 1l
Macrophage Activation and Cell-Growth Inhibition by Taxol Analogues

Macrophage activation
Growth inhibition
C3H/He C3H/Hel (ICs, NM)®
Compounds NO TNF NO TNF J774.1 J7.DEF3

paclitaxel +++42 ++++ - - 18 24

1 — - - - 0.045 0.088
10-Ac-docetaxel + ++ - — 5.8 7.3

2 +4++ +++ - - 0.042 0.061

3 + ++ - - 2.0 16

4 — - - - 5.0 200

5 — — — — 49 140

6 ++++ ++++ - - 67 370

7 + — — — 21 55

8 +++ +++ — — 77 48

9 — — — — 30 77
10 - - - - 2.3 9.5
11 ++++ ++++ - — 56 19
12 ++++ +++ - — 100 58
13 ++ ++ - - 25 16
14 + + - — 8.6 24
15 + + — — 0.025 0.085
16 - — - — 0.049 0.18
17 — — — — 0.035 0.049

#The minimal concentration of compounds to induce 4 uM of NO formation or 20 U/ml of TNF secretion which
were semiquantitatively estimated from those dose-response curves from three independent experiments for NO
formation and two independent experiments as followed; ++++: <3.8 uM, +++: =75 uM, ++: =15 uM, +: 30
M or compounds which induced less but significant amounts of NO formation (1-4 uM) or TNF secretion (10—20
U/ml) at any concentrations, —: >30 uM.

® The concentration of compounds which inhibited 50% (ICs;) of the growth of J774.1 cells and J7.DEF3 cells,
after 72 h incubation with compounds. The data represent the mean values of three independent experiments.

TNF production by J774.1 cells and J7.DEF.3 cells stimulated with taxol analogs. Paclitaxel
induced NO/TNF production by J774.1 cells and J7.DEF.3 cells. However, the NO production
by J7.DEF3 cellswas very weak and unreliable. Therefore, we examined the ability of paclitaxel
and taxoids to induce TNF, but not NO (Fig. 3). Among 5 compounds tested, paclitaxel,
compounds 2 and 6 induced the production by these cells. Compound 7 induced weak produc-
tion of TNF by J774.1 cells, but did not induce the production by J7.DEF3 cells. Compound
1 was inactive.

Growth inhibition of cells lines by paclitaxel analogs. Growth inhibitory potency of the
compounds (Table I) was examined against M¢-like cell lines, J774.1 and J7.DEF3 cells, and
the results are summarized in Table Il. All compounds effectively inhibited the cell growth,
although dlight differences were observed between the two cell lines. J774.1 cells seemed to
be more sensitive than J7.DEF3 to these compounds, except 8, 11 and 12. Compounds 1, 2
and 17, bearing isobutenyl group instead of a phenyl group (R®) at position C-3’, showed
strong inhibitory activity (ICs, = 20 - 80 pM).

Correlation between the cell growth inhibitory activity and NO/TNF inducibility. The anti-
proliferative activities of taxoids against murine M¢-like J774.1 and J7.DEF3 cells were not
correlated to their ability to induce NO/TNF production by the C3H/HeN M¢ (Table II).
Paclitaxel and compounds 6, 8, 11 and 12 showed strong activity to induce NO/TNF production,

231



Vol. 227, No. 1, 1996 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

iNOS p— [— —

100
80
60
40
20

% max induction

FIG. 2. Taxoid-induced iNOS protein expression. C3H/He M¢ were incubated with taxoids (15 yM) for 16 h.
The expression of iINOS protein was detected by Western-blot analysis with rabbit anti-iINOS antibody. iNOS protein
expression were quantified by Quantity One (Huntington Station, NY). Relative induction values were calculated and
given as percent relative to induction by taxoids. The data are from one of two experiments with similar results.

although the compounds exhibited weak inhibitory activity for cell growth. On the contrary,
compounds 1, 16 and 17 did not show no inducibility for NO/TNF production, but strongly
suppressed the cell growth. 10-Acetyldocetaxel and compounds 3, 7, 13 and 14 showed mild
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FIG. 3. Taxoid-induced TNF production by M¢-like cell lines. J774.1 and J7.DEF3 cells were incubated with
various doses of taxoids for 4 h. TNF activity in the supernatants in triplicate was determined by the cytotoxic assay
using L929 cells. The data are from one of two experiments with similar results.
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anti-proliferative activity and weak NO/TNF inducibility. The anti-proliferative activities of
taxoids were also not correlated to their ability to induce TNF production by J774.1 cells and
J7.DEF3 célls. Paclitaxel and compounds 2 and 6 were strong active to induce TNF production,
although the compounds exhibited weak inhibitory activity for cell-growth. Whereas, com-
pounds 1 and 7 did not show weak inducibility for TNF production, but strong inhibitory
activity for cell-growth. These findings indicate that the inducibility of taxoids for NO/TNF
production by the murine M¢ and the murine M¢ cell linesis not correlated to their growth-
inhibitory effect on the cell lines.

DISCUSSION

We examined the effects of paclitaxel and its 19 analogs with modification of two phenyl
groups at C-3' and C-3'-N and/or the acetyl group at C-10 (R*, R? and/or R® in Table I) on
the inducibility of NO/TNF production in vitro by the peritoneal M¢ of LPS-responsive
C3H/HeN and LPS-hyposensitive C3H/HeJ mouse strains. None of compounds induced the
production by C3H/Hel M, even if the M¢ were primed with IFN-y. However, C3H/HeN
Mg produced both NO/TNF in response to some of the compounds (Table Il). The LPS
mimicking activity of paclitaxel, which can activate C3H/HeN M¢, but not C3H/Hel M ¢, is
retained in these active compounds. The findings presented here also clearly demonstrated the
strict structural requirement of an aromatic group attached to the N-acylamino group at C-
3'(R?) for the NO/TNF production by M¢; A phenyl group at C-3'(R®) is not essential for the
activation of M¢ (Tables | and I1). Manthey and Vogel (28) reported that taxotere (docetaxel:
R'=0OH and R?=0C(CHy,),) neither elevated the expression of LPS-inducible genes nor se-
creted TNF by M¢, suggesting that the substituent R, and/or R? of docetaxel might be responsi-
ble for the loss of M¢ activation ability. Our findings that (i) 10-acetyldocetaxel is less active
than paclitaxel, but still active for NO/TNF production (Table I1) and (ii) the deacylation of
R* at C-10 results in a decrease of the ability to activate M¢ (15 vs. 16), indicate that the
acetyl group at C-10 (R") has a distinct effect on the activity.

All taxoids used in the experiments inhibited the growth of murine M¢-like J774.1 and
J7.DEF3 cells. We have already reported that CD14-negative J7.DEF3 cells partially lack the
ability to respond LPS (26), while the cells are capable of producing TNF in response to
paclitaxel (10), indicating that paclitaxel induces TNF production in a CD14-independent
manner. The present finding that the anti-proliferative ability against J774.1 and J7.DEF3 cells
is independent of their ability to induce NO/TNF production by C3H/HeN M¢ and TNF
production by the cell lines suggests that taxoids possess two different mechanisms of action.
We have demonstrated the presence of an aromatic acyl group at C'-3-N and an acyl group
at C-10 (RY is important to induce NO/TNF production. Paclitaxel promotes the assembly of
microtubules and inhibits the disassembly process of microtubules to tubulin (2, 3). It has
been shown by a structure-cytotoxicity relationship study that inhibition of microtubule disas-
sembly is quite sensitive to the substituents at C-2’ and C-3’ (29). Accordingly, the structural
requirements for taxoids to induce NO/TNF production are different from those for inhibition
of tumor growth.

Paclitaxel is an LPS surrogate for murine M¢ (10, 28, 30). Paclitaxel can produce the same
stimulative effects as LPS does on LPS-responsive murine M¢, whereas paclitaxel and LPS
can hardly activate L PS-hyporesponsive Lps? M¢. LPS aswell as paclitaxel binds microtubules
(30, 31). Microtubules participate in the regulation of TNFa receptor expression on murine
Mo (4, 32), the activation of membrane-bound GTPase (33), LPS-induced interleukin-1 produc-
tion by human monocytes (34), and LPS and paclitaxel-induced NO synthesis (25). These
functions of microtubules may be affected by the binding of LPS or paclitaxel. However, we
have already demonstrated (10) that microtubules do not serve as functional receptors for
either LPS or paclitaxel (asaLPS agonist), since LPS did not inhibit the binding of isotopically
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labeled paclitaxel in cultured M¢ and vice versa. The putative receptor for LPS or paclitaxel
as an LPS-agonist might be a microtubule-associated protein like MAP-2, as suggested by
Ding et a. (30). Two paclitaxel analogs, 10-acetyldocetaxel and compound 3 induce TNF
production quite well, although they poorly induce NO production (Figs 1A and 2B, and Table
I1). This may suggest the existence of dightly different mechanisms between NO and TNF
production.

ACKNOWLEDGMENTS

This work was supported by grants from the Japan Ministry of Education, Science and Culture (08670315 to M.N.
and 08457090 to T.K.), the Nationa Institute of Health (GM427980 to 1.0.), and the Center for Biotechnology at
Stony Brook, which is sponsored by the New York State Science & Technology Foundation (to 1.0.). Generous
support from Indena, SpA (to I1.0.) and Rhone-Poulenc Rorer (to 1.0.) is also gratefully acknowledged. Two of the
authors (J.C.S. and S.D.K.) thank the U.S. Department of Education for GAANN fellowships.

REFERENCES

1. Wani, M. C,, Taylor, H. L., Wall, M. E., Coggon, P., and McPhail, A. T. (1971) J. Am. Chem. ci. 93, 2325—
2327.

2. Nogdles, E., Walf, S. G., Khan, I. A., Luduefig, R. F., and Downing, K. H. (1995) Nature (London) 375, 424—
427.

. Schiff, P. B., and B., H. S. (1980) Proc. Natl. Acad. Sci. USA 77, 1561—-1565.

. Ding, A. H., Porteu, F., Sanchez, E., and Nathan, C. F. (1990) Science 248, 370—372.

. Morrison, D. C., and Ryan, J. L. (1987) Annu. Rev. Med. 38, 417-432.

. Rietschel, E. T., Kirikag, T., Schade, F. U., Mamat, U., Schmidt, G., Loppnow, H., Ulmer, A. J., Zahringer, U.,

Seydel, U., di Padova, F., Schreier, M., and Brade, H. (1994) FASEB J. 8, 217-225.

. Sultzer, B. M. (1968) Nature 219, 1253—-1254.

. Ruco, L. P., Mdltzer, M. S, and Rosenstreich, D. L. (1987) J. Immunol. 121, 543—-548.

. Bogdan, C., and Ding, A. (1992) J. Leukocyte Biol. 52, 119-121.

10. Kirikae, F., Kirikae, T., Qureshi, N., Takayama, K., Morrison, D. C., and Nakano, M. (1995) Infect. Immun. 63,
486-497.

11. Qjima, 1., Slater, J. C., Michaud, E., Kuduk, S. D., Bounaud, P.-Y., Vrignaud, P., Bissery, M.-C., Veith, J., Pera,
P., and Bernacki, R. J. (1996) J. Med. Chem. 39, in press.

12. Ojima, I., Kuduk, S. D., Slater, J. C., Gimi, R. H., and Sun, C.-M. (1996) Tetrahedron 52, 209—224.

13. Ojima, |, Duclos, O., Dorman, G., Simonot, B., Prestwich, G. D., Rao, S,, Lerro, K. A., and Horwitz, S. B. (1995)
J. Med. Chem. 38, 3891-3894.

14. Qjima, 1., Park, Y. H., Fenoglio, |., Duclos, O., Sun, C.-M., Kuduk, S. D., Zucco, M., Appendino, G., Pera, P,,
Veith, J. M., Bernacki, R. J., Bissery, M.-C., Combeau, C., Vrignaud, P., Riou, J. F., and Lavelle, F. (1995) in
Taxane Anticancer Agents: Basic Science and Current Status (George, G. I., Chen, T. T., Qjima, I., and Vyas,
D. M., Eds)), ACS Symp. Ser. 583, pp. 262—275, Am. Chem. Soc., Washington, DC.

15. Ojima, |., Duclos, O., Kuduk, S., Sun, C.-M., Slater, J. C., Lavelle, F., Veith, J. M., and Bernacki, R. J. (1994)
Bioorg. Med. Chem. Lett. 4, 2631-2634.

16. Ojima, |., Duclos, O., Zucco, M., Bissery, M.-C., Combeau, C., Riou, J. F., and Lavelle, F. (1994) J. Med. Chem.
37, 2602—2608.

17. Ojima, I., Park, Y. H., Sun, C.-M., Fenodlio, I., Appendino, G., Pera, P., and Bernacki, R. J. (1994) J. Med.
Chem. 37, 1408-1410.

18. Qjima, I. (1995) Acc. Chem. Res. 28, 383—389.

19. Qjima, I., Sun, C. M., Zucco, M., Park, Y. H., Duclos, O., and Kuduk, S. D. (1993) Tetrahedron Lett. 34, 4149—
4152.

20. Qjima, I., Zucco, M., Duclos, O., Kuduk, S. D., Sun, C. M., and Park, Y. H. (1993) Bioorg. Med. Chem. Lett. 3,
2479-2482.

21. Qjima, |., Habus, I., Zhao, M., Georg, G. |., and Jayasinghe, R. (1991) J. Org. Chem. 56, 1681—1684.

22. Ojima, |., Habus, I., Zhao, M., Zucco, M., Park, Y. H., Sun, C. M., and Brigaud, T. (1992) Tetrahedron 48,
6985—7012.

23. Holton, R. A., Biediger, R. J.,, and Boatman, P. D. (1995) in Taxol: Science and Applications (Suffness, M., Ed.),
pp. 97-121, CRC Press, New York.

24. Greog, G. 1., Boge, T.C., Cheruvalath, Z. S, Clower, J. S.,, Harriman, G. C. B., Hepperle, M., and Park, H.
(1995) in Taxol: Science and Applications (Suffness, M., Ed.), pp. 317-375, CRC Press, New Y ork.

25. Kirikae, T., Kirikae, F., Oghiso, Y., and Nakano, M. (1996) Infect. Immun. 64, 3379-3384.

26. Kirikae, T., Schade, F. U., Kirikae, F., Rietchel, E. T., and Morrison, D. C. (1993) J. Immunol. 151, 2742—-2752.

234

(20N &) ¥ SN OV]

© 00~



Vol. 227, No. 1, 1996 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

27.

28.
29.

30.
31.
32.
33.
34.

Green, L. C., Wagner, D. A., Glogowski, J., Skipper, P. L., Wishnok, J. S., and Tannenbaum, S. R. (1982) Anal.
Biochem. 126, 131-138.

Manthey, C. L., and Vogel, S. N. (1996) J. Endotoxin Res. 1, 189—-198.

Gueritte-Voegelein, F., Guenard, D., Lavelle, F., le Goff, M.-T., Mangatal, L., and Potier, P. (1991) J. Med.
Chem. 34, 992—-998.

Ding, A., Sanchez, E., Tancinco, M., and Nathan, C. (1992) J. Immunol. 148, 2853—2858.

Risco, C., Dominguez, J. E., Bosch, M. A., and Carrascosa, J. L. (1993) Mal. Cell. Biochem. 121, 67—74.
Ding, A. H., Porteu, F., Sanchez, E., and Nathan, C. F. (1990) J. Exp. Med. 171, 715-727.

Ravindra, R., and Aronstam, R. S. (1991) FASEB J. 5, A1498 [Abstract].

Marie, S., Ashmid-Alliana, A., Kubar, J.,, Ferrua, B., and Rossi, B. (1993) J. Biol. Chem. 268, 13675—13681.

235



