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Nine new steroids, stereonsteroids (1—9), were isolated from the methylene chloride solubles of the Formosan soft
coral Stereonephthya crystalliandiikenthal The structures were elucidated by extensive spectroscopic analysis, and
their cytotoxicity against selected cancer cells was measured in vitro.

The family Nephtheidae has afforded bioactive terpenes and Results and Discussion
steroidst As part of our search for bioactive substances from marine
organisms, the Formosan soft cofétereonephthya crystalliana
Kukenthal (family Nephtheidae) was studied because thgOGH
extract showed significant cytotoxicity to A549 (human lung
adenocarcinoma), HT-29 (human colon adenocarcinoma), and P-38
(mouse lymphocytic leukemia) cell cultures as determined by
standard procedurés.Bioassay-guided fractionations resulted in
the isolation of nine new steroids, stereonsteroids AL—9).

Compoundl was assigned a molecular formula of;8340, as
shown by HREIMS, indicating 5 degrees of unsaturatiéd.NMR
and DEPT spectra df exhibited the presence of one methyl, 10
énethylene spC atoms, six methine §iC atoms, one methine %p
C atom, two spquaternary carbons, and one methylerfeGptom,
indicating1 was tetracyclic. ThéH and*3C (including DEPT and
HSQC) NMR spectra (Tables 1 and 2) implied the presence of a
tertiary methyl 6y 0.64 s;6c 13.3 q), a terminal vinyl groupd(
497 d,J=16.2 Hz, 4.98 dJ = 10.5 Hz;6c 139.9 d, 114.5 1), an
oxygenated methined(; 3.65 m;dc 71.1 d), and an oxygenated
methylene ¢y 3.81 d,J = 11.4 Hz, 3.95dJ = 11.4 Hz;6c 61.0
t). The foregoing spectral data and a literature survey provided
evidence thal has a 3-ol pregnane skeletbmjth an oxygenated
methylene group. This methylene group was assigned to C-19, on
the basis of the absence of a methyl singfe0(80) assignable to
the C-19 angular methyl and the presence of an AB doublét at
3.81 J = 11.4 Hz) and 3.95) = 11.4 Hz). HMBC correlations
between H19 and C-10, C-9, C-1, and C-5 confirmed this
assignment. The relative stereochemistrylafias established by
NOESY experiment. The NOESY correlations observed from H-20
to Hz-18, from H-14 to H-17/H-9, from K19 to H-8/H-, and

o TF g?\oz H from H-5 to H-3/H-9/H-It indicated the relative configurations

4@2@. 3R =OH o OH for each ring junction and chiral center. On the basis of these

oA 2 4R = OAc OAe findings, the structure ol was established as pregna-20-diene-
6R=H 5 38,19-diol*

Compound? had a molecular formula of gH340; as determined
by HREIMS, indicating 6 degrees of unsaturation. THeand*3C
NMR (including DEPT) spectra suggested the presence of a tertiary
methyl Oy 0.53 s;0c 12.8 q), a terminal vinyl groupdg 4.96 d,
J=17.1Hz,4.97 d)=10.5Hz;0c 139.5d, 114.8 t), a secondary
acetoxyl Oy 4.72 m, 2.00 spc 72.8 d, 170.8 s), and an aldehyde
(61 10.03 s;0c 208.3 s). Comparison éH and*C NMR spectra
data with those ol and a literature survey suggested tBdtas a
3-O-acetoxyl pregnane skeleton, with an aldehyde group. This
aldehyde was assigned to C-19, on the basis of the absence of a
methyl singlet ¢ 0.80) assignable to the C-19 angular methyl.
HMBC correlations between H-19 and C-10, C-9, C-1, and C-5
helped ascertain this assignment. The relative stereochemigry of
was deduced from a NOESY experiment. Therefore, the structure
of 1 can be formulated as pregna-20-digi&etoxyl-19-af

The molecular formula of3 proved to be GH40O; from
HRFABMS, DEPT, and3C NMR data. The seven degrees of
unsaturation inherent in the molecular formula ®fcould be
accounted for by only one carbewarbon double bond and one

* To whom Correspondence should be ad_dressed. Tel 886'7‘525'2000,ester Carbonyl group Henc@possessed five r|ngs THH NMR
eXtT' Eggﬁéiﬁﬁé: ,\fgg'cgsﬁii'ggrzsﬁf'ma": yihduh@mail.nsysu.edu.tw. spectral data o8 in CDCl; were similar to those of, except that

§ National Taiwan University. ' there were additional signals@®.0—5.8 and ab 2.15, suggesting

U National Sun Yat-sen University. the presence of an acetylated sugar moiety in the molecule. The
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Table 1. 'H NMR Data of1-5 (300 MHz, in CDC})2
H 1 2 3 4 5
1 0.85m 0.99m 0.86 m 0.98 m 0.96 m
2.28dt(13.5,3.3) 2.43dt(13.2,3.3) 2.27dt(13.2,3.2) 2.23m 2.42m
2 1.40 m 1.36m 1.39m 1.41m 1.40 m
1.90 m 1.93m 1.45m 1.88m 1.85m
3 3.65m 4.72m 3.60m 3.60m 3.59m
4 1.01m 1.50m 0.99m 1.00 m 1.44m
1.74m 1.80m 1.72m 1.73m 1.88 m
5 1.24m 1.45m 1.22m 1.32m 1.37m
6 1.17m 1.54m 1.55m 1.33m 1.38 m
1.28 m 1.78 m 1.70m 1.89m 1.97m
7 1.18 m 1.11m 0.90m 0.93m 1.12m
1.26m 1.81m 1.76 m 2.16m 1.93m
8 1.53m 1.45m 1.54m 1.53m 1.70 m
9 0.74m 0.97m 0.72m 0.77m 0.98 m
11 1.57m 1.24m 1.56m 1.38m 1.31m
1.72m 1.72m 1.68m 1.67m 1.75m
12 1.39m 1.02m 1.39m 1.34m 1.02m
1.70m 1.68 m 1.75m 1.76 m 2.37m
14 1.04m 0.98m 1.15m 1.12m 0.97m
15 1.73m 1.20m 1.21m 1.21m 1.23m
1.72m 1.62m 1.70 m 1.75m
16 1.58m 1.59m 1.56m 1.57m 1.57m
1.80m 1.82m 1.81m 1.84m 1.80m
17 1.97m 1.97m 1.96 m 1.97m 1.98 m
18 0.64s 0.53s 0.61s 0.58s 0.53s
19 3.81d(11.4) 10.03s 3.77d (12.0) 4.22d (12.3) 10.03 s
3.95d (11.4) 3.90d (12.0) 4.35d (12.3)
20 5.78 ddd 5.73 ddd 5.74 ddd 5.74 ddd 5.74 ddd
(16.2,10.5,7.8) (17.1, 10.5,7.8) (16.5, 10.8, 7.8) (17.1,10.2,7.6) (17.1,10.3,7.8)
21 4.97d (16.2) 4.96d (17.1) 4.94d (16.5) 4.96d (17.1) 4.96d(17.1)
4.98d (10.5) 4.97 d (10.5) 4.95d (10.8) 4.97d (10.2) 4.97 d (10.3)
1 5.02d (3.6) 5.04d (3.6) 5.01m
2 3.74 dd (9.6, 3.6) 3.73dd (9.6, 3.6) 3.72.dd (9.6, 3.6)
3 3.92dd (9.6, 3.0) 3.91dd (9.6, 3.0) 3.88dd (9.6, 3.0)
4 5.16 br d (3.0) 5.21 brd (3.0) 5.20 br d (3.0)
5 4.09 br q (6.3) 4.11brq(6.3) 4.08 br q (6.3)
6 1.10d (6.3) 1.14d (6.3) 1.13d(6.3)
OACc 2.00s 2.15s 2.18s,2.07s 2.17s

2 Assigned by COSY, HSQC, and HMBC experimeritd.values (in Hz) in parentheses.

13C NMR spectral data a8 were also similar to those df except
for five additional oxymethine carbons betwe#65 and 100 and
a carbonyl group ad 171.7. A sharp signal aty 2.15 (3H, s)

at 5.02 ppm (C-1 and a carbon at 76.6 ppm (C-3) connected the
monosaccharide to the A ring d@fand yielded the final structure,
3. However, the absolute stereochemistry of the fucosdauld

showed that the carbonyl group was probably derived from an acetyl not be conclusively assigned due to the limited amount of sample

residue. Further, a methyl signal at 1.10 ppm (3H] & 6.3 Hz)
together with the presence of%C NMR acetal resonancé 06.7,
d) suggested the presence of a cyclized, acetylatdédxyhexose
unit. Comparison of th€C NMR data with those of'édeoxyhexose
acetate models showed thatcontained an acetylated-@eoxy-
hexose ring in the pyranose foffiThe 13C and'H NMR spectra
of 3immediately suggested that the aglycon WaBy subtraction
of the molecular formula ol from the overall formula of3 the
sugar component was shown to possess the composigté@s.
Elimination of one acetyl residue from the formula lef§{HzqO4,
which is the formula of a typical deoxy-hexose.

TheH—1H COSY of 3 revealed contiguous coupling between
H-1" and H-2, H-2' and H-3, H-3 and H-4, and H-5 and 3-CHa.
A HMBC cross-peak between H-® 5.16) and CHCOO indicated
that the acetate ester was at the sugar @eéition. The coupling
constants of the anomeric protah§.02,J4-1, y—» = 3.6 Hz) and
H-2' (6 3.74,J4—2, -3 = 9.6 Hz) of 3 suggested an equatorial
orientation for the anomeric proton, thus confirming ther axial

available for further studies.

HREIMS, DEPT, and3C NMR spectra revealed compoudd
to have a molecular formula of:@44¢0s. The IH and13C NMR
spectral data oft resembled those d, except that the primary
hydroxyl at C-19 in3 was replaced by a primary acetoxyl 4
HMBC correlations from B19 0y 4.22, 4.35) to C-104c 37.9),
C-9 (Oc 54.6), C-1 fc 32.1), C-5 fc 45.0), and an acetyl group
(6¢c 171.3) clearly positioned the acetoxyl at C-19. However, the
absolute stereochemistry of the fucosd itould not be conclusively
assigned due to the limited amount of sample.

Compounds was shown to have the molecular formulatd,,O;
by mass spectrometry artdC NMR data. The!H and'3C NMR
spectral data ob were analogous to those 8f except for the
replacement of the C-19 hydroxy by an aldehyde5inHMBC
correlations between H-19 10.03) and C-10dc 51.8), C-9 6¢
52.8), C-1 0 31.0), and C-5dc 43.4) helped position the aldehyde
at C-19. The absolute configuration of the fucose sug&rdould

hemiacetal linkage to the algycon and an axial orientation for both Ot be established because of the limited amount of material.

H-2' (dd, 3.6, 9.6 Hz) and H3(dd, 3.0, 9.6 Hz). Furthermore,
H-4' (a broad doublet witld = 3.0 Hz) had to be equatorialis to
both H-3 and H-3. A NOESY correlation from H-3to H-5
confirmed the 1,3-diaxial relationship of the latter protons (Figure
1). Because the anomeric oxygertriansto CH;-6', the monosac-
charide belongs to the-series. Thus, the sugar component in the
marine-derived saponi® was concluded to be'-acetyla-
fucopyranosé&:8 A HMBC correlation between the anomeric proton

Compound6 analyzed for GoH4e0s by mass spectrometry in
combination with interpretation dfC NMR data. ThéH and'3C
NMR spectral data (Tables 3 and 2)®in CDCl; were similar to
those of3 except for the absence of hydroxyl at C-19. HMBC
correlations between 419 (04 0.82) and C-10dc 35.8), C-9 6c
54.7), C-1 §c 37.6), and C-5dc 34.5) confirmed this assignment.
However, the absolute configuration of the fucose sugérdauld
not be established because of the limited amount of material.
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Table 2. 13C NMR Spectral Datad) of 1—9
C 1a 261 3a 4a 5a 6a 7a 8a gb m m (\M m
H -
Me H

31.3 308 316 321 310 376 376 374 376

322 285 284 295 304 295 295 297 300 HO
711 728 766 773 769 777 776 782 773 HO (¢}
381 356 346 348 36.1 345 345 388 347
451 434 449 450 434 448 449 140.2 447 H \/

s J
283 283 298 283 284 288 288 1222 289 \/ U\/ H A M
321 320 321 319 320 322 322 321 323 \_/ \\/
36.2 371 361 360 371 357 357 321 358 Figure 2. Selective NOESY correlations &

550 528 550 546 528 547 547 505 545

10 394 517 394 379 518 358 358 369 355 Tghle 3. IH NMR Data of 6—9 (300 MHz)
11 227 214 227 219 215 209 209 208 209

©CoO~NOOOAWNE

12 386 374 381 382 374 371 371 374 372 H 6 ~ g o
13 438 434 438 437 434 437 437 435 437 T 108m 103m 105m 092m
14 560 558 560 554 558 557 557 56.0 555 174m 168 m 172m 1.65m
15 248 247 248 248 247 249 248 249 248 ,  1gemq 182m 162m 168m
16 27.2 271 272 272 272 273 273 273 27.3 186 m 18am 19am 208 m
17 555 553 554 560 554 555 555 554 555 5 geem 358 m 352m 3.90m
19 610 2089 607 628 2084 14 130 195 122 ¢ LZM  lZmo o 1zzm o i3rm
20 1309 1395 1399 139.8 130.6 1400 140.0 1399 1400 g  sogm vesm 189m o
21 1145 1148 1146 114.6 1148 1145 1145 1146 1146 5  j35m 130m 537d(51) 116m
v 96.7 97.2 973 970 972 97.5 102.9 18am
2 69.3 69.5 701 695 669 669 750 7  g9sm 0.92m 202m 0.82m
3 69.5 70.1 695 701 741 741 784 177 m 173m 165 m
4 737 730 730 731 710 710 711 g 14 136m 1.56 m 191 m
5 652 653 654 652 658 659 67.0 ¢  geam 068 m 096 m 053 m
& 163 163 163 163 161 16.1 11 1.36m 1.28m 1.50m 1.15m
OAc 1708 171.7 1713 1713 1714 1711 171.1 160m 155 m 1sam 146 m
213 209 1713 209 209 213 213 12 1o4m 102m 113m 0.92m
20.9 1.72m 1.76m 1.92m 1.61m
213 14 1.04m 1.01m 1.03m 0.87m
aRecorded in CDGlat 75 MHz (assigned by DEPT, COSY, HSQC, 15 124m 1.06 m 1.23m 118 m
and HMBC experimentsf Recorded inds-pyridine at 75 MHz 172m 1.66m 1.75m 1.60m
(assigned by DEPT, COSY, HSQC, and HMBC experiments). 16 1.62m 1.56m 1.60m 1.53m
1.86m 1.78m 1.78m 1.64m
17 1.95m 1.96m 1.96 m 1.93m
18 0.59s 0.59s 0.62s 0.45s
19 082s 0.83s 1.03s 0.66's
20 5.76ddd 576ddd  578ddd  5.74ddd
(162,111, (168,102, (159,114, (15.6,11.4,
7.8F 8.1) 7.8) 7.8)

21 496d(16.2) 4.96d(16.8) 4.98d(15.9) 4.98m
497d(11.1) 4.97d(10.2) 4.97d(11.4)

T 504d(3.6) 503d(4.2) 505d(4.2) 4.90d(8.7)

2 374dd (10.8, 3.91dt(4.2, 3.93dt(4.2, 4.00t(8.7)

3.6) 11.4) 11.4)
Figure 1. Selective NOESY correlations & 3 3.92dd 5.05dd 5.07 dd 4.19t(8.7)

(10.8, 3.0) (105,3.0) (105, 3.0)

Compound? gave a molecular formula of/gH460s, as indicated 4 521brd(3.0) 3.84brs 3.85brs 4.25ddd (11.1,

by HREIMS and'3C NMR data. ThetH and 3C NMR spectral , 8.7,4.8)
data of7 in CDCl; resembled those @ except for soméH and 5 412brq(6.3) 411q(63) 4.12q(6.6) 4 ;;gztglllil)
13C NMR shift differences in the sugar portion. The sugar moiety 4:8) (111,
was readily assigned to be aBacetylo-fucose by interpretation I 1.14d (6.3) 1.26d(6.3) 1.26d (6.6)
of IH—H COSY data together with HMBC cross-peak H-3 OAc 2.18s 2.18s 2.19s

CHsCOO, coupll'ng constants of H-ZJ = 4.2, 11.4 Hz), and aRecorded in CDGI (assigned by COSY, HSQC, and HMBC
NOESY correlations H-34-4', H-5 and H-4/H-5". The HMBC experiments)® Recorded inds-pyridine (assigned by COSY, HSQC,
correlation between H:Xdy 5.03) and C-3dc 77.6) secured the  and HMBC experiments}.J values (in Hz) in parentheses.
final structure of7 as 3-(3'-O-acetyla-fucopyranosyloxy)pregna-
20-diene. the sugar portion. The sugar moiety was readily assigned to be a
Compound had a molecular formula of gH440s as determined ~ -xylos€ by interpretation of'H—'H COSY data, coupling
by HREIMS as well as’®C NMR data. The!H and 3C NMR constants of H-2(t, J = 8.7 Hz), H-3 (t, J = 8.7 Hz), H-4 (ddd,
spectral data o8 in CDCl; were analogous to those @fexcept J=111,8.7,4.8 Hz), and H-%dd,J = 11.1, 4.8 Hz), and NOESY
for the presence of a double bond between C-5 and C36HIMBC correlations (Figure 2) H‘MH-3' and H-54 and H-4/ H-2' and
correlations from 19 (Oy 1.03) to C-10 §c 36.9), C-9 fc 50.5), H-5¢4. The presence of -xylopyranose moiety i was confirmed
C-1 (0c 37.4), and C-54c 38.8) and from H-644 5.37) to C-10, by comparing thé3C NMR chemical shifts of the sugar unit
C-7 (Oc 32.1), C-5, and C-4 & 38.8) helped ascertain the with those of known sugarsThe HMBC correlation between H-1
positioning of the double bond. The absolute configuration of the (d4 4.90) and C-3dc 77.3) secured the final structure ®&s %-
fucose sugar ir8 could not be established because of the limited (3-xylopyranosyloxy)-&-pregna-20-ene.

amount of material. The cytotoxicity of compoundd—9 is shown in Table 4.
HREIMS, DEPT, and3C NMR spectra revealed compoufd Compoundd—3 and5 showed cytotoxicity against the P-388 cell
to have a molecular formula of,gH4,0s. The !H and13C NMR line. Compound2 and 3 showed cytotoxicity against the HT-29

spectral data 09 in CDCl; were similar to those of except for cell line. Oxygenation at C-19 may be important for the cytotoxicity.
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Table 4. Cytotoxicity? of 1—9
cell lines EByo (vg/mL)

compound HT-29 P-388
1 7.5 35
2 1.7 1.6
3 2.7 3.1
4 5.2 4.9
5 9.3 3.8
6 10.8 9.4
7 6.2 13.3
8 5.3 5.4
9 7.7 59

aFor significant activity of pure compounds, an &Df <4.0 ug/
mL is required.

Experimental Section

General Experimental Procedures.Optical rotations were deter-
mined on a JASCO DIP-181 polarimeter. UV spectra were obtained

Wang et al.

Stereonsteroid A (1):[a]p?® +18.6 € 0.3, CHC}); IR (neat)vmax
3520 cnT!; 'H NMR, see Table 133C NMR, see Table 2; EIM$®Vz
318 [M]* (2), 300 (5), 288 (14), 270 (9), 232 (10), 201 (12), 173 (18),
145 (28), 131 (42), 105 (36), 67 (100); HREIMfz 318.2553 (calcd
for C21H3402, 3182550)

Stereonsteroid B (2):[a]p?® +15.4 € 0.3, CHC}); IR (neat)vmax
1738, 1730 cm’; 'H NMR, see Table 133C NMR, see Table 2; EIMS
m'z 358 [M]* (3), 330 (5), 302 (4), 269 (8), 200 (14), 148 (70), 91
(100); HREIMSm/z 358.2494 (calcd for &H3405, 358.2499).

Stereonsteroid C (3):[a]p?® —22.0 € 0.2, CHC}); IR (neat)vmax
3300, 1746 cm’; *H NMR, see Table 113C NMR, see Table 2;
HRFABMS nvz 529.3132 (calcd for &H460/Na, 529.3136).

Stereonsteroid D (4):[a]p?® —30.3 € 0.1, CHC}); IR (neat)vmax
3460, 1730 cm’; 'H NMR, see Table 13°C NMR, see Table 2;
HRFABMS m/z 571.3246 (calcd for &Hss0sNa, 571.3241).

Stereonsteroid E (5):[a]p?® —21.8 € 0.2, CHC}); IR (neat)vmax
3510, 1740, 1730 cnt; *H NMR, see Table 1*3C NMR, see Table 2;
HRFABMS nmv/z 527.2983 (calcd for &H440/Na, 527.2980).

Stereonsteroid F(6): [a]p?® —30.6 € 0.1, CHC}); IR (neat)vmax

on a Shimadzu UV-160A spectrophotometer, and IR spectra were 3420, 1735 cm'; 'H NMR, see Table 33C NMR, see Table 2;
recorded on a Hitachi 26-30 spectrophotometer. The NMR spectra wereHRFABMS m/z 513.3190 (calcd for gHs0sNa, 513.3187).

recorded on a Bruker Avance 300 NMR spectrometer at 300 MHz for
IH and 75 MHz for'*C, respectively, in CDGlusing TMS as internal
standard. MS spectra were obtained with a JEOL JMS-SX/SX 102A
mass spectrometer at 70 eV. Si gel 60 (Merck,-2800 mesh) was
used for column chromatography; precoated Si gel plates (Merck,
Kieselgel 60 4 0.25 mm) were used for TLC analysis.

Animal Material. The soft coralStereonephthya crystallianaas

Stereonsteroid G(7): [a]p?® —31.4 € 0.2, CHC}); IR (neat)vmax
3360, 1730 cm; 'H NMR, see Table 33C NMR, see Table 2;
HRFABMS nmv/z 513.3185 (calcd for &H4606sNa, 513.3187).

Stereonsteroid H(8): [a]p?® —41.5 € 0.3, CHC}); IR (neat)vmax
3450, 1740 cm; *H NMR, see Table 3C NMR, see Table 2;
HRFABMS nmv/z 511.3034 (calcd for §H4406Na, 511.3031).

Stereonsteroid 1(9): [a]p?® —52.6 € 0.2, CHC}); IR (neat)vmax

collected at Green Island, off Taiwan, in September 2001, at a depth 3480 cntl: 1H NMR, see Table 3:3C NMR, see Table 2; HRFABMS

of 4—5 m, and was stored for 1 month in a freezer until extraction. A
voucher specimen, NSUGN-049 (identified by one of the authors,
C.-F.D.), was deposited in the Department of Marine Biotechnology
and Resources, National Sun Yat-sen University, Taiwan.
Extraction and Isolation. The bodies of the soft cor&l. crystalliana
were freeze-dried to give 1.10 kg of a solid, which was extracted with
CH.CI; (3.0 L x 3). After removal of solvent in vacuo, the residue
(28 g) was chromatographed over Si gel 60 usmbexane and
n-hexane-EtOAc mixtures of increasing polarity. Elution withkhex-
ane-EtOAc (9:1) gave fractions containing compou2dwith n-hex-
ane-EtOAc (1:1) gave fractions containing compoungts8, with
n-hexane-EtOAc (4:6) gave fractions containing compouridand5,
with n-hexane-EtOAc (3:7) gave fractions containing compou#d
with n-hexane-EtOAc (1:9) gave fractions containing compou8d
and withn-hexane-EtOAc (2:8) gave fractions containing compound
9. Compounddl (5 mg) and5 (2 mg) were further purified by Si gel
column chromatography, eluting witithexane-acetone (9:1). Com-
pounds6 (2 mg), 7 (1 mg), and8 (2 mg) were further purified by Si
gel (immersed with 8% AgNg€) column chromatography by eluting
with CH,Cl,—acetone (19:1) as solvent system. Compofr{d mg)
was further purified by Si gel column chromatography eluting with
CH.CI, as solvent system. CompouBd(2 mg) was further purified
by Si gel column chromatography by eluting with @H,—MeOH (97:
3) as solvent system. Compoudd2 mg) was further purified by Si
gel column chromatography eluting with @El,—MeOH (9:1) as
solvent system. Compourf@l (2 mg) was further purified by Si gel
(immersed with 8% AgNE) column chromatography eluting with GH
Cl,—MeOH (97:3) as solvent system.

m/z 457.2922 (calcd for &Ha0sNa, 457.2926).

Cytotoxicity Testing. P-388 cells were kindly supplied by J. M.
Pezzuto, Department of Medicinal Chemistry and Pharmacognosy,
University of lllinois at Chicago; A549 and HT-29 were purchased
from the American Type Culture Collection. Cytotoxic assays were
carried out according to the procedure described previdusly.
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