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Insect Antifeedants from Tropical Plants: Structures of Dumnin
and Dumsenin
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Two novel A-seco limonoids, dumnin and dumsenin, were isolated from the methanolic extract of
Croton jatrophoides by bioassay-guided fractionation, and the structures were determined by nuclear
magnetic resonance, circular dichroism, and mass spectrometry experiments. These compounds
showed potent antifeedant activity (PCso < 2.0 ug/mL) against the larvae of pink bollworm,
Pectinophora gossypiella, and/or fall armyworm, Spodoptera frugiperda, providing results comparable
to dumsin and zumsin, previously isolated from the same plant.
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INTRODUCTION

Insect antifeedants can be found among all of the classes of
secondary metabolites such as alkaloids, phenolics, and terpe-
noids (). Limonoid is classified as a tetranortriterpenoid, having
attractive antifeedant potential from an agricultural point of view
(2, 3). Furthermore, they possess various additional biological
activities including antimalarial4( 5), cell adhesion inhibition
(6), chloroplast H-ATPase inhibition (7), and anticancer (8,

9) activities. We recently reported the isolation and structural
determination of two unique limonoids, dumsi) @nd zumsin

(2) (Figure 1), from the East African medicinal plant “msinduzi”
(Swabhili, tentatively identified a€roton jatrophoide$?ax.) @0,

11). During our continuing study of biologically active sub-
stances from the same medicinal plant, two novel A-seco
limonoids, dumnin 8) and dumsenin4) (named from msin-
duzi), were isolated as potent insect antifeedants. In this study,
we have established complete nuclear magnetic resonance
(NMR) assignments fot and the structural determinations of

3 and4 and conducted a comparative antifeedant studl-of
against the larvae of pink bollworrRectinophora gossypiella  Figure 1. Structures of compounds 1-4.
and fall armyworm Spodoptera frugiperda, as test organisms.

and*C NMR spectra were recorded in CR@lith tetramethylsilane
MATERIALS AND METHODS as the internal reference on a JEOL JNM-GX-400 spectrometer
General Experimental Procedures.Infrared (IR) spectra were  (Akishima, Japan). High-resolution mass spectromefagt atom
recorded in KBr on a Shimadzu 435 spectrometer (Kyoto, Japein).  bombardment (HRMS-FAB) was measured in the positive ion mode
on a JEOL JMS-DX 303 spectrometer. The samples were homoge-
* To whom correspondence should be addressed. Tel: 510-643-6303. neously mixed with 3-nitrobenzyl alcohol and bombarded with 10 kV
Fax: 510-643-0215. E-mail: ikubo@uclink.berkeley.edu. of xenon-based atoms. Circular dichroism (CD) spectra were recorded
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 Kinki University. in MeOH on a JASCO J-40 spectropolarimeter (Easton, MD). Prepara
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Table 1. 'H and 13C NMR Assignments for 1, 3, and 4 in CDCls

12 3 4
position no. On (mult. Jin Hz) Oc (mult.) On (mult. Jin Hz) Oc (mult.) On (mult. Jin Hz) Oc (mult.)
1 1.88 (m) 35.7 (1) 1.66 (ddd, 1.6, 9.5, 13.9) 36.0 (t) 2.07 (m) 35.6 (t)
2.35(m) 2.12 (ddd, 8.8,9.5, 13.9) 2.25(m)
2 2.38 (m) 30.6 (t) 2.27 (td, 9.5, 19.8) 31.1(Y) 2.30 (m) 31.5(t)
2.57 (ddd, 3.0, 9.0, 11.0) 2.50 (ddd, 1.6, 8.8, 19.8) 2.60 (m)
3 208.2 (s) 208.9 (s) 209.4 (s)
4 84.6 (s) 84.5 (s) 86.6 (S)
5 2.37 (dd, 6.0, 11.0) 49.9 (d) 1.85 (dd, 6.0, 15.0) 49.7 (d) 267 (t,7.4) 58.7 (d)
6 1.81 (ddd, 2.0, 6.0, 14.0) 25.3 () 1.70 (ddd, 4.0, 6.0, 15.0) 26.2 () 2.54 (dd, 7.4, 13.4) 38.3(1)
2.12 (ddd, 4.0, 11.0, 14.0) 2.01 (dt, 2.7, 15.0) 2.93(dd, 7.4, 13.4)
7 474 (dd, 2.0, 4.0) 74.0 (d) 4.65 (dd, 2.7, 4.0) 75.2 (d) 206.9 (s)
8 43.3(s) 39.4(s) 50.5 (s)
9 3.38(d, 4.5) 45.0 (d) 3.22(d, 4.4) 45.4 (d) 3.01(d, 4.6) 48.5 (d)
10 55.6 (s) 56.0 (s) 56.0 (s)
11 5.17 (dd, 4.0, 4.5) 73.8 (d) 5.08 (dd, 3.6, 4.4) 745 (d) 5.08 (t, 4.6) 73.9 (d)
12 5.41(d, 4.0) 79.8 (d) 5.34 (d, 3.6) 79.8 (d) 5.33(d, 4.6) 82.9 (d)
13 44.2 (s) 44.6 (s) 50.8 (s)
14 71.9(s) 72.3(s) 147.9 (s)
15 3.54 (bs 57.4 (d) 3.43 (bs 58.0 (d) 5.84(d, 1.8,3.2) 127.4 (d)
16 1.61 (dd, 11.0, 14.0) 33.6 (1) 1.26 (dd, 11.0, 15.0) 33.9(t) 2.47 (ddd, 3.2, 8.0, 16.0) 37.3(t)
2.11(dd, 6.0, 14.0) 1.94 (dd, 5.9, 15.0) 2.51 (ddd, 1.8, 11.0, 16.0)
17 2.87 (dd, 6.0, 11.0) 37.5(d) 2.78 (dd, 5.9, 11.0) 37.9(d) 3.05(dd, 8.0, 11.0) 51.4 (d)
18 1.20 (s) 15.0 (q) 1.07 (s) 15.7 (q) 1.10 (s) 17.0(q)
19 104.7 (s) 104.6 (s) 105.1 (s)
20 122.6 (s) 122.7 (s) 124.1(s)
21 7.01 (m) 140.2 (d) 7.00 (m) 140.7 (d) 7.16 (m) 140.4 (d)
22 6.01 (m) 111.3(d) 6.02 (m) 111.9 (d) 6.23 (m) 111.8 (d)
23 7.32 (m) 141.7 (d) 7.32 (m) 142.2 (d) 7.33(m) 142.3 (d)
28 1.34(s) 27.4(q) 1.23(s) 27.9(q) 1.37(s) 27.3(q)
29 142 (s) 31.7(q) 1.24(s) 32.3(q) 1.42 (s) 31.3(q)
30 1.42 (s) 20.8 (q) 1.34(s) 21.3(q) 1.75(s) 28.7(q)
OH 3.65 (bs) 3.57 (bs) 3.70 (bs)
OAcP 1.92 (s) 20.7 (q) 1.80 (s) 21.2(q) 1.82(s) 21.5(q)
170.6 (s) 170.2 (s) 170.8 (s)
OAcP 2.10(s) 20.9 (q) 1.99 (s) 21.4(q) 1.94 (s) 21.6 (q)
171.3(s) 170.6 (s) 171.9(s)
1 171.9 (q) 171.0 ()
2 1.25(s) 39.1(t) 3.69 (s) 42.5 (t)
3 2.22 (m) 26.0 (d) 134.0 (s)
4 1.04 (d, 6.0) 21.8(q) 7.34 (m) 129.0 (d)
5 1.04 (d, 6.0) 21.9(q) 7.34 (m) 129.0 (d)
6' 7.34 (m) 126.7 (d)
7 7.34 (m) 129.0 (d)
8’ 7.34 (m) 129.0 (d)

aThe 'H NMR assignments for 1 have been reported previously (10). ® Assignment may be reversed.

mm x 250 mm i.d., 1Q«m, Alltech Econosil C-18 column (Deerfield,  strong activity in the 10% MeOH/CHgleluted fraction (IV). This
IL). Initially, 40% MeCN/H,O was used as the HPLC solvent. The fraction was subjected to preparative TLC with 10% MeOH/CHCI
gradient elution was started at 5 min, and the solvent composition was and then, further purification by preparative HPLC gave 23 m@ of
changed to 80% MeCNA® in 30 min. The flow rate and detected (tg = 23.5 min), 10 mg of3 (tz = 31.5 min), and 18 mg of (tr =
wavelength were adjusted at 5 mL/min and 210 nm, respectively. 24.5 min) as amorphous solids.

Preparative thin-layer chromatography (TLC) plates were purchased Dumnin (3). HRMS-FAB, m/z: [M + Na]' calcd for GgH44011-
from Analtech, Inc. (Newark, DE). All solvents were purchased from Na, 699.2782; found, 699.2780. IR (KBr): 1758, 1738, 1244, 1221,
Aldrich Chemical Co. (Milwaukee, WI). DumsiriY was available from 786 cntl. CD (MeOH): 305 nm (e —1.78 degree/M/cm)*H and

our previous work (10). 13C NMR assignments are shown Trable 1.

Extraction and lIsolation. The root bark of the East African Dumsenin (4).HRMS-FAB, m/z: [M + Na]" calcd for GoHzeOo-
medicinal plant locally known as msinduzi was collected near Mombasa, Na, 563.2257; found, 563.2238. IR (KBr): 1758, 1738, 1242, 1222
Kenya, and the plant was tentatively identified @s jatrophoides cm . CD (MeOH): 295 nm { = +1.21 degree/M/cm):H and3C
(Euphorbiaceae) (12). The plant specimen was deposited in the NMR assignments are shown Table 1.

Department of Botany Herbarium at the University of Nairobi. The Bioassay.Second-instar larvae ¢f. gossypiellaandS. frugiperda

root bark was peeled off at the collection site. The air-dried root bark were used as the test organisms, and a leaf disk assay was performed
(500 g) was cut into small pieces and extracted with MeOH (500 mL by the method as previously reportelBy. Briefly, leaf disks (1 cr§)

x 3) at ambient temperature for 2 weeks. The solvent was evaporatedwere punched out from a glandless cotton cultivar, randomized, and
in vacuo, and then, the resulting residue (40 g) was partitioned betweenarranged (12 disks/dish) concentrically on moistened filter paper within
water (800 mL) andh-hexane (200 mlx 3), CHCE (200 mL x 3), polyethylene foam grids inside glass Petri dishes (100 &5 mm).

and EtOAc (200 mLx 3), respectively. A leaf disk assay against Alternate disks were treated on their upper surface with eitherl25
second-instar larvae &. gossypielladentified the CHC fraction (4.5 of acetone or with 6100 u«g of the sample dissolved in 24 of

g) as containing the antifeedant activity. This fraction was further acetone applied with a microliter syringe. Three larvae were then placed
divided into six fractions (I, 0.2 g; Il, 0.7 g; Ill, 0.8 g; IV, 0.4 g; V, 1.1  in the dishes at 22C in a dark incubator. After 48 h, the larvae were

g; and VI, 0.5 g) using chromatography on-7280 mesh, 250 g silica removed and disks were examined visually at percent area of the leaf
gel eluted with +20% MeOH/CHC4. Subsequent bioassays showed disk consumed vs control. R£€and PGs values are the concentrations
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dumsin type A-A' ring closure was deduced from the presence
of an acetal carbon at 104.6 ppm (C-19). The position of
phenylacetyl and acetyl groups as showrrigure 1 could be
elucidated from the number of similarities betwéehand3C
NMR data forl and3, although cross-peaks between the ester
moieties and the limonoidal skeleton ®fcould not be found

in the COLOC spectra.

The stereochemistry & was determined by nuclear Over-
hauser enhancement spectroscopy experiments and the inspec-
Figure 2. Key NOE and COLOC correlations in 3. The dashed and solid tion of coupling constants in thH NMR spectra Figure 2).
lines with the double-headed arrow expresses NOE on a-face and f-face, Three different coupling constants (5.9, 11.0, and 15.0 Hz) at
respectively. The single-headed arrow represents COLOC correlation. H-16 were similar to those ofl and 2. Accordingly, the

orientation of the epoxy ring should K&(10, 11). A nuclear
at which the test compounds afforded ca. 50 and 95% protection of Overhauser effect (NOE) correlation observed between two
the 'host plant substrate, respectively. The assays were performed_ i”protons at positions H-9 and H-18, as well as small coupling
triplicate on separate occasions, and their range of error was within oqnstants (3.6 and 4.4 Hz) at H-11, proved the C ring
0.5ug/mL. conformation to be the boat form and the vicinal acyloxy
moieties thus trans. The chair form of the B ring was expected
RESULTS AND DISCUSSION by coupling constants at H-5 (6.0 and 15.0 Hz) and H-7 (2.7

The MeOH extract of the bitter-tasting root bark 6f and 4.0 Hz) and two NOE correlations between H-5 and H-15
jatrophoidesshowed antifeedant activity against second-instar or H-30. In addition to this stereochemical observation, NOE
larvae ofP. gossypiellaBy further fractionation between water ~ correlations between benzyl protons+<2j in the phenylacetyl
and several organic solvents, it was found that the GHCI group anda-orientated methyl protons (H-18) supported the
fraction retained a strong antifeedant activity. To identify the S-orientation of the oxymethine proton (H-7) in the B ring.
active principles, this fraction was evaporated in vacuo and the Finally, the A'—B cis-fused structure & was ascertained by
resultant residue was subjected to silica gel chromatography andwo NOE correlations between H-9 and #B-and H-11 and
preparative TLC, followed by preparative HPLC to yield two H-28.

compounds3 and4 (Figure 1). Compound4 was isolated as an amorphous solid, and the
Compound3 was isolated as an amorphous solid, and the molecular formula was established agtzsOy by HRMS-FAB.
molecular formula was established asgt;40:1 by HRMS- A strong absorption at 1769 crhin the IR spectrum indicated

FAB. A strong absorption from carbonyl moieties was observed the presence of carbonyl moieties in this structure. A proton
at 1758 cm! in the IR spectrum. Compourlwas identified signal at 7.33 ppm (H-23) was correlated to a signal at 6.23
as a tetranortriterpene of the limonoid type because the presencg@pm (H-22) in the'H—'H COSY spectra, whereas a signal at
of a #-furan ring was established by observing signals at 6.02, 7.16 ppm (H-21) was isolated. In addition, the observations of
7.00, and 7.32 ppm in th#H NMR spectra and 111.9, 122.7, three methine carbon signals at 111.8, 140.4, and 142.3 ppm
140.7, and 142.2 ppm in tH€C NMR spectra. Two acetyb( and a quaternary carbon at 124.1 ppm suggested the presence
1.80, 1.99;6c 21.2, 21.4, 170.2, 170.6) and four methyl,(6  of af-furan ring in the structure af. The signals of two acetate
1.07, 1.23, 1.24, 1.34jc 15.7, 21.3, 27.9, 32.2) resonances as groups (¢ 1.82, 1.94;6c 21.5, 21.6, 170.8, 171.9) and four
well as the number of similarities witltH and13C NMR data methyl groups (¢ 1.10, 1.42, 1.37, 1.75)c 17.0, 27.3, 31.3,
for 1 indicated thaB possessed a dumsin-like structure (Table 28.7) were found iftH and*3C NMR spectra so that would
1). However, it should be mentioned that instead of the represent a structure similar fbas previously reportedL().
isopentanoyl group of, resonances suggesting a phenylacetyl  However, it should be noted that the signals of a trisubstituted
group (&4 3.65, 7.349¢c 42.5, 126.7, 129.0, 134.0, 171.0) were olefin (o 5.84;0c 127.4, 147.9) were observed instead of the
found in thelH and3C NMR spectra. trisubstituted epoxy resonances2ofThe olefinic methine proton

A proton signal at 3.43 ppm and carbon signals at 58.0 and (H-15) was correlated to/afuran attached methine at 3.05 ppm
72.3 ppm were assigned to H-15 and C-14 in a trisubstituted (H-17) through methylenes at 2.47 and 2.51 ppm (H-168MHir
epoxy moiety byH—13C correlation spectroscopy (COSY) H COSY spectra. Therefore, the olefin was located in the D
experiments, respectively. This methine proton was correlatedring. A triplet oxymethine at 5.08 ppm (H-11) possessed two
to the g-furan attached methine at 2.78 ppm (H-17) via cross-peaks between a doublet oxymethine at 5.33 ppm (H-12)
methylene protons at 1.26 and 1.94 ppm (H-16). In addition, and a doublet methine at 3.01 ppm (H-9). This sequence
observation of COLOC correlations between H-18 and C-13, established the skeleton of the C ring in the same wag.as
C-14, and C-17 allowed this sequence to be placed in the D Two small coupling constants (4.6 Hz) at H-11 were consistent
ring (Figure 2). A doublet oxymethine proton at 5.34 ppm (H- with a trans alignment of two acyloxy moieties and a boat form
12) possessed a cross-peak with a double-doublet oxymethinefor the C ring.
at 5.08 ppm (H-11) in the'lH—'H COSY spectra. This The resonances at 2.54, 2.67, and 2.93 ppm were assigned
oxymethine was further coupled to a methine at 3.22 ppm (H- to H-5 and H-6 in the B ring because their cross-peaks were
9), indicating that two acyloxy moieties were located in the C shown in thelH—'H COSY spectrum. A vicinal coupling
ring. A remaining oxymethine proton at 4.65 ppm (H-7) was constant (7.4 Hz) at H-5 in th#d NMR spectra was somewhat
correlated to diastereotopic methylene protons at 1.70 and 2.01smaller than that o2 as shown in théH NMR assignments
ppm (H-6) that were coupled to a methine proton at 1.85 ppm for a limonoid, sudachinoid Al(1,14). This might be governed
(H-5). This proton sequence was assigned to the B ring fragmentby the conformational difference of the A,’,Aand B rings

of 3 according to the comparison with tAel and 13C NMR betweer2 and4. The remaining resonances should come from
assignments fofl and several COLOC correlations observed the nuclei of the A and Arings. A signal from a quaternary
on the C-30 methylRigure 2). Four methylene protony carbon at 105.1 ppm was identified as the acetal carbon at H-19

1.66, 2.12, 2.27, 2.50), correlated with each other inlthe by 13C NMR and DEPT experiments. This highly oxygenated
1H COSY spectra, suggested the A ring structure3ofThe carbon center was observed in the structures arfid3 so that
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Table 2. Insect Antifeedant Activities of 1—42 structure-activity relationship studyd. Agric. Food Chem2002
50, 6766—6774.
P. gossypiella S. frugiperda (3) Nakatani, M. Limonoids from Meliaceae and their biological
compounds PC PC PC PC ac_t|V|t|e_s. In Bioactive Compc_)unds from Natural Sources;
ter;t:d CMQ/T;OL) (ug/r?lsL) (ﬂg/r;OL) (,ug/r;sL) Tringali, C., Ed.; Taylor & Francis: London, 2000; pp 52554.
(4) Bickii, J.; Njifutie, N.; Foyere, J. A.; Basco, L. K.; Ringwald,
1 10 80 b b P. In vitro antimalarial activity of limonoids fromkhaya
g 18 128 5'0 13'0 grandifoliola C.D.C (Meliaceae)J. Ethnopharmaco000,69,
4 20 8.0 1.0 4.0 27-33.

(5) Mackinnon, S.; Durst, T.; Arnason, J. T.; Angerhofer, C.;
Pezzuto, J.; Sanchez Vindas, P. E.; Poveda, J.; Gbeassor, M.
Antimalarial activity of tropical Meliaceae extracts and gedunin
derivatives.J. Nat. Prod.1997,60, 336—341.

Musza, L. L.; Killar, L. M.; Speight, P.; McElhiney, S.; Barrow,

C. J.; Gillum, A. M.; Cooper, R. Potent new cell adhesion
compound4 did not possessed the zumsin type but a dumsin inhibitory compounds from the root dfrichilia rubra. Tetra-

type linkage at the A and Afings. Consequently, signals at hedron1994,50, 11369-11378.

2.07, 2.25, 2.30, and 2.60 ppm coupled to each other were placed (7) Achnine, L.; Mata, R.; Lotina-Hennsen, B. Interference of the

] - _ ) 1 - natural product 7-oxo-7-deacetylgedunin withy©FH"-ATPase
:‘grtr:lez;}\enzgc?v?/r:_'ir}ng?eHlZ. Thigd and**C NMR assignments of spinach chloroplast®estic. Biochem. Physidl999 63, 139—

. 149.
Compound3 showed a negative Cotton effect at 305 nm ( (8) Takeya, K.; Qiao, Z. S.; Hirobe, C.; ltokawa, H. Cytotoxic

2 All values are expressed as the mean of three separate experiments, and the
range of error was found within 0.5 «g/mL. ® Not tested due to limited amount.
¢ These data have been reported previously (11). )

— m* of a ketone group) that represented the same sigh as trichilin-type limoniods fromMelia azederachBioorg. Med.
Therefore, the stereochemistry ®thould be similar to that of Chem.1996,4, 1355—1359.
1. In contrast, a positive Cotton effect at 295 nm¢ z* of a (9) Guthrie, N.; Morley, K.; Hasegawa, S.; Manners, G. D.;
ketone group) fodd suggested that the structure surrounding Vandenberg, T. Inhibition of breast cancer cells by citrus
the two ketones differed fror@. This result did not contradict limonoids. InCitrus Limonoids-Functional Chemicals in Agri-
the stereochemical observations by NMR experiments. culture and FoodsBerhow, M. A., Hasegawa, S., Manners, G.
The occurrence of the phenylacetate in natural products would D., Eds.;; ACS Symposium Series 758; American Chemical
be an unique case, although a minute amount of the corre- Society: Washington, DC, 2000; pp 165—184.

(10) Kubo, I.; Hanke, F. J.; Asaka, Y.; Matsumoto, T.; He, C. H,;
Clardy, J. Insect antifeedants from tropical plants I. Structure of
dumsin.Tetrahedron1990,46, 1515—1522.

(11) Nihei, K.; Hanke, F. J.; Asaka, Y.; Matsumoto, T.; Kubo, I. Insect
antifeedants from tropical plants II: Structure of zumsinAgric.

sponding acid was found in aged red wirlb). However, it
has been reported that dephnane and tigliane type diterpenes
from Euphorbiaceae (1617), pyrrolizidine alkaloids from
Convolvulaceae (18), and coumarins from Rutaceae (19) contain

phenylacetate in their structures. Compoudds the first Food Chem2002,50, 5048—5052.

example of a limonoid possessing a phenylacetyl group, whereas (12) Kokwaro, J. OMedicinal Plants of East AfricaEast African

other substitutions with aromatic chromophores such as cin- Literature Bureau: Nairobi, Kenya, 1976; p 88.

namate and benzoate have been observed previd@)y ( (13) Kubo, I. Screening techniques for plant-insect interactions. In
Recently, structureactivity relations of insect antifeedant Methods In Plant Biochemistrifostettmann, K., Ed.; Academic

activity with limonoids from Rutaceae and Meliaceae were Press: London, U.K., 1991; Vol. 6, pp 17293.

reported in detail based on the results from bioassays using a (14) Nakagawa, H.; Duan, H.; Takaishi, Y. Limonoids fraitrus

number of semisynthetic and naturally occurring compounds sudachi.Chem. Pharm. Bull2001,49, 649—651.

and investigations by molecular modelirg) 21). Accordingly, (15) Aznar, M.; Lopéz, R.; Cacho, J.; Ferreira, V. Prediction of aged

red wine aroma properties from aroma chemical composition.
Partial lease squares regression modgl#gric. Food Chem.
2003,51, 2700—2707.

(16) Hergenhahn, M.; Adolf, W.; Hecker, E. Resiniferatoxin and other
esters of novel polyfunctional diterpenes fré&@uaphorbia resin-

the insect antifeedant activity of the four unique limonoids from
C. jatrophoideswas also examined by a conventional leaf disk
bioassay methodl1@). Each limonoid showed potent activity
against lepidopteran larvae Bf gossypiellavith a PGy of 2.0

ug/mL (Table 2). Among the dumsin and zumsin type limonoids ifera and unispina. Tetrahedron Lett1975,19, 1595—1598.

Obtained, the A-B I’ing |inkage, the alternative to an olefin or (17) Evans, F. J.; Schmidt, R. J. Two new toxins from the latex of

epoxide in the D ring, and modification at C-7 may not be Euphorbia poisoniiPhytochemistry1976,15, 333—335.

important for insect antifeedant potency. Similar results were (18) Jennett-Siems, K.; Kaloga, M.; Eich, E.; Ipanqulines, the first

obtained in antifeedant experiments using the larvaes of pyrrolizidine alkaloids from the Convolvulacedhytochemistry

frugiperda, although complete data could not be achieved due 1993,34, 437—-440.

to the limited amount ofl and 3. (19) Chatterjee, A.; Sarkar, S.; Shoolery, J. N. 7-Phenylacetoxy
coumarin fromLimonia crenulata.Phytochemistry1980, 19,
2219-2220.
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