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Inhibitory Effects of Natural Plant Extracts on ICAM-1/LFA-1
Mediated Adhesion of HL-60 Cells
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Abstract — Atherosclerosis is a progressive disease characterized by the accumulation of lipids and fibrous elements in the arter-
ies. Monocytes/macrophages are involved in many aspects of the development of atherosclerotic plaques. It is known that the
intercellular adhesion molecule-1 (ICAM-1) expressed preferentially on endothelial cells of atherosclerotic plaque, promotes
local adhesion and transendothelial migration of monocytes, neutrophils, and lymphocytes. Using the human promyelocytic leu-
kemia HL-60 cell line, we investigated the inhibitory effects of methanol extracts of 175 natural plants on ICAM-1/LFA-1 medi-
ated cell adhesion. Eight kinds of methanol extracts of tested plants inhibited PMA-induced homotypic aggregation of HL-60
cells without cytotoxicity at the concentration of 6.25 ug/ml. They were divided two fractions of CHC, and H,O to use solvent

partition. Among them, CHCL, extracts (1.0 ug/ml) of Saururus chinensis and Chloranthus japonicus significantly inhibited
aggregation of HL-60 cells without cytotoxicity, respectively.
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Intercellular adhesion molecule-1(ICAM-1; CD54)> Ig-
superfamily®l] £:8H= adhesion receptorZA], ¥ oA
9} 2} lymphocyte, monocyted| Al AU EZ W€}
IL-1, TNF-o, IFN-y?} 722 €348 cytokine¥} lipopoly-
saccharide(LPS)E vkt Al3zo] A& o, multiple
cell typeolr] ICAM-19] 28 2715017t} Leukocyte
function associated antigen-1(LFA-1; CD11a/CD18)<
ICAM-1¢] ligand®A] resting leukocyted| 4= E84301A]
JF Tecell receptor-mediated signaling®] 1} phorbolester<}
Zre Thorgt A=At <la] A stE oAt

ICAM-17} LFA-12 S579=E o538k antigen-specific
T-lymphocyte®] A}=+3} endothelium-leukocyte adhesion
=29 ¥3E= o159 cellular interactions A2 FZIA]
7)) Ao}, 53] sAs wRliA pdHos Uy
HE [CAM-12 =529 HEH2}F monocyte, neutrophil,
lymphocyte’t @& Hol AFsl= AL 814 b
ICAM-1°\}, LFA-191 #A8& o= t)-8-3l= monoclonal
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model® A}-&# "' Phorbol 12-myristate 13-acetate
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& Z7M7A B
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Fig, 1. PMA-induced ICAM-1/LFA-1 mediated aggregation of
HL-60 cells.

Cells are non-stimulated (A) or stimulated after 48 hours with
25 nM PMA (B) in the presence of 25ng/ml anti-ICAM-1
mAb (C). Micrographs were created using a Nikon ECLIPSE
TS100 microscope. Total magnification is 100 X.
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Table I. Evaluation of MeOH extracts from natural plants on anti-adhesion and cytotoxicity against HL-60 cells.
Natural Plant samples ’ Parts Family Inhibition Cytotoxicity
Exochorda serratifolia (7V34%) stem Rosaceae - *
Rhamnus davurica (2™ stem Rhamnaceae - *
Quercus aliena (225 leaf, stem Fagaceae - ok
Chrysanthemum indicum (73=) whole plant Compositae + -
Ostericum koreanum (73&) whole plant Umbelliferae - -
Forsythia koreana (71U2]) leaf, stem Oleaceae - *
Ampelopsis brevipedunculata var. heterophylla ()™<)  stem Vitaceae + -
Boehmeria platanifolia ()2 &) whole plant Urticaceae +++ otk
Cephalotaxus koreana (7Y W) AP-) leaf Taxaceae +++ k%
Lycoris aurea (7R°3AV8h) root Amaryllidaceae +++ ik
Senecio vulgaris (71%:7k) whole plant Compositae +++ -
Corylus heterophylla var. thunbergii (7] V) leaf, stem Betulaceae - ok
Rhus trichocarpa (71-215) stem Anacardiaceae - ok
Symplocos paniculata (F=HA) stem Symplocaceae + -
Rhus succedanea (73 FEH) fruit Anacardiaceae + *
Cercidiphyllum japonicum (A5TU) leaf Cercidiphyllaceae - *
Philadelphus schrenckii (331}H5-) leaf, stem Saxifragaceae + -
Acer mono (ALZ &) leaf Aceraceae - *
Ligularia fischeri (F3) whole plant Compositae ++ -
Lonicera maackii (&%) leaf Caprifoliaceae - ok
Abies koreana (T7dH) leaf Pinaceae - *
Chrysanthemum zawadskii var. latilobum (T 3x) whole plant Compositae - o
Platycarya strobilacea (Z3W5) stem-cortex Juglandaceae - HoAk
Prunus padus (155 flower Rosaceae + -
Sedum kamtschaticum (718 x) whole plant Crassulaceae - *
Jeffersonia dubia (737801 %) whole plant Berberidaceae - o
Rubia akane (ZFA11]) whole plant Rubiaceae - *
Prunella vulgaris var. lilacina (Z%) whole plant Labiatae + -
Pleuropterus cilinervis (ME3152) whole plant Polygonaceae - ok
Kadsura japonica (427171 leaf Magnoliaceae - ok
Astilbe chinensis var. davidii (=F2.%) whole plant Saxifragaceae - *
Ulmus davidiana var. japonica (=% %) stem Ulmaceae - ok
Acer palmatum (&3 leaf Aceraceae - &
Viburnum erosum (235) stem Caprifoliaceae - ok
Xanthium strumarium (EI3L0F) leaf, stem Compositae - *
Camellia japonica (&) fruit Theaceae - %
Ambrosia artemisiifolia var. elatior (F)1%] %) whole plant Compositae - *
Majanthemum bifolium (FF7%) whole plant Liliaceae ++ -
Aralia elata (F5HF) leaf Araliaceae - *
Eucommia ulmoides ((7%&) stem-cortex Eucommiaceae +++ *
Euphorbia helioscopia (5NE) whole plant Euphorbiaceae - *
Trachelospermum asiaticum var. intermedium (V}23E) leaf Apocynaceae - wE
Lilium distichum (ZY2]) whole plant Liliaceae - -
Cornus walteri (ZA) stem Cornaceae - AE
Berberis koreana ("IARI5-) leaf, stem Berberidaceae - *
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Table 1. Continued
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Natural Plant samples Parts Family Inhibition Cytotoxicity
Melia azedarach var. japonica (BT+EW) stem-wood Meliaceae + -
Rubus idaeus var. microphullus (4*127]) whole plant Rosaceae - ok
Magnolia kobus (58) stem-cortex Magnoliaceae - *
Ranunculus japonicus (72 oLAIH]) whole plant Ranunculaceae - okl
Abeliophyllum distichum (1]AHF) leaf Oleaceac + -
Taraxacum mongolicum (DEH)) whole plant Compositae - *
Isodon japonicus (oFE) whole plant Labiatae - *
Lycoris koreana (B FE) root Amaryllidaceae +++ HAE
Tetragonia tetragonoides (A3 %) whole plant Aizoaceae - *
Meehania urticifolia (E7E &) whole plant Labiatae - *
Bistorta manshuriensis (F3L8]) whole plant Polygonaceae - *
Weigela subsessilis (8Z25-) leaf, stem Caprifoliaceae - *
Elaeagnus umbellata (R2)TH) leaf, stem Elaeagnaceae - *
Rubus coreanus (B-EAZ7]) leaf, stem Rosaceae - -
Prunus persica (SAPF) stem-cortex Rosaceae - -
Adonis amurensis (B-F2%) whole plant Ranunculaceae 4+ ok
Acer triflorum (BA7]) leaf Aceraceae - ok
Lythrum anceps (%) whole plant Lythraceae - *
Selaginella tamariscina (5-%<) whole plant Selaginellaceae - *
Mirabilis jalapa (=3 root Nyctaginaceae - *
Rhus chinensis (FU-5) leaf Anacardiaceae - *
Weigela florida (H2H W) leaf Caprifoliaceae - ook
Hosta longipes (8B]5) whole plant Liliaceae - *
Youngia japonica (B2]¥o]) whole plant Compositae - wkE
Morus alba (2 stem Moraceae - -
Torilis japonica (AH3AF) whole plant Umbelliferae - -
Corydalis speciosa (AF3]EFH1) aerial part Fumariaceae - -
Wikstroemia trichotoma (AFEHUH) whole plant Thymelaeaceae - HoHx
Allium grayi (AFE#) whole plant Liliaceae - *
Rubus crataegifolius (AF&71) leaf, stem Rosaceae - *
Cornus kousa (AYE}F) leaf Cornaceae ++ *
Allium victorialis var. platyphyllum (XFvHs) root Liliaceae - g
Crataegus pinnatifida (AHAH) leaf, stem Rosaceae + *
Hydrangea serrata for. acuminata (A+5) leaf, stem Saxifragaceae - -
Zanthoxylum schinifolium (RFZEU5) leaf Rutaceae - -
Saururus chinensis (3% 3) whole plant Saururaceae +++ -
Epimedium koreanum (%A Z) whole plant Berberidaceae - -
Paris verticillata (370=) whole plant Liliaceae - *
Sageretia theezans (°F U leaf, stem Rhamnaceae - %
Lycoris squamigera (“3A+&h) root Amaryllidaceae -+ *k
Quercus acutissima (352 YUT) stem-cortex Fagaceae - *
Lindera obtusiloba (?8735) leaf, stem Lauraceae - *
Cinnamomum japonicum (8EYT) leaf Lauraceae + *
Carpinus laxiflora (X o1Y+5) leaf Betulaceae - *
Lycoris radiata (234F) root Amaryllidaceae +H+ ok
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Table 1. Continued

Natural Plant samples Parts Family Inhibition Cytotoxicity
Prunus buergeriana (370 ELH5) leaf Rosaceae - *
Sedum takesimense (3719 %) whole plant Crassulaceae - o
Thymus quinguecostatus var. japonica (“4¥2)3F) whole plant Labiatae ++ -
Aster glehni (‘3&:5-7 o)) aerial part Compositae -+ -
Acanthopanax koreanum (3 2°23]) leaf Araliaceae - ok
Carpinus coreana (AP leaf Betulaceae - wE
Maackia fauriei (£8)5-) stem-wood Leguminosae ++ *
Hedera rhombea (%) whole plant Araliaceae - ok
Fraxinus sieboldiana (3] 2F#)) Stem-cortex Oleaceae - ok
Rumex acetosa (5-%9) whole plant Polygonaceae - -
Evodia daniellii (Z1\5) stem Rutaceae + -
Artemisia princeps var. orientalis (%) whole plant Compositae - *
Aster yomena (Z55-7 1) whole plant Compositae - *
Ixeris dentata (Z9M) whole plant Compositae - *
Spiraea pubescens (OFT74UE) leaf Rosaceae - *
Euphorbia jolkini (Y0]=) aerial part Euphorbiaceae - *
Chelidonium majus var. asiaticum (N71%%) whole plant Papaveraceae - -
Primula sieboldii (°3) whole plant Primulaceae ++ ok
Cirsium japonicum var. ussuriense (373 ) leaf, stem Compositae - -
Persicaria hydropiper (131) whole plant Polygonaceae - -
Acanthopanax sessilifolrus (27243]) stem Araliaceae - *
Alnus japonica (L) stem-cortex Betulaceae - &
Schisandra chinensis (272 leaf, flower Magnoliaceae - -
Lonicera vidalii (338 1+5) leaf Caprifoliaceae - -
Prunus yedoensis (S5HU-5) stem Rosaceae - *
Pourthiaea villosa (=2 ) leaf, flower Rosaceae - %
Akebia quinata (25 leaf, stem Lardizabalaceae - -
Clematis mandshurica (2-°}#) aerial part Ranunculaceae - -
Convallaria keiskei (Z"&%) whole plant Liliaceae +++ *kk
Ginkgo biloba (235 stem Ginkgoaceae - *
Kalopanax pictus (21H5-) stem-cortex Araliaceae - -
Leonurus sibiricus (%12) whole plant Labiatae - -
Lonicera japonica (%) whole plant Caprifoliaceae - -
Albizzia julibrissin (AFAUE-) stem Leguminosae 4+ wk
Phytolacca esculenta (FF2]3) leaf, stem Phytolaccaceae - *
Callicarpa japonica (1) stem-cortex Verbenaceae - *
Rubus hirsutus CSE71) whole plant Rosaceae - *
Anthriscus sylvestris (%) root Umbelliferae - okt
Vaccinium oldhami (73 15-) stem Ericaceae - *
Viola mandshurica (A|V1Z) whole plant Violaceae - *
Lespedeza maximowiczii (ZF48]) leaf, stem Leguminosae - -
Sasa borealis (ZR) leaf Gramineae - *
Spiraea prunifolia var. simpliciflora (Z3YH) flower Rosaceae - -
Amorpha fruticosa (ZAVHE]) leaf Leguminosae +++ *
Viola acuminata (EY%AP)%) whole plant Violaceae - *
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Table 1. Continued

Kor. J. Pharmacogn.

Natural Plant samples Parts Family Inhibition Cytotoxicity
Quercus serrata (E35F) stem-cortex Fagaceae - *
Ixeris stolonifera (%) whole plant Compositae +++ -
Callicarpa dichotoma (F2HU5) leaf, stem Verbenaceae - *
Acer pseudo-sieboldianum var. koreanum (5 leaf, stem Aceraceae + -
Taxus cuspidata (575 leaf, stem Taxaceae 4+ otk
Adina rubella (ZF7H1UF) stem-cortex Rubiaceae - *
Justicia procumbens (F122|Hx) whole plant Acanthaceae - ok
Actinidia kolomikta (F1TFEl) leaf Actinidiaceae - -
Ligustrum obtusifolium (FF5) leaf Oleaceae - -
Aristolochia contorta (F1&3E) whole plant Aristolochiaceae - -
Valeriana fauriei (71 LEE) whole plant Valerianaceae - -
Hemistepta lyrata (X11%7W) whole plant Compositae - ok
Rhododendron mucronulatum (A1&) stem, flower Ericaceae - -
Plantago asiatica (A73°]) whole plant Plantaginaceae - *k
Styrax obassia (&5 YY) stem Styracaceae - H*
Rosa multifiora (B#%) leaf Rosaceae - *
Thea sinensis (AP H5-) leaf Theaceae - ok
Lilium lancifolium (Z}2]) aerial part Liliaceae - -
Angelica gigas (37) whole plant Umbelliferae - -
Euonymus sieboldiana (ZBl1AUE) leaf Celastraceae -+ ok
Cedrela sinensis (ZFE5) leaf, fruit Meliaceae +++ -
Aster scaber (Z3) whole plant Compositae - -
Acorus calamus var. angustatus (733E) whole plant Araceae - -
Heloniopsis orientalis (31137} whole plant Liliaceae - *
Arisaema amurense var. serratum (F'g7d) whole plant Araceae - -
Rhododendron schlippenbachii (%) aerial part Ericaceae - -
Smilax china G3VFE2) leaf Liliaceae - -
Campanula punctata (Z2F%) whole plant Campanulaceae - -
Zanthoxylum piperitum (Z3|}5F) leaf Rutaceae - -
Cornus controversa (F5H5-) stem Cornaceae - ok
Pueraria thunbergiana (3) leaf Leguminosae - -
Veronica persica (E/NELE) whole plant Scrophulariaceae - ol
Actinidia arguta var. platyphylla (8TF) stem Actinidiaceae - ok
Sorbus alnifolia (BU5-) stem Rosaceae - ok
Magnolia sieboldii (SHeTEUT) stem Magnoliaceae +H+ ok
Rosa rugosa (3]33h) leaf Rosaceae 4+ -
Chloranthus japonicus (ZoH]ZE0]) whole plant Chloranthaceae +++ -
Anemone koraiensis (Zo10|vlEE) whole plant Ranunculaceae et -
Cardamine flexuosa (FJ ) aerial part Cruciferae - ok
Euonymus pauciflorus (3}515) stem, leaf Celastraceae +++ ok

Test samples treated at the concentration of 25, 12.5, 6.25 pg/ml and the evaluations were expressed as mean of three replications.
Inhibition effects were exhibited to the - : non-inhibition, + : inhibited at 25 pLg/ml, ++ : inhibited at 12.5 pg/ml, +++ : inhibited at 6.25 plg/
ml. Cytotoxicity was decided to the survival rate that each samples showed below 70% of control, and exhibited to the - : > 25 pug/ml, * :
25 pg/ml, ** : 12.5 pg/ml, **#* : 6.25 pg/ml.
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Table II. Inhibition and cytotoxicity of anti-cell adhesion by solvent fractions of natural plant samples

Inhibition Cytotoxicity
Natural Plant samples Parts
MeOH CHCl, H,O MeOH CHCl, H,O
Senecio vulgaris whole plant + + - - - -
Saururus chinensis whole plant ++ +++ - - - -
Aster glehni aerial part + - - - -
Ixeris stolonifera whole plant + - - - -
Cedrela sinensis leaf, fruit ++ - - - -
Rosa rugosa leaf - - - - -
Chloranthus japonicus whole plant ++ +++ - - - -
Anemone koraiensis whole plant + - - - - -

Test samples treated at the concentration of 25, 5, 1 pg/ml and the evaluations were expressed as mean of three replications. Inhibition
effects were exhibited to the - : non-inhibition, + : inhibited at 25 pg/ml, ++ : inhibited at 5 wg/ml, +++ : inhibited at 1 ng/ml. Cytotoxicity
was decided to the survival rate that each samples showed below 70% of control, - : > 25 pg/ml.
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