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Abstract — Isoniazid was discovered in 1950’s and since then it has been widely used as a synthetic bactericidal agent in the
treatment of tuberculosis. However, the adverse effect of isoniazid has been reported to show significant hepatotoxicity in
approximately 1-2% of patients. Nitrofurantoin {1-(5-nitro-2-furfurylideneamino)-hydantoin} is a synthetic nitrofuran that is
commonly used for the treatment and prophylaxis of urinary tract infections, but its use is associated with liver cirrhosis and
fatal liver necrosis. Therefore, studies for natural products with protective effect on the isoniazid- and/or nitrofurantoin-induced
hepatotoxcity would be valuable as the potential therapeutic use. 107 plants sources were collected at Mt. Baekdu, and extracted
with methanol. These extracts had been screened for the protective effects against isoniazid- and/or nitrofurantoin-induced cyto-
toxicity in HepG2 cells at the both 100 and 300 pg/ml. Five methanolic extracts, Acanthopanax senticosus, Acer mono, Aspar-
agus schoberioides, Fagopyrum tatarvicum, Potentilla centigrana, showed significant protective effects against isoniazid-
induced hepatotoxicity. Two methanolic extracts, Acer mono and Leonurus artemisia, showed significant protective effects
against nitrofurantoin-induced cytotoxicity in HepG2 cells.
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Clematis  hexapetala (thizome), Impatiens noli-tangere
(whole plant), Oryza sativa (fruit), Potentilla centigrana

(aerial part), Sambucus williamsii (branch), Veronica
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Table 1. Protection (%) of MeOH extracts from plants of Mt. Baekdu on isoniazid- and nitrofurantoin-induced cytotoxicity in HepG2

cells.
.. Isoniazid Nitrofurantoin
Plant origin Parts
100 ug/ml 300 pug/ml 100 pg/ml 300 pg/ml
Acanthopanax senticosus Harms. bark 343 33.7 -13.6 -13.5
Acanthopanax sessiliflorus (Rupr. & Maxim.) S. Y. Hu branch 28.1 17.4 19.1 15.2
Acer mono Maxim. leaf 41 30 344 54.1
Acer triflorum Kom. leaf 52.5 15.7 -2.7 41.5
Allium macrostemon Bunge rhizome 222 29.7 -4.5 -7.0
Allium tuberosum Rottler fruit 2.0 32 -17.2 -27.3
Alopecurus aequalis Sobol. whole plant 3.0 -6.4 -39.2 -41
Angelica dahurica Benth. et Hook. root 15.8 8.6 -1.5 -17.4
Aquilegia oxysepala Trautv. et Mey. aerial part -32.2 -29.8 1.6 44
Arabis pendula L. aerial part 9.1 15.8 -2.9 -9.9
Arisacma amurense Maxim. var. violaceum Engl. rhizome 31.9 8.1 -4.3 -11.7
Artemisia stolonifera (Maxim.) Kom. aerial part 134 173 -19.5 -26.5
Artemisia sacrorum Ledeb. aerial part 21.4 -22.7 -10.5 1.2
Artemisia siversiana (Ehrh.) Willd. aerial part 6.9 4.0 -6.7 -16.9
Arthraxon hispidus Makino var. breviseus whole plant -0.6 7.9 -0.3 -4.4
Asparagus schoberioides Kunth. aerial part 314 325 -12.2 -26.5
Astragalus membranaceus Bunge root 12.3 2.5 -5.7 -33
Atractylodes japonica Koidzumi rhizome -31.0 -87.4 -3.2 -40.4
Axyris amaranthoides L. aerial part 35.5 -4.4 -4.5 -18.2
Berberis amurensis Rupr. aerial part 329 12.1 -0.1 -12.8
Bupleurum chinensis DC. root 4.5 -102.5 -2.0 -55.9
Caltha palustris L. var. sibirica Regel aerial part 4.5 16 -24.7 -19.9
Carex mongolica A.l.Baranov & Skvortz. whole plant 22.2 40.1 -9.0 -17.7
Carduus crispus L. aerial part 31.2 22.6 -13.1 -15.9
Caulophyllum robustum Maxim. root 1.4 -32 -13.1 -113.6
Caulophyllum robustum Maxim. aerial part 7.7 -6.5 93 -33.6
Cicuta virosa L. aerial part 31.8 33 -14.6 -14.6
Cirsium pendulum Fisch. aerial part 0.3 -3.8 -20.2 -32.8
Cirsium segetum Bunge aerial part 8.8 -8.5 2.1 -223
Clematis hexapetala Pall. aerial part 17.3 13.1 2.9 -8.0
Clematis hexapetala Pall. thizome 5.5 352 -9.5 -14.1
Codonopsis pilosula (Franch.) Nannf. root 73 6.0 -6.7 -1.9
Cynanchum ascyrifolium Matsum. aerial part 6.6 0.5 2.4 -15.6
Delphinium maackianum Regel aerial part 229 254 -8.7 -15.2
Dianthus chinensis L. whole plant 20.2 18.6 25.1 16.1
Dictamnus dasycarpus Turcz. root 8.7 -10.9 2.2 -13.8
Doellingeria scaber (Thunb.) Nees. whole plant 40.4 23.4 -10.6 -20
Epimedium koreanum Nakai aerial part 2.5 -20.5 -15.9 -22.2
Erigenron canadensis L. aerial part 12.8 6.4 0.2 7.2
Fuonymus alatus Sieb. branch 7.6 2.9 -10.6 -9.9
Fagopyrum tataricum (L.) Gaertn. whole plant 35.9 30.6 -6 -20.4
Fraxinus rhynchophylla Hance bark 14.2 -229 9.4 0
Galeopsis bifida Boenn. aerial part 104 16.4 -9.6 -20
Galium verum L. whole plant 29.3 28.6 -13.5 -13.2
Ganoderma lucidum Karsten. whole plant 0.4 214 -21.1 -30.2
Ginkgo biloba L. leaf 2.7 10.7 -0.9 -2.7

Ginkgo biloba 1. branch -27.7 9.2 8.1 253
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Table I. Continued.

. Isoniazid Nitrofurantoin
Plant origin Parts
100 pg/ml 300 ug/ml 100 ug/ml 300 pg/ml
Gleditsia japonica Miquel var. koraiensis fruit 9.6 -5.0 -1.0 -4.4
Heracleum mantegazzianum Hance Root 0.1 1.1 212 -20.9
Hypericum ascyron L. aerial part 342 9.7 -19.2 -16.5
Impatiens noli-tangere L. whole plant 22.7 33.1 -16.8 -18.8
Ixeris chinensis (Thunb.) Nakai whole plant 22.5 3.1 -4.1 -5.9
Jeffersonia dubia (Maxim.) Benth. et Hook. whole plant 44.8 -9.6 -16.9 -37.1
Leonurus artemisia (Lour.) S.Y. Hu fruit 2.6 -25.2 47.1 49.1
Leonurus macranthus Maxim. aerial part 21.1 -48.6 2.6 -18.2
Lepidium apetalum Will. whole plant -11.2 -16.5 34 -20.8
Lespedeza juncea (L. f ) Pers. aerial part 44 -8.4 -12.4 -19.7
Lespedeza tomentosa Sieb. ex Maxim. aerial part 8.7 -11.7 0.4 6.8
Ligusticum acutilobum Sieb. et Zucc. root 2.8 19.7 -5.8 -5.7
Lychnis fulgens Fish. aerial part 21.7 -11.1 -14.8 -17.6
Lycium chinense Miller fruit -6.6 10.8 9.0 2.0
Malva verticillata L. aerial part 21.6 222 11.7 -0.9
Melampyrum roseum Maxim, whole plant 26.3 -7.5 23.5 32.1
Melilotus albus Des. aerial part 19.8 -14.1 6.4 -1.7
Metaplexis japonica (Thunb.) Makino whole plant 24.8 23 -16 -30.7
Morus alba L. branch 15.2 9.6 -4.2 9.6
Morus alba L. leaf 17.9 253 -16 2.8
Oryza sativa L. fruit 10.9 40.0 -19.6 -39.6
Panax ginseng C. A. Meyer root 13.5 12.6 -6.2 -18.4
Pedicularis resupinata L. aerial part 17.5 17.6 -26.4 -36.3
Perilla frutescens var. acuta for. viridi leaf -13.9 -41.7 -3.9 -15.3
Platycodon grandiflorum A. DC root 243 -28.0 -11.5 -57.1
Polygonatum odoratum (Miller) Druce rhizome 20.6 14.7 6.8 2.1
Polygonum hydropiper L. whole plant 30.8 -1.4 21.0 10.5
Polygonum senticosum (Meisn.) Franch. whole plant -3.5 -7.5 -13.3 -21.3
Polygonum sieboldii De Vriese. aerial part 53 -16.4 -12.9 -28.8
Populus davidiana Dode aerial part 29.8 -8.6 -13.4 -38.5
Potamogeton distinctus Bennet. whole plant -7.8 -28.7 -6.5 -7.5
Potentilla centigrana Maxim. aerial part 37.9 40.8 2.1 18.9
Pulsatilla dahurica (Fisch. ex DC.) Spreng. aerial part 2.2 -3.7 1.5 21.2
Pyrus ussuriensis Maxim. leaf 223 -0.3 -15.9 -19.1
Ranunculus japonicus Thunb. whole plant 15.5 17.2 -5.9 -16.9
Ranunculus repens L. aerial part 11.3 6.8 55 6.6
Ribes mandshuricum (Maxim.) Kom. branch 30.0 9.7 -12.1 -33.7
Rubia cordifolia L. aerial part 1.2 -4.1 -6.5 -23.9
Rumex acetosa L. aerial part 18.8 17.5 -17.5 -23.9
Salsola collina Pall, whole plant 224 23.8 -10.5 -14.7
Sambucus williamsii Hance branch 23.0 51.9 22 -4.3
Sanguisorba parviflora (Maxim.) Takeda aerial part 27.1 -11.9 9.8 32.7
Saussurea pulchella Fisch. ex DC aerial part 3.8 -229 -21.2 -45.7
Securinega suffruticosa (Pall.) Rehd. branch 27.6 14.7 21.4 30.6
Sedum aizoon L. aerial part 333 22.2 4.1 -1.5
Siegesbeckia pubescens Makino aerial part 14.9 22.7 -20.4 -28.1
Sophora flavescens Aiton root 344 -25.1 2.7 -16.7

Synurus deltoids Nakai aerial part 34 4.2 34 -1.3
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Table 1. Continued.
. Isoniazid Nitrofurantoin
Plant origin Parts
100 ug/ml 300 pug/ml 100 pg/ml 300 pg/ml
Syringa reticulata (Blumb.) Hara bark 37.2 -17.3 -11.7 -21.7
Taraxacum mongolicum Hand-Mazz. aerial part 18.6 11.9 55 15.9
Tilia amurensis Rupr. branch 18.2 21.2 -22.5 -39.1
Tribulus terrvestris L. whole plant -8.5 4.7 2.5 -1.6
Trifolium lupinaster L. aerial part 6.7 -0.4 -10.4 -26.4
Veronica anagallis-aquatica L. whole plant 23.7 493 -13.3 -10.5
Viburnum burejatticum Regel aerial part 13.5 0.9 52 -6.5
Vicia japonica A.Gray aerial part 31.8 229 -14.2 -18.1
Vicia uni juga A.Br. aerial part 23 1.2 -11.4 -25.2
Viscum coloratum (Kom.) Nakai whole plant 352 20.6 -11 -18.1
Xanthium stromarium L. fruit 6.9 10.3 -22.5 -37.6
Zea mays L. pistil 9.9 -5.5 -26.3 -29.1
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Fig. 1. Hepatoprotective effects of MeOH extracts against isoniazid- and nitorfurantoin-induced cytotoxcity in HepG2 cells. (A)
Cytotoxicity was assessed after incubating for 24 h with 40 mM of isoniazid in RPMI medium. (B) Cytotoxicity was assessed after

incubating for 2 h with 1.5 mM of nitrofurantoin in RPMI medium. (white bar
100 pg/ml, black bar : 300 pg/ml)
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