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Isolation, Identification and Characterization of Paraquat
Activity-Inhibiting Substances in Squash
(Cucurbita moschata Duchesne ex Poiret) Leaves

Kyu Hwan Hyunl, Young Beom Yun', Se Ji Jangl, Dong Young Shin'
Oh Do Kwon’, Hyun-Sug Choi’, Ha-ll Jung4 and Yong In Kuk'*

ABSTRACT The fourth leaves (younger leaves) amongst extended 4-upper leaves in 18 squash cultivar
were the highest tolerance to the paraquat application, followed by third, the second, and the first leaves
(older leaves). The forth leaves in Joongangaehobak showed more than three times higher tolerance to the
paraquat application than did the first leaves. When the combining of water extract from the fourth leaves
with paraquat were applied to the leaves and stems of maize, the paraquat phytotoxicity in maize was
reduced compared to the paraquat application alone. Therefore, this study continued to investigate if the
phytotoxicity inhibitor exist in the fourth leaves. The water extract in the fourth leaves were isolated by
silica gel column chromatography, Sephadex LH-20 column chromatography, TLC, and HPLC, and the
substance in the extract was speculated as a malic acid by identifying through NMR. The mixture malic
acid and paraquat were applied to the maize to verify the application effect of malic acid on paraquat
toxicity. The 100 uM of paraquat application alone showed 62% of paraquat toxicity to the corn leaves,
while the combined application of 100 uM paraquat with malic acid at 0.1, 0.3, 0.5, and 1.0% did not

show the symptom.

Key words: malic acid; NMR; paraquat; squash.
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% ¢ 29904 Paraquat B4 A EF

Moo

Bipyridinium 7| #| %A paraquat= 19581 = ICI
AN AZAZ e ol AlA 100047 =71e] T4
Al gHls AR AHEE I e & gEi v
A el Al ZzA|o]thDodge 1971; Herbicide Handbook
1994). Paraquat:= photosystem 1Z5-E] HA}& Wol=
o] obg 3t A} radicalS FA 3T} ©] radicalS EA}
Abael] ofaf tha] AbstE o] g A aF(reactive oxygen
species, ROS)%5-2] 3491 superoxide anion(0y)°| A
’J¥] a1, ©]o]A hydrogen peroxide(H,0,)<} hydroxyl
rad1ca1(OH o] A ¥ tH(Farrington 5 1973). ©|&
Azl A AAeAE-S d oA B E RS
ethane©| 1} malondialdehyde 2 %-3|A1A 4&< LA
A gth(Rabinowitch®} Fridovich 1983).

ole]gt A-8712E 23 Sl= paraquate Al E7HA
A A ZA] FollA gLyl 7y wE A x
Aotk g olH g FRH tEo] FHE Fx2Y
Edlg 2ta glo] ¥4 9 vl e Ao EAshE
Z9] A& WAE st T2 THAA T
sftfoltt. 2elv Y AH714E 71 AZAE
d 2o zA A&l Ale3tozn BY FxEo
29| Holgt o7 ERAT A z2A et Aa
Fx2F 29 oM7L Uk AxA A F
Zof| gt ZAA] ZAPATC i AAH R
39359 A 2A A J2IF Fdevia B
% ThHeap 2012). 71 % 28%°] paraquatel] AgH/d<l
Aoz HuFEEd], ]2l paraquatel] AT 25
59 A7 1) FEHES S Ak 2R, 2)
paraquat 2] AL B3} 3) AEH WY, 4)
paraquate]] ©]3] A== DA Wolsd, 5) para-
quat®] A ] A7 5o AYZE AR ofH A
6]-/\‘] Z2EL o]‘: = 3t 7]_7<] 7]./\4§u]—o 25 /éngo]
Fedt A 2Fo] de v IR 2FL

ol7de] A 71%e] e A-bE e A= 3
UH(Fuerst2} Vaughn 1990).

Aol M AF3 paraquatel] A< 28 2FS para-
quat -8l oA LAY, 2| SH(Rehmannia
glutinosa)@} & X 258 A A =& 3
o gletl®: WS ¥l A% AUrhKim¥} Chun
1992). °]* ¥ paraquatoﬂ gt WAge 3k Aoz}

}11

lorU

=T

Atk AA = vl AHE F %? ghrof A
&8 FZ 7ol paraquatel] tigk g kel 7} Exe
1 B35 cKKim¥} Hatzios 1993). 3+ 9 2t
=9 FF WelM= Al w2} paraquat WA 2ko] 7}
ZA13l+=d], Casano 5(1994)& Hz|o A 12| Ohe
5(2005)2 Huloll A A&hol oddel vla) paraquat
of Wdol Atta Hasigla 22jgk Aol FitshA|
o} gitslgiol ot Eatie] aAFHd 719
o sk A9 A7 FAFH Amsellem &
(1993) paraquat A& Z(Conyza bonariensis) =
A5 o 5}"@}3}\9} o] itk &3t o)A
Aol AGET S ~EH 2 5 paraquatel] W
Jol & AL ‘Q‘?}X—i‘ﬂ Ago e F e d7dol
t}. 224 Donahue 5(1997)-2 paraquats *2]3F &
T QA ABFARDE A1EH 295 WAL E
Baeiet ol FHzt Waztel= B Bed
glutathione reductase®} Cu/Zn superoxide dismutase ‘-
Fastas 24 S7kek Bde] dtka &1l
T3t Kuk 5(2006)2 paraquate] Tt A2 Q0]
L JHA WollA olbdLSE Zikn Huskg]
, 490] A o] Yol paraquatE: A2 S
H W EE 49(A19)>39>29>19 <ol
] 5‘4 9] 92 11§ % paraquat A 2lol| 23] A
Q1 S oA Fth ol 7
i}O]‘C ascorbate peroxidase & At &
do] gitta sigich ¢ subele A=
‘13 paraquats A2 P2 o oA ( )l 4
SQel val W Bl o2l e kst
2>(catalase, peroxidase, ascorbate perox1dase93r gluta-
thione reductase) & 3HAF3}A] (ascorbate)ol] 28l 7]<1
H9HYoon 5 2011). 28} Chun 5(1997)& #]8
o A1¢] paraquat A3d 7122 Fuerst®} Vaughn(1990)
o] A9kt 1€ paraquat A 712 7Hd& 483t
AEsIA =, 7M. & o= A= A8HA] Fhn
paraquatel] gt Ulido] A gke] 84 F25 Ul &
Aske WAEAHAE #do] Sl Zlojzka sigith
ek B Apelo] AadT(Lee T 2012)°0 oJshH &
bl 5o 9]& paraquat 24¢] A4 AHE
EE5I9 Y mEkA £ A5t paraquat WA EZH ] &
uk oG] EAlete=A] Gotr ] 9kl Feint
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TEle] M3 A7 (Yoon T 2011)°A] theksh
uh FF FollA dRE R paraquatel] W/dxte]
7} FEg FdosE e Adsisith o] sukE
S 24717t F9E SRl BA F HEE A0
x 30 x 7cm)°ﬂ BFste] 2] FUTh ol = "l
o] AR S w 500mle] HE7 }%— 1€ poto]] o] 2]
g2, 4] ANE W 2 ARE o] &gtk &4
Z7e Fyob =7} 30+2/203°C, BF7E FoF
14/1071 7Y, s E=s 70%, %o% 500umol/m’/sec
o]t Paraqut 48 AUHEE ‘O}Eﬂ %0}04 =2
TrFLE 12) TAE 2443t TF
9o &utAdy} et S0 &
717 A B&e F A&
gol A= As W paraquatE ﬂﬂé} Ak

Paraquat EME% F
4] AME surd 497HS kg 83}
o 7 x TmmIA 2 A2 T, 8L9] MeOH< Y1l 8¢
7%}\?4/\1 H|S 3 )
AFEse e F
=3 At oAl & 8L
T ABsta ZAHE AjFE3)
3tk MeOHY} & 33
TE 7kt 247t 500ml=

oy M
)
-

] }L\
>
~
oy
8
o
£
=<
l¢’]
o]
T
it

Yo mhe e

202 paraquat BN
2}7te] MeOH, & FZ=20l tig) &rjigs A

7)
3} t). n-Hexane, ethylacetate 12]3 chloroform<
747} 500ml% 7Fste] Sul g AAleta, dojzl n-
hexane, ethylacetate, chloroform 12|31 =84 & -0
) paraquat -5 2AFSIITE Paraquat 4L &
del AAEE S, 10g dBHe] Hes FE2EE 24
ato] o]5 FZE0] 0.1% tween 20°] H7FE 100uM
paraquat 57} HE2 2AG 397 S5 ol
2ERI 2 AL 8sle] smE Aehn A2 F 244]
bl A 7H0~100%, 0 : AL, 100 : F3f 6l
)0l &l o Fal&S AR ol FEE 9
&t paraquat 273737 FEE Hlwsly| 95t FE=

o] Z3HEA &L 0.1% tween 20°] H7HE 100uM
paraquats T2 A2lstith =8 0.1% tween 20
& 5l Ml 7 S AEAY smi A2
3te] tween 209 e B3 FE-S ZASSITH

Silica Gel Column Chromatography
MeOH, & F=59 &g oA Lozl 474¢] ¢
i 2, paraquat A7 I} =L 584 R
th3l silica gel column chromatography & 2 A| St T}
Silica gel(70~230 mesh, MerckA}) 250g°-2 column
(3.4 x 75cm)= A ZsaL, A|RE silica gel 20g°l] ¥
3 AREES T S2AIA column ol chargedt
£Z31HA] 250m1¥ ¥# 3t T, paraquat
g ARt A& &A= chlo7H
formLH MeOH F%E 0, 5, 10, 15, 20, 30, 100% = &
TH7IRA 22 1L §E5ka, 1 $, MeOHW S &=
o FEE 20, 50, 100% 2 Z7MA719A 2t 1LY &
Zolsinth & 589 A= duAIE A5 silica
gel column chromatography S 2 A|}Sit}. WA &
mj 7 MeOHW ol & F%Z 0, 10, 20, 30, 50%7H]
247y 1LY, 1 & & 3LE 8E3HA 500mY &%
Slota Aozl g0 i) paraquat S =&
ZAFelSI T, Paraquat €737 7 A4 9o &njiEs
Y paraquat 24 A FLsHA TPk

g
X op O
2
i

tot r-1m

Sephadex LH-20 Column Chromatography

Silica gel column chromatographyoﬂfﬂ paraquat &
737ke] A H gw-E Hol F53 3, Sephadex LH-20
column chromatography & 2 AI3tE Gel 100gs &=
2 12412 Bt HEAIZ F, column(3.0 x 70cm)<
AZeln B2 §EsA domy EF st dojzl
Yol 3l paraquat E7E7 F=E ARIITH
Paraquat /9737 42 919 &vliEgY paraquat
g4 A st FaAEA

TLC

Sephadex LH-20 column chromatography©llA| para-
quat &4 73to] I E FES Hobx wHdta, 1
UHE Al&3le] TLCMerckAl, G-60)E A A5 T
Platex 10 x 10cm® ZebA AM&31 1, S04+ o
& 37 A
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SuAl A ethylacetate-acetic acid-methanol-water
(60 :15:5:10, v/v)

414 B aceton-water-chloroform-methanol
8:05:1:1, vv)

SujA C chloroform-methanol-water(6 : 4 : 1, v/v)

HPLC

MeOH % & FZE9|| tjd] HPLCES AAlahH A
Azl A Uv g2 A8, 2Yies =
°17] £isted 0.1% J* S8, &, 0.1% 28NS

AH&-ste] HPLCE AAIstal 2t €l thaf paraquat

L34 A=E Al ©lF Eelasc] ¥
0.1% ZAH&NE Adalglal, HPLC 21e # 13
At Paraquat 24744 AL 9] =9

o
paraquat 24 AP FLHA TP

Sixt7|7| SHEX(NMR) 24

NMR ~3¥ E&]8 AVNCE-400 FT-NMR(400 MHz,
Bruker, Germany) 2.2 435t} &al7] 3w 4
< 9% &2 D,OE ol&stgon, £ FAd
Al5o] thEFAQl ghae] o) ehAal] FRE HaEsl]
98to] 'H-NMR, “"C-NMR 2 DEPT NMR spectrum
< B39t} Chemical shift(3}8H4 ©]%)& &(ppm)
G2 7|58t FREAS ST

Table 1. HPLC conditions by using acetic acid.

Instrument Waters Associate

Column Zorbax RX-C8(9.5mm x 25cm)

Solvent System A :water, B :acetonitrile

Min : 5.0 %B: 0

40.0 40
40.1 100
45.0 100
45.1 0
50.0 0

Detector UV 254nm

Flow rate 3.5 ml/min

Temp. 30°C

Injection Volume  40ul

A SR 5t paraquat €4 Az

2 AFoA HF 2o, 89 542 malic acid=
FZ%|0] ©] malic acid®} paraquats $]2] paraquat &
@7371- 7424H4J,]_ 5015]. H]—]:H o7 'r"r‘oﬂ Z%Z]o}_]_
paraquat &43747 S35 ZARIATE o]u] malic acid
FE=E 01, 03, 05 2 1%°]% 3L paraquat EE=+=

100uMo] Tt

SHEM
& d72AHENEH gL ARE LD FAEAE

fo
ol
£
M
1%
ofr
o,
2
i

SAS(2005) TR 1S o] &3

&
o olaiA 71NH A= %‘0}317] 140}04 WAEdE
w2l staat s

SujEE3le] HolA n-hexane, ethylacetate, chloro-
form 712]31 -84 Sl el wuk) AEY 5,
10g Adero 2 A2TAS
I 2t MeOH FEE°] 4+ 4 £d% F==9
100uM paraquate] =% A% & 1 =
E& 390] Ad J2)5t A2 = 24/\]7}
o|| n-hexane, chloroform €32 thZ74(100uM paraquat
A, 63%)°l wal slell el &AM E, 82~
91%)°] Aatl o™, ethylacetate &2 thz=+9F
A4 DAL S GERhRa, S84 el b))
& AAVIH(15% 8 25 Hof 784 gtollA] para-
qut 49 Aol V3 vk 50 & 228 29
n- hexane ethylacetate 2 chloroform- U] 229} 33}

E(52~68%)7F frAkeliar 848 EE(14%) M =

tﬂ 1?(62%)011 e AoH 4527} 270 e, MeOR

(

B 550

o
g
=

FEEHL & FEE
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Leaf injury
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=
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CON Hexane EtOAC CHCI3 Water
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Leaf injury
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40
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MeOH extract

CON Hexane EtOAc CHCI3 Water

5

Hexane EtDAc CHCI3 Water

10g

Fig. 1. Leaf injury of maize as affected by paraquat treatment (100uM) by different solvent fractions. Leaf injury was investigated
at 24 hrs after treatment.

Al eRsth 2eiu o A EKS, 10g)7tel paraquat
787 = Aol7k AT @ paraquat
48X M = 24413 A2l FARE e Bt
(s A, & A9 Akl SHk o
E7} paraquatE E&3to] S5 ZAGol Ml A5

paraquat 249 ZA7sitia

Ag <+

= T

32} n-hexane,

ethylacetate 3 chloroform & Fol|X = &7} ozl

Tl Sl%itHLee 5 2012). 53] 5H 499 & 3=
7} paraquat -84 2]= paraquat THEA 2]
108] paraquat &4 ZA7AE Ha, o3t

paraquat A 2]%¥ U9l ascorbic acid &% F7HERE o}

Yzt d54 ga, A Bl

o st DAsH

Silica gel column chromatography

g8 x FAo] 214 H methanol

Hle) oF
e

[‘

CESECER S

€ st

FEEN =

FZ259] F849 gHo|| & silica gel column chro-

matography & A A|StaL paraquat 273 737+ A4 g

Aok 17 29 20 MeOHFE 2] 29 A%
& 20, 50, 100% MeOH &%
Hol| A paraquat B4 Z7to] QR EH oM, B 23

4 7zl 949 4

o 7
Hrol| A paraquat 27 747te] <1 =AUt

49 30, 50% McOH £ 57) 2 4531

Sephadex LH-20 Column Chromatography
Silica gel column chromatography©ll A &/de] Q1%
9 8518 29 26~36 HEH)S Ro} 22e I,
Sephadex LH-20 column chromatography & 4! A]3}L
paraquat@d A7+ AR A¥des o 33 2
MeOH FZE9 7%= bed volumeo| t3alt elution
volume2| H](©]3} Ve/Vt) 0.4~1.02] HEloA o]

A= A

=

AL, = T
el 2ol
Ae] BAol

59 A$E Ve/Vt 0.3~1.19 ¥

o1 F o], MeOHY} & F5& A=
FAFS ElskiTh

Leaf injury

{0, complete death ; 100, nodamage)

0 I T

N1 2 3 4 5 6 7

Fraction number

8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

Fig. 2. Leaf injury of maize as affected by paraquat treatment (100uM) by silica gel column chromatography fractions. Leaf
injury was investigated at 24 hrs after treatment.
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Fig. 3. Leaf injury of maize as affected by paraquat treatment (100uM) by Sephadex LH-20 column chromatography fractions.

Leaf injury was investigated at 24 hrs after treatment.

TLC
Sephadex LH-20 Column Chromatographyl|A| para-
quatdy] 7Azte] IAE e BobA w53 tha,
GAEA of F 5l A EA ] FAMI S 18] S8t
of §ujAE gefste TLCE AAlst 82 =
AHgste] Al Adbe 9 49 Ak &uiA AR
7}, MeOHZ} & FE29] Aol A

i
olN
N,

A A3

sl F FEE SPEAL AY FARRS B}l
a3tk &ulAl B9 CE A8t AMS A $-= spot
o] HEg o] ot

HPLC
HPLC #&] ¥ uv F&33 4%
MeOH % & F=Ed| vl d=o] 833 uv 3

Fig. 4. TLC plate patterns of Sephadex LH-20 Column Chromatography fractions (solvent A, ethylacetate-acetic acid-
methanol-water (60 : 15 : 5 : 10, v/v); solvent B, aceton-water-chloroform-methanol (8 : 0.5 : 1 : 1, v/v); solvent C,

chloroform-methanol-water(6 : 4 : 1, v/v).
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A& A3 $lsl HPLCE AAISIIthAE vlA|
]). MeOHFZE2] 7-%-oll= 220nme] H]&l] 254nm
1A Be 59 peak7t HEE 0] 254nmel M o E&
AZEIE Ueplglon, & 3559 7ol 220nm,
254nm B H| S A S eIt B, MeOHF
& vl & 358 o B2 TRY sl &
AgE & 5 U0 o] de] A2 HY 254nmE
Z AzAoz ANy

&k, Sephadex LH-20 column chromatography <}
HPLCO| A 7oA vehd vie} o] MeOHH & 55
E9] #Atdo] fAlekal, HPLC chromatogram©l| A 1
Ehd uke} o] MeOHFZEY peak’} & F2EY
peakst 8] AAA Yehr & FEE0] o B2
o getzo] EAskE Aom Aot AatEe], 3

o

T AR  FEeS tdeE At

_Q>~

TR EES =o|7] S5t 0.1% AtekEENE AL
£ AAlste] Aol 7t o dis) A
23] 744k gt A4S AAlske] B2 chromato-
ZAFSIATHAR. PA|

gram?} paraquat 279 A<
AD.

25 ~40 T

ot A 32]'-‘01]*1 paraquat &4 7Z7to] A H T

£ 25~30, 30~35, 35~40% &

o|A] AthA 0 2 acetonitriled] &&Fo] &

Hol ko]l AL Ffo|th walA| paraquat &
o QikslgtEe] JEs 71A=AE Eels] ¢

g,
1=

&g of&¥ HPLC #2]

=& AH&ote] HPLCES AAsta 7 g rﬂ
paraquat@y A7t Z’\J\}O}Oﬂ\:}(z} aAA)). &
e ASE 28, 1 F 18 108270 B3t 5
A 25E7HA] R4, 1087 4, 1587 £ st

o r—tm J&% o)

2~5 28]31 9, 10t5. Q

7d7to] 1A =2, chromato-

gramoﬂ UEephd B9} 24o], retention time(©] 3} RT) 12

FHE 20%7HA tailing@ o] Aste] £ #27F
34310]‘3}31 Hsh7]= olH Atk

Z44E o] §3 HPLC #2]

THEES Fol7] Yt 0.1% 2AHEAE ALES
HPLCE AAI8te] Aozl & Fo tld)| paraquatZ:
A%t tiet A& AAlste] 4 Ade 195
9} 2t} Chromatogramol] YERd vfe} 2ol 22 A}
&% HPLCO| ZA#Ethe &else] A== &
o] & 4= 919.oM, paraquat®A AT} RT 3~4%, 17~
185, 19~20% 123 25~26%0l|A QA on,
paraquatZ’] 7A7EL] Udt JEE ¢ duxt
NMR 45 A8t

ox &

NMR 241}

HPLCE] A|Z22373% gF< RT 3~48, 17~18
. 19~20% 18] 25~26%0l] s NMRS 2 A] gk
A3}, RT 3~4%, 17~18%-4 = peak”7} LER O L,
RT 19~203%, 25~26% A& peak7} UEFFA] 2%
o A ol fre FH T 71 gloh, Algde] U
Aol HAzo] HA| 92 AR AR ETh RT 3~4+%
(©]3} Fr. HPLC 3-4)¢] NMR 24473 ggdoz
a9 63} 790 AAlEH L 2 vre] Azlel RT 17~18
£(°]3} Fr. HPLC 17-18)¢] NMR &443}+= & &
o} A|AISHA] &Sktt. DEPT(Distortionless Enhanced by
Polarization Transfer) 45, 90 L] 1L 135, ©] Al 7}A]
Na_o/] /\EHEEJ:L} o}:/ﬂ;qé Qﬂ_‘f}.ﬂz‘i} carbon-13 2~
HEHL o] &3lH 7+ Elkd] A3E o] 9= At
FE 44 78 & F itk 3, CH, CH,, CH; 181
quaternary carbon= {7 7% & 4 Uth DEPT 45
£ CH, CH,, CH; peak’} ko2 UER}H protons
7R3 A % BAe YEA] 201, DEPT 90
< CH peak’} o= Yehta, DEPT 135+ CH,
CH; peake ¥oZ Ut ol CH, peakes &
o2 Eehdt}

Fr. HPLC 3-49] 'H-NMR [400 MHz, D,O/DCl =
16 : 1(v/v)] spectrum S Z5-E 15 sp° methylene

© 2012 Korean Society of Weed Science
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Paraquat &4 A 4

VWD A&, Wavelength=254 nm (HYUNDSOSHYIINOZ04 D) A
nal H
a
400
? 3
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]
[
@
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i P
L] 0
§ or 8 ong
1 Y o N
L BIFTIR IR LK 3 g
°f|L @0 ra T RER g .
- M o - -*_'___MM_ ) ¥
[/ — = - - - .
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120
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7 |
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a0 o N m
PR R

CON

Fig. 5. HPLC chromatogram for acetic acid (A) and leaf inj
injury was investigated at 24 hrs after treatment.

T M O N X QO o NMm T N O~ ® O O
4 H H HdHH AN NN NN ®

31735
36~40
41~45
46~50

Retention Time (RT)

ury (B) of maize as affected by paraquat treatment (100uM). Leaf

an
2

Fig. 6. HMQC spectrum of HPLC 3-4.

proton signal=[6 2.72(1H, d, J = 16.0 Hz, H-3a),
2.90(1H, d, 16.0 Hz, H-3b)]Z 152 sp’ oxygenated
methine proton signal [§ 4.33(1H, m, H-2)]¢| &25
Atk E3 PCNMR [100 MHz, DO/DCl = 16 :
1(v/v)] spectrum & EH-E] 15¢] sp’ carbon signal 5[5

Fig. 7. 1H proton spectrum of HPLC 3-4.

43.2(C-3), 72.9(C-2)]°] #Z o] 'H-NMR spectrum}
Azttt 7)ol Hate] 2%E<] carbonyl carbon
signal £[6 173.3(C-1), 176.6(C-4)]°] BZ= ]t} o] 4
2] ID-NMR spectraZ -] o] 3}3HE-2 malic acid¥

7VFgAdol ZeiAl AAE AT olo] HMQC #Alo]
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Table 2. 'H-(400 MHz) of Fr. HPLC 3-4 main compounds
and "°C- (100 MHz) NMR data in D,O/DCI = 16:1
v/v).

6u (int., mult.,

J in Hz) bc

Position

1 - 5.38 (1H, dd, 9.2, 3.6)

2 4.33 (1H, m) 2.94 (1H, dd, 16.0, 3.6)
3a 2.72 (1H, d, 16.0) 2.80 (1H, dd, 16.0, 9.2)

3b 290 (1H, d, 16.0) 7.04 (1H, d, 2.0)

4 - 6.77 (1H, d, 8.4)
C4HeOs
M.W. 134.09
Malic acid
Fig. 8. Structure of Fr. HPLC 3-4 compounds and correlation
of HMBC.

o3| proton-carbon 7te] FHAAIE 15t o,
HMBC %40 2J3| proton-carbon 2] long range
correlation 5= A ES A3} o] 3}gHEe += malic

acid¢l 2102 AlAEQIT) 53] $15HE HPLC 349
'H-NMR spectrum< thFgh spAF A2 RE B4 4
malic acid®] AT X BIATHE 2). Te)A BH3HE
HPLC 3-4% malic acid( 1% 8)2 F43ith

w8 Fr. HPLC 3-49] 'H- 2 "C- NMR spectral| 4]
malic acid®] 3|3l signalE o]9|o % o|Fae] T
SIEHE2 A E & singalE°] FEAFN oY o] 515
B9 FxAM S sl E F7HAQ1 FA7E a7
Ao Al

Fr. HPLC 17-18¢] 'H-NMR(400 MHz, D;0) spec-
trum S ZHE G FUlZ FH == signal E(5 5.08~
3.47)%} methyl carbon proton signal(§ 3.72)°] 2=
2t} “C-NMR(100 MHz, D;0) spectrum®| A= "H-NMR
spectrum & Z5-E] FHE T =2 methyl grouprell 2
F == signalge] AFHAL =
of 3Fst= 159 signal(§ 104.4), non-anomeric
carbon®l] 3Gst= 559 signalE(§ 77.7-60.7), 1&]
3 methyl carbon signal(§ 52.9)= X33 F 79
carbono| FZE AT ©]/F2] ID-NMR spectra Z4-E]
o] 3}3E-& methyl groupe] AFHH BaERE XA}

anomeric carbon

HoT) o] #Fe wrh A TS AelA
27449 3j0] Wey Aoz AR,

HMSEe EM 7H
2 Ao o) #2], FAE 22 NMREA
93] malic acidZ F3H I}t wWEbA malic acid<}

Table 3. Effect of malic acid on reduction of paraquat phytotoxicity in maize leaves.

Leaf injury Shoot fresh

Treatment (0; complete death, 100; no damage) wt. (g/plant)
1 DAT" 2 DAT 3 DAT 3 DAT
Untreated control 100" 100" 100° 1.47°
100 M Paraquat (PA) 38" 58" 17 1.00"
0.1% Malic acid (MA) + PA 100° 53° 13 0.92°
03% MA + PA 100° 87" 48° 1.05*
0.5% MA + PA 100" 90° 47 1.06'
1% MA + PA 100° 94° 62° 1.36'

"DAT, days after treatment.

“Means within a column followed by the same letters are not significantly different at 5% level according to Duncan’s multiple

range test.
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paraquats S5l A A2l F paraquat 4734

BHE ZAFATHE 3). A2l & 194 100uM para-
quats 522 A A5 62% S5 AT}
TS o 100uM  paraquat©] malic acidE 2}
0.1,03,05 3 1% <& A& 45 o a7} s
WAYSEA] skt AEl £ 2, 394 75l = 100uM
paraquat T 2]o|| H]3] malic acid®} paraquatE &
LA e 7ol vs) dvls) Fr=rk Ak ARt
A2l § 394 A A Foll M= paraquat THEA]
2] ¢} malic acid9} €& A 2j3te] FoA4 < 2fo]= ¢l
Atk olet B2 AFAHE & o 3Ekd| EAlst=
malic acid7} ZAAMAE AAAA paraquat S
AAFHE AR AZem 53] o]dY 445 malic
acid?] ko] AthA oz ©r] W&o paraquatol] ot
Wido] 7kshe Ao 2 AlREth AR vlAA)). ¢
Chun 5(2002)< paraquat®]] WAd<1 2| &(Rehmannia
glutinosa)ﬂ]/\i paraquat &3 AAAZ F e E2
2319 1 B2 acteosidedt L dFATH A A

2 52]% acteoside?} paraquatE Z-E&A 2|3l Q9]

Nl

Aol Aelet A3} paraquat °Fal7} IA Ak

SHA paraquat E4S AT e 45 HA B 7
71&2o] v 2y 259 A3 B4 paraquat
Zrl] 7ZH Al a5 a8 7]oE e Aoz QA=

Polyamines®! spermidine@} spermine> H ol A
paraquat 5732 745} th(ChangZ} Kao 1997). H3k
1, 10-phenanthroline *12]+= WA spermidine TTE
<7 A paraquat 9S4 tH(ChangZ} Kao
1997) F7}H 07 Ca™, Mg 9} K' 9} & ¥7]%%k0]

& paraquat A& 2 744 WE(Conyza bonari-
enSZS) AejE o] AHHANA paraquat TAS ATAA
T}(NormanZ} Fuerst 1997). Z2x o7 B 35 &
sto] &HF o]Agdo] paraquatdl] Ul d AL oA
Aol| AHA S E L malic acidE sl U, ©]
€ malic acid®} paraquat®] “g <28
A4S AN7E Aoz AlaH

o 9]3| paraquat

AT

=
= °
paraquatol] T et W4d Wk AKSE AT} 19<2

¢

H<a ‘ffo]?q‘:} O]Fa‘ =5 %01]’\1 FEt Tl
dApel7t e Hol
paraquat©l] T3] BHH olde] =& Y-S AT
o5 499 & FEE paraquatE &8
734l A2|A] paraquat 2F3E A 7HAIZA T wleha
AT paraquat OFlE AHA7]= EHo] o

Adoll EAsH=AIE GotR7] Skl £33
MeOH FEEHT & FEEA paraquat 4747
o] t] EolA & FE=& HEl72 7} Sephadex LH-20
ZyazvlE a9 el TLC, HPLCE ©]43}4] para-
quat &4 A7 B3E HolE 452 S U] NMR
S B8 £33 23 malic acidZ FH A} whebA
malic acid”} paraquat 24747 B2 oJH-E &lsr]
2135k malic acid$} paraquatE S5l A 223}
Atk A2l & 194 100uM paraquatE =502 A
& A5 S 4 47t 62% TS o IOOMM
paraquat©l] malic acidE 27} 0.1, 03,05 2 1% &%
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