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OREARWEERTTE. EERXERHEMNE

FER, ARF, FWE, FEE B &

CHR AR EBZE BT YR TR, 224 730070)

B B ALAE RN CRCEHRM A S B S, VARE T8 Tetranychus cinnabarinus % 4 #F
ot B IEAT, RAAEMEMIEIRE, 4 BFE 2 A BA R EE IS (6a F 2'). R
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Separation and identification of activity ingredients in potato

flowers and their acaricidal activities
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Abstract: Two compounds, 6a and 2'a, with acaricidal activities against four species of mites using
bioassay-guided methods were isolated from the ethyl acetate extract of potato flowers. These two
compounds were identified as prunin (5, 7, 4'-trihydroxyflavanone-7-O-f-D-glucopyranoside) (6a) and
a-chaconine (2'a) by mass spectrometry, *C and 'H nuclear magnetic resonance (NMR) and
comparison with data from literatures. The former was first isolated from the Solanaceae plant potato.
We determined the contact acaricidal activities of prunin and a-chaconine against four species of mites
by slide-dip method and the results demonstrated that these compounds were more effective compared
to pesticide rotenone, which was the positive control. The 24 h LCs, for prunin against Tetranychus

cinnabarinus, T. urticae and T. viennensis were 461.98, 338.76 and 732.08 mg/L, respectively, which
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were 1.17, 1.52 and 3.07 times more active than rotenone, respectively. The 24 h LCs, for a-chaconine

against T. urticae and T. viennensis were 480.79 and 834.98 mg/L, respectively, the relative toxicity are

1.07 and 2.69 times higher compared to rotenone, respectively. Obviously, prunin and a-chaconine have

acaricidal activities and potential application value.

Keywords: botanical pesticides; potato flowers; active ingredients; separation and identification;

prunin; chaconine; acaricidal activity

LA Solanum tuberosum J&HGFF (Solanaceae)
HiJE (Solanum) —FAEFAREY) . AW TR,
LR YR R R A - A E B R
BRI R AT R—WE AR, E2Y
% AL P R 3EA I RE Th LA B B AR A T R
e, B, aF Ak R RS B A R IR AR
FETRAACE =4, FE A (solanine) AR i
ik (chaconine) 2 2%, M HEEFEN 90% LA LM,
W2 TR, BE A YD ERONS TN e R 4 S R
BAYEEERD,  FHroabmon 4= ahm B A #RE BB
RZEFIERY, XiRd: Helix aspersa 1A X EAE M,
A, AT FRRB: A L B A PR
[N A i 1 A S i A b S S e S R
PUIL R RN

EH AT SR E AW EE A I R,
LR ZERR Y EA — € FRE . DRE
et B EAR FIFEY IR, £ 5REE
TR, DA T BRI REK. HifkT
I 8 A B BN AR L (i) R AR s PR AT
B D TN IR K R R A
WHE T HEE 3 5 ERER R CEHE A R
Wt REKRM, HXPKH Mythimna separate-
/NZI, Plutella xylostella 55 5 FPki# H 4 DL Je 35
NEF Lipaphis erysimi FAG 1R 5% 8558 11 fi 55 A
M, BRI AR S #AT7 % E, WAk
BRI WEEMHRE. ST, EENSRE
T G CERA IR AT T W12 708, FLL 4
0 9 AR, R FH AR 3 R RV X R 0
TETER BT T B E
1 #MR5E%E
1.1 it
1L1.1 MR EE3ISHRBRAMZT

2016 4 7 HRBEHNAEEESNE, ENAER
AT, e fEid 380 um L2, =i N RAAEH .

1.1.2 RAA 5 E LT (prunin, 405
98%)~ a- Kl (a-chaconine, 4% 98%) Fl A ik
fiil (rotenone, 4EAE 99%) ARtk sh I T B R R
HRAF . HENEER (48~75 um). 2 Z
JBE (GF,s4) FHER M IR (250~270 pm) ¥ H 5 i
A THRAR AR HAWRTE e,

BrukerAPEX II Jii i {X #1 BrukerDRX400 1%
IR IEA, 2 E Bruker A A7 X-4 BB M
IR (RERRIE), R ERAEREIRA
FAEFR; ZF7-C =R i i, iR
I #eiE A R A F £ TSQ QuantumLC/MS ¥’
JRECHAY, Z£[E Thermo Fisher Scientific A& 47",
1.1.3  fRvtss  AREPHWE Tetranychus cinnabarinus-
WM T urticaes BIEHE T truncatus FlLiig
i T. viennensis, 332K B H & LB B A
ZMKE . ST EN . SERM R L
1.2 “EVNSBEEERE
1.2.1 EREAEVRBREGE ISR ZELH
K25 kg, W ORI 3 K GRIEN A1 5508 72,
48. 24 h), ILIE, GIFEE, BWEKRGEERT, 19
F| 1150 g ZEAHIEMIRE (1a). HZIRE 575 ¢
BIFT 1500 mL 2K, KIKH A MBS 2R
BRI AT ) IE T BEACE, 49 0l 45 3 A Il K
7y (22)106.17 g PR ZHE#4) (2b) 20.39 g FIIE
THEER S (2€)226.67 go

D EY) 6a DB F LR LBEER 4 (2039 g)
MEER M — 205, IR KB IR 8.
VOKHBRM IR 2.88) : (P =20:1, 10:1, 5:1,
2:1, 1:1) ARG, 5 54% %448 (150 mL)
W7y, UL (LR TR) : V(LBE) =3 : 1 NI
7, & EENT (TLC) #M (FH 5% ik - LB
), GIFHERS, 53 8 MkPEE (3a~3 h,
FEEARICN 1.58 0.51. 0.95. 0.33. 1.22. 0.88.
0.12 F10.17 g). # 3e (1.22 g) Btk BT W B ok
BrEANEY, L5322 A5 4a (733 mg) 1 4b
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(322 mg, NAHEY)). £ 4a (733 mg) TINA 12 ¢
RERS, WEZAME T, HERESE, KIKH=
AHE. MEEWRR) : V(PR =0:1, 10:1,
5:1, 3:1, 2:1, 1:1) FIFEEEREEVERL, LA
V(Z&E W k) : V(FEE) =3 : 1 AREIFH, &
TLC &0 (F 5% WR- LB ), & MR
4y, FASF 3 ANH4) 5a (152 mg). 5b (27 mg)
5¢ (103 mg). Frh, 5a (152 mg) FH BB LT
FEEMT o, ROH VIFEE) : VoK) =1: 4 IR
Velbi, WM, BUEAWMET, HamREZE
Mrafifh, L& FE)  V(FER) : M&EK) =41
0.05 MWL, BEHRBEMNAEY) 6a (81 mg).

) thEM2af e WIMEMERMRE
(12)575 g, HREDECH 4% HISRRIE SRS,
T 8000 r/min N &L, W EER. EERIRER
1R, GHREW. RIEB D E =G H bk
Vo VABRZMEW MR, HHKA KT
pH=9~10 J5, M= M EMEHZER 2 k. 5IF
A, BIERRFARER. BERYH =K
B, SRERAESE, UL M= T ) - P EE) =
20:1, 10:1, 5:1, 3:1, 2:1 M1 1:1 @B4THLE
Ve, TLC A& (BA (=& W k) : V(FFEE) =3 :
1 ARIFAD, GIAHEES, o a5 2 N5
1'a (2.23 g) Al 1'b (2.66 g). ¥ 1'b (2.66 g) FHLHE
WA ENT, FH V(=S : V(P EE) : V(EK) =4
1:0.05 ¥ellit, SEAED) 2'a (72 mg).

1.2.2 fewmEmExE WA EMBRNKEY
6a fl 2'a, EEAMT (254 nm) M EH %58
55, H 5% BRR- LB UM AT B R B,
PO, LAY 6a HRBGHEZEW G, H
5% 1) FeCly /KR s Ab&9 27a o I 1A
TR AR B 2, MR B E AR, @i EY
FEAE B0 e BT R FEAT A0 H e e &
LR . A% REILR S ARG T, RS AR
SCHR, XAV R 3EAT AT -

1.3 REEEMNE

1.3.1  ZHR S Ko S e RN A RS BB
ST P REAEE o= A AR I i DL ROk R 24 7] £
FETA 43 79 F — W £ HR (DMSO) &, F IR
B HON 1% BIRTEEF] JFC (C7~C9 KiBE R A
LIEHE) . RIEPUAIS SR, S EB IR E
1 NIRRT & G B B, YL MR a-F
FBRAE 166.7~2 000.0 mg/L 2[R & 5 DN E R E

R AT E o AN AR I I WA IR IR R 2
FPREHR, R A 3 () S P BB B VR R I
132 fREMINE  RH FAO I IE iR 5
FU, HEBERE RN REEE . 1T
TRV ME RSO, 4 LS SORG 7E B3 R — g 114 O] fi
Wb, B30 ko TEIRFE 25+ 1)°C. FHXE
¥ 60%~80%- J:HE : BEE=14 : 10 %1F FiAFE,
JBIIKARIE, 4h JFHMHBWEE, HIFRIET
ATERAME . WA T I — iR N, B
PR S s SR B, PR OK 4R R Tt A K
HlZ RIZAW, BMNREES 3 K. 5K
WE T LR KA R R %, 24 h J5 H
WHEB R ol a = ()~3) tHESET:
R (M) BIEFETZF (M) A E T (R).

D
M/% = =" x 100 (1)
T,
M,— M,
0o/ —
Mc/% = 100_M0x100 ()
P(LCso)
R = 3
= P (Cx0) ©)

XA D, NIETWEL, T, NACERE MoN
WEERBET R, My NXTHRBET 3 P(LCso) KT
7 LCs {8, P, (LCso) FNHBERZG 7 LCsp 1E

Fl SPSS17.0 A5 He s 147 18l 9 & 7 2 73
M, BEAFEVATFE (= A +Bx), HHEBICHIK
% LCso fH % 95% BlEMR.

2 FHRE5DR

2.1 SEMUEMESEREE

LAY 6a: AR K, M 223~224 C,
254 nm EAMT FRICER, 1E 5% MilR- CREE R
FonAGE R A, FREEO. HREBEZZEN
i, 5% 1 FeCly 7KIETIEAT B AL, 2ERE,
VLB AL ST RE N B 2E, HOEA ML, TrEE
N AR . AU R R A Y.
ESI-MS, m/z: 435 [M +H]*, 457 [M +Na]*, 473
M +K]", R\AEIFEX TR 434, 55
T3 CyHpO0yge TELAIN PC NMR HilEH, 17
7E 0 197.26. 42.11 1 78.72 WIHFEAL 2200k, R
AL G R SO A K, Jid 5 naringrnin-
7-O-neohesperidoside [ “C NMR k20 #2347 L
5, RIWEHAE LY naringrin" 5 A, HiE
BEH DT — AN RERNE S, HS5HE RN
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G5B UERIREE O N B R A
naringrnin (1) 7 7B . AV SRS IR .

'H NMR (400 MHz, DMSO-dy), 6: 12.03
(1H, s, 5-OH), 9.62 (1H, s, 4'-OH), 7.33 (2H,
d, J=85Hz, 2, 6¢-H), 6.80 (2H, d, J=8.4 Hz,
3', 5-H), 6.13(1H, d, J=18Hz, 6-H), 6.14(I1H,
d, J=18Hz, 8-H), 550(1H, dd, J=12.7, 2.8 Hz,
2-H), 496 (1H, d, J=7.7Hz, 1"-H), 2.75(1H, s).

3C NMR (100 MHz, DMSO-dy), d: 78.72
(C-2), 42.11(C-3), 197.26 (C-4), 162.98 (C-5),
96.54 (C-6), 165.35 (C-7), 95.49 (C-8), 162.79
(C-9), 103.29 (C-10), 128.67 (C-1'), 128.49 (C-2'),
115.24 (C-3"), 157.84 (C-4"), 115.24 (C-5"),
128.49 (C-6"), 99.64 (C-1"), 73.05 (C-2"), 77.11
(C-3"), 69.53 (C-4"), 76.34 (C-5"), 60.61 (C-6").

XTI, AV 6a )'H NMR F11°C
NMR 5 3CHA[16-1 7] BUE AR — 3, i e %
&N 5,7, 4- =55 — A Ei-7-0-4-D- M
BHELF, ROV P MEAETE (prunin), Z5R AR 1.

B 1 IAEEE (6a) &R

Scheme 1  Structural formula of prunin (6a)

&Y 2'a: BEMKR, 1A 230~232 C,
7 254 nm EAMDE T RIGIRSS, 1E 5% WlR- LB
W nAGE Bath, 5 RRES 0, ok B AR kAR
BT B 2B, U BZAL &Y R E PR,
ESI-MS, m/z: 852 [M + H]*, ®WHiZib-&WHIAH
Py v i 851, 43130 CysHp3OuNe S
YIH)PC NMR 45, f77E 6 140.30. 121.48,
16.66. 19.01. 18.33 fil 19.43 MIHFIEAL A0, £
BZ AL & W) REARE B8 9 B AE Bk solanidine!'®!,
HEH 100.57 (C-1"), 100.35 (C-1") F1 98.31 (C-1")
3NFER SRS T, IE R — AN = b
o BV RREIE .

'"H NMR (400 MHz, DMSO-d), 6: 5.31
(1H, d, J=42Hz), 5.01 (I1H, s), 491 (1H, d,
J=6.5Hz), 4.71-4.66 (3H, m), 4.66-4.61 (2H, m),
455(1H, d, J=4.3Hz), 445@2H, dd, J=112,

5.9 Hz), 4.38 (1H, d, J=7.8 Hz), 4.09 3H, q,
J=52Hz), 397 (1H, dd, J=9.4, 6.2Hz), 3.84
(1H, dd, J=9.3, 6.2 Hz), 3.67 (1H, s), 3.58
(2H, d, J=10.3 Hz), 2.79 (I1H, d, J=7.4 Hz),
2.59 (1H, dd, J=15.8, 6.8 Hz), 2.38 (1H, dd,
J=12.9, 3.2 Hz), 2.15 (1H, t, J=12.0 Hz),
1.98-1.87 (1IH, m), 1.83-1.61 (7H, m), 1.56-1.42
(9H, m), 1.39-129(2H, m), 122(I1H, s), 1.10-1.07
(10H, m), 0.94-0.89 (8H, m), 0.80-0.78 (7H, m).

BC NMR (100 MHz, DMSO-dy), J: 37.68
(C-1), 31.56 (C-2), 77.02 (C-3), 140.30 (C-5),
121.48 (C-6), 32.96 (C-7), 31.29 (C-8), 49.72 (C-9),
36.89 (C-10), 20.46 (C-11), 57.01 (C-14), 36.21
(C-15), 68.73 (C-16), 62.54 (C-17), 16.66 (C-18),
19.01 (C-19), 36.429 (C-20), 18.33 (C-21), 76.74
(C-22), 28.98 (C-23), 30.71 (C-24), 30.99 (C-25),
59.64 (C-26), 19.43 (C-27), 98.31 (C-1), 74.10
(C-2"), 76.18 (C-3"), 76.42 (C-4'), 74.10 (C-5),
60.07 (C-6), 100.35 (C-1"), 70.48 (C-2"), 70.62
(C-3"), 71.97 (C-4"), 68.02(C-5"), 17.84 (C-6"),
100.57 (C-1""), 70.76 (C-2""), 70.62 (C-3""), 71.97
(C-4"), 68.47 (C-5"), 17.79 (C-6"").

ZXTE, RIS 2'a 5CHR[16, 181 4E &L
A8, e A 2'a N a- Rl (o-chaconine),
Haim U E = 2.

OH,OH
6" " Y
H,C—— 1O 3
HO 3”' OH
HO

B2 oKW (2'2) EHR

Scheme 2 Structural formula of a-chaconine (2'a)

2.2 REEEM

221 AESBEBRTMEOLEHEE SEIES
PGB AR R R 1), DREIM LR
Y (1a) S 18 CBEZERUB (2b) g i, 1E
2 000.0 mg/L FXI 4 Fhitigi 24 h (R IEFE T FIE
70% LA o B AR Z TS 2 3e Bk B
BB BRI da BT ERSE, /0 IAE 13333
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* 1 AESBERIREE SR 4 Frtima 50T

Table 1 Contact toxicity of different separation products and active compounds against four species of mites

24 h RIESET %
AN GBS B ) S E A &) Bekik Corrected mortality of 24 h/%
Different separation product and Tested corllcentratio n/(mg/L) B — - " —
active compound KA B U -6 Ll A P
T. cinnabarinus T. urticae T. truncatus T. viennensis

1a 2 000.0 78.4 80.8 82.6 71.2
2a 2 000.0 12.1 332 9.1 8.4
2b 2 000.0 86.3 89.4 90.4 82.0
2¢ 2 000.0 40.0 28.9 12.9 10.7

11 1 Rotenone 2 000.0 100.0 100.0 100.0 100.0
3a 13333 34.4 44.6 114 124
3b 13333 12.2 23.0 17.8 11.0
3¢ 13333 19.0 30.1 19.5 9.5
3d 13333 16.5 46.8 21.2 16.7
3e 13333 833 85.5 82.0 78.8
3f 13333 483 16.2 34.0 19.0
3g 13333 443 18.0 439 21.1
3h 13333 50.0 10.4 38.7 20.4

4 B Rotenone 13333 99.5 100.0 100.0 100.0
4a 1 000.0 84.1 88.2 90.5 84.1
4b 1 000.0 38.5 41.2 39.0 27.6

11 1 Rotenone 1.000.0 97.4 99.4 100.0 99.5
5a 666.7 78.7 80.0 79.2 25.4
5b 666.7 10.3 159 17.2 13.4
5¢ 666.7 14.4 10.4 15.5 8.8
6a 666.7 86.2 94.2 86.5 434
1'a 666.7 47.8 48.0 48.0 30.8
1'b 666.7 29.5 70.8 83.2 18.8
2'a 666.7 432 83.9 92.1 30.0

4 i Rotenone 666.7 66.7 7.8 99.4 97.2

A11000.0 mg/L i, 24 h fZIEFET: R EILE 80% /£
Fo H da #55r A3 EK Sa, £ 666.7 mg/L T
o T LA 0 PR PRI S A, S At 3 ol
24 h BLIESET: REITE 80% oA . FeJa M 5a 4
BRI G W 6a X AR HD I . B i R
i B R R EYE, E 666.7 mg/L T 24h
WIEFET R 5N 86.2% 94.2% F1 86.5%, H.X%f
AT 2 Fofr v gt 1) 9% A o ) R 24 70 R, X A
IH- 6 5 1 WA T R R B . LA B AE ol B R
LRI ORI AL B 5 15 3] 17a R 17D
2Ny, RUETEYERY EEARET 1 A5y, gk
BRI A 2a, Ho T B AN
W5 HA R SR AR v M, 7 666.7 mg/L T, 24h
RIEFET R 50 5N 83.9% Fl 92.1%, 3iF I35 T i1

Fie ) B L5 £ R T AE 2

222 theteafu2rathXuEEMN MELSER
(£ 2) £H: L&Y 6a X ARSI, — BEH AN
Ly A W9 1) LC s {H 73 71 8 461.98. 338.76 Al
732.08 mg/L, HARRIEPEY ST A 27a; 1fIXS
THIUH, 2 PSR RTE A Y. 5XTIR
2450 R LU, LAY 6a XEARD B, e
W LA PG (%) B ) 3w T A R, AE N B ) 4
WA BRI 1,17, 1.52 F13.07 %, (HXF#REH
W6 1) B3 7 WUAS B # TR T, A K 25 7 A g £ TG I (1)
0.45 % ALAWD 2% a X Z B0 WM 0 LA - 6 1) 75
DI TR, AR N R 1.07 F12.69 fi,
T R 24 b Wl g 0 0 T W g ) 25 ) T AS I i e
AEXTEE AN 9 R ) 0.56 F1 0.45 fi .
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Table 2 Toxicities of compound 6a and 2'a against four species of mites
) Pk i BFAEATE (=) LCso (95% 15 X i) HX 2577
Compound Tested mites Toxicity regression equation (95% Confidence limit)/(mg/L) Relative toxicity

6a RS T. cinnabarinus
ZBEM T, urticae

72742+ 6.781 Ox
7.491 6 +5.300 1x
I T truncatus
A& 4 T viennensis
2'a KHPMH T. cinnabarinus
SPETH I T wrticae
WL T, truncatus
L\ HE 6 T. viennensis
R%tﬁgﬁe MBI T, cinnabarinus
ZBEM I T wrticae
HICE T. truncatus
A& 4 T viennensis

7.1255+5.920 2x
5.589 2 +4.350 3x
—1.8856+3.473 Ix
7.189 4 + 6.884 Ox
7.748 7+ 7.708 3x
5.433 6 +5.536 Ox
6.945 8 +7.258 1x
6.941 1+6.717 3x
—5.968 0 +4.781 1x
—4.249 1 +3.955 2x

462 (425 ~ 503) 1.17
339 (302 ~ 381) 1.52
438 (402 ~ 472) 045
732 (705 ~ 768) 3.07
961 (845 ~ 1 063) 0.56
481 (463 ~ 504) 1.07
440 (404 ~ 493) 045
835 (752 ~ 927) 2.69
539 (535 ~ 550) 1.00
514 (491 ~ 542) 1.00
197 (178 ~ 213) 1.00
2250 (1 702 ~ 2 705) 1.00

3 FR5itie

AU 2 sk L, DURTD IS 4 Bl i oy
BEAR T B B S AE 1 2R I v M O AT T IR R
B9, DAE SR EE N R IR s R N 225, 3%
R IEFE T 2R B /N T £ 7 I 5 5 A 24 1) 2 o B
ERE— L ERNR, Rk, JERAER
HENAEE BN ST IERE T ERE T 240
BRI R E L EY) 6a Fl 2'a, FIHAZHLIL
PRETE ARG 255 F i 04, JF S B SC SCR 3
W, BAWE 2 METEAGE P 73 A UL P R4 E
A - ARBH AU TE TE I E 25 AR YL P AR AE
H (6a) XA -l TR Pl R0 1L A Pl 1) ik 7%
TEPESR T RN a-RARBE (27a) X BE AL
AR e £ ik 2 VA PR R 5 T R . kT DL, ok
V5T S AR AU T W) BR AR AT S5 12
BV P BEAE N a- R AT 2 P B — & AR 15
A TERI RIS -

KTILFPEAEE, CFY#H%EMNEERHE
YIREEZE Clinopodium umbrosum'™ . #FALFHE
WIRERSE Lysimachia clethroides™ . % FHE ) %
Helichrysum bracteatum™"VFl 7K J& & FHE P #i Bk
Drymaria fortunei "GEREY)H 73 B4R 2], AH MR
HY SR ELP S ERBME TR AXRAEY
EME, W FUARIE R 2 1) R AE R B MR T T,
HORP A B () AR M R WARE . AL
PEE R AR IS YE B, VL PR N A — AR
AW e R A, W HBT SR STES
B R TT R R 6 P B R KR A S A,

B 1) T 2R %
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