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Study on hydrolysis Kinetics of azadirachtin and
structure analysis of hydrolysate
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Abstract ;[ Objective] To study hydrolysis of azadirachtin in water systematically. [ Method ] Azadirachtin
A from the 44.56% azadirachtin TC was isolated and purified by silica column chromatography and semi-
preparative high performance liquid chromatography ( HPLC). The chemical structure and content of
isolated azadirachtin A were identified by nulear magnetic resonance (NMR) and HPLC. A method for
determining azaditachtin residue in water by HPLC was established. [ Result] The mass fractions of
azadirachtin A were 90.37% and 91. 82% detected by NMR and HPLC respectively. When azadirachtin
was added with the concentrations of 0.1, 1.0 and 5.0 mg - kg~', the average recovery rates of
azadirachtin from water samples ranged from 92. 53% to 94. 12% , the variation coefficients ranged from

0.35% 10 0.84% , and the minimum detection limit was 0. 012 mg - L.™'. Azadirachtin was stable in
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buffer solutions with pH varying from 4. 0 to 6. 0. When pH was above 8.0, hydrolysis of azadirachtin
was accelerated, and the degradation half-life was 14. 856 h at pH 8.0 and declined to 0. 033 h at pH
10. 0. The degration half-lives of azadirachtin in buffer solutions at pH 6. 0 were 24. 68, 13. 69 and 2. 36
d under 25, 35 and 45 °C temperature respectively, while were 9.35, 6.51 and 0.94 d at pH 7.0. A

lactone derivative of azadirachtin was obtained by isolating and purifing hydrolysate in buffer solution at

pH 2. 0. [ Conclusion] Azadirachtin is extremely unstable in alkaline environment while relatively stable

in weak acid environment. Temperature has a great effect on the degradation of azadirachtin and the

degradation accelerates as temperature increases.

Key words: azadirachtin; residue; hydrolysis kinetics; hydrolysate; silica column chromatography;

HPLC; nuclear magnetic resonance
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FRRGEop s IC Jr 2 7% SCHk (18] : 1) pH 1.0:0.2
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mL; 2) pH2.0: 0.2 mol - L'y HC1 5.3 mL +0.2
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mol + L™" /) KC125 mL; 3) pH 3.0: 0.2 mol - L'
i HCI 10. 2 mL +0. 2 mol - L™" 1§ KHC4H, 0, 25 mL;
4) pH 4.0: 0.1 mol - L' 1y NaOH 0.4 mL + 0.2
mol -+ L™' i) KHC,H,0, 25 mL; 5) pH 5.0: 0.1
mol + L™" /) NaOH 23.9 mL +0.2 mol - L™' /1§ KCI
25 mL; 6) pH6.0:0.1 mol + L™"f#) NaOH 5.7 mL +
0.2 mol - L") KH,PO, 25 mL; 7) pH 7.0:0.1
mol -+ L™" [ NaOH 29.6 mL + 0.2 mol + L™' ff}
KH,PO, 25 mL; 8) pH 8.0: 0.1 mol - ™" NaOH
46.8 mL +0.2 mol - L™" KH,PO, 25 mL; 9) pH9.0;
0.1 mol + L™ NaOH 21.3 mL +0.2 mol + L' (H,BO, +
KC1)25 mL; 10) pH 10.0: 0.1 mol - L' ) NaOH
43.9 mL +0.2 mol + L™" Yy (H,BO, + KCl)25 mL;
11) pH 11.0:0.1 mol + L'y NaOH 5.1 mL +0.2
mol + L™" fy Na,HPO, 25 mL; 12) pH 12.0:0.1
mol + L' ) NaOH 26.9 mL + 0.2 mol - L' ff}
Na,HPO, 25 mL; 13) pH 13.0:0.2 mol - L' %
NaOH 66 mL +0.2 mol - L™"f§ KCI 25 mL, 4 ¥
YInZERK E S % 100 mL,

1.2 7%
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Fig.1 High efficiency liquid chromatography
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®1 ERROZEEIRBGEHIE" C NMR

Tab.1 "C NMR data of azadirachtin x 10 ¢
WET el | WET erhE
H5  SCRE™ S | %5 SORE™ S
C-1 70.7 70.6 C-19 69.1 69.0
G2 29.8 29.7 C-20 83.6 83.4
C3 67.1 67.0 C21 107.5 107.6
C4 45.6 45.6 C22 108.8 108.7
C-5 37.1 36.9 C-23 147.0 146.8
C-6 74.5 74.3 C-28 73.0 72.9
C-7 76.5 76.5 C-29 166.2 166.3
C-8 50.4 50.3 C-30 18.4 18.5
C9 44.9 4.7 3-C=0 173.3 173.5
C-10 52.6 52.5 CH, 21.4 21.4
C-11 104.2 104.2 || 29-0CH, 52.7 52.8
C-12 169.5 169.8 12-0CH, 53.1 53.2
C-13 70.1 70.1 0-Tig;
C-14 68.6 68.8 C-1’ 171.8 171.9
C-15 73.9 74.0 C2' 128.8 128.6
C-16 25.1 25.0 C-3’ 137.5 137.9
C-17 48.7 48.7 c4' 14.2 14.3
C-18 20.8 21.0 C-5’ 11.9 11.9

B2 HWRRMLFEHEN

Fig.2 Chemical structural formula of azadirachtin
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TR, RIENB R ALK BT 20K A i
EIR R KR = 226 B R 4R 5, FF i R AT 2 AT
ST AiAL, 1R E) M Al B A I EDBR R A WIRTTAE
Y1, H NMR 1 C NMR 207, Hogb 44 D& 3, ' H
NMR i ILI&] 4a,”C NMR i LK 4b,
2.3 ENBREMIKL FER
2.3.1 FPREAEKKRFTGRMmEMKE pH N
1.0 1 pH 247 8.0 ~10. 0 fi% 2% s i HH (0 75 i [T )ie %
FEAAIR, 20T 80% , Al hy ER 28 TE B E Fi s B2 1 1Y 2%
PE AT 25 5 ek 1T pH T 1L O i, 3ELA T
FIEI AR FR . HAE S0 T S0 i # oy 82.49% ~
94.31% , 75 5 ZREI NN 2. 88% A5 5% R il 244
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2.3.2 EPAREMMMIXE EIBRLEpH2.0~7.0
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BB AR s S T B A AR LR 2, AT LA ED
PRETE pH 4.0.5.0.6. 0 fYZZ oI FL e de e, 2
TEHASS Ik 22. 87 36. 33 F124. 68 d.

ENERTE pH 8.0 ~ 10.0 il pH 1. 0 (2% pPiA 1K
H R A 35 DL 6 , R 22 5 i i o A5 40 I 3
TR (% 2) o B 6 F14k 2 W] LUE i BB
FAE pH L O Fft: 2544 T BEfRAR TR, 7€ pH 4 1.0,
8.0.9.0 F110. 0 22 v W v e A 1 2 5 101 0 il A
0.10.0.62.0. 10710.03 d, i fEpH K T11. 0/ 2%

=3

H
H

B3 ENERFRKBTMENRE A WERITEM AL F K

Fig.3 Structure of azadirachtin A lactone derivative of aza-

dirachtin hydrolysate
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"H NMR and “C NMR spectra of azadirachtin derivatives
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0 T 45 C T I e i F 3201 57 51 g 2468 13,69 i
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1

Bl S ENERER Y PR i &

Fig.5 Degradation curves of azadirachtin

B R E RN T 10 ming

M2 af LU, EPBRER1E pH 4.0 ~ 6.0 922
PO LUBAS E , T2 pH KT 8.0 I, BB %
fifp A 2 TR W 22 pH 8. 0 119 0. 62 d [
F| pH 10.0 44 0.03 d, 1fii pH K F 11. 0 B ) Xk DAAGS:
TSN EPBR ISR, EVBRRAE pH /NT 3. 0 B o
WP P REREE N T pH KT 8.0 1Y TR
B M2, VBRI IR R AFRE , 1 7E 55 R
PEIRGE LU E

K2 HOREHWBNFEST

Tab.2 Kinetic analysis of azadirachtin

pH AFEIE MRRE()  EEl/d
1.0 C,=44.31e™*"  0.999 8 0.10
2.0 €, =42.57e7"7"  0.997 6 2.98
3.0 C, =44.61e"  0.997 4 8.68
4.0 C,=44.03¢ "% 0.994 8 22.87
5.0 C,=44.85¢7%""  0.991 2 36.33
6.0 C,=44.36e """ 0.997 6 24.68
7.0 C,=43.04e " 0.997 7 9.35
8.0 C,=43.73¢ %7 0.9754 0.62
9.0 C,=45.16e "%  0.998 8 0.10
10.0 C,=44.99¢7 %% 0.999 9 0.03
50"

TN H 1.0

é m\ —— P

gD = pHS8.0

§30» pH 9.0

E{Iﬁ - pH 10.0

N 20r

i

& 10

=
¢ 2 4 6 8 10 12

t/h
6 ENBREETE pH 1.0.8.0.9.0.10. 0 28 i A il P i P& F7
HA 2%
Degradation curves of azadirachtin in buffer solu-
tions at pH 1.0, 8.0, 9.0 and 10.0

Fig. 6
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Fig.7 Degradation curves of azadirachtin in simulated nat-

ural water at different temperatures

R3 HREEEURBRKERERE THIEBEHNFETE
Tab.3 Degradation Kinetic equations of azadirachtin in

simulated natural water at different temperatures

pH 6/C o MRARE() e

6.0 25 C,=44.36e """ 0.997 6 24.68
35 C,=45.08¢ "% 0.9943 13.69
45 C,=47.63¢7 "7 0.992 4 2.36

7.0 25 C,=43.04e """ 0.997 7 9.35
35 C,=45.57e¢ """ 0.9945 6.51
45 C,=45.98¢7""""  0.999 9 0.94

2.3.4 ORFERRKRKKFORMESH AT EIHK
FAERRKME PR fas RN 4, WK 4 TR
BB ZR AE 7K 2R K rp i B ik W B i, o 37,06
d, FEWAZK H AR B, R 6. 43 d e /K RN
K AR 1 2 FE AR 22 A5 K, 4393k 15..90 AT 14. 91
d, FERRVT/K I R s AR AN, R 12,19 o H
EVBRZ AL KA e it 1 3 10 S /K R B AL M Il A 7
BRI b (2 5) , N3 5 W LLE HEIBE
FEKRH R AR 5 pH B AT A e, FH R
ok 0.995 9, T 5 BV B & BB i LA R
SRR 2 AR R AR 22
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Tab. 4 Degradation kinetic equations of azadirachtin in
natural water
KA IR MHRRERE(r) EEH/J
BRITIK C, =46.76e " 0.997 4 12.19
Fe K C,=45.98¢ "% 0.989 7 14.91
iRk C,=45.72¢ "% 0.996 6 15.90
7K C,=44.79¢"'*% 0.994 2 6.43
JKFEIK C, =44.96e """ 0.995 0 37.06

x5 OREEBEETHSKEELERMBXREST
Tab.5 Analysis of the correlation between the degradation
half-life of azadirachtin and physical/chemical

properties of water

PRAL EUEpESN X FRE(r)
pH y=183.570 -23.537 0x  0.995 9
Mo y=20.995 —11. 123 Ox 0.2855
MAGE y=27.190 —=2.367 8x 0.498 0
Ny y =18.449 —0.009 3x 0.044 7
ERth A A y=20.352-2.726 1x 0.376 8
AA5E y=16.873 +0. 890 6x 0.319 1
D)y HeptkF ¥ 28,0 3t 5oy BACKE R
3 it

ENBRER TEA [R) L L T 8 7K A 136 3 1, il 2 f
HFER R HBOR A pH 6. 0 [ZE P i ,25 35 il
45 CF 1y B =100 3 ol 24. 68 (13. 69 #11 2. 36
d,mife pH 7.0 f) 2% vh ¥ 3 7390 9 9.35.6.51,
0.94 d, Al L, HIRE T 35 CRE, EIBRER A [ FFf
AR I ER , B AAE EAR R A A A7 0 R oy, 2R
WEGE R o FERTTE ENBREK S = it A B, HPLC 8
TR B 2 A KR g (8 Ry B R 1 Rl
JER R B ), 368 5 i A 2 A R VR B ) K fige
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