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Extraction Condition Optimization for Total-Alkaloids from Leaves of
Camptotheca acuminata and Its Antibacterial and Antioxidation Activity
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College of Science ,Sichuan Agricultural University ;Yaan 625014 ,China

Abstract : Response surface methodology was applied to optimize the extraction condition for total alkaloids from the
leaves of Camptotheca acuminate ,and investigating their antibacterial and antioxidant activities. Preliminary single factor
experiments show that solid-liquid ratio, ultrasonic power and methanol concentration notably altered the extraction effi-
ciency , thus a Box-Behnken second-order polynomial model involving three factors at three levels was developed to inves-
tigate the favourable alkaloids extraction condition, while ultrasonic time was fixed as 40 min. The optimal conditions
were determined as followings : methanol concentration ( methanol: formic acid: water = 17.5:1:1.5) ,solid-liquid ratio
(1:22 g/mL) ,ultrasonic¢ power (240 W). Under these conditions,the extraction yield of total alkaloids is 1.67 +0. 08
mg/g. Leaf alkaloid extract’( LAE) displays antibacterial activity against S. aureus, E. coli and P. aeruginosa ,with MIC
value 4.38,8.75,8.75 wg/mL,respectively. LAE displays significant antioxidant activity in ferric reducing antioxidant
power (FRAP)“and the ICy, value for ABTS and DPPH scavenging tests is 4 wg/mL and 3 wg/mL. These results proved
that the optimized extraction technology was reliable and provides a reference for further development and utilization of
the metabolite resources of Camptotheca acuminata Decne.
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Table 1 Factors and levels of RSM analysis
K2 Factor
AP HHREL A A
Level Solid to liquid ratio Ulrasonic power Methanol rati
(a/ ml) %) ethanol ratio
1 1:15 210 12:1:7
0 1:20 255 15:1:4
1 1:25 297 18:1:1
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Fig. 1  The yield of total alkaloids extracted with different

extraction solvents
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Fig. 2 Effects of solid to liquid ratio( A) ,ultrasonic time(B) ,ultrasonic power(C) ,methanol ratio(D) on the yield of total alkaloids
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Table 2 Design and results of response surface experiments

ol 7 4 T R o4 b Tk A L

s AFRIE B C. P BEILG] KD

No Solid-liquid ratio Ultrasonic power M .lhanol ratio Extraction yield

. elne ¢

(g/mL) (W) (mg/g)
1 0 0 0 1.5927
2 0 -1 -1 0.9536
3 0 1 -1 1.0504
4 1 -1 0 1.2866
5 0 0 0 1.6081
6 1 0 1 1.5973
7 0 0 0 1.6388
8 0 0 0 1.6597
9 1 0 -1 0.7695
10 1 0 -1 0.8100
11 1 1 0 1.2423
12 0 -1 1 1.6048
13 1 0 1 1. 1495
14 1 1 0 1.0957
15 0 1 1 1.4346
16 1 -1 0 0.8201
17 0 0 0 1.6063

3.2.2 w)aMEA G E oA B AT

[ Y145 7 57 22 53 Mt ki) Design-Expert 8. 0, 1
B = DR OGS S I A i BB ) S e A
ARG [mlE 7 A R (ML 3) o —IRIMAC,
I A* B* \C* ,ZEH T AB ACBC X 545 B 1 i
SRR, 25 TR 5 8 A W e R 4
W] A B8 ARG 2 S R W] el VA 07 AR UL PR
IFi] i 2P 28 52 T [ 2R o7 A (b A P 5 ) A7

TERA AR, 43 B7 7 B 7 2 W10, ph A P <
0..000 1 175 50 FF 6 B 9 — v 25 50 2k e 00 AT
R E A9 5 B M SR BT H 0. 0504 > 0. 05, 1 2k 311
R G35 MG R R =0.9897 BRI HEAUE,
M T 5§ R A 5 T e
S Do R BRI . 4% PR 2B /NG
Jy: HBEEL(C) > BT (A) > BHEHE(B)

®3 ERREFESN

Table 3 Variance analysis of regression model

WE.3 Nl A ¥iJ5 F1{4 P1{i M
Source Sum of squares Df Mean square F value P value Significance
17 Model 1.70 9 0.19 74.58 < 0.0001 -
A 0.066 1 0. 066 26.09 0.0014 #
B 3. 114E-003 1 3. 114E-003 1.23 0.3042 -
C 0.61 1 0.61 239.39 < 0.0001 .
AB 0.094 1 0. 094 37.09 0.0005 o
AC 0. 060 1 0. 060 23.52 0.0019 *
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%3¢ 3 ( Continued Tab.3)
J5 2 7 A A Y5 FAE PE N
Source Sum of squares Df Mean square F value P value Significance
BC 0.018 1 0.018 7.04 0.0328 *
A2 0.50 1 0.50 197.42 < 0.0001 ® ok
B2 0.12 1 0.12 45.43 0.0003 RS
C2 0.16 1 0.16 63.15 < 0.0001 %

5% 7% Residual 0.018 7 2.533E-003 - - =
ZRAIT Lack of Fit 0.015 3 4.913E-003 6.56 0.0504 -
#li1% 2% Pure Error 2.996E-003 4 7.491E-004 - - -

A Cor Total 1.72 16 - - - -

" FoREFRE(P<0.05), " " FIRZERMEE (P <0.001)

Note: “ represented significant difference( P <0.05),* *
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Fig. 3. Response surface plots showing the interactive effects of different factors on the yield of total alkaloids( A-B ,A-C B-C)
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i Design Expert 8.0 #4537, 15 ) =W i v
SRR B R B AR SRR A < B T R R 239.
25 W, HHEE: R . 7K Ry 17.64:1:1.36, Bl Lkl 1:
22.3 g/mL, % EH| AT EAEVE B0 SR B IE Ny
B IEE 240 W BB R Kl 17.5:1: 1.5 BN
R 1:22 g /mL, Jr A2 BOSAE i -1 & 1 ok
1.67 +0.08 mg/g(n=5) , STME 1.75 mg/g Bk, 4

Xf1R2E 4. 57% R T2 55 e mI AT
3.3 MEwEE

VBRI R R I, 8 R DG A 1 B IR 45 1
SR I A MR B ( LAE) X5} S. aureus (E. coli
P. aeruginosa EL.AG ) B & 5, MIC {H 43 51 24 4. 38,
8.75.8.75 wg/mL, X} B. subtilis oA B 1B, FH
PEXT B MEW 375 570 JC 400 11 7 e, BH P X B ROIR 8 R
BTSSR, BARZE R LR 4,
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(MIC) ,n=3

Table 4 MIC of leaf total alkaloid extract( ug/mL) ,n =3

T/ MM MIC(wg/mL)

=]
e SRR K H AL SRR
S. aureus E. coli B. subtilis P. aeruginosa
FHFEE XK Kanamycin 0.5 1 0.5
M17.5F1W1.5
EEYIRER Y LAE 4.38 8.75

3.4 mEMFEENR

PRI R LR 5. LAE By BT i ik JiE
#0.01 mg/mL i, H: FRAP {5 5.062 + 0.223
mM, i R E S 0. 01 mg/mL ) BHA FI Ve B4
SAALRE Sy AR, L FRAP {235 09 0. 16 = 0. 01

mmol + L' 0.16 = 0.01 mmol - " . LAE .BHA Ve
X} DPPH il ABTS [ Hy 3 iR 68 73 LA 2 30 il v B
I1C,, 737~ , BHA 5 Ve X DPPH FIABTS [ 1 3L 19 7%
Wfe f AR Y | 1 LAE X AR 1 It i35 4 b
L. BHA F1 Ve 38,

=5 BAEYRERRYREMLFENK (pg/mh)sn=3
Table 5 Antioxidant capability of the LAE( pg/mL) ,n =3

PAALTE M FRAP {ff DPPH ABTS
Antioxidant activity Equivalent mM FeSO, (1G5, , mg/mL) (ICsy ,mg/mL)
LAE 5.062 + 0.22 0:004" £.0.001 0.003 + 0.001
BHA 0.163 + 0.01 04653 + 0.063 0.234 + 0.015
Ve 0.160 + 0.01 0.449 + 0.047 0.308 + 0.037

4 i

FNER b e B LR, NTHCIEO T
AR v i 48 14 AR B0 L I TS A, i 2
BT XA b B AR SR N TR R A . A
SCUAEAM IS X G TR 75 V8 S B2 W,
A 3 ) 7 T 925 1 A BT 5 B R B AR I T R

HEFE LA 240 W, HIEE . FE R K Ol 17,50 12 1.5 RN
b 1:22 ¢ /mL, BAE8) 66 10 R BUR 1. 67 £ 0. 08
mg/g o ZERAES Fr, SSRGS BB, K
TRAR IO PR 1 BIPURE it oA W 45 4 11 58 B e
M 17 T A O 17 EBORE it v A= RS o3 Y 22
PEe PRI ZE SRR Y] LAE HA B 04 i i 1
%F S. aureus E. coli #11 P. aeruginosa = F & k) MIC
fE43 5} 4.38 8.75 .8.75 nwg/mL, [A]i, LAE S ¥}
HEF BHA F1 Ve b8 4k s M, JL FRAP {524 0. 16
+0.01 mmol - L', X} DPPH F1 ABTS [ &35k
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