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B RCRAN G EM T EMRA T, AT ELILARGHRS R, EEREAERGASE, RIRTEARSH, BRALEAR
BRI AR E, EAMILIE A B4, i@ i3 Box-Behnken vh B @ ikikit 3 M A 3 K-FEE, ARRERRIE,
[#2 ) RN I LA FTEARSK 46.4%, # F A1 26.1 min, &AL 2120 mL g, EMAHIZIRE AR 0.084 4%,
ZR XA ARE R R A 0.969 3, FAMMAL HIERE A 3.2%, [ 4# ] KB Box-Behnken #£4t 3 b K ¥ St a2 IR
¥, HAES, ARMAL S A4 R G, TRERIT, B2 43413
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Optimization of camptothecin extraction process from Nothapodytes
pittosporoides by Box-Behnken response surface method

LIN Jincao', XIAO Li**, WU Choufei*’, ZHANG Shaoyong>’, YANG Huining’, ZHANG Liqin"**

(1. College of Forestry and Biotechnology, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China; 2. College
of Life Sciences, Huzhou University, Huzhou 313000, Zhejiang, China; 3. Key Laboratory of Vector Biology and
Pathogen Control of Zhejiang Province, Huzhou University, Huzhou 313000, Zhejiang, China)

Abstract: [Objective] This study aims to optimize extraction process of camptothecin from Nothapodytes
pittosporoides by response surface method and ultrasonic wave. [Method] The content of camptothecin was
determined by high performance liquid chromatography, and N. pittosporoides wood available on the market
was used as the research object. Based on the single factor experiment, methanol concentration, liquid to solid
ratio and ultrasonic time were taken as the influencing factors, and the extraction rate of camptothecin as the
response value. Box-Behnken response surface method was used to design the experiment with 3 factors and 3
levels, so as to determine the optimal extraction process. [Result] The optimal extraction process was as
follows: methanol concentration 46.4%, ultrasonic time 26.1 min, liquid to solid ratio 21.20 mL-g ™', extraction
rate of camptothecin 0.084 4%, binomial fitting correlation coefficient R° 0.969 3, and deviation between the
predicted value and the experimental value 3.2%. [Conclusion] Box-Behnken can be used to optimize the
extraction process of camptothecin from N. pittosporoides, with high precision and good predictability. [Ch, 2
fig. 3 tab. 13 ref]

Key words: botany; camptothecin; Nothapodytes pittosporoides; high performance liquid chromatography;

response surface method
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= B Bf (camptothecin, CPT) J& — P 41 g 25 M s Mk 2 - W B, 1966 4F F WALL 25 M 5 IR M - ##4)
Camptotheca acuminata 153 BAF 2] . VEAAEHYIRA 25 00 S B2 —Fh 2 OARF P, I HXF R AT fil ok
FEBERERRS XT8N RHR Sphaerotheca fuliginea . 35 i JKFE9A Botrytis cinerea S5 tHAG B BB G AL
IR B, B A HE B A T A BRI T R T 1. B HK Nothapodytes pittosporoides
FERRHHEF] Icacinaceae 5 48 A & Nothapodytes HEAR , N AWM AR | AEERF . B, E=F
SN WIRE . WG, DU AEHL, AZGRERRIE . AR, BRAR, BRI WM. R, S ORR R
Hr, AR 2B R, mb L SREDRIFR RS A EARRE O, BEE T B R R A R R, SR
YE R B2 IR, B FRAR AL S, SR E R AP Y =W AR, B B ECE A
(R BT E N OC T 5 R S A AR R T s R, HEEACR R O IE ST
oo ARIFFELLL AN IERE, LSRR BCRE LT85, R Box-Behnken M i [ 125 0544 ik ) 44
BT 23T 709, DU SR e BT 2 A Ak B B2 ik A

1 #MEE 7 *®

1.1 ekt

111 FBAR  ERRAH O (RS 1260, Agilent); 1Rk ZINAEMFENL (800Y-304, JLE); #EAIE
T UERS (DS-080S, TAEMIZR 40 kHz, A7%); HT04r KF (ME204E, METTLER TLLEDO).

112 Sa4 HIR W T SN 2p i, 2 mEcmnt), TSR 60 Hif .

113 S8k HEE (RERR T AR R A R AR, arbrsl); e db 85 R SR A R A
Al, faikal); OBE dbstE REBHEABRA R, @igal); KOk SO AR S (Sl =98%,
HEH AR ).

1.2 XWHZE

12,1 sBARERAE RIS H PR ERE S 1050 mg, & TAEBRY, FEAMHRRE. €8F
50 mL, PN 0.21 g L BYE MO0 BRER SR, #2250, & H.

122 HRHE&HE& FREBIEE DA K 5.06 g, & THIEMHES, MAFE 100 mL, 2 NS
30 min, 0.45 pm AYFAFLUENEIUE, HRELUEWA .

123 &iE&4 A% Alltima Cg(4.6 mmx250.0 mm, 5 pm); Wi sIA N 20 :K=25:75(V:V); ik
1.0 mL-min'; #I3K 254 nm; #EIR 30 °C; PEREER 20 uL.

124 w2 BOEAESIE 1.0, 3.0, 50, 7.0, 9.0mL BT 10 mL AEMHT, HEERE
10mL, #M 1.2.3 O TRN . DL S i d v B A br, TR R A, il h 26
125 bk P Eatadt Bgm e FREIE D AR K 10.16 g, & THIEMS, MAFEE 100 mL,
HEE %4 30 °C, A 30 min, 0.45 pm AFLIERE U8, HRERIEVEAL IR 1.2.3 @S AT R . AR E L
TARHEEMIIRECE (R): R=CV/1 000Mx100%., H:rh: CF7m 32 BOR =5 W (g- L),
V FOREFARL (mL), M FRGH T (2).

12.6 B EREET HREOMEEDHAKK 10g, BETHIEMS, %3 LB E. P EAHS
. MAEEEL, R 2 ANEEAAE, 1 MER AR R TR R, 0.45 pm ALIERGEE, WS
WAE 1.2.3 ik SRR, P47 3 ¥k, BOFEIIA.

1.2.7 Box-Behnken % i AL I &4 RN RS FEA [, PEESH A AT ] 30 min, H AR AL 404K

80% I ¥ Kt b 20 mL- g '(&F 7 & FH 25 ¥ R £1 EEATE
#=100:5)3 MR RHTRATL . LT Table | Factors and levels

PR AR, R Box-Behnken 1% 111 b 42 Bt 4% oy A TEEBL BRSNS CHRIY
o R 1 s, 8% I [f)/min (mL-g")
1.2.8 ZABAE B o4 Wi of Ta 5256 55 B R -1 70 20 12(60:5)

Designer-Expert 8.0 2X {4 #4740 BE , - X i 45 1% 0 80 30 20(100:5)

1155 B EES T 1 90 40 28(140:5)
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2 #R53n
21 fREHKLH

R AR I 2t 5 LU AR b B R BT R v R, A R RO s, DL R R R R A AR (x),
W R ABFR (1), HHEALIERIE N y=9x10%+902 381, HHKEZREL R=0.999 2, =)l JFi i vk
B B LRV A 0.021~0.189 g+ L',
22 BEARLBLERRE
221 FEARSEOT EMARIE G Hre  JEHE AR 30 min, WORHEN 20 mL-g ' I, SO EE
RBUECH 50% . 60%. 70%. 80%. 90% WIAIF T AT, & 1A A0 Bl FF RO B 4 B 3
K, BRI EEIBCR IR KGN 2 EER B R0 T 80% B, $RIBCRIT IR/, £ R B4
AR T ERIRA S, P EEARTR 50> 80% B, S Bs e GRS FE I, AT AE F T Bl Y R AR 2 4k
FodE T, SRBGRAR N, BRI B i 3, e T S R AR, RIBCR TN, Y H R AR
G3ECH 80% I, PEBCRIRERAE, IR AT 80R 80% A E .
222 M FBEE A ERBIRRE G Y 7EH BRI ECH 80%, WOBHLH 20 mL- g B, SEHGH S AT
[ 53504 10, 20, 30, 40 A1 50 min A 55/ FHEATERIC, & 1B AT 0. Bl 75 BRI A 3G 0, A msd
BCRSEHE NS W/)N, AERE S B ] 30 min B S A SRR IBCR B i o 32 R R Bl R P BF TR, B ARk A=
AALIIMER AL S, HPRIBORIEAL, BT LIRSS A 30 min 16 F .
223 RFA EARIEN A (BRI N30 min, FEARFUNECN 80% i, BEBGRURE 2Bk
12, 16, 20, 24 128 mL-g ' MYAAFEATHENC. & 1C AT 50 . BEE R /DRI, B R BCR S
BEIE N, SRBCRE R RCE L 20 mLeg . BEFEE SN L, DR SERZ MEET A, A
FIF D AR i T, SR T 20 mL- ¢ ' J5, E2ARNEANRE, HIsHmR T, SWmE
BCRTRE, PTLAERRORHL 20 mL- ¢ ' B80S H .

0.10 0.08 0.10

g A < B < C

£ 0.08 - & 006 L & 0.08

2 0.06 | = 0.08 2 0.06 |

oy e 0.04 uicd

E 004 = & 004 b

= E 0.02 | 7

o 0.02 - s i 0.02 F
0 1 1 1 1 1 ] 0 1 1 1 ]
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PR AR AR B % &8 75 5[] /min WOREE/(mL - g ™)

B1 RE#FaEETERBIEIRE G T
Figure 1 Change of the extraction rate of camptothecin under different influencing factors

2.3 MR ER LR

W B D Sz 28 5 )40 V6 i W AR AR 2050 80% . A 7 IR [E] 30 min AR 20 mL- g7 M fc 4R
A, R JH Box-Behnken Wil i VA X HAEA 04, S5 R4 2 s

PLE R BCR TR FR (R), K H Designer-Expert 8.0 #XF it 1T — ik 2 Wi [ G, 1S3 FE .
R,=0.11-8.500x107°4+6.125x10°B+4.375x10°C+7.000x10°4B—0.0144C+0.015BC—0.0264°~0.024B8>-0.030C>,
Horp: A FRRP BRI, BFRARHANN, CERRTBE ., ZIRIHER A I 225081 W% 3. |
ANVOA St Al Hl . FEFZ LA bR I B, BRI F 2R 24.59(P=0.000 2<<0.001), 5B [m] 945274
W AR R=0.969 3, W RE R’ )\=0.929 9, AU E (P=0.034 3<0.05). ZBIAS
FREERSHT, SCOIRIER/N s (SR AR, M 12.503>>4.000, 1303% 22 70 [m] AR A F5000 2 [ A o 3540 B
M LRI T 2 454

BRI AE R R . HEARU L (4). BB (B). R (C) X5 FEA Hh B R BOR 11 5%
M FARIR A A, B, Co FHEEARFRAEN) ORI A7, 875 B[R] A R 30 B2 . VOB L k30 C° X 5y Lk
AR AR B B IR A A S S R (P<<0.001); 7 B ] FIVRORE LU 1 38 ELI BC Xof By L A v R sk ) 44
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HURAT W B8 2 R (P<<0.01); AR 43 4L 32 Box-Behnken i&iT LI L R
A5 B AR BB L 32 BT AC X Table2 Box-Behnken Design tests and results
Fb A BB 9 B BCR A 5 (P<<0.05); SIS A FEMARBUNL B BRI C.OWORHL $RIGER /%
ERFEIE] B, WOk C. W AR AR ARl S 1 1 - 0 0.043
INF 1] 95 F 350 AB S T LA 8 BRI 2 ° ° o o
IR B35 (P>0.05). ) P B I
HIXEF 3 IR Z IR 2 M E L R . 0 0 0o o
Box-Behnken 2 il = 40w o7 1 &1, PRI 1) 6 0 1 -1 0.043
& HAE X B H A H 4 Bl 3 1 2 ) AL [ 7 -1 0 -1 0.045
2. B 2A AL PP EEAARR AR A 1 IR 8 ! 0 ! 0.029
W, AT BT AT 2%, B R ° : 0 o
SPE IS A R W g ’ B T
I F 5 W P 2B AT L ;R (AR A B - 0 0 o 0105
A B R TR R BENY , WOREEE €AY i T E R S 13 0 0 0 0.103
%, VA AR RO B AR S R 14 -1 1 0 0.056
W FZ A LR R IR 2C AT DL . RS A 15 0 0 0 0.106
lf] B i i A E , BORHEE C T 2% 16 ! 0 : 0.083
17 1 1 0 0.065

22 B ER 75 B TA) X5 2 oA Hp AR Bk O3 1 5
F=3 Mo mEEFEE ANOVA SR

Table 3 Response surface regression model ANOVA analysis results

E=3 SEITR F ¥y F P B EM
TR 0.013 9 1.469x107° 24.59 0.000 2 ok
A 5.780x107* 1 5.780x10* 9.67 0.017 1 *
B 3.001x107* 1 3.001x10°* 5.02 0.060 0
c 1.531x107 1 1.531x107 2.56 0.153 4
AB 1.960x10™* 1 1.960x10™* 3.28 0.113 0
AC 7.290x107 1 7.290x10™* 12.20 0.0101 *
BC 9.303x107* 1 9.303x107™ 15.57 0.005 6 *
A 2.874x10°° 1 2.874x10°° 48.10 0.000 2 ok
B 2.502x107° 1 2.502x107° 41.87 0.000 3 ok
c 3.885x107° 1 3.885%107 65.02 <0.000 1 Kok
B 2% 4.183x10™* 7 5.975%10°°
ERU 3.603x10°* 3 1.201x10°* 8.28 0.034 3
R 5.800%107° 4 1.450x10°°
S0 0.014 16

ViR A WEHATI G B MR ETE,; CUBHE . *%7RP<<0.05; **F/RP<0.01; ***F/RP<0.001

HEIRRL L SEma R . WL, PR BEny 3 B R, BB AR B A X E LR P s A i) 42 RO A 5 )
W3, R WILMLbE; EMMERZ BT, HERBECS R ASBEAER (AC0) X H LA
H LR B B B R S e e, R R[] S5 TRORE E B9 A8 AR (BC) Kb L AR R AR B 1) 5 R R
B,
24 mIEARRIE

MRPEAAI TR, 752 5 A h S R B U e T2 0 . HEERFI 4 46.4%, 875 EF[E] 26.1 min,
WORHLE 2120 mL-g™'s FEMCAAE T 4T 3 WOFATSE S, 45 2 B 42 LR 53514 0.080 4% . 0.082 6% .
0.082 1%, SEIFRIMERET, FHIRE 3.2%, 78 WIRERL AR A f- b T = B S PR U
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Figure 2 Response surface diagram of the effect of different influencing factors on camptothecin extraction rate
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