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Selective extraction and separation of camptothecin based on magnetic biochar
surface molecularly imprinted polymer
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College of Chemistry and Materials Engineering, Zhejiang A&F University, Hangzhou 311300, China

Abstract: Objective To prepare magnetic biochar surface molecularly imprinted polymer with specific recognition for camptothecin
(CPT). Methods The molecular recognition sites were constructed on the surface of magnetic biochar via free radical polymerization,
using CPT as the template molecule, methacrylic acid (MAA) as the functional monomer, and ethylene glycol dimethacrylate
(EGDMA) as the cross-linker. The surface morphology, magnetic properties, and thermal stability of the material were systematically
investigated through scanning electron microscopy (SEM), vibrating sample magnetometry (VSM), and thermogravimetric analysis
(TGA). Results Under optimized conditions (initial CPT concentration: 400 pg/mL, adsorption time: 30 min), the CPT/Fe-biochar-
surface molecularly imprinted polymers (FBC-SMIPs) demonstrated optimal adsorption performance, achieving a maximum
adsorption capacity of 70.13 mg/g and an imprinting factor of 3.37, which confirmed their superior selectivity and extraction
efficiency. After seven adsorption-desorption cycles, CPT/FBC-SMIPs still maintained 82.22% of the initial adsorption capacity,
showing good structural stability. In practical separation applications, the spiked recovery rate of CPT ranged from 100.72% to
104.08%, while the non-spiked recovery rate reached 86.73%, highlighting its significant potential for real-world utilization.
Conclusion The prepared CPT/FBC-SMIPs exhibit the advantages of magnetic separation and specific adsorption, providing a novel
approach for the efficient extraction and separation of natural active compounds.
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— Bkl FBC, JELUARE CPT Wit AEYIRE
[H 73§ ENE 5 A% (camptothecin/Fe-biochar-surface
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X WOt H 7 REWE (XPS, Thermo Fisher
Scientific, & [EZREX K AR, M TR
(SEM, ZEISS Sigma 300, f#[E %A%, ASAP-
2460 LR AL (Bruauer-Emmet-Teller, BET, 3£
[ 22 50 BRI 42 70 A 7)), STA449F3 4 i 43 HT A
(TGA, B4R D, TD-3500X 54 AT H A%
(XRD, EPHAMEIE AT, Lake Shore 7404 #R3))
FEfmfiiiET (VSM, SE[EWIR A7), DI-SLUILS i#
ERCE A s (UPLC, H ERE AL A FDD.

1.2 K5

FEERIRET (KoFeOs, #b'5 P193179). y-HEEH
SR TN = AR (y-MPS, ). L EEH
RN (EGDMA). HEENMEE (MAAD. 2,2'-
MR R TH (AIBN). & (EtOH). H[E
(MeOH). —HIEHK (DMSO). Z (HAc) I
B LR b T AR B XA CPT (=45
99% , #t'5 P2501742) 1 7- L FEE WL (7-
ethylcamptothecin, 7-ECPT, Jli&E/%L 98%, ft*5
P2178342) 1 R ZR3HRHE SR, /N BERR (berberine,
BBR, JHiE4099.78%, fit5 BD245233) WH
B#12), RZEvis (evodiamine, EVO, Jim %
98% , b5 LNI12) F1 10- ¥ 3 3 W ok C 10-
hydroxycamptothecin, 10-HCPT, Jii &34 98%, #t
5 K861015) W H FilFHMAEYIRH . Aikgk LG
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HAWFI A iral.
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2 FESHER
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2.1.1 FBC {4 Wi 1-a fis, B10 g M5
) E R A TR, B, BT, N KoFeOs, W%
T 100 mL EEFKH, ik, T8, 8T8
W, 7R N AU NN, FHEAERE IR T T ORI —
. FEFEMAEG, Yok, T, SRR
FBC.

2.1.2 CPT/FBC-SMIPs [l % Wil 1-b fiioR, K
IUFBC (0.30g), 4r#TH EtOH (90mL) FlEEAl
K (30 mL) HRHEAERIF . A y-MPS (2.0
mL), £ 65 CHEIRME T RREEHE RS 2 he W
SEWE, WA BWERTEY), Ve, TR, §143 y-MPS
1&1fiff) FBC (id A y-MPS/FBC). {HERiFKEL CPT
(0.035 g) T 70.0 mL DMSO-MeOH (1 :2) i,
HRE =T . I y-MPS/FBC (0.15 g) Al
IhRE AR MAA (35 ul), EEIR FHTHES 12
ho B J5 IS .7 EGDMA (380 ul), 5] %75 AIBN
(4.8 mg), f£65 C. NofRFF' FHiHES 24 he X
MEER G, W BER Y, KA 100 mL MeOH-
HAc (9 1) IBRAEHEWBEM CPT. T4, 53
CPT/FBC-SMIPs. fENXIIE, K HAH R D B A R
hn CPT #il AR B &4) (CPT/FBC-SNIPs).
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Fig. 1 Preparation process of FBC (a) and CPT/FBC-SMIPs (b)

2.1.3 CPT/FBC-SMIPs ffil| #2144k  FBC [HLL
FTH AR AR B e 7 RIEAH DG, il 2% o AR AR Ak B
], AL IR LA K KoFeOq & 3 MR E X FBC
PR TAE OC, RAERT I R R s gn g R, Aot
KA 3 HEK 4 KPIERZETT 7, DIRHE (g

N EFRbR, PRI FBC fill & M A4k IEACRE
i (R D BIR, 3 AMNHEEX AT R IR
FEJE RN Al % (B) >KoFeOs F &
(A) >1BRIHE (C). B2 R T & B EAEARFK
SRR YRR R R, Hoh Al~A4. B1~B4,
Cl~C4 pHFERHFAER A, B. CEELZKITH&
B4 ANKFE, BARILER 1. MEMERmkE 10g
I, FBC Hp #5241 AsB3Ca: A 0.175 mol.
B 600 ‘C. C 90 min, 7EiZZ&AM T iHil&5201 FBC
X CPT [ ge 15 58.34 mg/g.

2.2 CPT/FBC-SMIPs HIFRAE

2.2.1 XRD 2t XRD (F 3-a) EoRFiAMEHE
44.8° (1100 F165.2° (200) 425 o-Fe &
fRZEFIFRUE PDF £ (JCPDS NO.87-0722) ¥ —5
MIRBUAT I, R a-Fe AR E. mT
VR B AE SR LS o-Fe A EAER, 49
BRIIFTHE 5859, #% a-Fe MMR{5 ST, Kt

TE B A LS 3 5 A= P A D TR B AT 490G . ax gt
—GAESE T AEMIR AN o-Fe {EEAMEIESE
H, Hr o-Fe $2 4t 7 F20E AR 251, 2B al
RETEM BRI TR TR D) e 1 7 T R A AR .
222 VSM 4 #r VSM 4 #i R (K 3-b),
CPT/FBC-SMIPs 2 HAH A RS B3P A X FRI1 S
IR 4, UE S B IR R, AT DA IR
MR SNG40 5% I TE AR B R T D el
2. R FBC WAL E N 103.95 emu/g;
2 y-MPS FERACEPEEFEZE 97.53 emu/g, XA
T AEmE R 2 78 AR AR AR i L. i — P4
FTH Sy T ENZEALFE, CPT/FBC-SMIPs Al SNIPs F i
AL B4 IR 22 96.82 H1 94.66 emu/g, X ELTEE
JRIR T B0 o R e A T R B R A BB E )
TR — P B AR R AR (S L.

2.2.3 XPS 4t XPS 7 (KBl 4-a) #t—PERIIE
CPT/FBC-SMIPs 72 {5 il % %2, Fe2p (Kl 4-b)
706+ 720 eV HBXTRL Fe®, FF&r a-Fe shikgifa;
RIGHRWY a-Fe RIHAFAE Fe> Ml Fe*t, JE45 4 O 1s
(H 4-¢) HPEIEAE 530.8 eV (Fe-OH) f7AE /M4,
A o-Fe #1380 HAR THAAE S A AEALZ
FBC %4 95T Si2p 15316 4-d), T y-MPS/FBC.
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F1 EXTERITRER

Table 1 Orthogonal experimental design and results

A A/mol B/C C/min  ge/(mg-g™)
1 0.075 (1) 400 (1) 60 (1) 23.61
2 0.075 (1D 500 (2) 90 (2) 32.58
3 0.075 (1D 600 (3) 120 (3) 37.69
4 0.075 (1D 700 (4) 150 (4) 47.15
5 0.125 (20 400 (1D 90 (2) 28.49
6 0.125 (2) 500 (2) 60 (1) 36.73
7 0.125 (2) 600 (3) 150 (4) 41.27
8 0.125 (2) 700 (4 120 (3) 43.32
9 0.175 (3) 400 (1) 120 (3) 32.67
10 0175 (3) 500 (2) 150 (4) 48.16
11 0175 (3) 600 (3) 60 (1) 58.34
120175 (3) 700 (4) 90 (2) 53.27
130250 (4> 400 (1D 150 (4) 2138
14 0250 (4 500 (2) 120 (3) 42.63
15 0250 (4) 600 (3) 90 (2) 48.04
16 0250 (40 700 (4) 60 (1) 34.52
Kil 141.03 106.10 153.20
Kn 149.81 160.10 162.38
Kis 192.39 185.34 156.26
Ku 146.57 178.26 157.96
ki 35.26 26.53 38.30
ki2 3745 40.03 40.60
ki3 48.10 46.34 39.07
Kia 36.64 44.57 39.49
R; 12.84 19.81 230

kij

Ky TR ER i KT 7 B RBIR MR A, HOP I ke

Kj; is used to characterize the sum of the cumulative adsorption

capacity of factor i at level j, and its average value is denoted as k;;.
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Fig. 2 Effects of synthesis conditions on adsorption

properties

CPT/FBC-SMIPs. CPT/FBC-SNIPs J7£ 102.0 eV
(Si-0-C) HBLEME, 5 O1s F1ff 533.0eV (Si-O)
K C1s (Kl 4-e) F1 C-O BJHI, TAHIGIUE y-MPS
R o
224 TG T TG H, HT/KS AP FIER
Fr#, £ 100 C 7% 4, FBC. y-MPS/FBC A
CPT/FBC-SMIPs [)Jii &3 F % (& 5-a~c); 200~
600 'C, =FHMIHELRES AN 4.05%- 4.67%- 5.65%
(Bl 5-a~c), BUREIZDIIIN, YL TA IR AL
ZEEMORMEE, #—5IE T FBC. y-MPS/FBC
Al CPT/FBC-SMIPs £ EHE Dyl %55 600 ‘CJa N
Fe-O MW S BV S5k ke, Tl =F Fi s 2
ILHUR: o
2.2.5 SEMAMIBET 7p#ft @i SEM K H It &R A1
(B 6-a~c) T EHIESE Koot R H . ] 6-a 1,
FBC £ £ fL45#), mapping FH 1] LLA HEL TR ik
BOR A, RGN o-Fe Ih s T4 9% L.
6-b W', Si JLEAMARECEE W, R FBC Mt
b y-MPS. &l 6-c H, Si JTER IR ERIE I A 6-
b B, 2R A R BELE y-MPS/FBC i L JE
BT B

6-d >y FBC A1 y-MPS/FBC [ B 535 28 %
HALZ AT, 2 bR R I H SR TV RS
& (LG5 . R 3 AT y-MPS IR T
PERH EE R AR FIFLEAAA, H y-MPS/FBC L%
HHTR, FWH y-MPS ML . K 6-e AIA
CPT/FBC-SMIPs il CPT/FBC-SNIPs [FIRER I H IV
RI&EE 2%, CPT/FBC-SMIPs [)FL42 KN, iX
A FENIB R | fLE5H, HEESH
Fr 0 7 BB o Fl T R B A R R = B
CPT/FBC-SNIPs (215.092 m¥g) ) bt 38 [ AR B AR
T CPT/FBC-SMIPs (246.675 m%/g).
2.3 IRFEEE
231 AEWMHERE B34 CPT/FBC-SMIPs(10
mg) KKIIA CPT ¥ (500 pg/mL, 20mL), fE
25 CHHIEREIRFRIEED, 70 mWH 1. 2. 5. 10,
15, 20. 30. 40. 60. 90. 120. 150. 180 min /5,
HATHE Y B, SEUGRIAR, 4 UPLC TR
B CPT ¥ . Bl &4 ik 4N Acquity UPLC
BEH ¥ (100 mmX2.1 mm, 1.7 pm). WA
OIE (A 01%BERRKIER (B). BREEVEM: 0~
4min, 10%~38%A; 4~8min, 38%~45%A; 8~
10 min, 45%~80%A; 10~12 min, 80%~100%A;
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Fig.3 Spectra of XRD (a) and VSM (b)
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a-FERA 6 b-Fe 2p XPS Jils: ¢-O 1s XPS Jits: d-Si2p XPS Jgilé: e-C 1s XPS Jitk.
a-full spectrum of samples; b-Fe 2p XPS spectroscopy; c-O 1s XPS spectra; d-Si 2p XPS spectra; e-C 1s XPS spectra.
4 FBC. y-MPS/FBC. CPT/FBC-SMIPs #1 CPT/FBC-SNIPs fJ XPS JEE
Fig. 4 XPS scans of FBC, y-MPS/FBC, CPT/FBC-SMIPs, and CPT/FBC-SNIPs
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Fig. 6 SEM and mapping of FBC (a), y-MPS/FBC (b), CPT/FBC-SMIPs (c) as well as N2 adsorption-desorption isotherms of
FBC, y-MPS/FBC (d), CPT/FBC-SMIPs, CPT/FBC-SNIPs (e)

%3 BETNES#

Table 3 Parameters of BET measurement

FLER I AR L&Y

W2 Bt 550 ~ ~ fL#&2/mm
(m*g™) (cm’-g™)
FBC 295.624 0.259 3.506
y-MPS/FBC  255.686 0.218 3.406
CPT/FBC- 246.675 0.223 3.614
SMIPs
CPT/FBC- 215.092 0.174 3.240
SNIPs

12~17 min, 100%~10% A; #tFEEN 0.5 uL, £
A 0.3 mL/min, FlllPEA 364 nm, 73 Hr i &
I BN [F] W B I 1] CPT/FBC-SMIPs i W fff &
(ge» 7 1) CPT/FBC-SNIPs R B G H] L.

ge=(Co-C)V/W 1
Co A CPT HIWIMAFEIREE, CoRML BN 21 ¢ B ik
V RHBARAR, W R B

Wik 7 s, CPT/FBC-SMIPs 7E R 20 min W
BB B, R AT SOE R R, 7E 30 min
IR B e 22, B KI5y 70.13 mg/g, 30 min
S ik B 4. 17 CPT/FBC-SNIPs ESRZERT 20
min W S IRIE E T, (H R R 22.69 mg/g,
W] CPT/FBC-SMIPs EIZEZ [l Rt CPT 731 =4
RIS T AR I b = R A S &, Ui sy

80

ge(mg-g™)

A — &

@ CPT/FBC-SMIPs

A  CPT/FBC-SNIPs
e BN h
—— W
1 1 1 1 1 1
0 40 80 120 160 200
t/min

El7 CPT/FBC-SMIPs #1 CPT/FBC-SNIPs E—ZRFlAE—
RSB S BENTS IR MR L
Fig.7 Dynamic adsorption curves of CPT/FBC-SMIPs and
CPT/FBC-SNIPs fitted by pseudo-first-order and pseudo-

second-order models

T ER AR B i) % o

% 4 BR, CPT/FBC-SMIPs % #f — g 2 AG
LA T (R2=0.998), H.#E 2B A T
BRI (Gecal) 5 SEBRIR R B (Geoxp) FHFF,
Il CPT/FBC-SNIPs X #— At B AT o8 =4 & %
(R*=0.996), #H] CPT/FBC-SMIPs W i f 4 5
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#*4 CPT/FBC-SMIPs #1 CPT/FBC-SNIPs HILMizh SIS %
Table 4 Adsorption Kinetic parameters of CPT/FBC-SMIPs and CPT/FBC-SNIPs
' HE— RN 15K RN 1S H
H&Kﬁ?ﬂ] YnEfl}t/K qe’exlil QE,cal/ . (]e,cal/ ka/
(mg-g™") » k1/(min) R? . N R?

(mg-g™) (mgg) (grmg 'min)
CPT/FBC-SMIPs 298 70.13 65.23 0.153 0.991 72.12 0.003 0.998
CPT/FBC-SNIPs 298 22.69 19.37 0.179 0.996 21.80 0.011 0.990

Ny RE AR S H bR o 18] 3 R 1 45 G A IR
Bft, CPT/FBC-SNIPs W Ffid 75 3= 252 1) B Bf
232 AW MHERE ¥ CPT/FBC-SMIPs (10 mg)
SIS FREWREE CPT (50, 100, 150, 200.
250 300 250. 400, 450. 500 pg/mL) 1, 7E25 C
TR 30min, TR E, SHOEIREE UPLC 5
PRl &b CPT FREIRIE . Gl &&fFR “2.3.17 I,
5 geo CPT/FBC-SNIPs FIER AR B AEMR A Lo
FRASI S R R (K] 8-a), £ 0~500 pg/mL
JFR R FE VG A, CPT/FBC-SMIPs W it 26 B4 48
fILT- CPT/FBC-SNIPs #1k}, Fifi A R AU BT+ 2
WK, EA 400 pg/mL AR PE Rk
Wt &A 71.25 mg/g), T CPT/FBC-SNIPs [ Fff
HIAH 21.31 mg/g. FET Ik, 400 pg/mL #iHfE NG
SRS I S AE B &R BE - CPT/FBC-SMIPs W i}

a b

100 o cpT/FBC-SMIPS

—+— CPT/FBC-SNIPs
80

60

40

ge/(mg-g™")

20

SERMEAFER (K 8-b) KA EMSE 0
(% 5) Langmuir-Freundlich #%! (R>=0.999) >
Freundlich 1% (R2=0.990) >Langmuir % (R?=
0.983), Langmuir-Freundlich #2784 f2 3 i 2 AL 3%,
I B KW M A &= (gn=97.27 mg/g) 55L51H
(qe=71.25 mg/g) RILHBUFPIVIEEE, BLEARE
SR K 2 JE I [E R P AR

233 EBEWIHTERE % CPT/FBC-SMIPs (10 mg)
SRS 20mL ) CPT. 7-ECPT. 10-HCPT.
EVO A1 BBR i (400 pg/mL) #1, fE25 CF
W B 30 min. %53 25 BRI AR 22 UPLC A I3 4R
WRE, 2t BHFEBEM: 0~6min, 12%~30%
A; 6~10min, 30%~60%A; 10~11min, 60%~
80% A; 11~16 min, 80%~12% A; KillykK: 254
nm, HARFKHFR “23.17 I,

100
o CPT/FBC-SMIPs
« CPT/FBC-SNIPs P
80 - —— Langmuir-Freundlich <.
— —Freundlich -
- - - Langmuir
~ 60F
o
&n
E 4t
>
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Fig. 8 Static adsorption curves (a) and static fitting curves (b)
#&5 CPT/FBC-SMIPs 1 CPT/FBC-SNIPs RIE7S IR i &2
Table 5 Adsorption isotherm parameters of CPT/FBC-SMIPs and CPT/FBC-SNIPs

) Langmuir #7! Freundlich #5%! Langmuir-Freundlich %!
N /ﬂ?lfg/ Geexp
ﬂ& F’ﬁﬁ” _ 6[m,cal/ 5 (Im,cal/
K (mgg)) | KL R n Kr R | n Kvr R
(mg'g™) (mg'g™)
CPT/FBC-SMIPs 298 71.25 154.25 0.002 15 0.983 0.713 1.029 76 0.990 9727 1.398  0.00059  0.999
CPT/FBC-SNIPs 298 2131 27.87 0.007 92 0.992 0.428 1.678 04 0.995 25.02 1.193  0.00407  0.999
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FIHENZERF (IF) P CPT/FBC-SMIPs X

CPT WIEFMEREE S, HE AR () W'F
IF =qCPT/FBC-SMIPS/qCPT/FBC-SNIPs 2)

H A 9-a A&, CPT/FBC-SMIPs X} CPT [0
BiE (68.63 mg/g) BEd4r THTt 2.76~3.84 15,
CPT/FBC-SNIPs 7 731 I EIIC T 30 me/g
HPEhTE % (19.68~27.16 mg/g), WilE | CPT/FBC-
== cpr/FBC-smips |*

[[I[ CPT/FBC-SNIPs /71/
—*—IF

—

TRV,

I i .

SMIPs i REPE st Dl i I e RS
B (3% 6), CPT/FBC-SMIPs %f CPT ) IF 1£(3.37)
BEETHAST (F: 0.81~1.08), R SR
+ (SF) 1£3.11~4.13, {EXAL5 T2 s CPT
SERAH GRS IE 2 7] (C=O/H-0) {74 55HH A
F 0 (U, 25 AR D SRR R ) CRE SRR
Y GRR R RSG50 .

¢ s0.

CPT/FBC-SMIPs 553
HHEHCPT/FBC-SNIPs 13

401

0
CPT EVO BBR 10-HCPT 7-ECPT

IS T

BBR 10-HCPT 7-ECPT
ST

1 23 45 678 910
TEIR VAL

9 CPT/FBC-SMIPs 1 CPT/FBC-SNIPs BUiE 4 IRM (a). FTHIERM (b) FATEEMEE (o)
Fig. 9 Selective adsorption (a), competitive adsorption (b) and renewable performance (c) of CPT/FBC-SMIPs and
CPT/FBC-SNIPs

# 6 CPT/FBC-SMIPs #l CPT/FBC-SNIPs X{ 3£ %4> F Y
W Bt i 1 14 S 3
Table 6 Adsorption selectivity parameters of CPT/FBC-
SMIPs and CPT/FBC-SNIPs for active molecules

CPT/FBC- CPT/FBC-
&Y SMIPs SNIPs IF SF
g/(mg-g™") ge/(mg-g™)
CPT 68.63 20.39 3.37 -
10-HCPT 24.82 22.97 1.08 3.11
7-ECPT 17.85 19.68 0.91 3.71
EVO 19.17 23.53 0.81 4.13
BBR 23.74 27.16 0.87 3.85

234 EFRMPERE ¥ 10 mg [ CPT/FBC-SMIPs
IIAF] 20 mL &4 CPT. 10-HCPT. 7-ECPT. EVO
A BBR [ TLITiR GRS, S sk S
400 pg/mL, BE “2337 WS E, 5 geo

K] 9-b #¥5 &7, CPT/FBC-SMIPs X 45 #4240
PRI B R 2r 908 17.41. 15.69. 17.31 1 18.69
mg/g, EEFEMT X CPT (62.57 mg/g) W=, W%
HIAE 22 o 44 2 rb B AR} (0 R S 1tk 1R 1 2 s AT e
BN IR AW PP S AR 15 £ 7 BoR
CPT 7£ CPT/FBC-SMIPs ] Ky {8 P & = 4 Fh2k
B, HERIEA R IR B R (K=3.55~4.24)
BERETAZEEY (0.74~1.16); CPT/FBC-
SNIPs % %7335 S A AL Ko fE, FBH G = K

SR e 7. Horp, 10-HCPT. 7-ECPT. EVO Al
BBR ARG FM REL (KD 435108 4.04. 3.66.
4.09 F1 4.80, IXLLEHLSRAY,  RIETE S 44 1R PR 2R
5&F, CPT/FBC-SMIPs X CPT 7Tt H A RIFH
G TR VA A
2.3.5 TIFAEMLBPERE AT FAE PR AR A PEAN IR
FUPERE Y B ZL R 2, it S T AR Sk, DA
W B B AP TR bR, IRTTHAEIME FHMERE . 7E 20
mL. 400 ug/mL ¥ CPT ¥+, "W 30 min, 4>
HEE CPT/FBC-SMIPs, X #4247 UPLC 437
(RS R “2.3.17 1D . WEER CPT/FBC-SMIPs
i MeOH-HAc (9 : 1) ¥, T, HE FRUL
SEREIR (B 9-0), TERT 7 YRR Bt -k 16 B4 o
LR B 2R AT AR AE AT LR M 1) 80% A b0 FHT JE 4
PRI B 51 R 0 BN JZ 25 A 45407, DA SRR B A 1)
ANSE AR S S A S AL, A PE R R B N
Z55 9 I, IR R AR =1 66.37%.
2.3.6  SAKWLEY  AEAE CPT/FBC-SMIPs 5L Fx
REFHANME, LAS & AR 0 Bl ) SRk A R, 60%
BRI A 7], 75 H2H 30 min.  HUH$EY)
02g, AT 0. 5. 10, 15 pg/mL ] CPT ¥
H, WREY 30 mine KA UPLC b (faifi gt
“23.17 T ¥BEHHEREE CPT A1 10-HCPT HIRE,
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%7 CPT/SMIPs #1 CPT/FBC-SNIPs X A E R %7 FHREWRHSH
Table 7 Competitive adsorption parameters of CPT/FBC-SMIPs and CPT/FBC-SNIPs with different active molecules

Co/(mg-g™") q/(mg-g™) Ky/(mL-g™) K
&%  CPT/FBC- CPT/FBC- CPT/FBC- CPT/FBC- CPT/FBC- CPT/FBC- CPT/FBC- CPT/FBC- K:
SMIPs SNIPs SMIPs SNIPs SMIPs SNIPs SMIPs SNIPs
CPT 0.369 0.391 62.57 18.51 169.70 4737 - - -
10-HCPT 0.391 0.390 17.41 19.42 44.49 49.76 3.81 0.95 4.04
7-ECPT 0.392 0.392 15.69 16.04 40.00 40.92 4.24 1.16 3.66
EVO 0.391 0.391 17.31 19.63 4423 50.30 3.84 0.94 4.09
BBR 0.391 0.388 18.69 24.74 47.84 63.82 3.55 0.74 4.80
FHtEH B, Iy (B S50 S AR “Adts” NN, fEAb

AR (SCE) MIsk36 7k, SCE ZH[RlU R A
100.72%~104.08% (RSD<<3.1%), CPT/FBC-SNIPs
B FAL 2 13.01%~25.17% (RSD N 2.68 ~
3.13%); Kk (CE) KIsZIhgs Rl 10 Fiow,
£ CPT/FBC-SMIPs 435, CE iAH (3% & ¥ CPT
YRS A U T AR 5 I B AT AR 86.73%, 17 10-HCPT 1)
W T AR LT ANAE , IE B Bz ARk 2 2% 5 Jo v 1)
CPT HARGRMIEFERE

CPT/FBC-SNIPs

CPT/FBC-SMIPs

CE

N
.
i

10-HCPT-Standards

l X CPT-Standards

0 2 4 6 8

t/min

B 10 SEFREERS CPT/FBC-SMIPs B34
Fig. 10 Analysis of CPT/FBC-SMIPs in actual samples
3 g
Iy B EOREET “8i-807 RO, FR B
54 R G R-Bus R e g A A Il
R 15 DR SRR g e, fER A i i i A
FERSHEN vy e Rt :cy AP+ I =14 3 T N LI =B
Jis, AT S B ACU e - S A A FH ) e e B 1 43 5
FBC-SMIPs &4 | 73 ¥ ENE ) Erds 4% - FBC 1 &
W 2 B A R Bt NPs () PR o3 B AR, S 114
BB, B 515 Dh e S AR Y TZH 2% 58
WKEE G, 72 FBC #5042 11 F4) B A RS it 2 A ) R
b2 B R VT AT 1R S 1 EgE = i, AT SEBLRT H A

INEESAE RN s 0B B P 7 8 H AR 7071
AW TN IF A T — b e T 50 SRy B v ol

# ¥ CPT/FBC-SMIPs, iz BEEA 1 57 (3 ER e 1k

MZFLaER (LLERH 246.675 m¥g); ZEa it

Fe;04 NPs T HBRIERL 7> B RE Sy, RFERTE TR

B A RIS ST 1 rh 24 B F R S AR A A

EHK. 1E CPT JlEIKE A 400 pg/mL W B[]

30 min ()%, CPT/FBC-SMIPs [ fff & (70.13

mg/g) TEIEENIEM R (22.69 mg/g), EMIE T K

3 BV 45 AR 3o AR LA FH I B R S 1 2 s %

CPT (IF=3.37) WIRSHERA . MEHE 7 A3 5 1)

TRFFHIUETR PR 1Y) 82.22%, FLIIAR & H 5 SEA it e

CPT [H[UHIE 100.72%~104.08%, KIRFESHFZEL

HIE 86.73%, RUFZM BRI MO IR R 282 i T

P, SRR S . AWt ES) 1

ZHRAUY BB SR i A R, I 2R 3R

Yoy B AR PR Bt 1B B . A RIS AT

PESDREVEREZ A SEIL 1 RAF-F47, BA) fa BN
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