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Supramolecular Organic Framework Loading for Camptothecin
Open-Ring Carboxylates and Their Lactonization Kinetics

Yan, Meng Peng, Wenchang Wang, Hui Zhang, Danwei Li, Zhanting™

(Department of Chemistry, Fudan University, Shanghai 200438)

Abstract Camptothecin derivatives exist mainly as inactive open ring carboxylates in physiological media. Tumor
microenvironment is generally weakly acidic, whereas supramolecular organic frameworks can adsorb and deliver anionic
antitumor drugs into tumor cells. In principle, supramolecular organic frameworks (SOFs) can adsorb and deliver camptothecin
open ring carboxylates to tumor microenvironment and the delivered carboxylates can undergo lactonization to afford active
molecules due to the weak acid character of the tumor microenvironment, which may lead to efficient utilization of the
carboxylates as predrugs. To explore this potential, dialysis experiments for the open ring carboxylates of camptothecin, SN-38
and 10-hydroxycamptothecin in the presence of two SOFs were conducted, which revealed important adsorption and retaining
capacity of the SOFs for the carboxylates. Absorption spectroscopy was also utilized to evaluate the lactonization kinetics of
the three carboxylates in weakly acidic saline solution. The result reveals that at pH=6.5, the half lives of the conversion are
120, 22 and 31 h, respectively, which are considerably shorter than the time gap for repeated administrations of clinically used
irinotican (14 d) or topotecan (21 d), which provides the experimental basis for further study.

Keywords camptothecin, SN-38; 10-hydroxycamptothecin; open ring carboxylate; supramolecular organic frameworks;
loading; lactonization kinetics
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I3 F WA AR R FH P i it PR B BRI
AIE S B Tt — e CPT R0 F kRN .
H A N AN T — AN SR, R IE AR & R gk
ARARGAIEE M 4 T B AR IE AT 25 7 iz, —seaiik
% AU AT 2500 NKO12 253k N T IR R ATAF 72, A 7T
B B S5 AR LR N I PR A D). fR 78 1F 8 2R B o
(pH~7.4)", CPT J54) 1 T DL NS TF IR FR IR £ 7% 3047
18, W0 R BAT RCR) I 6 T A vl 1k 1A R R 6 3 7
o B LR B RN A .

BAF A BGL R 25 56ms, Ei 28 IEE 1
U T A B A R 5 7 R (8] B v i B 4 A1), M T KT
PRI = 4 22 /G 53 A HLAE 22 (Supramolecular organic
frameworks, SOFs)!'"'? {Fy—JS iy #f 1 IR 45 5
BAIES FHREMBARENSREFES TRS
P SOF AT LAE ik i H A FH IR A 6 88 1 24 4 8 5 i 38
&, JERAE YRR, BT LASZ BT R 24 14 7L A e 4
B 26 s e an i A= KA. TE PRSP ) CPT
FERFR AL 08 T HAE BRI SOF WRUSCRN 4t 13,
PR AR B B SRR LS, KB 7 AL, EER T
A FEH, CPT 8RR L COH 5 17-OH % & TR
Bel7) A ORIEE S T AR S . X —H Ak N FI ] SOF F1
CPT ZEFRHR Eh 1% A0 o R0 40 e P3S4 T 5 B %
PR YRITIRAE T AT RE. NERBRIX AT REME, T E RS
FL SOF Xk SR 0 #h 1R W ORI £ B 1 P B SR 1R £
TEAN A SR PR I AT A R i . & Bk
xg, RAVFFEN 7L R G TP SOF #Hiik
o = AN BB R #: CPT-c, SN-38-c Al 10-HCPT-c [
AR B 28ONE, B RIS G T T = AN R R EAN A 59
g PE A 5 RRCA FE AL R W P 4> T CPT, SN-38 Al
10-HCPT 31 /1%4(Eq. 1), NEE— & 5 SLimismt 72
PRAL T SIS

1 &R511R

AW CPT-c i fhififl, SN-38-c F1 10-HCPT-¢
39 H SN-38 Al 10-HCPT /Kfi##l4%. CPT, SN-38 il
10-HCPT A% T7K, T CPT-c, SN-38-c #1 10-HCPT-c J
HAKEM, L CPT-c AHRMAEEREE, SN-38-c Fl
10-HCPT-c N M CRER A )N EE. A2 AT 78 3R 0,
=4 SOF {ENIEE TR AR LM, HIEE Pt
EHhS5ET BT Clall Br B R IR -6 257X, 7E/K
o 5Nk B B R R - R B T R AR
TAS e, WO WL GRS OB L N, PR A E A
iU ES] Sh b RATT I AR M N 4- 2R KN I (4-
phenylpyridine, pp)Fl 1,4- ~HLHE K[ 1,4-bis(pyridin-4-
yl)benzene, bpb] F B VU i A 844 T-pp A1 T-bpb 5 CB

2568 http://sioc-journal.cn/

© 2019 Chinese Chemical Society & SIOC, CAS

CPT-c:R'=R?=H CPT

SN-38-c: R' = ONa, R? = Et SN-38

10-HCPT-c: R' = ONa, R = H 10-HCPT
[8145 & HHL I AN HE 40 A HLHESE SOF-pp 1 SOF-
bpb(& DS G CPT PR R 26 1 2 /4. SOF-pp
F1 SOF-bpb 73 AITE EC N 424 2.1 1 3.6 nm [IZRALA Okt
fa A RSB AR, O nT AR s 45 17 5 1
HYIANLIE 48 4 A a8,

X
N4
T-pp: X =-----N \ OMe
4Cr
+/— —\ +
T-bpb: X = - -
8cr

Bl 1 5 SOF-pp Al SOF-bpb (1114 [ {4 .44 T-pp 1 T-bpb
Figure 1 Structures of building blocks T-pp and T-bpb for
SOF-pp and SOF-bpb

TS5 T46 7% SOF-pp Al SOF-bpb Xf = ANMRER
A RANOR B RO, SR6 AR AR B H K T A A IR IR
[E 37 CTRBET, MR KR E 2 s RUEE T 5% 1
— L NIENTER A E AT B A AP ER K b R, G

WRMAC e e N 5 A AR RS RO B, 5 B AR i
THELSRATE T H BRE i AR T B g WSO G AR S 56
RWY, FEPTRITFCRIIR LT A, = ANRIR #h BRSO 3
IO REAS SR B2 R &R, RUIHL DL T IRESAF
TE, WA RAFRE. B 784 1000D K@
TRIERIRER AL, TRBOEIE 78 SOF B4R T-pp
T-bpb K CB[8]/AREA Rudid. 7EMK [ A, &b
B AU BT I e S BWROE AR T 0.005, T LA
ATE. TR, BT SEER ) SOF SRR #h 1 B bt
B 10 01, BASENT A RETIATRE Y 30 mLGENTEE
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PN AR, XTI b SR (R FE T ) S5, &b
W EBAE N 4 mL, Hd CPT-c, SN-38-c Al
10-HCPT-c #B°~ 1 mg, SOF # 4k} 10 mg.

2 NPAS SOF 745 AN A [8] g A 21 A MI 7
W = AN RRER RO RE, B 3 MBS AN SOF (1)
FHSE (0328 AT 28 (325 BT R o 5 s 5 1 B A B BT 28 1k
#a3h RN SOF 34k, CPT-c 7 K41 16 h 5Tk FF
WGBTS NANR R, BEHTAS 4 CPT-c R
6], & HIZ) 88%, TMAEZ 1.5 h iEHEIAF] 50%(E 3a).
1E SOF-pp £l SOF-bpb 7£7E N, CPT-c % Hi# R W] & T %,
PN A B R R 8. 7E SOF-pp /77E T, 8 il
16 h J5 50 3% H 46%A1 54%1] CPT-c, HIEHTEE A 77
{RB 54%F1 46%. Tf{E SOF-bpb f71E~, 8 A1 16 h )5,
CPT-c i H 7> B %) 33%F1 46%, RIHT 67%F 54%HI{#- .

1E A I ) B, SOF-bpb F{7 B8 SR #5232

FEAIN SOF K& R, SN-38-c fE41 4 h HIiEH —
e, 2] 13 h B 2ZETF (&l 3b). 7£ SOF-pp f/£1E T,
HAE 5 h JGRAEH 25%, MiEH 50%7 2 22 h, &k
JEE o H A5 (AR BE RS, SOF-bpb JE 75 Hi B vy 1 B 4%
H.AES hE, BHRMN 4.8%, T07E A I 52 I [H]
36 h, WAXAH 20% B9 FE & & . A SOF [
10-HCPT-c Ff£ &, 5 hif 21 50%, 7E 24 hiB Hrik 3.
1E SOF-pp 174E ~, 5 h RZIH 25%FEiiEH, 24 h )5, 12
) 49%. [FERELLET, 7£ SOF-bpb f£7E R, 5 h j5Hi&
HRELEL 9%, ME 24 h 5 HRBEIK, LN
33%. FiREEREIR, BiAS SOF S E AR EH =N R
£h, HH SOF-bpb R B R B 5. 2.

(@) =0 (b) ©
181h
0.6 - 125 h
16 h
1.5+ 8h
6h
3h
2h 5 5 04+
5 1.01 L=ih o s
E " 2 3
g 025h  * <
) 05 . 0-27
005 z T T T T T ¥ T T T T 0.0 T T a T
200 300 400 500 200 300 400 500 300 400 500
Wavelength/nm Wavelength/nm Wavelength/nm
() (e) (f) 0.60
0454/ |
. : |
>
s 3 p
8 P < 0304
<
0.15
S 0.00
T T T T T T T T ¥ T T T ' T T T
300 400 500 300 400 500 300 400 500
Wavelength/nm Wavelength/nm Wavelength/nm

B2 s AR PR S AT I R A6 15(0.9% sodium chloride solution in water)

Figure 2 Time-dependent absorption spectra of the outside solution of the dialysis experiments (0.9% sodium chloride solution in wa-

ter)

Samples in dialysis bags: (a) CPT-c (1 mg)+SOF-pp (10 mg), (b) CPT-c (1 mg)+SOF-bpb (10 mg), (¢c) SN-38-c (1 mg)-+SOF-pp (10 mg), (d) SN-38-c
(1 mg)+SOF-bpb (10 mg), (¢) 10-HCPT-¢ (1 mg)+SOF-pp (10 mg), and (f) 10-HCPT-¢ (1 mg)+SOF-bpb (5 mg). For all samples: solution volume in
dialysis bag: 4 mL, outside solution: 26 mL, dialysis temperature: 37 ‘C, spectra recorded at 25 C.
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Figure 3 Time-dependent dialysis percentage of camptothecin
open ring carboxylates in the absence and presence of SOF-pp or
SOF-bpb

(a) CPT-c, (b) SN-38-c and (c¢) 10-HCPT-c. For all samples: carboxylate
(1 mg) with or without SOF (10 mg); solution volume in dialysis bag: 4
mL, outside solution: 26 mL, dialysis temperature: 37 “C, spectra rec-
orded at 25 C.

FRIENTLIGR B, SOF X = ANRER EL# B A # &
RITRBE M. T SOF A A ik 2w 28 FL R
AU, BE b R G ST [ 99 ER VR B PR R £k
Rtk i ] 21 3h ) AR L X5 T4 2R
e nT A B PG LT SOF ik i) AR VE R R £h L
. NMEE— BT T =SB WIRIT IR IR Fh L 9 1R
PEAE PR 7K (0.9% SAL B + ERIR) b N R AL T s 170 1
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KIsh fi2. TR A /KIS, miEtEs A 5K
TPERAR, P DU 0 SR R 35 RO, B FiiX —
— R S IRBL TR TR e, BRI NS T
CUAREA, HE—B A= ot . sk 2 s TE
PRV A RSO, e KRR R AL IR EE. N
R AR SRR A TR T RS, RS AITE pH=
5.0, 5.5, 6.0 Al 6.5 /v pirhdkAT. FHL b, =ADMWERSF
7 AE B ER KA B A R VA W RO B R 58, (E
TR (1 DO I R R P 1 e K RO B FE 4TS /N T 0,005,
IRl L AT AR RS AN TH AR B, BT R b B A 4R TR N
50 pg/mL A FARVIAS pH A HE KA, 16
37 CIXE, 1E—E R A5 RREL 2.5 mL £ 25 Cidx
WS, BT RE S BRI B AR OR R B, 3R B AH R
FIRIR LA W IR R

TEFTA DU R pH AR IS5 ERYEA i, CPT-c (134
TR SO E #RBE B (B A2 55, 4 364 nm AbIR I E
I BT 5 2% £ (1 B FH — G By g 2 Ab 3, BT DAAS 21 AR
MERA R B A (1, R 1), ATLAEH, BEdE pH M
6.5 WAKE] 5.0, BPERMEIZEIE G, L AESIL = HI
120 h 4% 3 72 h. SN-38-c FIE R B OGS 7E S 91 )
10 h BRI F 210284k, FE e SR IR (B FE I E N
JoR AT ) W S W B AR CREAE W Wi e 281, 341 Al
413 nm, K 4a), 1M 75 —EWRUCIEIZ 58265, 370 Al
383 nm). Fifi IS (A3 — 2P A, IX — B RRAE S S
BHZFH(E 4b), (HIERURAR RO i B — R A,
BETE AN BR T Y SN-38. 18 25— I [A] Bz
R I ISR B, TR R R A AN I N R 2 R, 7R
B LR TG JE B Je TR T — A8 i b a4k, (EH AT A
Reffe L ahi. UM A AE AR IR L4l mknE N
FIFRIR Eh 5T HR & — A POE D IR, TS — B B L%
HULEr= A, HEbg TN B TR, —FhmT e
MERE N T 5 2 I 2L A AL, T R ~FA T g ma
FEAG R SRR, 10-HCPT-c R H B LA 4c),
25— BOGIER OB/, FRTEL) 8 h B EIP) A,
2 WIEFRA TR AEAR L, HZHRT(E 4d), KW
A R () A — BT R T AR AR 2> T 10-HCPT.
JRE CPT-c WA MM LRI E, HIEL
12~15 h J5 I — DS B 137 i, RHEATREE
BT AL ET B A AL, (RO S AR A TR B .

T SN-38-c Al 10-HCPT-c 7E55 — M BL T T #i i)
R F= 4, 3K — P BT S [R] B R st 1) N s Ak
¥) SN-38 1 10-HCPT, &A1 R X765 B BLEs 1L N
SN-38 11 10-HCPT Wi 1E— 3 J12 50 #r, FIFHANHE
B 8] PRI R B SR A X — R AL I RE (232 0, 45 R LR
1. NERATLIE H, 4k SN-38 KL WI7E AN pH
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(a) 2.5
SN-38-c:0~10h

2.04

0.5+

0.0 m—
T T T T 1
250 300 350 400 450 500
Wavelength/nm

(c) 2.0+ } 1

!
151 /) /
5 »
o 1.0 l
=~
(72}
fe)
0.5 \\\
N
\
0.04 — _
T T T T 1
250 300 350 400 450 500
Wavelength/nm

10-HCPT-c:0~8h

SN-38-c: 11 ~84h

Abs./a.u.

T T T T T 1
250 300 350 400 450 500
Wavelength/nm

10-HCPT-c: 9~ 104 h

T T T T 1
250 300 350 400 450 500
Wavelength/nm

Bl 4 SN-38-c (a fll b)F1 10-HCPT-c (¢ Fl d)7EAEH £ /K (pH=5.0, HCI) " AW IS G 1
Figure 4 Absorbance spectra of SN-38-c (a and b) and 10-HCPT-c (c and d) in saline solution (pH=5.0, HCI)
Concentration of both samples was 50 pg/mL, the samples were placed at 37 “C and the spectra were recorded at 25 C

R ETHIT IR R IR HhAE A7) 55 B 1k A B R KA BT v A I
MR (11 0/h)

Table 1 Halflife (¢,,/h) of the lactonization of the camptothecin
open ring carboxylates in weakly acidic physiological saline so-
lution

pH? CPT-c SN-38-¢ 10-HCPT-c
5.0 72 10.9 18.5
55 83 10.7 19.2
6.0 104 10.9 22.8
6.5 120 11.7 23.1

“In 0.9% saline solution tuned by hydrochloric acid. ” At 37 °C.

THBLL 10-HCPT 254, W3 BIEds A # 81 W40 T CPT-c
TER CPT MW BRI N PR pH (EIEINERTE, BT —
ANBE AR O Y R E VR Sy T R R BTG i, R
CPT-c HINMEE e K, 1B ="k 46 5 #0E —1%
PAPY. 40 S5 R 3 55 — W B B VA F= P e 1), 7
ANFRERER S0%5% Ak A AH NI Y B = B %2 75 22 22 il 31
h. TIPS B 2GR RGN 14 d, RS REES: 5d 2y
Ja PR 25T RN 21 d. BI{E CPT-c WERL - K
NS d, REEE RGN, FTA =ASRIRE R N BRI
2 1At A 2 A T A L B RE AR 4 B R TR bR R R A
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2yt e, fEAFEE— BRI SOF X ik K vFAh i Le 2
PR EL FT RERT AT 25 DI RE.

2 i

WL ET RIS AE R, T HUNEZRRS B BT 3
R L A 82 A AR B AR, 8 RO s
SRR TR T IOT IR IR SR AE 59 IR E A B BURF AL N B
PRSI 707, (W)~ 3 J 3z 2 T PR 12 P ) 7 3
BRMMINERER A H Y. K& SN-38-c Ml
10-HCPT-c WAL RE AR T BAy — s Ra g P i 1)
WALE, BHIUE AR, WEARBER R Rog e, LIl
XETFIR SRR BRI R G A B AN A L P s, A3 mT e A
i TR Dl 35 1) 95 TR AR AT S I A 355 P PR R PR = A D i
N EERV eIl

3 XLEEsS
3.1 E5IF

AR P A A 3 -2 44k, CPT, SN-38,
HO-HCPT F1 CPT-c 75 H Tokyo Chemical Industry
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Co., Bide Pharmatech (Shanghai), Sangon Biotech (shang-
hai) I Aldrich-Sigma A . #%H#47E 400 JK Bruker Avance
I HD R IRAE %, RS LE Bruker McriOTOF 11
R GREACIR, UL HELE Perkin Almer 750s 24730t
FEitid .

32 HEYIEH

BAMLYE, LAY SN-38 (0.39 g, 1.0 mmol)il
A 2 mL ZEALEN(80 mg, 2.0 mmol) /KA . F A
P2 h 5 AU AR EL(2 mL X 3). KT iedh g Kk
PORYE T S5 15 (A [ 4 SN-38-c 0.45 g, =% 99%.
m.p.>300 ‘C (dec.). '"H NMR (400 MHz, DMSO-d;)
7.62 (s, 1H), 7.37 (s, 1H), 6.88 (s, 1H), 6.52 (s, 1H), 6.13
(s, 1H), 5.66 (s, 1H), 4.99 (s, 1H), 4.82~4.87 (m, 1H),
4.57 (q, J=4.0 Hz, 1H), 2.85 (d, J=8.0 Hz, 2H), 2.06~
2.13 (m, 1H), 1.95~2.00 (m, 1H), 1.21 (t, J=8.0 Hz, 3H),
0.83 (t, J=8.0 Hz, 3H); *C NMR (100 MHz, D,0) &:
179.4, 164.3, 162.0, 157.4, 1442, 142.1, 140.4, 128.8,
128.5, 127.2, 126.0, 105.7, 100.7, 79.4, 55.9, 49.3, 31.7,
22.3, 12.4, 7.8; HRMS (ESI) caled for C,H, N,Na,Oq
[M+H]" 455.1189, found 455.1190.

Z A EY) SN-38-c ffill % J7 %, 10-HCPT-c tH
10-HCPT /KfESI %, 7=% 99%, N AE A&, mp.>
300 ‘C (dec.). "H NMR (400 MHz, DMSO-d;) 6: 7.72 (s,
1H), 7.58 (d, J=8.0 Hz, 1H), 7.37 (s, 1H), 6.85 (d, J=8.0
Hz, 1H), 6.34 (s, 1H), 6.09 (s, 1H), 5.59 (s, 1H), 4.95 (s,
2H), 4.85 (q, J=4.0 Hz, 1H), 4.58 (q, J=4.0 Hz, 1H),
2.07~2.13 (m, 1H), 1.96~2.01 (m, 1H), 0.83 (t, J=4.0
Hz, 3H); °C NMR (100 MHz, D,O) &: 179.2, 163.4,
161.7, 157.3, 145.0, 143.1, 140.0, 130.0, 127.5, 127.4,
127.1, 126.1, 109.4, 100.6, 79.5, 55.8, 49.7, 31.6, 7.8;
HRMS (ESI) caled for CyH;7N;Na,Os [M + H] *
427.0872, found 427.0877.

4 Bh#1 B} (Supporting Information) 14 Bt i i W
WOt 3. axX 84 R AT DL f 2 AR I Y ) (http://sioc-
journal.cn/) I F#%.
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