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Synthesis of NV-fatty acyl-NV-trimethyl chitosan and its solubilization on osthole

HU Xiao-juan, CHEN Wei-liang, YU Yang, ZHANG Xue-nong
School of Pharmacy, Suzhou University, Suzhou 215123, China

Abstract: Objective To synthesize two kinds of amphipathic chitosan (CS) derivatives, self-assembling to polymeric micelles as
novel drug delivery system. Methods N-Trimethyl chitosan (TMC) was synthesized by the reaction between CS and CH;l, and
long-chain fatty acid was combined to amino group of TMC so as to synthesize the derivative of N-fatty acyl-N-TMC (FA-TMC). The
polymer structure was confirmed by FT-IR, '"H-NMR spectra, and element analysis. Then the hydrophobicity drug of osthole (OST)
was used as model drug to evaluate the solubilizing ability on those polymeric micelles. Results Two kinds of six novel CS
derivatives were synthesized, the results indicated that the different degrees of quaternisation (DQ) and degrees of substitution (DS)
were important parameters to the micelles properties of FA-TMC. To the OST loaded micelles prepared by ultrasonic method, the best
candidate materials of the N-palmitoyl-N-TMC (PA-TMC) was the polyer with DQ of 62.00% and DS of 13.37%, while the
N-caprinoyl-N-TMC (CA-TMC) was the polyer with DQ of 43.06% and DS of 22.00%. The entrapment efficiency of PA-TMC and
CA-TMC were 76.67% and 79.11%, and the drug-loading rates of PA-TMC and CA-TMC were 19.01% and 19.08%, respectively. The
solubility of OST increased up to two orders of magnitude in the OST-loaded micelles. Conclusion FA-TMC is a potential
solubilization carrier, self-assembling to polymeric micelles in water, with obvious solubilization on OST, and lays the foundation for
the further research and application of OST preparation.
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BPPR 725 (osthole, OST) N IERHMEYIIE AR
Cnidium monnieri (L.) Cusson /gl #h L sz 4
U — Rl TR RE . I 4EK OST PR g
PERF AT 2, B BoR, OST HA) i/
W, HPERAGH, MAREUEm 251, R
AU, BRI OST FE/K s, HIRAEDAI
J¥ 2, TR A R I A TR W P e 1.

LAk, REWIRAREhZPaik, s
TR . TSI, AR 1A%
70 45 K6 R W4 v 12 2 0 A B A S R R K N %
o, SN R SOl EE AR N, 1R
TRk, R RI/E IO, SR BE (chitosan,
CS) & HARF b — 1R 2L 20, AR WAR Ak
Uf. nJAEYIREAR . DU, TR, BTN TAEY
Bz 25254100 AR CS R REAE AR PR R K
INEER RN A2 R, {2 CS BT E A KR
BN IE SR, AR AL T R AT g R
', ZEKEM CS Wb, N-= IR R
(trimethyl chitosan, TMC) & —Fi# ik sz B AT R4
AR ZENE I AKIE T CS A, TR A2 IR e
VS 24 ) W A A Bk T AR R A T I A R T
TMC, H LA Bkl & UG 2 B i 5 =
JLSE R R BEAR  T 2 PRE EC,
AR TMC X} OST WA MERIEHEIEH, HXT
OST [PUIR G HERF ST, 405 00 A R (35 % 75
Pio ARSEKG I RS CS RN HIAF TMC,
PR ORI S MEREE S I AR TMC 31, 3R
IR R PSR CS TR, A RR N-JIg 7 It - V-
— FEL 52 M (N-fatty acyl-N-trimethyl chitosan, FA-
TMC). SEEZEREN, FA-TMC REWTK, JHil
1T E T A R A SR AR A, K5 OST 7E/K
oH RV R R R P B
1 XEE5H

DF—1018 MW Heds (Siaii4
RG] s TY92—I1 M 75 A A ML C 8
ZHEMRI A PR 2 F] D ALPHA 1—4/LSC A4
TPl (FEIE Christ A 7]); Spectrum IZEATAE (R
BRI 2> 7 0k 10 000, _FiEBi A MR A TR
NT]); ProStar LC240 £LAMy 6 6%+, UNITY
INOVA 400 MHz #8 3 ¥ i SU 3R i A (SE[E FLHL 22 8
F]); Vario ELII JTLE T (#E[EH Eelemental 2>
7]); Nicomp—380ZLS 5l A3 Ui ki B (3
[5] PSS AF]); Agilent = RUBAH (AL (58 [ e

,T/\/\# Do

(@R

CS Rl XA, I LmERE 93.2%,
5 12-01-100; il ke (1R 254 AR 2R 0 A BR 2
ml, AR); MABAN. 1-Z3E-(3- PR L IR
TR TR R AN N-FRIE BRI i BT TR,
AR); %M. R (Sigma AW, AR); HAhIR
FAEIE Ky 43 Bt
2 HiE54%R
2.1 B CS ITHEYIME KR
211 TMC 948" # 2.0 ¢CS 4.8 gNal. 11.5
mL CHsI. 11 mL 15% NaOH K% 80 mL N-H!
FEMEmEBe ] (NMP) T 60 CHESIHEFE RV 45
min, A ETKOEE LR, FOVEERG O,
7k BIEWG DUEH QA LR B vEd 2~3
A BIBUE = LS R 0E, RIILUE TMCL,

FAlAL TMC1 i\ 80 mL NMP H1, 60 CHid:
PR R LK, TN 4.8 g Nal. 11.5 mL CH;l. 11 mL
15% NaOH /KM . 45 min, Fit oK L gL
1R, FeArURE G By, FE LI Dl 4
MEFN WK S TE% 2~3 IRTFHIL TMC2. ¥ flfk
TMC2 N 80 mL NMP 1, 60 ‘C 44 K 5 LTk,
A 4.8 gNal. 11.5 mL CH;I. 11 mL 15% NaOH
IR N 60 mine L RIK LRELIE RN, 78
SIUUEJE By, 35 IS UiE H SR Sk %
ek 2~3 KAFHILL TMC3.

filif, TMC1. #ifh TMC2. fiftifk, TMC3 43 5%
T 5% NaCl /KW, B4 T, JEtBR 22 A0,
W T LB T AKPEN 3 d, BELRERHE AN ST
YR, %, B4kt TMC1. TMC2. TMC3 &
.
2.1.2 FA-TMC & #IRMR (palmitinic acid,
PA) 0.256 g 5 # %2% (capric acid, CA) 0.172 g,
TN TR & e 20 mL ™, LI HEFEEM, 2%
BN 0.384 g [ 1-43-(3- L L L)k —
W IR E: (EDC-HCD #10.115 g [ N-FRAEDEH]
FEV % (NHS), 40 CHRZERN 2 ho JEfk78 kR
FVEFIFF ) (A 0 [ 44 PA-NHS. I 50 mL 57K
W, PP, 70 CIEEEE I HidE F 2212 n TMC
KW (PA-NHS 5 TMC H & LR R A
10 1), k8N 24 he ONESH, HEFE K RRZA
P, HIRT 30% LA 25 55 T 7K izt 3 d.
FENTIELL, AR TRAS TR R [

Hbrr =49 PA-TMC A Hrjal=4) TMC 14 b

&l
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BILE 1. CA-TMC HAEM & 7%,
2.2 CS RELTHEYIRIE
221 ZIAMT FH KBr s g FENy, FH Pro-

Star LC240 ZLAMy 6 ETHIE, Frfs CS M HAT
A FT-IR BERE LI 2. CS 76 1595 em ' 52 i
[ N-H 25 L3R 204, T 45 TMC 4> 375 2 933 cm™!

CH,O0H CH,OH CH,OH
o_| So. 0] o~ o_| So.
OH S CH;3I.  Nal OH N OH s
*s
15%NaOH. NMP
NH, N H;C—T*—Cl-l}l' NH,
CH;,
CH,0H CH,OH
-~
5%NaCl 0. O o) o.
—— . KoH ~on
CH,0H CH,OH
. o
H;C—N'—CH,Cl NH o o o)
2 OH OH
CH; . CH;OH  ~_ ﬁ
70°C.. 24h .
o HyC—N"—CH,Cl HN—C—(CH,);4CH;
CH;
CH;(CH,),,cooH _EDC NHS ey (cn,),,c00-N
CH,Cl, y

O

1 TMC 1 PA-TMC HI& R BE 4
Fig. 1 Synthesis route of TMC and PA-TMC

CS

PA-TMC

CA-TMC

0
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VeE Jem!
B2 CSREELMTEYR FT-IR B

Fig.2 FT-IR spectra of CS and its derivatives

1473 ecm™ LT BT AW, 43 5 CHS 4R
PRANIEF N-CH; [AETE AR B0, Xk R CS 43+
Ha 3t BIMA TR Bl L FTER. PA-TMC ) TR
W LA B T TMC RRAE i, 76 2 921 cm ™' Al
2 850 cm ' Ak fIR T IR AL F)-CH, FOH 45 4R S 47, A
CH; il CH, {4 41z 5 Vg 5 F AR iy, TL 58 55 52 HUA R
(520 A 1650 em ™ HYBL T AR5 B 8 1) W e s
RIS 5, R PA RIS TMC 40 1
o, LR EESE S N A s KB 4 ST NH, A
B b #E CA-TMC 1) IR % &IHF, [RIFELE 1650 cm ™!

——
4000 3000

LT A B S PR I b AR AR IR ST WA 5, (] B
620 e A 3A F BB 58 R (AT GBI, IE B 2%
Tk 4K 22 B0 R AR R Y, R D b 7T
T™C F.

222 Bl 4 CSHT DO/F;CCOOD, TMC.
PA-TMC. CA-TMC % T D,O - 400 MHz 4 %74k,
B FAZ RIS AOI E CE, PR E: 32), At
5 "H-NMR % WL&] 3.CS 1) "H-NMR % 7] )& 4 o
4.59 (H1), 2.91 (H2), 3.32~3.89 (H3, H4, H5, H6),
1.92 (NHCOCH3); 1fi TMC FIRZmELIRE S, o
5.2~5.7 &b HBLFIEXT B CS IEIRHEER H1 1%, 63.4
H1 S 3.0 BT BT (K916 4 N(CHs)s A1 N(CH;),'®; PA
M CA NIEIZY), # PA-TMC. CA-TMC [k RESE
P Bt B AHAE, 6 5.2 AbHI BRIk, MR R
iy CS WEEHEER H1 W, 1M 0 3.4~4.4 HI B IET BY
CS NEWBEER H3. H4. HS. H6 1%, 63.1~3.3 fftix
HILFUEXT Y. C6 1 C3 A7 b CH3 U, § 3.3 ity
LU R N(CH;)s AF R R0, 1 N(CHs), Jit
TIENLTRE 6 2.5, 6 1.2 BT HILE A CH, X
I[P U6, 508 BRI HE B 06 DA K T 7 1t 2
Uiy CH3 X M [T 6. M PA-TMC. CA-TMC (1]
el ORI, KEENRIT IR SEE  CH, Rt CHS (104
B9, FrARX RIS AT e 5 ILAE DO H AT AT E
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”DZO ”\ CH
[\ | 3
s Jl o NN e
yN(CH3)s
: | [N(CH),
Hel .
™C —— oA

\ “N(CHs)sr
il IN(CHy)

parve Bl AT gy,
ﬂ

H-1 \ /\ i
CAT™MC — |~ J
6.4 5.6 4.8 4.0 32 24 1.6 0.8
0

3 CS REATEYH 'H-NMR Ei
Fig. 3 '"H-NMR spectra of CS and its derivatives

IR SR A AE ORI T IR 93, AN R IR A5
IS, WMMEUEY] T PA-TMC. CA-TMC H]
REAEZK Th AR I H 2R ERAT N

TEA BRI, mT DUk e B RIS, WOk PA-
TMC 1 PA 43 5% T- DMSO-dg 463, 2 "TH-NMR
1% LI 40 KBRS 22 A H 0 R 2 6 0.85
J A 3~15 SRR T H) CH3 1§, 6 1.25 A K4% CH,
g, § 2.2 4 2-H (CH,CO) Wlitl&, 6 2.2 24 3-H
(CH,CH,CO) Wi Wirlk, N(CH;); 1 N(CH;), Jii 114
M ReE 6 3.3 F 2.5 Kb RIHs I S, 534ME 6 8.5
BRUTIEA —A~ NHCO [ BERZSE /NG o B3 7 CUE B
NHS-PA /&5 TMC kWA PA-TMC, HAZEh
P LAY SN

CH, CH;

PA ‘
I

3.8 32 2.6 2.0 1.4 0.8 0.2

4 PA #1 PA-TMC 7£ DMSO-d; 1 &9 'H-NMR Eit
Fig. 4 "H-NMR spectra of PA and PA-TMC in DMSO-dj

223 JeEMNT BCERNETG CS HAW] W
fi##, HI Vario ELIIl Juz2 0 M A5E CS. TMC. FA-
TMC It C. N MBS 4, N-= HIRIUR
(degree of quaternisation, DQ) I/ il MEJE 1 HU AR
J& (degree of substitution, DS) HITHH LA (1),
(2) F1 (3),

DQ=(Rrmc—Rcs) /3 (1

HIREEEE DS = (Rpa-tme—Rrmc) / 16 &)

P DS=(Rca-tmc—Rrmc) / 10 (3
R4 n(C) / n(N) BREY AR T YR 3. 164 10
SR = S BOIGIERE R S I e ST R

CS MHATHEDITCE TG RINE 1. AL 5
BT ZERALFE 43 3 27.00% 43.06%- 62.00%
) TMC, AN[A] TMC ZR Al R ok g 107 1k (1) 4
FIN—E M. BEE AR ER B, RIS
TR (R B AR 2R RE RS TMC, IR DT 5%
R I 2SI LA AT R e, X ] e 2 Al A7 BHL
o HAh, TMC HIZEAGRLRE , I8 5 FIH] 'H-NMR
T SR 6 3.4 (B, R TH 64 9 4.8~5.7
(O ARA - U

®1 CSREMENMTRSNERRFRNLIEE
S AR
Table 1 Elemental analysis results and DQ and DS

of CS and its derivatives

i c n(C)/n(N) DQ/% DS/%
CS 40.73 738 5.52 — —
TMC1 3090 4.83 6.33 27.00 —
TMC2 33.04 4385 6.81 43.06 —
TMC3 3725 5.05 7.38 62.00 —
PA-TMC1 4872  5.00 9.74 — 21.32
PA-TMC2 4743  5.07 9.36 — 15.94
PA-TMC3  44.61 4.32 10.33 — 13.37
CA-TMC1 4640 4.92 9.43 — 30.98
CA-TMC2 41.89 4.65 9.01 — 22.00
CA-TMC3 4457 4.89 9.11 — 17.34

2.3 IERERRERE RN E

# 20 mg FA-TMC ¥%ifift /£ 10 mL XUk,
7N OB A 200 W, HE7 S min, TR 2 /L
IRF . IR EE A 0.06 mmol/L I N B, F
R 100 pL 9 TR T, 2V B R A
PR BEERC R 0.2~500 pg/mL 12 ANAS[R] e i
FORE S, FHZI B B 10 mL N 246 15t
B, HA 30 min, BEOGBCE 12 h FIE SO0,
VIS S R Wk (critical micelle concen-
tration, CMC). #&e2c-M Wok Y6k K 332 nm,
T 360.0~500.0 nm, A ICIEREETE 5.0
nm, KHEEREETERE 3.0 nm, FHHREEE N 400 nm/s,
BEEN Aa70+ Asgs AEIRVEHRIE T30+ Isgzo
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ARSI L /K P ST AR il v ZE G4 CMC
MRAEY . CERIREATOGIGTEAT 5 AN, g 1
U 3 [R5 aam i 2 Ll ZU AR T AU e, i
AR TR, 5 1/ fH A 5838 Rk e 58
B CMC . WKL 5, 10/13 AR K47 R B A PA-TMCI
1) CMC, B BT B R 1.6 pg/mL. [ FH
15 PA-TMC2. PA-TMC3. CA-TMC1. CA-TMC2.
CA-TMC3 [f] CMC 4 4.4, 8.1, 47.0. 55.0. 64.0
pg/mL. LI 45 SR AR R 2R AL RE FE 1) FA-TMC,
REWTEES KATAES CMC vl AR RIRR I L K
(1) FA-TMC, JRliBEEEHm 2B m AT A4, CMC
FHXHE A o

1.8 1

1.6 4 " ey
1.4 4
1.2 4
1.0 1

11/13
(]

0.8 1
0.6 1
0.4 1
0.2 1

0 T T T T T T T T 1
-4.0 -3.0 -2.0 -1.0 0

1gC
5 PA-TMC1 lERiAR I/ 5 1gC %4 E
Fig. 5 Coordinate of I;/I; and IgC of PA-TMC1

micelle solution

24 OST EEMEFHEFREIL

241 kKM AEEAES ODS-2 Hypersil Cig b
(250 mmX4.6 mm, 5 um); s A LHE-7K (60 :
40), AR 1 mL/min, FEiE 25 C, Kl
322 nm, HERER 20 ultY,

242 ZMERRFEEG RPEFRI OST XM 10 mg,
HEEE 28] 10 mL, AEN &M, AT I H s
B 10 £ 20 nl 1S BT E IR EE A 1,04 5.04 10.0. 25.0.
50.0. 100.0 pg/mL ] OST X M VTR, 1 OB
(O W AN . UK B REAR AR (XD, U
FURUME A AR (Y)Y BEATE RN, 75 B0
A Y=0.012 X—0.015, r=0.999 9, ZPEJEH 1~
100 pg/mL.

243 WEESRMERRE  PUREREA 100.0.
25.0. 1.0 pug/mL ) OST X F S 20 791 2% %2 H 1)
M AR, 4559 RSD B <1.5% (n=5). k4%
FREL 10 mg #Ak (PA-TMC2 Fil CA-TMC2), 434l

BN 104 500, 1 000 uL OST il #0,  F H S i 2%
210 mL, ARG, BT AR R L,
200 W #7 5 min, 10 000 r/min 0> 30 min, HX b
T 20 pL HEFEIE o 45 R R ARLE 96%~99%,
RSD #<1.5% (n=5), 45K OST JimikElE
1~100 pg/mL i 2 73T B R .
2.5 FA-TMC *f OST HJt& 51
2.5.1 OST/FA-TMC #Z B 1IHI%% FREL 20 mg
FA-TMC & T 20 mL £ B 7K, @AEwM, A
300 uL 20 mg/mL (1) OST JC/K LR, HE =k 4n
O REAL 200 W A 5 min, JH 0.45 pm JEREUER,
%H.
2.5.2 OST/FA-TMC#Z IR INRIE  HU& 2
W 1mL, HEET/KMER2PTREE, H Nicomp—
380ZLS B BWOCHU R AT M RAL A Zeta HL
fi7. Rl g R WK 2. 6 BG4 PA-TMCI 7K
TR ARRT R 2, FE DB ISF ARG R ME, ~F 34 RE AR 7E 400
nm ZiA7, HARBAE KRR AL 170~240 nm;
PA-TMC2 Zeta HL{7 54 56.23 mV. K38t J5 11
AR S CE, B 2 h WEE 1R, 6h Ji7 PA-
TMC2 56 &5 i AIDTIE T, Hax 5 Fpadifk 48 h
AR L] 8 A AR B CUE AT L o IX AT RE S Zeta HAA
KA K, o A7 RS AR T A AR E -

F 2 OST/FA-TMC RRFRBRHIFRAESITEN
Table 2 Characterization and evaluation of OST/FA-TMC

micelles solution

Zetatl QB W

FE A HifE /nm

fi /mV /% T /%
PA-TMC1 396.3+£57.1 32.89 56.47 16.14
PA-TMC2 237.3£30.9 56.23 68.38 17.32
PA-TMC3 176.7+19.7 48.62 76.67 19.01
CA-TMC1 212.7£26.1 35.11 73.16 17.81
CA-TMC2 192.0+25.4 41.65 79.11 19.08
CA-TMC3 184.7+20.9 35.31 64.34 16.07

2,53 OST (EmNE  H% “2.5.17 Wikl 2k
AR TAGET R ET (=60 C, 48h). K%
HY 5 mg WA, i 15 mL B EEE 7 30 min,
HY 1 mL A&, 10 000 r/min &5.0» 30 min, H{ L35
20 pL HEFE, 4% “2.4.17 TitapE s . iHEA
HR A .

fud R = A+ OST HIH / OST H 2k

2=k OST I / 4 2a e fa it
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6 A2 I (1) G df 23 R 3 2 N e 5 R LR
2. B A PRI CA-TMC2>PA-TMC3>CA-
TMC1>PA-TMC2>CA-TMC3>PA-TMC1; 32 &
W& CA-TMC2 1 PA-TMC3 HIX i mr . B dk
PA-TMC H 24 g5 =i 1) PA-TMC ZE7K H [ it
PRz, MEERRMK. KRR, BERANEYE
3 [AZ, PA-TMC HZERLAGFEE R 62.00%, KGN
FEPER RN 13.37%[8) PA-TMC3 Xf OST [ % i
Ifs CA-TMC TR N 43.06%, 28I EEHAAL
Ay 22.00%[K) CA-TMC2 el X1l g 5 26 A g
Wi B R TR A, B KA FHARAR X AL 99 A 0% $om
TENEACHEE « R R 5 I 7 e s 0 ik
08 OST, M4 AR A — 52 .

3 itHg

ARSI H I TMC, RAEMF S CS
SN, BB PET R N PR, 135 3 MR R
) TMC. TMC AN THIEE, FA-TMC &L Y
IKEE I AR, R R A N SN
70 °C, I 24 h, RMNVIRER S, ATRES
B CS THEKREPM: SOV, AN RN
IR ZEG,  O-BERl =PI £ . FA-TMC [1iE T 4lith
FIEAE 20%~30% SREH AT, FRaliff) £ 51 KiE
Bty ANREAS A A (17

REVN CMC ZIREGY 0 FAERe e vt
T BB AR e 75 () B AR SR A P e B o D v
A2, ARLHR &k, 4518,
CMC Rl FERS 2 1) T w1 FEAIG . PA-TMC Fil CA-TMC
ff) CMC 23 HI7E 1.6~8.1 pg/mL #147.0~64.0 pg/mL,
EAI T8 R 2 T P 77 dn - — B SRR B (CMC
7E 2 mg/mL ZeA7), PEREZ e R E A4 P 4
ARG TR Ay BR800 W ) 52 T 4 25 th U™, ik th
BRI EZ —

CA SCHRIRIE Tl 7E TMC 20 1R 5 NS5
IKBESRAF G R RESE (MR A gk e ™ H i A
KHENRI &M TMC 76 B AW A WLOE . ASE
B0 UK IR IR AN 2SR i D HAZ R 2 T™MC |, il
S CS fT4EY) PA-TMC FI CA-TMC, HiAE/K
RE B ALY OROR, B SRR K 2 A
160~240 nm, HA#EIEERIEH . ERRTSNE
ey IE LI = FRE, AT IE S iR s Ay B FEL R
W S A B 51, AT S R e g T el
WA TCEE BT OIS, A E AT AR LR 3 R 2
5, ARSI MR FUBESEIEA, AR s A

KB IR . ARSI 6 FiikE I, AR ZEAL
FREE S MRWTBES . R M AT OST £ 5 2 Al
WARME - Em, HLhFERGEER
62.00%, HNEMEILFLRH A 13.37%H) PA-TMC3 #il
FIAFRE R 43.06%, ZSIIEEA N 22.00%0H
CA-TMC2 fE LR L. L PA-TMC3 Hl
CA-TMC2 N#AAF I “2.5.17 T Bl il 25 i
H, TR, WHh OST (5B 40 il hy
223, 235 pug/mL, SEHAKPE IR — 215,

ASER R T IS SR CS ATk
Y, AR EAT RN RS AR
W — L H B FA-TMC F 2% 2 S 2T R b o8
TGP R )

SE 3k

(11 BN, sk, IR 3R I BUMRE MRS EfE (0],
PURGLZ)22, 2012, 9(4): 241-244.

2] #1 WR, BRAVL, & 30 MR T EXT R TR
e A LT 2 (AR (0], T EBE R 2R 4k, 2011,
31(12): 990-993.

[3] SkIePH, RIME, JOF2, & WIRTFREXNPERON
BEPE IO OR AP ) AL HIAESE [3]. TR 24254k, 2010,
38(4): 34-37.
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