gk MR R B A ) 46 SRAEAN GRS P REWE 7T 15

vidk, RICE), Wbl 2% JAGEIEAA G I # A RALRIZEREERERTTE [J]. P E ISR, 2020, 26 (1) . YANG Ji, WU Yiqin ,
YANG Liu, et al. Preparation, characterization and sustained-release properties of nicotinic gentisate[J]. Acta Tabacaria Sinica, 2020, 26(1).
doi: 10.16472/j.chinatobacco.2018.257

/.

MR BEER B R Fl 5 . RAEFEFIEREM R

wma', R, o', EFE, s, B4R, BEind,
B, BRAE, AN, BTG, g’

1 =P TNV A R TN TR AR T, BN ALT X 448883675 650231;
2 VU NNRZAb 2 TRE B, A i B X — R B — B 245 610065

B OE. [AM] A THCE M TR AR E S, BAZRRBRCR A FURR L, (O73% ] 75T 5 00 es 8 £ i A HLRR o
Ll pKa<4.5 (flLik pKa<3.5)  &AREMEIE, WE & SIS RN, 45670 TR (YASARA) BfF, Jifiik
MBS E R o AU X- S 2R SR AT S BOR AT JL AR G o LS DS IR I 0 s A, I 259038 Be gy B /R ALl S e
WEFERS EE 7 ANIR] pH T MRS S MR el f R IR o S T AT e CEE R (1D MRBBCIR R S ARXT 70 7 U N 316,35, fRiR# N
1.342 mg/m*, JBHEARNHR, TRBA P2, (2) JABEIERR AL pH A B h BA MRS IS EE S, By #8ig. ) £
HAF pH 2645 R, RIH VIR, FaAB @M, MBIy SO, (40 SRS, M0 IR £ B A 9 & 1
SR BIUREE . HLAEAR pH A B SRR BN B35, Wl 3 R B 8l o

KR WG BRI, SRS DEREIE, B HL

S A2 0 I R SR AR R 3 AL S
et (Bl 1a) 2 BB R R R, ik g 3k
pKa=7.87, MLIEIF pKa=3.15, Mt mE 5 1 405 1 i
T AR, BERSS, 5 95 RGBT . it
i LE A RS TR TR, TR A T A,
L 5 AR b e BT AR T, BT RA, Rk S FR Rt
TR L CARETRH,  JHBRE M b 3 2 DAY
B ERREANIR A AEE Y S R4
PR A AR R RS TR s X et LR, A AR
PANEREL, AE SR, - THl ey, BFRH
R B ) it (R R R B 2 PTAT I o T L4556 25 1R MR
AART DA 1, T EL SR BRI AT A, e
SRPRALAE A . B, W5 (EPRAEED) A
RV IE TR 438, 56 [ e 20y SR 56 =5 4 Y — 0T O

REFLTMH, ZA T2 “JRd T 87 il ik
111 A A% Gt L3 0 P i B A AR . 5% FEAL 5 K5 Jed
E. Rose F#% BT & 1 1 MG 9 B B &, R EAT 1A
RURE) 2T w7 e R, A SRR A
R Eh M, K W R R Rk 3 % A 11 A SR AT AT A
Olo JHB S A LR R, (EAS B DA 25 7 AP AE
FRAECT 5 45 2 HL 53 i 8 A O SRk B A 7, T 424 08
A RAF R AR E V. WA FFER A (B
FEMBR D R B PR T A R 5 S 3 i R A A
R M ARFFRY, BT MR RAR T
AT, B R R RS, R
R e B AR/ Y SR 5T A T LAY R
(RIS B BRAE 7 g AT P Lk
) P [ A LR [ AV S MRl T2 RS AR 1 2] 25 7

EE&WE: hEHE S A TR E T R I0 MRS S 5 R R M OB R AR 587 110201601005 (2016xx-05) 5 25 g HAE Ll
AR R  DLETIG IR 15 (g HE A 5 i 1 S DG AR BT 527 (2018CPOT) s 25 g FPR Lk A RIRHES R RIS E i
YRR 5 ORI R ” (2019XY02) + mMARHETIE “MHEMEHEINAAERBOIRES TSR ERT 0~ (2017FD047)

fEEEN: B 4k (1980—) , fild:, FEEMIHEAEHIF, Tel: 0871-65869613, Email: yang ji052@163.com

BIAEE: MkTE (1966—) , BFFUG /4, FENFIHEALZEG T, Email: cyk1966@163.com

WeFEBHEA: 2018-08-20 ; MILEHARHHEA: 2020-01-21



16

rf [ AR B 523 Acta Tabacaria Sinica 2020 Vol.26 No.1

3 AT BB 5 AN TE X, S T8 B
wh FRRIF A o

JEHEFR (gentisic acid) , B 2, 5- “FRFL KR (K
1b) , R—FZRER, A MANERN IR,
WHAEEZ R, 5 S5 B REE . A SR AL
FE RO, SRR L, R AR, A
HLHEER o R £ B MBI IR R SR A A AL 7, R
P38 R4 HCER DB AR 11l G s 34
WFIE T AN [FIBRBHRE ™ MBI HH R 26 (10 85 s 54T,
FERIAUREBIHAT 17X, o B R RO AT T
RIT o AT A o] S C 7 Bevt . e BB R
PESLIG IR S5,

b o

H
HO I jo
HO

Bl (a) MEESFEM (b) ERERSFE4

Fig.1 (a) Molecular structure of nicotine (b) Molecular structure
of gentian acid
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Tab. 2 Crystal data
LB BB R
il i P21
T/K 293.15
a/ A 8.2073(7)
b/ A 11.0590(7)
o/ A 9.3300(8)
. . N o/(deg) 90.00
3 MEFEREE R R F BEER (B 100 )
B/(deg) 112.40
Fig. 3 Optical microscopic morphology of nicotinic gentisate
crystal (100 times magnification) y/(deg) 90.00
V/A3 782.94(12)
Z 2
p/(g-cm™) 1.342
wmm’' 0.096
F000 336.0
BRSLATH K 2454
. R1/WR2 [I>26(1)] 0.0492/0.1126
B 4 (A ABER R B R R A 451
R1/wR2 [all data] 0.0630/0.1232

Fig. 4 Single crystal structure of nicotinic gentisate

R EWEBERRFSRBRKBALR

Tab. 3 Results of hydrogen bond length and bond angle in nicotinic gentisate

D-H--A d (D-HY/A d (H---A)YA d(D---A)/A Z (D-H---A)/deg R
03-H3---02 0.820 1.837 2.547 144.01 —a
04-H4---02 0.820 1.872 2.681 168.50 x+1,y, z
N2-H2---01 0.980 1.702 2.682 178.10 x+1, y+1/2, -z+1
C16-H16A--04 0.970 2.563 3.181 121.65 X+2, y+1/2, -z+1
C16-H16B---N1 0.970 2.509 3.461 166.91 x+1,y,z
C17-H17C---04 0.960 2.483 3.283 140.63 x+2, y+1/2, -z+1

E: a b TAER.

5 YRR ABEREL R R LA A HERR B 6 AR Rk E

Fig. 5 Accumulation diagram of nicotinic gentisate crystal structure Fig. 6 Crystal structure of nicotinic gentisate
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Fig. 7 HPLC chromatogram of nicotinic gentisate
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Fig. 8 Nicotine concentration-time curves of nicotinic gentisate in transmembrane diffusion acceptor
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GB DVRE ORI, OB BT pH RIS, AEBECI IR R #h
STRBR I R RO R . AT A [FRIGIRE R Y
BT BLRT R, AR BE R ShAE AN RIRT AR BE R, X
B ZR AR R — e EN E R . &6 Lk
CURS SIS At 3, AR IE R 3k LA W 35 (1 S e
B B RCR, HERCR 50 pH FUGEGR H: 4]
GHLEEP

[ b, 25 BORE SO0 L PR AT 35 RS S a4 R
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h7E 1% pH G R N BB R, KOERY #. £
FRTR IR GG A B 2 A IR FE % 5 7F pHS.S A
T R B IE N T pH6.T MR P I Fa S5 E
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1BrBEES, MAAERNEENERRE. M
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Tab. 4 The average cumulative nicotine permeability of nicotinic
gentisate at different pH and concentration in transmembrane
diffusion acceptor (n=12)

SBT3 RABE R/ (ng/em®)

HURE I [8]
Imin pH 5.5 pH5.5 pH 6.7 pH 6.7
(ImgmL) (2mgmL) (Imgml) (2mgmL)
0 1.424 1.576 0.217 0.056
2 1.800 2.836 0.822 0.204
4 2.673 3.767 1.692 1.213
6 3.620 4.143 4.166 2.979
8 4.788 5.230 5.767 5.393
10 6.33 5.757 7.422 6.772
12 8.038 7.391 7.509 7.646
15 9.414 9.516 9.329 8.265
20 11.025 12.865 11.671 12.933
30 14.029 16.701 16.426 18.003
40 17.655 22.652 22.998 24.791
50 21.386 28.832 28.616 32.872
60 25.769 32.497 35.748 39.988

pH AT, RILH VIR B, Fa S BE AR,
B S Iy WOk . BARORTE B AR AE PR pH 24
T AR R B L ORI e R R
AR SR B E, HAER pH i P SRR
EoANEE.

0 (ng/em’)

= pHS5.5 M §8 % JERR £ 1mg/ml
® pHS.5 BB BEL £ 2mg/ml

45

= pH6.7 B JERE £ 1mg/m1
® pH6.7 TR JHEL £ 2mg/ml

40
354
30
25

20+

0 (ug/em’)

15

10

30 40 50 60 0 10 20 30

t (min) t (min)

9 AN[FE pH KR B T KRR A AE B 20 A MR ES IR Y 88 Q-t KRR E

Fig. 9 Q-t diagram of nicotine transmembrane diffusion of nicotinic gentisate at different pH and concentration
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R 5 AE pH KR E TIRGE AL BERE A EREIRY BiaSs BREERRWSERY

Tab. 5 Permeability rate and apparent permeability coefficient of nicotine transmembrane diffusion of nicotinic gentisate at different pH

and concentration

pH Fk O-t JifE R J./(ug/cm’/min) P,,,/(cm/s)
5.5 (1 mg/mL) 0=0.4012¢+1.9103 0.9879 0.4012 6.687X 10
5.5 (2 mg/mL) 0=0.5307t+1.3371 0.9965 0.5307 4.422%10°
6.7 (1 mg/mL) 0=0.5752t+0.3512 0.9951 0.5752 9.587X 10
6.7 (2 mg/mL) 0=0.6650t - 0.7521 0.9959 0.6650 5.542X10°
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Preparation, characterization and sustained-release properties of nicotinic gentisate

YANG Ji', WU Yiqin', YANG Liu', LEI Ping', GAO Qian', SHENG Qinpeng', DUAN Yuanxing',
ZHAO Yang', CHEN Yongkuan', ZHANG Shuangshuang’, DU Qiaohong’, LI Hui’

1 R&D Center of China Tobacco Yunnan Industrial Co., Ltd., Kunming 650231, China
2 College of Chemical Engineering, Sichuan University, Chengdu 610065, Sichuan, China

Abstract: This study aims to develop sustained-release nicotinic organic acids for new tobacco products. Since organic acids (PKa <4.5
(preferably pKa<3.5)) containing carboxyl and hydroxyl groups can be used as food additives, YASARA software was used for screening
nicotinic gentiate. The structure of nicotine gentisate crystal was characterized with single crystal X-ray diffraction technique. Using
buccal mucosa as the transmembrane carrier, the diffusion behaviors of nicotinic acid and nicotinic gentisate at different pH condition were
compared through the simulation experiment of drug transdermal diffusion in vitro. The results indicated that the relative molecular weight
of the compound was 316.35, the crystal density was 1.342 mg/m’, the crystal belonged to monoclinic crystal system and the spatial group
was P2,. Nicotinic gentiate had relatively slow permeation rate and slow transmembrane diffusion in low pH medium. Under the same
pH condition, the higher the initial concentration, the higher the steady permeability rate, that is, the faster the transmembrane diffusion.
In general, nicotinic gentiate has obvious slow-release diffusion characteristics, and the slow-release effect is more significant in low pH
medium, so it can be used in the development of new tobacco products.

Keywords: nicotine; nicotine gentisate; crystal structure; pig buccal mucosa; cross-membrane diffusion
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