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Abstract: The nicotinic acid (NA), one of the vitamin B3, has been used to remedy various disease such as metabolism,
detoxification, and hyperlipidaemia. However, NA must be large amounts administrated to increase the treatment effi-
ciency because it has a short-biological half-life in body. In this study, we prepared NA-loaded chitosan microspheres
(NCM) as sustained oral drug delivery systems, with different stirring speeds by a W/O emersion method for the enhance-
ment of biological half-life and stability of NA. According to the results of dynamic light scattering and field emission
scanning electron microscopy, the particle size of NCM decreased with the increment of stirring speed. From the analysis
of FTIR and X-ray diffractometer, we confirmed that nicotinic acid was loaded stably in the NCM. The results of drug
contents, loading efficiency and loading nicotinic acid release from NCM showed that drug contents and loading effi-
ciency were increased and release of NA was sustained according to the decrement of NCM size. Based on these results,
it was suggested that NCM can be administered as an oral delivery system to effectively deliver NA.
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Materials. ¥ A-7oA= 71 E4F 1] (microsphere) S
A z317] Y5t @7 ETko] L(Korea)A ] &4 7| EA
(WSC, HaEA 10 kDa, 2ol €3} =(DDa) 93%)2 Al
o} ALt =2 AFEE U I E AK(nicotinic acid
(NA))S Sigma-Aldrich*HUSA)2] #|E-S Tsle] A8k
o} Yagldke] @x]E 7|84 v A= W/O B W
< AREEISloH, ojnff LU PUlE LU} THAR A}
4% glutaraldehyde= Sigmar}, f-841%] Span 802 Duksan
pure chemical(Korea)oll A Z}2} F3te] ARS-3F3 T, o] <o
AR e SRS skl ARSIt

7|E4F 0|27 H|(Chitosan Microsphere, CM)2} L|ZEI
&to] EHX[E F[ELF 0| 2T H[(Nicotinic Acid Loaded
Chitosan Microsphere, NCM) M| =. CM3} NCM2 W/O
o dd WS o] 83l thae] W o =Z A|Z3tH(Scheme
1). NCME Alx317] 918k 10%2] 71EAF 44890 15 mLol)
Yatglate] 1%°] =5 589 (chitosan/NA=10/1(w/wt))

Controlled stirring speeds
2400, 600,900 RPM

25% glutaraldehyde

NCM without purification

74

Centrifuge (6000rpm, Smin)

Washing with n-hexane
and D.W

Scheme 1. Preparation of nicotinic acid loaded chitosan microspheres according to various stirring speeds (400, 600, 900 rpm).
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Table 1. Particle Size and Characterization of Nicotinic Acid Loaded Chitosan Microspheres (NCMs) Prepared with Various
Stirring Speeds

Feed amount (mg)

Sample* Chitosan Nicotinic sglffiflzrzgggd Particle size” Drug f ontent D;}lf%cilgsg;g ¢
(M,; 10 KDa) acid (rpm) (pm) ) (%)
NCM400 100 10 400 34.132+0.324 2.68 23.23
NCM600 100 10 600 3.351+0.278 3.77 32.67
NCM900 100 10 900 2.964+0.403 5.58 48.36

“Nicotinic acid (NA) loaded chitosan microsphere according to various preparation stirring speed (400, 600, and 900 rpm). “Measured by dynamic
light scattering (DLS). ‘Measured by UV-vis spectrophotometer.

KBSI 10.0kV 8.9mm x1.00k SE(U)

. NCM 600
212
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a
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0 4
0.1 1 10 100 1000
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Figure 1. Particle size and size distribution of nicotinic acid loaded chitosan micropsheres according to stirring speed by FEG-SEM and
dynamic light scattering (DLS). Particle morphology and size at 400 rpm (A); 600 rpm (B); 900 rpm (C); their size distribution (D).

Zay, Al408 A43, 2016\



T84 71EARS o83 Yseite] BXE wagA|e] Alx Bl ol5e Eejsietd 54 24 647

) NCM®| 4722717} dja e g2 Zolrl= A2 NCM
AL Yol 444 B9 NAZF dxgrogx a4
A Al Pl o] Yo NA E2ke] Afujge] o] o
AHA Bt AMESE 227} P o] YR dE L
2 o= Ao Algdrt”

NCMe| ejetz EALS FEG-SEMCOZ #asi3lon o]
A= Figure 19] YERATE Figure 1(A)~(C)E ZREEES
400, 600, 900 pm O Z Z7HA7HA] A ZE NCMe| FEG-
SEMS] A2 HAH o= 5 Feo vy A 7 FAH
RS ERIT F A on Wit =7t 7| ot NCM
o] Yz A7t FolAl= AL RIS ES Figure 1(D)
= akEEe] mE NCMe| Z7] 3 25 Uehd DLS 4
H2A WEETE F7Rg)] it 2771 Aol A E

st 4= QYo =7 X 9] g X5 71 9l
gl 4= gt} o]eidt A= FEG-SEM Ao} dX]5}

ALt ol st AFHZRE & AFelA ARE W/O 9
THOE NCM2 e o= AxT o e AAs
S Wk ofde), ik o wet YRpe] A7|E =
AoBE AR G0 = YAAZE AT F A
S Hof FaL QU

NCMe| ststx x 9 A §4. NCM9| 3}8H4 132
= FTIRS ©]&3te] 33l e, o] A3+ Figure 29
eRliet. stk 25 aF 08 isty] flste] mat
Al Az AREE 7|EAY, FA] oF2S] USA"RA o]58] &
24 EFEETE; 71BN ZE 2 =10/1(wi/wt)), CM,
NCMol| tiste] zhzh #4181t Figure 2014 ARS-E 7] &
2kl 739- 1560 cm™ oA amide 119] 4 ¥32 0
A}t 2 CM2] 73 glutaraldehydedl] €3+ 71wrt &
o F o 24 C=No| M=Z2 Ao] YELTE Figrue 29
CM600 FTIR ZAZZHE 1650 cm ol C=N2| 54 3=
AT} Al 7|Eq N URRILES S84 o= E3st 4
FHo| M C=NelA HYehe 54 J=27F e A 22
= RIFFeEA FFHOoE CMe] AxEes 1
ASATH YFEIXEe] FTIR 23+ 1695 em'ol|A U=
2F2] aromatic group?] C-C& 54 3=, 281234 3070 cm’
ol UzEike] C-HE 54 935 27 1T = USlth
Fgh 7| EAN} USRS BT oR E3s Aoela= 7
EAke] B4 B39 UARke] B4 938 BT IR
AAh 27 o Wk HE"EARe] X F ] 9l NCME]
FTIR Z3M = 71E4H4 glutaraldehyde®] 7ol €]s) L
ERE 1650 em™e] C=N, 2900 cm™lA] glutaraldehyde®] C-
H 574 935 IRIgo=N 3o ni7A47) Alxd
< St FA 2812 emolM YIEAEE] C-HE| 54

SO )
PIeY
My ¥ ol R o

% ()
e ns

il

AU PR

™

=Y ,_,/"""" :.“\‘--“%J"ﬂ“ ;" ~~— NCM600
\ /.“{ .’"6‘—2" 812 ci ,:[. ¢ W
Nty m-eiNe
S~ 1 ¢ 4
?1650 cl p—
2900 cm! f
Chitosan/NA
Mixture
I
A [\ A 1695 cm-t
f ‘.\ \
/ f
3070cm* /Y \ l W'ﬁ Nicotinic Acid
A A I inay
2812cmt |\ /]
% l'(v
|

il
\ )-’AM (‘/‘, U

1695 cm! \\_}‘J JV 4

\///\\/A/\f Chitosan

1560 cm-!
4000 3000 2000 1000

Wave length (cm)

Figure 2. FTIR spectra of chitosan, nicotinic acid (NA), chitosan/
NA physical mixture, chitosan microsphere (CM), and nicotinic
acid loaded chitosan microsphere (NCM).
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Figure 3. Crystallinities of chitosan, nicotinic acid (NA), chitosan/
NA physical mixture, chitosan microsphere (CM), and nicotinic
acid loaded chitosan microsphere (NCM).
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Table 2. Thermal Properties of Chitosan and Nicotinic Acid
(NA) Loaded Chitosan Microspheres (NCMs)

Decomposition Deriv. temperature’ (°C)
starting
temperature” (°C) Ist peak  2nd peak  3rd peak
Chitosan 144.18 172.79 262.69 525.33
Nicotinic 159.24 20139 - -
acid

NCM400 210.80 - 249.72 521.70
NCM600 202.44 - 247.56 504.39
NCM900 200.03 - 245.11 501.50

“Calculated on-set point by TGA thermal diagram. ‘Calculated
derivative weight change vs. derivative temperature.
*TGA analysis condition: heating rate (10 °C/min),
(30~700 °C), furnace gas (air 40 mL/min).

temp. range
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Figure 5. Total nicotinic acid release behavior of NA-loaded chi-
tosan microspheres (NCMs) at 37 °C.

4 o|59] Esiehy B4 HA 649

Al ek o]t o]F=E w AT Ule] YREL 59k
YA} Zeld4E o= ﬁﬁi vhetE )

H] A 258 YRR WE 52 Figure 59 WEd
Wtk Ao B 4= gl%o) NCM9oooﬂ/\i Ysgldke] W
o] 7Hg Ad== AL gRlskdint. ol NCM9002| 735
ANx Uaglzke] Bdghao] 7P wobA oleist Ay S
Hols Aog AlsHT W A AFZNE YIElitl
NCM Wol| SHsHAl B-d=lo] lom, & Aox Az

o7 NCM2 U=eldke] AA] Y9] #-2 W7 E a5 o
2 Z7MAZ e ez JgiEnh
z E
o AAN71E S7MA717]

£ AFeas Yaelibe] &
flate] Yselste] Gx]E 7154 TR NCM)E F3ks
POR AxelL o5 B4 % AR UE AS
FAEIGTE NCMS WS WelA)7|aA 35RE A%
st om, Wk 7E 7t wet izte] =7]e st
Oj\q_ L3} o] 59 XA J_ET/\ o AAskA E/H Az E
H NCM el Yzgite] SHFgaiAl Ed=e] e As &
Q18T T3k A9y AW ARERE CMo] YTES
e w5 gl st HeR S, NCM
We] vselie) Bagst BT drkel 2717k ol
A% Z7leRom, NOMeREE UzEe] B2 7%
) A A7)7F AH 0= e NCMI00A] 71 2|
g1 3 Ak olde] AT ATZRE NCM
g QPP BT BRI LzEbe] A

N2 F Je ARE 1 S84 B F 3L
ZlehErt. 22 O Wt B d7dse 2% A &
ml S HlATAS ALE + Y AEHIEE AFY
& glom), geigy 249 S aFshe nlole o}
o HBo] 7hsd Aow Azhect,

i

r)«

X‘L

flo i J

o fr=

How
m[o

DN

N

Lm i
N oy r

N

)

-

oA

Gl
ror

1. D. L. Cooper, J. A. Carmical, P. C. Panus, and S. Harirforoosh,
Eur. Rev. Med. Pharmacol. Sci., 19, 3977 (2015).

2. H. Puthoori, T. E. G. K. Murthy, A. Kaushik, and M. K. Asian,
J. Pharmacol., 6, 31 (2012).

3. J. Sirc, J. Hrib, M. Vetrik, R. Hobzova, A. Zak, B. Stankova, O.
Slanar, R. Hromadka, V. Sandrikova, and J. Michalek, Physiol.
Res., 64, 51 (2015).

4. S. Elkheshen, J. Microencapsul., 13, 4 (1996).

5. W. S. Cha, S. I. Kim, D. B. Lee, and J. W. Nah, J. Korean Ind.
Eng. Chem., 6, 8 (1995).

6. T. H. Kim, J. K. Park, C. Y. Choi, M. K. Jang, and J. W. Nah, J.
Chitin Chitosan, 17, 37 (2012).

Polymer(Korea), Vol. 40, No. 4, 2016



650

10.

11.

438 - 9T L - o)@F - AF

. O. M. Dragostin, S. K. Samal, M. Dash, F. Lupascu, A. Panzariu,

C. Tuchilus, N. Ghetu, M. Danciu, P. Dubruel, D. Pieptu, C.
Vasile, R. Tatia, and L. Profire, Carbohydr. Polym., 141, 28
(2016).

. S. Sohrabi, A. Haeri, A. Mahboubi, A. Mortazavi, and S.

Dadashzadeh, Int. J. Biol. Macromol., 85, 625 (2016).

. F. Qiang, H. J. Shin, B. J. Lee, and H. K. Han, Int. J. Pharm.,

430, 161 (2012).

D. Xia, H. Yu, J. Tao, J. Zeng, Q. Zhu, C. Zhu, and Y. Gan,
Colloids Surf., B, 141, 301 (2016).

T. Woraphatphadung, W. Sajomsang, P. Gonil, A. Treetong, P.
Akkaramongkolporn, T. Ngawhirunpat, and P. Opanasopit, Int. J.
Pharm., 497, 150 (2016).

Zay, Al408 A43, 2016\

A e

12. P. Zhang, Y. Xu, X. Zhu, and Y. Huang, Int. J. Pharm., 496, 993

(2015).

13. Z. Du, X. Dou, C. Huang, J. Gao, L. Hu, J. Zhu, Y. Qian, M. Dou,

and C. Fan, PLoS Orne, 8, 79698 (2013).

14. D. Tahtat, M. Mahlous, S. Benamer, A. N. Khodja, H. Oussedik-

Oumehdi, and F. Laraba-Djebari, Int. J. Biol. Macromol., 58, 160
(2013).

15. J. Kouril, J. Vyslouzil, M. KejduSov4, K. Dvotackovd, and D.

Vetchy, Ceska. Slov. Farm., 63, 75 (2014).

16. N. Acosta, E. Sanchez, L. Calder6on, M. Cordoba-Diaz, D.

Cordoba-Diaz, S. Dom, and A. Heras, Mar: Drugs, 13, 5901
(2015).

17. K. S. Patel and M. B. Patel, Int. J. Pharm. Investig., 4, 32 (2014).



