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Abstract  Manufacturing immediate-release tablets (IR-T) containing highly hygroscopic active
pharmaceutical ingredients (API) is associated with delayed disintegration and poor tableting and
stability. This study developed an IR-T that can overcome the barrier in manufacturing by evaluating the
physical properties (moisture absorption, hydration capacity, and bulk density) of excipients and
disintegrants. Nafronyl oxalate (NF) was selected as the API. A formulation with the best fluidity,
tableting properties, and disintegration was established using crospovidone and croscarmellose Na at 26
and 10%. In the test drug and reference (Dusoril Capsule®) drugs, more than 80% dissolved within 30
minutes in each medium, with equivalent similarity factors. The developed IR-T was stable under
accelerated conditions for six months, maintaining a more than 97% content. In addition, there was no
change in color or dissolution rate. This study confirmed the possibility of developing a new formulation
in which NF, which is highly hygroscopic, is unaffected by the hygroscopicity of the excipients and
disintegrants and ensures equivalence without tableting problems. In addition, when developing
hygroscopic drugs, moisture absorption, hydration capacity, and the bulk density of the excipients and
disintegrants are expected to be helpful as a standard for predicting and evaluating the disintegration
or variables in tableting.
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1. M2 2EA(Sticking) 5] B Aol 32 84 A3t &

o] A7} HA% 4= Stk o2 Isf 4143 Foid 5

AUz 2d(Nafronyl oxalate, 2-(diethylamino) 1= NF &% FAE 7Heel7] Halds 54 A

ethylenetrahydro-e-(1-nafthylmethyl)-2-furanpro & 4= & £3AL 5349 =ZHo] a3dEty &

pionateester oxalate, Cp4H33NOs, ©]5} NF)2 3144 o A} BAAY] E5AAS A AAAR] E5E, T

o] 274 7IFEA WAZE gl Bofl Wi & ==t & % B ARl IS 1AL, 1 ek SR &
[1-3]. Antiserotonin S;-specific agentZ2A] HE#3 o wat FFFS v Aoz LA AQrH9,101.

Tz ¢ Y 250 I ]i]E'E TH3ARHS] RIE £ AqolMe FFALt BaAY 2214 542 87t

7o} Al 9] A8t 583 A7 d(antispasmodic) sk EH|EC] wEt g0 u|X= I3RS Brteto

AT E U= & S BRI —4°} 73 w39 A
Fol= &37F tH4,5]. ES succine dehydrogenase
oA &5l Qo SFIA F714 thAe BATFS

27T 11— HToue=
W43k 5-hydroxytryptamine 2(°]3} 5-HT2) &
AE Wolgozn & Yo 5184 4L At
o o] AFA FQJolA 5-HT29] 22 28-S <A
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Fig. 1. Structure of Nafronyl Oxalate
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EFYAol|Qlo] E&5400] 735 NFE eh8sh= &1 4
S Asrstua stk Ea A% BzokF A A
A3 BEAHE B KR TR Wistol A2
& AW A AR e rs;u
R RO EL

o H54e ANSTA et

2.1 AleF 717

g okE g ARR3F SAF U 2YL Procos SPAA
(Italy)ollAl F+Y3t9tt. Lactoser HAISFsHKorea)ol
A, 3|EZA|ZZI-[(0]3} HPC-L)= Nippon SodaAt
(Japan)olA, AAE s|EZA|ZEH(]s} L-HPO)=
Shin-EtsurlJapan)°ll4], BIZFAERE @ A(0]6F MCC)
+ Ming TaiAHTaiwan)°ll4], crospovidone(°]s} CP)
< BasfAHGermany)°ll4l, croscamellose Na(c]s}
CSM-Na)2 JRS PharmaAKTaiwan)°ll4, sodium starch
glycolate(°|5} SSG)= Anman chemical(China)°llA],
starch 15003} opadry® I(white 85F18422)%= Z+
FAHUSA)ONA,  olikshta(olst Si02)E EvonikAt
(Germany)°llAl 18|11 Magnesium stearate(°]|5}

Mg st SR Korea)|H Bl AMESISIC,
gaorost T4y HeAYQRATNE 83K

ot #A40] AR8EH HPLCE oPHEYEZL |.T Baker
AKUSA)OIA FJste] ARESElon, 11 9] 7|8 A9
fle &8 T 452 AMESHATh

Ao AR 77|12+ WHPY]E= SP131320-33
(Thermo scientific, USA)E, AX7]+= YD-2(HHIH|

3, Korea)s, Y4EE7]= MF80(Hanil, Korea)E,
EFY7]+= ZPS8(STC, China)E, £417]7]= Shimadzu

20AD HPLC System(Shimadzu, Japan)<, 133 &
ZA197]= DT-830(ERWEKA, Germany)s ARSI
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Table 1. Formulation of nafronyl oxalate tablets

E94 40 wet HEEA ofg] 7HX] EgA|et
BofAle & 181 AxHE gElste] Table
19] Ao wel Scheme 19] WHH OS2 NFS $hoh=
HAHE AR oldf By Hx9F SHFA= 152
4.9 mm=Z 1Asto] 7]7] 2710 o3t HIE Ao}
o] 7~8kg? ALE /A& g5tk

RE A2 A%, Hausner ratio, Carr's index, %
U= Bulk density) ¥ AUE(Tapped density) 18]
I BoAEY] HstRE S7g5te] AP FIsto]
AA FGo] vA= S H7lert. W Hausner
ratio?} Carr's index gto] 22} 1.25 oJA4a} 23 o4F
A o R5/3°] Eojxlck BrsiirH11,12].

ZE

232 £%d A9 M=
|

B 340l 3= vAR g APttt AEE B
T & Qe AR ool wt HAHOE NFE hHshe U
8& A x5ttt AxE WS 20 % OPADRY I
o=z AA FF9Y 3.33 %= "W ZHct] vu-8&E3t
o8/ Aol A&t ol ¥ 21 supplyet

exhaust air Temp.= 659 45 T, coating bowl
speed= 12 rpm, supply®} exhaust fan frequency
+ 207 50 Hzelglow BaZ-E 310 mg, FEE 8

Composition(%)
Ingredients
1 2 3 4 5 6 7 8 9 10
NF 33.33 33.33 33.33 33.33 33.33 33.33 33.33 33.33 33.33 33.33
CP - - - 3.34 3.34 - 6.67 - 26.00 26.00
HPC-L 3.34 3.34 3.34 - - - - - - -
L-HPC 3.33 3.33 3.33 - - - - - - -
Lactose 58.00 - 18.00 - - - - - - -
MCC - 58.00 40.00 20.00 40.00 30.00 30.00 30.00 20.00 20.00
CSM-Na - - - - - 6.67 - - 10.00 -
SSG - - - - - - - 6.67 - 10.00
Starch 1500 - - - 40.00 20.00 26.67 26.67 26.67 - -
SiO2 1.00 1.00 1.00 2.33 2.33 2.33 2.33 2.33 8.00 8.00
Mg stearate 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 2.67 2.67
Tableting State A B A C C A B A D B
Hardness(kp) 4 3 5 8 8 8 8 13 6 12
Bulk density(g/mL) 0.57 0.32 0.38 0.46 0.44 0.47 0.47 0.44 0.31 0.45
Tapped density(g/mL) 0.69 0.48 0.62 0.53 0.58 0.66 0.60 0.65 0.42 0.68
Carr's index 27.59 34.48 38.67 13.70 23.53 29.51 22.50 29.64 20.11 32.84
Hausner ratio 1.38 1.50 1.60 1.16 1.31 1.42 1.29 1.50 1.21 1.49
Disintegration time(min) 5.2 4.5 8.7 11.0 11.5 5.2 5.6 11.0 3.5 12.0

A : Adhesion and sticking at initial time, B : Adhesion and sticking at middle time, C :
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sticking, D : good
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kpol4}, ukEE= 0.1 % o]kt

I Binder solution |

|

| Nafronyl Oxalate, MCC, CSM-Na (CP or SSO), Si0: |

<« Mixing
< Adding binder solution

I Kneading(10 min) |

|

[ Drying(65 €, 4hr, LOD 2.0~3.0 %) |

|

I Sieving(18 mesh) |

|

I Mixing(20 min) |

~— Adding Mg stearate
«— Mixing(5 min)

I Tableting |

Scheme 1. Procedure of nafronyl oxalate tablets by
wet granulation method
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%, 045 m 9 A7|E SH6te] 104
3|Asto] HPLCO Ay st wlg] 2HdE A=A
of thdste] THE NFY s Altslsitt. ol o5/
2 HekE - Egjodotyl & 14K72:1:0.6, V/V%), ZH
2 Eclipse XDB-Ci8(4.6 x 250 mm, particle size :
5 um, Agilent, USA), T2 282 nm, 42 1.5
ml/min 183 FYF2 10 ulolUth

ojuf AAFUY AF-2 WHZE AlAsto] 150|51HH

A3 Aoz St
24 S5 Y HIEE AR

B9 ARL e 12714 8o Al et 2
2 Ao R 3740.2 ToA ARINS 187F 20~32
3] 9 A7I0 B ofne} AZke St of w2
F2o] £ Qo] ¢S W et FmE Aoz wo
shgick.

2B AxE AY AAET 9)% Bk (54
g A&A9Z olg3tel ABIORERAA 1A] et
82 ARN(E, AZU(PH 12), pH 40 L AZH

(pH 6.8)) 900 mLolA 37+0.5 T, HEHOZ 50
rpme] FACZ EEAHE AL & AHAIZE
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744 (5, 10, 15 ¥ 308)02 &% 5 mLE F5}to
0.45 m T2 o1}t F, HPLCO| FUste] o=
AR Bz AT SAoHA E46ta vlg] /= o]
2 A Ao ddste] 8E5Z A4St

7t &2 vtRolA Lojzl EEAE A &EE
%), &2/ 2 &5 FAMoE SRl &5 &
AL Model-independentES ARgSte]  FARRIA}
(similarity factor, f2) valueZ B7}5}IcH13,14]. ©]
d FARIA (f)& Eq. Q82 Aoz Aikslort

> = 50Xlog

@

1a —0.5
LS n -]
=1

o7l ne BEBNS SHH= AHY SolL, R,
o T 242k A1 jol M okt Algee] B 858
@2 VERTE. S48 7K glel 50 ool
WE BT AHolA 5 A 210 B BEE Xjo|S 1]
W u) Are] WF 8EFo] hxoF BF §E8O
£ 15 % o|Ufel A% 53 A0 WAHACHIS, 6]

2.5 OFHN mIt

MEE Al AAE wdE EFodAgrlo] &

lo

%, 74240 ©, 75 YRHPIA 6749 Ft maksh
A e 7ol ek Ay 9 9 sl 858 wa
£ Wil Berstgnt

3. Zat # uF
3.1 SHHe SafHel B2iN S4

Khan[17]%} Rudnic[18]+= 837} & o]F01x]7] 9
Al BolAl ARE BA W thad vIEYQERE B
< Holsole 58 & A (Wicking) @4o] Fasitt
1 B35ttt ESE Kornblum([19] 52 8 sk
9] HrzQl BafAY F5&2 BT W capillary
activity®, 3182 Be-8 03 zhgslo] 943 K5
a3 Uehdcky Busiith. mEkA] 2 Aol m
& AAE s fls ARgEloIAE ofF 714
AL} BolAY S5, 54, Py Ut 2 &
214 E48 jolsto] Table 20 UeRAATE & SSGoF
CSM-Na9] &58&2 A3} 40 TolA 5 o} 24zt
4.629F 6.92 181 4.233} 6.540]9.24 SSG= 473t
o] 20.31+0.06 2 & CSM-Nal} CPET} 34H] o}



fill‘

AFs7| &880 A2438 A11%, 2023

Al Bafigo] £Z AR 7= ojXIth 40 TollAl SSG
ot FYsHA 6.92 9 w2 5488 UeE CPhe &
LoJME Aol Z&ER] Aot E3F HPC-L, L-HPC
4 starch 15002 40 T2} 28] A20A4E CP2}F FAE
3 TR PkoUt L-HPCE 8.34+0.05 th &2
73S YT Lactose?t MCCE A-23 40T
oA o HEO| FHHT 43S gl
FudreE= 2po|7t §i19leH MCC, CP ¥ HPC-LO|
747} 0.52, 0.34 ¥ 0.472A] H|1 & do} 54 A
Aot FUTE & T & e FBAR] ACE 7t
ozt 59] CPe 58, 4351 4 Fudr: uF
AFet = Yetlo] /541 By 37 $a3% 9
TS T AoRE Z|gEojXIe} o]2fgt Aol wt 2 A
FoAE S48t 43lFo] T Yol capillary activity@t
3o kst lactose®t MCCe FIAZ, &580]
=2 SSG CSM-Na: B3j|AIZA @7}6}04 ol AT
£ A5t

Table 2. Physical properties of several diluents and
disintegrants (Mean+SD, n=3)

Physical property
Moisture
Ingredient absorption Hydration Bulk density
() capacity (g/md)
A B
Lactose 0.77 2.31 0.08+0.03 0.77+0.03
MCC 1.16 2.31 2.95+£0.04 0.52+0.04
HPC-L 0.00 2.66 1.96+0.18 0.47+0.01
L-HPC 0.00 3.09 8.34%0.05 0.57£0.01
SSG 4.62 6.92 20.31+0.06 0.83+0.02
CSM-Na 4.23 6.54 6.62£0.02 0.67+0.00
CP 0.15 6.92 5.02+0.08 0.34£0.02
Starch 1500 | 0.00 3.23 3.28+0.22 0.81+0.02

A was % weight gain after storage for 3 days in 50 %RH at room
temperature
B was % weight gain after storage for 3 days in 70 %RH at 40 T
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£ 7o) vhee Zoz Bl Ee ez

A Mg, st 9502 AAgoHE AuThs §3so] £

SOsE 3 A Aol $54 el =80l g
‘-— O

o= AAEoIHH

F3A9] F7et FZ DEiste] AR S Al
zsto] 2214 EA4S BUiste] 1L Z3E Table 19 Y
Eioltt. & A204 F5&% FilEo] Addos
Wotd HPC-L¥ L-HPC7F 3+ AR 1, 2 % 32
1401402 f-5/d0] mf¢ vl 501549 2 Axg
YEMATE E3F lactoseETH= MCCE 58 % $H33F A
1 27F R YEATE Bl R SOl A4
g BE YRS lactose®t MCCE Z§oto] ARESH
A 30A = BoAl7te] 87202 X|AEE oz H
of lactose Erli= MCC7F B #4-83 H3A= Almd
o} ol ARA 9 B2 e 51 7|Q1E A
o= AgEojHh

CPE 3.34 %= A3t MCC® starch 1500
1:29}F 2:12 H718t A9 49 5014 Haunsner ratio®}
Carr's index7} Z+Z+ 1.163% 13.70 282 1.313%
23.53024] MCCY] ¥o] AATFE F57440] /N4
o {7 @2 UEUA] YT sticking @4T UERY
= A CE A= o Ja) AlTte] 11.0% 11.58%
o2 A=} o] Khan(15]19] Zue} 5ds1A A
2049 F2 F5EE Ql FA WY v WEY
I8 &5 Woksols YA @4o] LA dojubdA
Bl AldE ERE ofugt NF 7F §53 482 A9

E55HA ol By #gollA]l AEFolu FakdAdol v
s 2oz AlREX

BHAEA NF7F 58 22 528 5 s B

9] =2 55285 714 CSM-Na2t SSG= 6.67 % E%}

3 A 6} 8o U F&&0] o NF/F g4
Syt ofje A9 SRE T F4sto] Trfn

/go] vk HA By 2715H HE A @4l
et E3 CP7E 6.67 % S0i7t A 7914 85
go] 7hA=o] By 27lolle Fzhat AHA ddo] I
ojubA] gt} A7te] Agol wet Aol 7t LERs
o} E3F CSM-Na®} CP: B3| A|7hS 5.2802 ZHa

AFoY F3}2o] ofF &d SSGE B3 ARk
AA71A] EF). ol YR F3kEo] YR o A
W& SEo] wl2A SAl=HA B3= o] Asts|o] Fa
£ Welfola By g0l dF2 vA)7] HiE]] A=

AtzE: ol Bt el doju] AshA= capillary
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%T}

r.l

act1v1ty9]r Kornblum[l9] 5

CP9 & 26 %= Z7FA]7]2L CSM-Na2} SSG=
10 % A7F 5t%Z W SSGolAlE B3l Algte] 1280=
WA A] Lot CSM-NaoflA&= 3,580 5-5=HA]
Haunsner ratio®} Carr’s index”F 1.213} 20.112 <%

3% §54S s A AZT 5 Atk

olge] UPFAES B3 FEAol U NESH 22 F
e FRoE DIAAY ARAANIE 2G4 &

58 2ok 9 YuuEe} 2o Beln B4 o) AR
ot Bl s 24T 5 g lzel Fa Bt

N

Hzedq §857] A8 4 A Ao slchEloiitt
3.3 2AUTRY $Q5H SN HHO| ME U

Bt

NF 33.33 %, CP 26 %, lactose 20 %, SiO; 8 %,
Mg. stearate 2.67 % “18]3l MCC 10 %& 3to] 54
Hog AxotHS o BHERF 312.3+ 1.12 mgdt
98.5 %Ol HYst T 121 7)o o AgHAL
o AAHF LS 7H = Fa8T e/ ol Fagt &
d BAE AZRZE 5= ASich

3.4 HlZ 7}

AurH oz SARIH AL 0914 10002 tehy
o, 00 HIESE 82 THY FAE Aadt
3 1000) 7SS 5 8% F4o] el AXFHE
BolFA| ek, weh SAHA 245 £ 82 3
He] gAo] 27} Hrt. AAHo R ABES
s 3 ARINE FARIR $217F 1000] He
A9 A EASHA k. ol WA} HjX] 7 E

ESMY

2ES} 2E 719] WA} B £ fEolct. uet
H A QRS 50~100 W9 9re] 4418 ek
5 8ETHL A% Aow JgHt =, o A

Zhztol|A] Hixefat Algere] dd BabE Ael7k 10 %
kol FAMIQAL 21 500140] Hol & AlA9
&34l RARE Aoz WgETH20,21].

Wt 3974 25 4712 8= AlRdelA 30 ol
Hiell 80 % ol S&=deH L™l A5 SEE2
A=A il e<pet W ZiE Yt UtHFig. 2).
et tizofat Al I578A|19] 2, pH 1.2, 40 H 6.8
Ao A FAMIARH A)= 2+t 87.5, 84.5, 75.5 H

60.524] HAHOo = ARE NF -8 &M AA1= o
Zomt AR oz F5sitke AL ARIg & Qloick
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(a) Distilled water

120

Ll

100

80 |

[

—&— Dusoril Cap.®(Reference)

Dissolution rate (%)

a0 | —e— Uncoated test tablet

~#— Coated test tablet

15

Time (min)

20 25

(b) pH 1.2

100

80

[

—a&— Dusoril Cap.®(Reference)

Dissolution rate (%)

40 —e— Uncoated test tablet
—B— Coated test tablet

20

10 15

Time (min)

20 25 30

(c) pH 4.0

b

100

80

60 |
—a&— Dusoril Cap.®(Reference)

Dissolution rate (%)

40 b —— Uncoated test tablet

—8— Coated test tablet

10 15

Time (min)

20 25 30

(d) pH 6.8

120

100

80

60 |
—&— Dusoril Cap.®(Reference)

Dissolution rate (%)

40 b —e— Uncoated test tablet

—m— Coated test tablet

20 b

10 15

Time (min)

20 30

Fig. 2. The dissolution profiles of nafronyl oxalate
from uncoated tablet, coated tablet and
Duracel® capsule (mean+SD, n=6).
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3.5 PPN ot

Table 304 H&Hlel o] 7l&ExAA 671E &
ot BHolS o NF 3hir 04 A= 423} 8&8
o] |slglo] 98% ol FFsHAAI= Lt

Table 3. The Change of color, content and dissolution
rate during 6 month in accelerated
condition(40 T, 75 %RH)

Time(month)
Item
0 3 6
Color No change | No change | No change
Content(%) 100.60 100.90 97.70
Dissolutio'n rate at 30 88.90 89.40 93.00
min(%)
4. A2
@A aoiAe] £94 EHEEE, o, 7y

25), Bl o, B3l 2 8= 542 ERlst &
S40] B SRR YS FI5PEA el A
AE 294 GAE st sisic,

FajElo] w1 AL F458 CPE 26 %
2, 5318 9 §480] $2 CSM-NaZ 10 %2 3ol
5497 B0l YoM NFE Teoks £ 4
A HAHoR A2 5 A AR RKE
49 &A% B, pH 1.2, 4.0 2 6.8914] 3050
ol 80 %ol S&FIG o, 2t vt golA GAMY QA
£ 27t 875, 84.5, 75.5 9 60.502 AAEHoR
542 Uerholth. £¢ 6709 F9 7270 T,
75 %RE)IA A3t 280 Wit glo] 97 %olgos
SPgaiSict.
obgel ARENE viko s B4
54 o2l DYAR A 2R
3 9 Bugcel e 2oy
o) Wers 2AT S Yk 7

T2 F8H AR 4 3 Aer HEet

Z Lo

Fagol A2

B o

N
©)
o
ko
=
o
X
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