YAKUGAKU ZASSHI 134(4) 555—561 (2014) © 2014 The Pharmaceutical Society of Japan 555

—Regular Article—

B L = CHEAIT 2 L A E OB ERIFAFE(CKH § 5 RE SBEOXE

HRAE, « PR S S HKAL bR #E5h, © EilisE=, c
i e Pedid—, o ANHEER, ¢« RAIESE

Influence of Temperature and Humidity on Physico-pharmaceutical
Characteristics of Rasilez® Tablets

Yuki Nakamura,? Takanori Nakajima,*# Masanori Iwata,?
Yoshihiro Hayashi,© Kozo Takayama,¢ Hiroshi Saito,”
Ken-ichi Sako,? Yoshikazu Matsuda,? and Masayuki Kimura¢
aClinical Pharmacy Educational Center, Nihon Pharmaceutical University; Komuro 10281,
Ina, Kita-adachi-gun, Saitama 362-0806, Japan: *Department of Clinical Pharmaceutics,
Yokohama College of Pharmacy, Matano-cho 601, Totsuka-ku, Yokohama 245-0066,

Japan: and cDepartment of Pharmaceutics, Hoshi University,
Ebara 2-4-41, Shinagawa-ku, Tokyo 142-8501, Japan.

(Received October 18, 2013; Accepted December 27, 2013)

Rasilez® tablets (RTs) contain the active ingredient aliskiren, which is a direct renin inhibitor of the renin-angioten-
sin system and used for the treatment of hypertension. We examined the influence of temperature and humidity on the
physico-pharmaceutical characteristics (mass, volume, hardness, elution) of RTs. The RTs were preserved under condi-
tions in which the temperature and humidity were altered using the second-order spherical composite experimental de-
sign for multi-objective problems. The characteristics of RTs were influenced more by the humidity than temperature,
and differed markedly with over 55% relative humidity (RH) . The mass and volume were increased with increasing hu-
midity, and the tablets swelled. The hardness after vacuum-drying of the tablets, which preserved moisture conditions,
was increased. Semitransparent particles were observed in the cross-section of the drying tablets in which aliskiren crys-
tal forms were changed to amorphous forms. The mean dissolution time (MDT) of tablets was reduced with increasing
humidity. The critical relative humidity (CRH) of the tablets was 36.1% RH at 30°C. These results suggest that RTs, on
moisture absorption, showed changes in not their appearance and hardness, but also in crystal forms and the elution
characteristics of aliskiren.
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EEZBEND. FITABIFETIE, A O
A ERRNE N DR E SIREN G 2 D BT DONT
Wt U7z,

] &

1. AEHE MEE LTI 2L A%E 150mg
(FUZXFL>IRIVEEEEELT150mg) (/N
TaH4A 77—, #iEOy bESH, P0012,
P0015 K X P0030 D#KZfEHA L 7=, =DMk
BEL, TARTRSZ MR L .

2. HEORERHE  HHIOWHEEA AR
WCHEERZ B HHENE L THRESREZRT . H
FWZHZ0 PTP AN S50 H LU Z8ANX, F&E
I AN, HBHICE ERE N EE & LH21-11M
(FH AT AW NT224RRREL . R
S, POEGEBREIEEY ICERL, BE
(X1, 25-65°C) EAHWHEE (X2, 30-80%relative
humidity (RH)] @ 2 ZK % FIFHIZEL S ETHRE
L7z (Table1).

3. RIFIRE

1. 2k #HHoOHEERZ, BFRRE (P
U2 ZRAWTHRIEL 2. HIE 5 BTN,
RFRTOHF DEREITHT 2 REFHROHFDOEED
ELUTRD .

32. @K@ FU#)L/FZ 100 mm DT-100
CHriaREtst) ZHWTHE L ZER K OEARNS
BHUMERE2BAORBEEKE L, M OR
FFRTOERIRICH T D RERDIRED L2k 7. H
EL 5 |7 72,

33. BE  WAIOBEZ, fR7F 24 KEE%O

Table 1. Experimental Design of Two Factors and Physical
Units

Conditions X1 X2 Temp. (°C) RH (%)

Cl 0 J2 45.0 80
2 1 1 59.1 73
C3 J2 0 65.0 55
C4 1 -1 59.1 37
Cs 0 -2 45.0 30
C6 -1 -1 30.9 37
C7 -2 0 25.0 55
C8 -1 1 30.9 73
C9 0 0 45.0 55

X1: temperature (Temp.), X2: relative humidity (RH).

BEET)N7 NTT —1KR> T NUP2 (7 X7 >~
) I TREL 7ZE%e5 > — & NT 3 HERE
BeU -2 L, B9 NUEER (I b
AT 4 IR 2N T 5 BEIOHIEZITS /-

3-4. FHEER  BHEERL, BB NTR-
6200A (& ILpE¥-MA LD 2V, FH/RN%IEH
ARFE R DIElR/N Ay MEITHEILL THEiEL 7=
TV AEDA > HE 1 —T 3+ —LITHEW, [HlERkk
1% 100 [\1#5/ 4y, ¥4 H# X 0.01 moL /L i & i W&
500 mL, iHEIL37+0.5°C & L7z, {R7F 24 Bl
OHEF ZZOREH, IR (5, 10, 20, 30,
60 BN 120 73 %) ICEEHIK %2 2mL £RELL, #HIE
ARk E UZe. R ERERI, EB5IZRED 0.01
moL/L fifgitik 2w Lz, e+t o7 U A+
L >8I EREE (ERKE 279nm) =
WTERELE. B, PTPAENSEOHLEE
BOIPL AR bo—)LEL, HIEX6 [T
S 7z, 500 mL OFHIHH T 2 KEEVAMR S B 72 181K
DOT7YAFL DV EEZ300ug/mL &L THRERZ
ERRL, EnoEEzZEHL -, HIE3 6 [T
W, F5NENSTE— A2 MENTIC X DIFHEE
—fRF R HfR A f& (area under the disssolution-time
curve; ADT) KOSEEIE IR (mean dissolution
time; MDT) ZR®7-.

3-5. WHIOWEZEL - EEEAEICKOBEL
T BRI 2, SEARBEMEE SZ61, WHmMEET P &)
AIAZ DP12 (VU XA ZHNTHEREZL, #
BT,

3-6. mEEEHEATE - HFEOREEERE
%€ (differential scanning calorimetry; DSC) 13,
Thermo plus DSC8230 (#k=\&%EY /7 7) = /=,
BIENE, RE 24 RSB OEA 2 EZET 2 r—4F N
T3 HMBIEZEL=0E, AR OAEZHNT
B2 ke, &N U 72Uk 5 mg 2V, HEAERDR
ELTRE7 IV = L, FIELEPHIZ 30-150°C,
FHEEET 5°C/ T THIE L 72

3-7. BRXFERAE HAOKK X HREHT
HE1, X-RAY DIFFRACTOMETER RINT-1400
BEREHEV 7)) 2RV, BIER, #7F 24 KR
BOMK 2 EET S r—F NT 3 HEBEZEL /=
D5, AKKOABZANTYRE, SHFLEzbD%
k&L, EBIR60mA, FHBIE 150V, [A[HrMA4E 5-
30°, AF v HE2.0°/ 0 DEETITH /-,
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3-8. BRAMMEBEDQRTE  ®AIE 30°C D
BT, 40%RH, 55%RH, 70%RH, 85%RH 2%
E U7z EB B ARERER G LH21-11IM (77 51
TAER) HICREFEL, BEFEY (0, 24, 48 N 72
Kef) ICETFRFE (FIV hU D2tk I TEE % H
E L7z FREHIDOWT, HEBRGRTOE =T
LRGHOEROMEMEZ KO, BIEIX S BT
WV, EOMNIENS, SFH 5P OFRITHEY, iR
FRARE D, A E  (critical relative humidi-
ty; CRH) Zko7z.

39, WMEFRNE  BHNTA-F ORI
12, WM SYOHIEICHES 2. £, BEREIFSHT &
O D ORFEEHELEL, Bl 7 0r 5 4
EHW, BEBOHICHZ0, S HEZ 2502
REERICE > TTFHIL 2.

#& R

1. YEEFFOFEEROFARX BRESR
T (C1-C9) 1TBVT % R D 1y PR EEH A e M
% Table 2 IZ/" 9. AR T TH HiREZ X1, 1
SHEEZ X2 &L, FllfEzEICERIFHTTHES
NS RESRMLE (C1-C9) 1BV 5717 24 K%
DEREDO TR (HE[EE) % Table 3 12K
B O EAHBE R L 0.9915 (‘H &), 0.9728
(RFEHL), 0.8914 (F#JE), 0.9003 (ADT) KU
0.9643 (MDT) &720, WinbEfEzZRL 7.

2. HEI EREENICIBISIESRGOEE
eV C5 12 B W THEALAE 0.989+0.010 Z/x L, CI
BN TS E 1.099+0.005 #7x L 7= (Table 2).
Table 3 T/RLUZTHIFX (YD) ZHEWITHAS Z
EERHBEMNC, PRTF 24 IeFEHE DR K OV kR B &

HHOERELEDOBEKRE IRV T 7 TRLE
(Fig. 1). =R, HEHLIFEEICLIDRELE
E89, DLAEED EFITHEWEML /.

3. R EREENICBIT S E5MORE
FiE, C5 AT C6 1B W THKAE 1.00+0.00,
1.00+0.01 2L, Cl & CQ2IZBWVWTZENFNR
Bl (1.16£0.02, 1.16+0.03) %z~ L /= (Table 2).
Table 3 T/rLZTHIK (Y2) 2HEMNITIAS Z
L& EMIT, RTF 24 FeRIE OIRE KR O R E &
A ORMEL E OBRE 3 Xty 7 7 TRLE
(Fig. 2). ZD#R, BEOD EFITHENAREIIZE
MUz, F£/z, KEEAET TIHREICISEMELD
ZITIFZEAERD SN DD, EESHTT
VIR D EFITEWRRE LI U 72,

4. BE  EREHNICBUT DSR40 ED
HIEMEE, CTITHBNWTHRKE 10.4+-0.5kg Z/RL
C4 1B W TSl 28.4+1.7 kg Z7: L /= (Table 2).

Table 3. Correlation of Various Physico-pharmaceutical
Characteristics under Storage Conditions for 24 h

Coefficient Y1 Y2 Y3 Y4 Y5
a — — —3.6735 —17.297 —
b 0.0073  0.0128 —2.4141 —14.151 —0.0553
c 0.0022  0.0200 3.9866 4.127  0.0391
d 0.0362 0.0586 3.1619 —18.501 —0.0812
e 0.0039 0.013 —3.8005 4.394 —0.0291
f 1.0298  1.0553 26.6589 336.369 0.3114
r 0.9915 0.9728 0.8914 0.9003 0.9643
F 578.37% 176.22*  30.17* 41.05* 162.67*

Y=aX12+bX22+cX1+dX2+eX1X2+f

X1: temperature (°C), X2: Relative Humidity (RH), Y1: Weight Ratio,
Y2: Volume Ratio, Y3: Hardness, Y4: ADT, Y5: MDT, r: Multiple Corre-
lation Coefficient, F: F value, *p<{0.001.

Table 2. Various Physico-pharmaceutical Characteristics under Storage Conditions for 24 h

Conditions Weight Ratio Volume Ratio Hardness (kg) ADT (ug-h/mL) MDT (h)
Cl 1.099+0.005 1.16+£0.02 25.3x1.6 279126 0.088*0.026
C2 1.0784+0.005 1.16£0.03 249+1.1 305+10 0.162+0.026
C3 1.0314+0.004 1.09£0.02 23.0+2.6 330+1 0.4014+0.015
C4 1.0034+0.002 1.01£0.00 28.4+1.7 330+1 0.380+0.006
C5 0.989+0.010 1.00£0.00 13.2+0.8 335+5 0.322+0.034
C6 1.005+0.002 1.00£0.01 13.8+0.8 336+2 0.284+0.011
C7 1.027£0.002 1.02+0.01 10.4£0.5 31148 0.233+0.016
C8 1.065+0.002 1.10+0.01 25.5+0.5 293+3 0.183£0.009
C9 1.031+0.002 1.05+0.00 26.7+1.3 336t4 0.308*0.012

Data represent the mean+S.D. Weight Ratio, Volume Ratio, and Hardness; n=35, ADT and MDT; n=6.
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Table 3 T/RLZTHIL (Y3) ZHEMITRASD
EZ BT, PRIF 24 BFRIEE DR K OFE R &
WHOWEE L OBfRE 3 X507 7 7 TxRL (Fig.
3). TOME, MERRELTITREDZEE X
J, TNONERT DR THESHEMT LI &

Weight Ratio

(‘t‘) 65 30 &

Fig. 1. Three-dimensional Diagrams of Weight Ratio Based
on Temperature and Relative Humidity for Storage

Volume Ratio

Fig. 2. Three-dimensional Diagrams of Volume Ratio Based
on Temperature and Relative Humidity for Storage

MRO BN, —F, HWH OBz s Felgkd
5&, PTP > — o WO MU ERZOEFTIE
HEOMMN WKL, &ESEAET (C) REERD
HHTIZFEHADOK TR S Nz (Fig. 4).

5. AHEER EYBEHEONTIA-FTH
%, WHEE- R TR (ADT) MOSES%E
R (MDT) O EBRFEBNICH T 2 RIEMISZ
NFEN 279426 (C1)-336+=2ug - h/ mL (C6), 336
+4 ug - h/ mL (C9) %1\ 0.088+0.026 (C1)-0.401
+0.015h (C3) THho/z (Table2). Table 3 Tin
LTHI (Y4, Y5) 2HBEMNICHEAS L% H
BT, PRTEF 24 WefE1EE DR EE K OVFEAHE B & 8551 D
ADT & ORIfRIE N R 1E 24 REfE12 DR K O Xt
IR K O MDT & OBEfR%E 3 Xt/ 7 7 TRL
7= (Figs. 5 and 6). FD#E%E, ADTIIREICLS
RERZIBD 5NT, BED EFITENEDH
DUTz. 72, MDT OEIKESAF FITH W TR
ERFRNZEEML /2. X 512 MDT I3{8E 0 L7

Hardness (kg)

) 6 0 &

Fig. 3. Three-dimensional Diagrams of Hardness Based on
Temperature and Relative Humidity after Storage for 24 h

Fig. 4. Microscopic View of Cross-section of Rasilez® Tablets before (A) and after (B) Storage at 45°C-80% RH for 24 h
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Fig. 5. Three-dimensional Diagrams of ADT Based on Tem-
perature and Relative Humidity for Storage

Fig. 6. Three-dimensional Diagrams of MDT Based on Tem-
perature and Relative Humidity for Storage

PENEDEA U 7z,

6. DSC RUXK X #RElHr  #AFY U XF
L > DT % 8T 5 72 DSC UK X (el
FOWPEZITo. 45°C KM, 30%RH, 55%
RH, 80%RH DR BRI T 24 REf R U 7= 25 B4
% Y E M A% S B 72 aUEHT B 97 5 DSC iR &M O R &
X #EH X 2 Fig. 7 O Fig. 8 IZ”9. 7 U X
F L 2O AIL 95-104°C TH 5. D DSC HIE D
R, 30%RH Okl HWEHEDH, TUAFL
CDHDEEZSNDWEE — 7 73 100°C (i B
KA [Fig. 7(A)], 55% LI EORERE T TILFE
FEDWEE — VI3RS N> /= [Figs. 7(B)
and (C)]. #AK X #EHrTIL, 30%RH [Fig. 8(A)]
12X 55%RH & 80%RH [Figs. 8(B) and (C)] T
13 520 (R DN R E — 7 ANEAR L, TO—R
EANCIE AT AR Aoyl
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Fig. 7. DSC Curves of Rasilez® Tablets after Storage for 24 h
under Various Conditions
(A) 45°C-30%RH, (B) 45°C-55%RH, (C) 45°C-80%RH.

7. BRENEEDORE  30CEKMAET, 40%
RH (A), 55%RH (B), 70%RH (C), 85%RH
(D) OEERETHREFELZEFICONT, BERH
IREEEMEERD - (Fig. 9). &&BITBT2
BHEWMEL, BEDOEFITHE THEML, 24k
fMgicznZFhn (A) 1.60+0.23%, (B) 3.38=+
0.33%, (C) 6.65+0.21%, (D) 11.34+0.56% &
B0, TNUBEEE-E &L%ok (Fig. 9. D\
T CRH Z:RKD 27012, FEL 24 REEZ@ES
ERROMEE o Wi EE B 2 KD, ZOfE%EJH
SHEEEICH L TT Oy b URER, BAFRERBIGR
NEon/z (Fig. 10). o =EEO G Z K
Wiz & A y=0.009x—0.3248 (R2=0.9614) &7z
0, ZORXIHIEEE=0 2/ EL TEEHEL =%
B, A®K|DO CRHIZ 36.1%RH TH > /~.
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12000 % ®
£
£ 8000 VL AEEOYHERFIMEEICEZ DRE &8
£ EQFBONTEERM L 055 H - THIRE
= 4000 W TRHMET -7 & 25, MEELD HIREREA
0 : - ; SHEEOHPREL, FIT55%RH L ETHET
5 15 25 35 HBHZENRINTZ, BRI NITKIELICRT S
26 (degrees) HEIZBWTIE, REXOHBED LEFITHE S TE
12000 | B LU, 45°C-80%RH &ff F TIZE&EIZH 9.9%, 1K
z IR 16% L TWw/= (Table2). Z @é;@tt
2 3000 | SRR D W TR BT 217 & MBI IR IR
= 0.901 &3HRIEATI® 5N, LR DEB)
= 4000 - ERT D LSRRI N, CAULRAISRE D [
0 . . . P TR LR L 72 £ A 50, AIRAYIC b
5 15 25 35
20 (degrees)
12000 | C 05 1
£ §_. 04t
5 83203 |
5 - SES .
4000 2 § E 0 |
0 1 1 ) -
5 15 25 35 £ o1y
20 (degrees) = 0 ' )
Fig. 8. X-ray Powder Diffraction Patterns of Rasilez® Tablets 0 25 50 75 100
after Storage for 24 h under Various Conditions RH (%)

(A) 45°C-30% RH, (B) 45°C-55%RH, (C) 45°C-80%RH.

Fig. 10. Effect of Relative Humidity on the Water Absorp-
tion Rate Constant under Various Conditions
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Fig. 9. Changes in Weight of Rasilez® Tablets under Various Humidity Conditions at 30°C
(A) 40%RH, (B) 55%RH, (C) 70%RH, (D) 85%RH.
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KIDONBMNIE S LTS ZENBIRINZ. D&
ZRFNIZF L <EHALL THBO, 55%RH DL EOEE
FEUTTIIEEERET 2 I ENAAHETH D .

T I THEIZDWTIE, HLEMHITTRE L 84 %
WIEE R L 72O BHIEZTTo /2. TORR, Al
F& 45°C DLk, 188 55%RH LA DS Tl A
AKUTHBO, BEEL L= 8A 2 EEEI g5 2
CICEVHEENERTSE I ENED 57z (Table
2 and Fig. 3). Z OREEAEA L 7= A O Wi 2
RID BRI BR SN (Fig. 4).

ZSRBBTEI &Ik, EEOBEEE
M2 U BRI SR E 2 TR L 72 2 &Ik
5EZEZLNDN, TORITDONTIIS KM
AL ETH S, DSCHIEICHBNWT 55%RH LA |
DIEBELEMH T TRESINAEATIE, YURFL >
O — 7 L L2 & (Fig. 7), ¥R X
BHICBNTH 55%RH LA EOEESM: FTHRE
IN®-HITIE, BITE—2202LL 70— RizlE
NNy —>Ela>7-22& (Fig. 8) o, WEL =
BHFICBNTT U AFL > OfERENIERENE
LT T EAVRE I N, EEtEBRICB N T

ADT i TNZ MDT O3 E &L,
BlOWHRIC LD 7 ) ZF L > OEENREL 2> Tw
5 EMERD 5N (Figs. 5and 6). —RAJIZEY)
W, JEREICRD I TIRMBIENE TS &
MHISGNTHD,9 ZOHFHFIIHKFOY Y AF1
SIRIZ X D IEREANEBL L, BEID S ORH
HNEE S AR VRB I NG, £,

25°C T CRH 7% 50% RH LPLF O 918 D3 g % ) &
EREEINTNVS. Y AHAD 30°C IZH1F% CRH
1336.1%RH ThHh-o7=Z & (Fig. 100 i, 521
AR THIRMEDE WK TH B T ENERS
Nniz.

AFFEL D T2 L ABEOWIRIE, HIZEF DI
P ENZLT BT T <, FIEOFKFIE - 5H]

DI ES BT EDZENS, TUZXFL 2 OK
PORESCMTREICOEEEEADEEZEA5N5.
U 723 5 TARBK &2 AR AGRATT 2 BR121E, 1RE
PIEEIC LD FEETHITEE LI
THHIEFHELD, MOEENEEHESCBRFTITH
U CHRIFIFAE I D W ARF O RO vy, H
WCHANDREHFEIDNWT IR T RINA X275
ZEBHEEEZS. EhmmAIcs > TEEHED
#qHZ @b dsdZ &, TR S ADMEIZ
HORMNBHEHEIRY—ERXEFTAD. SHBIZITDL
AGED —ALIT BT AR RE HIEITDN
T, AL TW ZENNEEEZ S,

AR E N E Wb S -FNL < EfidhiTn
0%, T OREEICB T 2 G HE, — I
A2HZE =T+ —ALIEREHI N TR, A
FED K DI B DKL I HE D Y HEEEA =R MEE D4
BIZDWTHIE 2175 2 813, BRI O AR A
BHABHIFRIT H D W TR 2 B D )5 B O BE 74
WREBRVED.
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