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Pharmacokinetics of three new cocrystals of pioglitazone hydrochloride in rats
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[ Abstract] Objective:To evaluate the absorption of pioglitazone hydrochloride (PGH) cocrystals in SD rats
and improve the problems of poor solubility and low bioavailability of PGH. Methods: Cocrystals of pioglitazone
hydrochloride-para aminobenzoic acid, pioglitazone hydrochloride-para-aminosalicylic acid and pioglitazone hydrochloride-
gallic acid were prepared by suspension method. PGH and 3 cocrystals were characterized by a variety of analytical
techniques, and the concentration of PGH in rat plasma was determining by high performance liquid chromatography-
mass spectrometry ( HPLC-MS) to analyze the pharmacokinetic parameters of cocrystals. Results; The 3 cocrystals
all showed good stability and solubility. Cocrystals of pioglitazone hydrochloride-para aminobenzoic acid and pioglitazone
hydrochloride-gallic acid could significantly improve the bioavailability, peak concentration (C,, ), and area under
the curve (AUC) of oral PGH in rats. Conclusion: Cocrystallization is an important method to change PGH solubility
and absorption characteristics in vivo.
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b W2 nik #% %1 Bid ( pioglitazone hydrochloride ,
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FORZS BACYE B[R], AR W) F B 4% 5, B R 2Y
W 00 22 A VTR P, TR B8 24 ) 1) i B AR S R
SR Y BRACE B A AE Y R R T A —
O SCHk M iE , PGH A A T 5 A 1T AN AR IR
B G E T 4 Al RN EA G PGH I 1 BF
TR,

ARWFSEREHE T 3 T/ TR A G PR 3L AR T
& (cocrystal former, CCF) , B A& 25+ 2 WL A 1, 58
B WE S PGH JE 1k R Nk A% 371 i - xof 22 BE 4 1
fig I 54 (cocrystal of pioglitazone hydrochloride and
para aminobenzoic acid, PGH-PABA ) £k % Al 4% 1) Bl -
X &, L K % B8 3 & (cocrystal of pioglitazone hydro-
chloride and para-aminosalicylic acid, PGH-PAS) #l
ER TR i A% 51 B -1 1 BR L A (cocrystal of pioglita-
zone hydrochloride and gallic acid, PGH-GA) , #| F ¥
K X FHL A7 5% (powder X-ray diffraction, PXRD) |
21 4% 1 (infrared spectroscopy, TR) | 2278 F1 4 &
s (differential scanning calorimeter, DSC) #4173
fIE% €, Jf 1l HPLC-MS % e KB A ik PGH 2 3
ol A AA DN R R RS 2 Bl e R
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DN S S A PV TR SCXK ((5)2016-0006
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PGH (DU B4 A J A BR 2\l L 41t 5. 100401,
4l :98% ) s PABA (b mtfb il ), 4t 5 : 20160120,
R4t s PAS (Alfa Aesar 2 H), it 5 :10165388 , 4fi
JE>95% ) ; GA (BRI B & AT R 2w, 4t 5.
20110510, 205 > 95% ) 5 B P4 (b 50 E R AR
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B ([ B2 22 B 2 B 245 W0 0F 90 BT O 38 bl SR A
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i iR B /K %5 (60 40, AR I pH =5.0) , Ve JIi i &2
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W ARATT G P35 B N Sy 2 it A R T I A B BT AT 5
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DB 2,3 b R 00 8 R RT3 b A S 0 1 AL
588 JBE FIE WROME A8 T IRk 24 1 O 2B AR Ak T B RT B
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1.2 IR CRJUEEWA AT XT PGH Fl 3k i i 1741
ANETEAS TR 4 000 ~ 650 em ™' £ 4 16 WK, i0
SRELAMERE R 3, 5 PGH,CCF A I, @ iy
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TR B, R A A I Y R B T
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1.3 DSC %} PGH A1 3 F g 2 3t 5 k45 DSC 5z
5, i sk Ml 28, >R ] STARe i b 23 45 4 X [
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PAS,PGH-GA [y W $ Ui 55 [ 6} 24 Wi A 06 (1 3R 32 34
AR W A A 3, HL7E It RE 24 W #R 0 b R 7 A=
W P, 2% B A BT 09 W) AE 2R B, JF H PGH-PABA
5 PGH-GA (45 S B BAK T PGH F1 CCF, KB Al LA
3 o e R B 2 W 0
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1.4 FEMEMR R PCH J5UR 24 & 3 Fhk fh At
ariE T T R T 4R R I R A
WUH AR, I T d0,d5,d 10 & s AR S0 mg
T PXRD 73 #7455 R W, PGH J5ik} 25 5 B 7E 5
R OGBS T A, AR E R B S PGH-
PABA ,PGH-PAS,PGH-GA 7 =8 . & B DGR &4
THHRARGWEREN,, WRSEAYITLEE T
Ffi

1.5 REEEEM PCH Z MMl tEeiy, b 1
PEAN e S ARDOE T IRk 24 b AT TC U ik 0 35, 0 DRk
2y [ 3 P AL S EAT TR AR R DR o VA AR 1 £
W 5,78 0. 2% + — % F 5 B2 44 ( sodium dodecyl
sulfate, SDS ) 7K % W T, PGH 5L BL 25 1Y 45 il i
44.11% ,3L 5 PGH-PABA ,PGH-PAS, PGH-GA A
435 M 99. 58% ,94. 68% £l 77. 07% , % PGH
i B 3 3G T 1.26,1.15 F1°0.75 %, H 3 Fhidk
i 5 R AR LE f, <50, BERA 3 Rl S 7E 0.2% SDS
K BV A Y W 2 e T PGHL

a

-8-PGH
--—PGH-PABA
—-PGH-PAS
-#-PGH-GA

1 L 1 1 1 1 1 1
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t/min

B S5 PGH R HILFAE 0.2% SDS H i i ith £k

2 AREER

2.1 AEEHREYE  BES MK FES . E N
PGH (AR HE ML AL & A NARE PGH #EH 4 h J7
B4 I 3 A A £ L, TR I R R TR G PG R R
BB T S5k By HPLC-MS 44T,
AR PG B 5 B2 IFA] 43 51y 2. 327 F1 6. 080 min, H.
T R, 7E P B8 I [A] 3 [T P 240 5 A PN 5 ) o B
HoA Yy 5T T, R4 M /0N Tl R T R
iR ILE 6,

2.5 5

2.5 5

t/min t/min
2
b
N
2.5 5 2.5 5
t/min t/min
2
c
N
2.5 5 2.5 5
t/min t/min

B 6 =z Hud(a) FruERES MK (b) A AR PGH J5 MU AL A (o)
PG(2) LAM45 (1) [y HPLC-MS &

2.2 FAHEEGHE EMENBEE R RMWLNE
Je il PGH PN s % B 7Y P f U T A L {0 o 2
HEAT AL B /N — SR o1 45 2 . sl R Rl — KNS
UM SE 3 A e J3E 10 Jo 45 FE e, W 5 L O T A A
R4 B s A K 5 RN E 3 /> vk JBE B4 A i, 0
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e 3 d i H )R B FURS 25 RE VAR R RN
%I A RE Ml RSD Sk £in . &5 R LM, PG 7
0.05 ~2 mg-L ™" P& 0 2 R, A vf i £ [ 5 )5
Tl y =0.3154x —0.000 2,R* =0.999 2, Ff H K 5%
FEFNAERR B B0, A B T s R (AR 1)
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XxX+s,n=>5

HXN H [&]
W /mg- L~
W JE /gL RE/% RSD/% W B /mge L RE/% RSD/%
0.15 0.16 £0.00 107.04 2.9 0.16 +0.00 105. 58 1.24
0.6 0.59 £0.02 98.6 2.88 0.58 +0.01 97.17 1.96
1.75 1.81+3.12 103.5 312 1.84 £0.05 104. 89 2.59

2.3 EWERSERPMA 40 pL 25 (i3, A
760 pL I %5 /3 4R 7% 3 min, 13 400 r-min "' B 0>
10 min, b2 WD b 25 (K B3 W 1025
M3 3w N 43 5m A PGH 1 1S, 47 3 min J5 &
L, e T M 2 )k 0. 15,0.6 F11.75 mg- L~
MIRE 25 6 0y LS pL L& #E4T HPLC-MS k&, i1
BOPGH PRV MR 7 25 (IR 1 Wb i Mk B PL,
Horp L SR B AR b b PGH [ R vk B 5 P
B FAE , & BT ROV 2 6 P15 3 3 AR I f 19 PGH il
RRRE MR 2 b A5 W 2,8 3 A Ik
B PGH [y il R 4 85 S Fae , H L %t PG WA
b ) T 0 A 8 A KON, AT T SE G R A R PG
B 0 7

F2 0 KRFUMEAE ST PGH 1 [a i 5 3 5

xX+s,n=>5

W /mg L' [WUgH/%  RSD/%  FEFREN/%  RSD/%
0.15 97.94 +4.61 4.7 99.18 +4.4 4.5
0.6 96.23 +4.84  5.02  98.59+3.56 3.6l
1.75 98.5 +3.13 3.18  101.99 £4.04  3.96

2.4 FEEMS®  HLO0.15,0.6 Al 1.75 mg- L'
I RE A 6 I, FEE IR E 4 h, F I 6 1 L&
Al 3 R AL B S FEAT RN . 59 B3 A TR B T AR
FE G IEAT AL B, FERE S AP OCE 24 h S KR PG vk
. AR WR 3,4 h WA RE, R E R
PAEA S e i rh PG MR EE

F 3 KBRS PGH Ay FUE M Xx*s,n=5
it fe & 1F B /g L e A RSD/%
(40,18 C) 0.15 0.15 +0.05 3.23
0.6 0.56 +0.22 3.90
1.75 1.84 £0.45 2.43
RE (3K, -40C) 0.15 0.16 +0.04 2.29
0.6 0.58 £0.12 2.14
1.75 1.90 £0.36 1.89
B IRHCE (AL 24 h, 18 C) 0.15 1.54 +0.07 4.44
0.6 0.56 +0.15 2.77
1.75 1.85+0.25 1.35
3 PGHEIMEBREXRBREANNGHERAR B, HLA 0 I R T R AR A
KBRS 47 PCH L H LR S N <00
SRR 4, PG 1Y T34 1M 24 Wk B -1 (1] i £ UL & .
7. 5 PGH R 25 A0 LL , 255 PGH-PAS 1) 224 5) 400 —=—PGH-PAS
ESRORAR KA BB (B PGH-GA (1) Ifil 245 ¥k & - “ 00l :Egﬂ:éﬁBA
st ] it 26 °F 17 #2 ( area under the cure, AUC) 30 T g
0.38 {5, 4t 7 PGH-PABA Al PIO-GA [ 24 1) Ule vk Jif £ 200
(peak concentration,C,, ) 43731 0.77 1 0. 66 100
£ iz 3 5 g 3 3 in PGH 78 K BUAR P9 1 1t
e, i 38 A 9 AT . 36 B PGH-PABA I PGH- % s 10 15

GA Hy iKW ][] (peak time, T, ) 5353 f 1 0. 53
A 1. 48 {5, 2 52 0] (half-life 2, , ) 25 T B, 92 78 %
LR AT BERE R T PGH il WSO 5, bR 1 25 4 9 7K

t/min

B 7 PGH KIS 7E R RN Y I 25
He JEE - [ 26 (2 £ 5,n =5)
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R4 PCH FHIGRLTE K B N1 25 82 2 5

XxX+s,n=>5

¥ PGH PGH-PAS PGH-PABA PGH-GA
AUC y_,)/pg-Loh ™! 19 74.31 + 146. 68 2 137.42 £279.81 1 980.87 +458.43 2716.65 1 036.41°
MRT _, /h 6.65 +0.415 6.48 +1.59 4.25 £0.72° 5.60 £1.29
VRT,_, /b 20.41 £3.37 18.44 +7.47 9.06 +1.41° 11.83 +4.08"
t1,,/h 3.62 +0.79 3.57 £0.1 1.86 £0.51° 2.11 0. 17°
Tpu/h 1.88 £0.63 2.5+2.18 2.88 +£3.47 4.67 £2.31
CLz/F/L-h~" kg~ 10.03 +0. 84 9.2+1.64 10.38 £2.11 8.23 +3.81
Vz/F/L-kg ™! 51.60 £7.05 47.18 £14.77 26.73 £3.22° 25.12+11.91°
C,./pg L™ 196.72 +24. 69 253.92 +66. 62 348.34 £120.5° 327.27 £40.35°
F/% 100 108.26 100.33 137.60

MAT . 3 23 £ W 6] 5 VRT . HF 82  [] 7 2% 5 CLz W BR R Va/ F . RWAM T A B2 15 PCH A LL, P <0.05

i

1 255 24 5 A T i 1 BR3P R B /0 ) TS A
BRI, Rl WA 2R R 2 — H R K s v =
AT IR 45 2 0 e D S5 A B S ) 24 W) ) R R
AW EE . PGH 1Ry —Fhog B3R 97 2 BUBE IR A%
[ 1R BB A 24, A7 76 V5 il 1k 25 L Y RO BR 45 1)
BT T 25 A R B S B0 3K 25 W) KT IR
FIRIT KT, BB BRI s . EAE
TR 5 38 1 7 4 A B ) EROORG £ 5  | IE A 4)
BT e T AR LA R Ui T
RAW TERMEERESY DY S8Irk,
P PGH W B A i S H R — 8 BB b olsg
TR ARR AR A AEDUVE FRS f AAR E M2
5 Jmy BR 1 LA B AN T SR A 0 R R 4 [

2540 3 R A 8 A TR 1 254 Ml — R % B R
J7 i RETE AN IR 25 3 R T4 N, B 2 )
PR, ASHIF 5T R B WL I £ 3k 1% T 3 #h PGH
5. PGH-PABA (1: 1) \PGH-PAS(1:1) ,PGH-GA
(1:1) o RARSTHT A 3 Fb 25 2 B A FRAEME 0 8
KT E RE LT AR E  DSC R AE 0% 306 B IE T 8
) e 5 0 O 1 A B ) Sl R AR E S AR B 3
I SRR E R R AT

250 1 7KV R 52 T 24 40 A 0 R R ) S B A
2, U 2352 25 1 0 A 0 RN DR N o AR Y
GERFRW] 3 Rk S AE 0.2% SDS K ¥ W I 1
FE) 2 S T PGH Jgi Kl 24, Hotf PGH-PABA Al
PGH-GA [y C,. 23T+ (P <0.05) , 445 PGH-GA
AHXT PGH A A W R FH B2 Ry 137.60% , B 35 003 T
PGH TE & N B W W Fn A= R T2 o 259019 1, 2 48
2T 3K o ViR FE AR — 21 I 75 1 B[], 2
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S5 2050 FCBO) 2R, PGH 2L PGH-PABA
1 PGH-GA 78 K BN A H AR ¢, 539k 3. 62,1.86
2011 b PRI AR 3 AR 1 % Al v, 1 2% 4 2
AV KR i AR AL AR ) PGH MR AR S E % 2
ZACH e B Y LN o
TE 295 W) N 18 B R 5 I AT RO 8 ol 2 1 1k
i, 36 f AR 25 B R AR T AL
Py R T EE i B v T LA osl b 45 24 ) i, R IR A 72 AR
I HLE e — 28N [, A A T PGH 1Y i — 25 JF &
FUR o ARBRFEHE— A AE B T 3k o 25 8 o
e, JF BT TS 25 ) 43+ A CCF (B g
RS S 0 LA T A ISR A (R A S R AL
FEAR B SRR A BIF S AR A 00 T B 3R )
PGH-GA HA#& 1 PGH A=Wy FI H B (v 77, JF S 3k
mn PR AE B0 25 WK s Ve Dy T AR AL T R A

[ & % x # ]

(1] &, WWIAT. SRtk 50 EIR Y7 9] & 2 BUME IR 5 /8 & 00 I
RXFIRAFBT[T]. MAREE 2, 2018, 24(35) : 96 - 98.

(2] JHBETE. ERERALHS 51 ER 22576 97 91k 2 4F 2 RUBE PR 28 4 3L
RMLLT]. WIRA B2 2, 2017, 10(35) : 71 =72,

(3] Z=Rgi. ERWR I AS 51 B A %) 45 2 SR PRI 197 30 B B
BENREE[TT. B R i, 2018, 21(16) 55 - 56.

[4] POORNIMA B, PRASAD KVSRG, BHARATHI K. Solid-state
screening and evaluation of pioglitazone hydrochloride[ J]. Curr
Pharm Anal, 2017, 14(1): 8 - 16.

[5] PRASANTHI B, SHILPA KSK, RAO MN, et al. Design and e-
valuation of bilayer tablets of metformin hydrochloride and piogli-
tazone hydrochloride as combination drug therapy[J]. J Pharm
Investig , 2017, 47(6) : 497 - 505.

[6] BELOSHE S, CHOUGULE D, SHAH R, et al. Effect of method
of preparation on pioglitazone HCI-B-cyclodextrin inclusion com-
plexes[ J]. Asian J Pharm, 2010, 4(2) . 168.

(7] REwe, WrkR, Fhbte, S5, $hEe kA% 51 B IO A 5 2 6 ok
RAKNZ 5 (1], B E 2500, 2014, 17(8): 1253 -
1257.

[8] Wh&dk, EAM, HEMR, 5. —FbEh B A% 51 B 0 2 2 Y



[10]

[11]

[12]

[13]

Je Ho #5772 : CN104418850A[ P]. 2015 - 03 - 18.
CERREIA VIOGLIO P, CHIEROTTI MR, GOBETTO R. Phar-
maceutical aspects of salt and cocrystal forms of APIs and charac-
terization challenges[ J]. Adv Drug Deliv Rev, 2017, 117 86 —
110.

TAUPITZ T, DRESSMAN JB, KLEIN S. New formulation ap-
proaches to improve solubility and drug release from fixed dose
examples  pioglitazone/glimepiride  and

Eur J Pharm Biopharm, 2013, 84

combinations: case
ezetimibe/simvastatin[ J ].
(1):208 -218.
POKHARKAR V, KUTWAL M, MANDPE L. Pioglitazone solid
dispersion system prepared by spray drying method: in vitro and
in vivo evaluation[ J]. PDA J Pharm Sci Technol, 2013, 67(1) .
23 -34.

TEAIMA M, HABABEH S, KHANFAR M, et al. Design and
optimization of pioglitazone hydrochloride self-nanoemulsifying
drug delivery system ( SNEDDS) incorporated into an orally dis-
integrating tablet[ J]. Pharmaceutics, 2022, 14(2) ; 425.

SHI NQ, LEI YS, SONG LM, et al. Impact of amorphous and
semicrystalline polymers on the dissolution and crystallization in-

hibition of pioglitazone solid dispersions [ J ]. Powder Technol,

[14]

[15]

[16]

[17]

[18]

Chinese Journal of New Drugs 2023,32(10)

2013, 247 211 -221.

SWAIN RP, SUBUDHI BB. Effect of semicrystalline copolymers
in solid dispersions of pioglitazone hydrochloride: in vitro-in vivo
correlation[ J]. Drug Dev Ind Pharm, 2019, 45(5): 775 -
786.

SHAN N, PERRY ML, WEYNA DR, et al. Impact of pharma-
ceutical cocrystals: the effects on drug pharmacokinetics[ J]. Ex-
pert Opin Drug Metab Toxicol, 2014, 10(9) : 1255 - 1271.
EALW, 5 258, XU AT AT WL A OT S Bt R ()] R
25 Tolk 243k ,2021,52(7) :881 - 890.

SCHITTNY A, HUWYLER J, PUCHKOV M. Mechanisms of in-
creased bioavailability through amorphous solid dispersions: a re-
view[ J]. Drug Deliv, 2020, 27(1): 110 - 127.

THORAT SH, SAHU SK, GONNADE RG. Crystal structures of
the pyrazinamide-p-aminobenzoic acid (1/1) cocrystal and the
transamidation reaction product 4-( pyrazine-2-carboxamido ) ben-
zoic acid in the molten state[ J]. Acta Crystallogr C Struct Chem ,
2015, 71(Pt 11) . 1010 - 1016.

it e weil/ % B #2022 -12 - 08

1063 CEgj'
PEHARG 2023 F55 32 555 10 £ ‘



