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The Study on Dissolution Rate of Polymorphs of Piperacillin
Monohydrate
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(Received March 25, 1985)

Polymorphs of piperacillin monohydrate were prepared by various sedimentation
methods from piperacillin base for the purpose of developing piperacillin prepar-
ations for oral use. Solubility and dissolution rate of each form of the polymorphs
were compared with each other. It was found that Form I showed the highest
solubility and the fastest dissolution rate among four forms of polymorphs.

In general, the solubility and dissolution rate of two amorphous forms, Form
NV and I were higher than those of two crystal forms, Form I and i.

‘The apparent dissolution rates in the artificial gastric juice within 60 min-
utes were 0.65x 10 %mole-min~l.cm~? for Form N, 0.36X 10 *mole-min~l.cm~? for
Form I, 0.30x10 *mole-min-~t-cm™2 for Form H and 0. 18X 10"mole-min™t.cm™?
for Form [, respectively.
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HogEEo] BES = 3] wFoln. e E MM FHRBat BHIEES BREZsH
agy. £IFIEE] MEY s £ KESe #0] BRelv H& R, FER,
polymorphism, #&F 9 pHEFH F < Selshdd HHo 2R Y=z 4.2
Polymorph = z#B o] wtel solubility, melting point, density, hardness, cr -stal
shape, optical and electrical properties, vapor pressure &o] A2 iz c}h®. Sekiguchi®
2} Mayersohn#® 2 £ & urea®l sulfathiazolez} o] JtEIE &4 = polyvinyl pyrrolidones}
sulfathiazoles} &} stpipol k3 Fik %o WHEES 4BAARE EmAZS. A7
A uny ge <SFAz e Kl e Fiol Helx 271A |44 polymorph¥ st
Ax gt o]AF FAANA K WKl BTl BIZR piperacillin monohydrater} %%
teol Yk Aol itqtsle] ol 4714 polymorphd st K& WHAE o BRE
Fe AT A3 549 MRE A%Ilol #EFE vloldt.

E R 5 %

#¥ 2 ¥ 38— Piperacillin monohydrate (Sam Sung Pharm. ), ethyl acetate (Junsei Chem
Co., extra pure), polyethylene glycol 400(Kanto Chem. Co., 1st grade), 7]&} acetone,
triethylamine, hydrochloric acidi= 2 Junsei Chem Co. 8] extra pureE fFfislel o «:lisso-
lution tester (Hanson Research, Model No.72), UV spectrophotometer (Hitachi-Model
No. 200-20), polarizing microscope (Leitz Co. Model SM-Luxpol), differential thermal
analyzer (Mettler Inst,, Model No. Mettler TA 3000 system), X-ray diffraction scanner
(Rigaku, Model Geigerflex MA), proton-NMR spectrophotometer (Varian-Model E.M
360, 60MHz) g 7ie} @al 7178 @EEats.

Polymorphe| s3% Piperacillin hydrateS t}-23} 7.2 zA o2 =Adgch

Form [ : Piperacillin monohydrateg =jz] juiE3l acetoneo] L&} 4|7l {%ﬂlﬂ E=5TE
7ksta dry ice box@Aoll 4] ZAAIA —K BA ¥ R HHS st AH st gigAA
A A zasich.

Form J : Piperz:illin monohydrate® =% ] HE A7) 3 triethylamineg 7}3}od BE
AR F F& d4oz pH 152 Bt 443 K& ddsln 2552 AHso Bk
AlAA A zshed o

Form W : Form] ¢} JikelA| triethylamirec 2 §#jA)7] & ethyl acetates} Z=H49
BRAU DS Asted ALY AAE A4S Adstn Azste] Azl

Form I : Form [ 9 FiEE ethyl acetatez} 4l of] polyethylene glycol 400% fFFE st A
Z3Ach. Ll ko) A4 EAL & 50~100meshs] AL Rftz AL-g-sholnt.

#HES2| Piperacilline| % & —Piperacillin monohydrate reference standard 50mg< By
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#to] methanol 2. 0mlo] &84l FF42 4sld AP 10miZ 8z o] HE &2 A
A9 484 510,15,20,25meg/ml9] 2 WYl FR 225nmoj A UVEEEE B#iE
Bt ZgAd(y=0.02822+0.0131)¢ A3t 7 @itol diE FF45 R AT AN ol As]
¥ o disk2 ¥5 §3slel ot pipe-acilling] £ ZARgde 26 F3Hn-

BHRW 22 9] piperacillin A4 YE AR £ ASele 1g¢ ALE B} TG
o AFHY(PH 1.2) & $&&vlE sl 49soicl. Disksl #A$-ole AAYE 42 300mg
4 Yrstol EE&Ee| 10mm, 57 2mm, EH 600~700kg/cm*e] 2o 2 AYslo] solid par-
affine & —Figt M A7 oid L3 fa@@Esled Rz Al 94 F75
AFHA(pH 1.2)% $4 892 3o QHsig. WHHEL USP XX9| paddle] & A5
el HA4EE 150rpm, 295 $7.040.5°C2 FAgged $3&Fe 4%
400ml4 A}-§-89c}. Piperacilline] §&& 5,10,20,30,45, 605t} 5mid Jfste] 0. 45pm
millipore filterz oi3}elx 2 3 2ml/E A8 Welel smigPEelazed Yo FHEZ
BAAA YA BEez St FHSE dzder e BR 225mmefA] BEKS BRE
BEE pEste] APy e £2%¢ A28t o # O Smiv 53452 FA 6
Esge.

B U 8

TLC—#% %] polymorphso] @&t TLCE /78 A& Fig.1o] ERsdd.

olelAl B uls} o] polymorphs] zAHAF Le4ES g4 gl Ao 4Age.

Polarizing Microscopy—2 38 =|73 3ol 4 630x 8} g2 #9% 24434 Fig.2
veluigls. Form [, HE A% 94 o $oiy 24¢ 2ed 72 gexl Form I ¥ N
€ vdE FAY shg e =g

Infrared Spectra—#% polymorphs] IR spectrum Fig.3s) vtebwigich. BUbe KBrst
20018 =2 disksteigich. Form [~E& 25 $A89x Form V& 1750cm™'4-2of
A 31119 peak2 slglen] ol AAY AxAl Sie] deo AmE 3200~3500cm™ 2
OHf#EIRME polymorphtAl7t A2 Y& w@kel 98 ez BHdd.

Differential Thermal Analysis—DTA <] #8884y MER melting point, purity
investigation, hydration, incompatibility ptedictions,' polymorphism, isomer] identifi-
cation %o} glc}. Program rate 20min-, range F.S. 10mw$-] feffo 2 MES HRE
Fig.49} 2t}. Form [~N¥ =% sh}e] endothermic pesk= A &% 157.5°% 156°, 149°,
142°o] 4 Esd o=l % polymorph?l 23 Y —5F9 E&KE Ul RAARE 2
o Fa Yok
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Figure 1—T.L.C. comparison of piperacillin monohydrate polymorphs.

Key: I, Form [, I, Form I; ¥, Forml; N, Form N
Conditions;
plate : thin layer chromatogram plastic sheets silicagel
developing Solvent : butyl acetate : 10 acetic acid : 5 isopropyl alcohol ; 2

water : 3

developed distance : about 50mm
developed time : about 30 minutes
reagent : iodine vapor
Rf value for piperacillin monohydrate : about 0.56

Powder X-Ray Diffraction—ikikiEol A EHlHES HET A 2224 —EH
X-ray diffraction patterng 2o Zcl.  olo] wle}a] % polymorphel ¥atilgE sy
1mm-height, 20mm-lengthe] plancheto] &4 A}7 Cu-target, monochro-filter, 30kYV,
20mA, ldeg, :'Rs 0.33 slit, preset time 0.1sec, SC detectore] #&ffe 2 2R3 AFg:
Fig. 63 2+t

BREC| i —%& polymorphel §H A2 ool w7 st Fof 4F 9 polymorph ¢ %
e A7 Y3 20+0.5°ColA 3087 £ o o35l BMES 225nmolA] FF 5
22 Z43 ZAFe Tablel s} ).

ololA ¥ul stAd AAHE o]FUd Form [9 O+ A FAFelebn RelxE Form
B3l Form Vol ¥lsted &allAde] A3 kS ¢ 4 Aot

VERRE2EE S FH-E%2 BERRAB dstd F/45 2 AFAEAA £E348E 4
8¢ 7= Fig.6a o Fig.6bsl v}, Fig.gacja B 604 7A3F 82 €2 £4& Form
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| Form Il

-
rorm

Form il Form N

Figure 2—Comparison of the crystal forms of piperacillin monohydrate
polymorphs under polarizing microscopic pictures at 10X63, -
V>UE>HE> 19 €olln 2438 Form 1¢ Form Nl o 1/3¢ ¥348isic}t. Fig.6b
oA wrists A4 24529 €AE “HartAolgle™ Form N7t Form [8ch e 44
8 ¥ $245E e 21 Yok AMFoE FTF4olAY $£E450F AT Aol
2ANS §E ATE 2el F2 YU o
DiskzRE(o] BH—BKRRES BHATAAE Bilil B2t HFES) FEHe A9
e 3o BHAES Hd. debA ZEiRe]l AT MRS A g diskE B
@oz4 piperacillin®] JFHIKHS BHsIeict. Transport controlled typedl $-#loj:
Noyes-Nernstzho] & c}.
de/dt =2 -2-(C5-C)
dec/dt  BHIEE, mE(DA Biyol BREE B
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Figure 3—IR spectra of piperacillin monohydrate polymorphs.
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LR |
C, % ki —Ees ck Cool ¥ae} g8lzrlole FAE + Yoz 29 42
Zel EALE ¢ Utk

de/dt=k~3-Cs, c=k-5-Cit

~—T ] REE T oA piperacilling] B EE SF+ o AT AYlA 2| Fig.7a 3 Fig.7b
ol vetuigleh. Fig.7aclA ¥9) Form N7} Form [xch A9 3¥i7 Feol ¥4A22 P
¢ wst 22 AR 8] Fa girh 71¢7) () F HESe Form NV ex 0.4222, Form
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Figure 4—Comparison of differential calorimetric scan of piperacillin

monohydrate polymorphs. :
Key:—, Form 1; -, Form ¥, —, Form H; —, Form ¥

19 a 0.12780|9 2 60871 AS] M{rBshlE MAEHAA ) 4E4=¥ Form Neo| 1.08
X10-*mole-min~t«cm~*, Form K7} 0.59X10 *mole-min-*ecm=, Form N+ 0.44X10™*
molesmin~tecm™, Form [-& 0.36X10~*mole-min-t-cm~*o]glcl. §tl Fig.7bojA] L wb
st Zo] AAFAqAME FHFIA 4484 Avde $2457 ¥A Ueited 605



December, 1985 d A # 3 A 193

“M\AWW"
‘ Form 1l
b "!l 1
i 5
i l I‘ﬂJn‘Y‘h .
;,\._;__t"“l'l"‘._'l :" "".’U v "'."'.-E.’x# '*“'«*'\«‘\—\-'3~"\"\x\'-v—'--—w‘.__.
. B
:: =~

1 Form IV

Intensity
500
T ——
e
—

" ‘ i;!rll’ 'k :
[L i ¢ »" L's A W W NL“"‘V"\M»A_AM
0 I‘U 1‘:’» '_:u ,‘) KUK 10 x’; KUV
2fdegres

Figure 5—Comparison of X-ray diffraction patterns of piperacillin
monohydrate polymorphs.
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Table | —The Water Solubility of Piperacillin Monohydrate
Polymorphs after 30 min. at 2040, 5°C.

Polymorphs Form | Form [ Form I Form W
Water solubility 285.2 427.9 305.6 718.0 ¢
mcg-ml-t

500

|0

E .
3 T
g £
K :
E
b1 z
= <
Q
g
Q
¢ ?; !'0 '.;u ;I ." (:n
Time, min, Tﬁe.mm
Figure 6a—Dissolution rates of powder state Figure 6b—Dissolution rates of powder
piperacillin monohydrate polym- state piperacillin monohydrate
orphs in distilled water at 37.0 polymorphs in artificial gas-
+0.5°C. tric juice at 37+0.5°C.
Key: X—x, Form 1; O—0O, Form I; Key: X—x, Form I; O—Q, Form
A—A, FormH; [, Form N I; A—4A, Form ¥; (O-11,
‘ Form W

AA Y] 2&4EE Form N¥ 0.65X10*molesmin~tscm=?, Form & 0.36X10"* mole-
min~tecm™?, Form K7} 0.30X10-*mole-min-tscm~3 olgien] Form I8 0.18%10~*mole-
min~‘em~% 7} gk,
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Figure 7a—Dissolution behaviors of disk
state piperacillin monohydr-
ate polymorphs in - distilled
water at 3710, 5°C.

Key: x—x, Form (y=0.1278x+1.
1228); O—Q, Form I (y=0.
2219x4-1.4784); A—A, Form
W (y=0.1723x+1.0511); O0—,
Form N (y=0.4222x-1.8220)

1

Tews, min.

Figure Te—Dissolution ' behaviors of disk

state piperacillin monohydrate
polymorphs in artificial gastric
juice at 37+0.5°C,

Key: X—X, Form [ (y=0.0644x+1.
1096); O—O, Form I (y=0.1245x
+1.5231); A—A, Form N (y=0.
0966x+1. 6127); [1—J, Form W
(y=0.2337x+2.5131)

=

1. Piperacillin monohydrate9] polymorph% Form I,I,H,.NE ®%£3td AHLsidde

Ak

W Form I,H+ A% %4 2 4y FRIelz Form I9 K& EiEoz g5

2. FEkd ATE®AAS ALY BHEEs Form N> 1> E> 19 Beolsld =3
ALERAAN nohe REKA BREET o £34c.
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3. ALH#AA 6053749 $d4ce &4 Fhct.
Form N :0.65%10"* molemin~!.cm™?
Form X :0.36%10™* molesmin~*«cm™*
Form ¥ :0.30X10™* mole-min-*-cm~
Form I :0.18X10"* mole-min~!"cm™
4. DTAZ $i%et piperacillin monohydrate polymorph e} endothermic peakt Form [
o] 157.5°, Form K7} 156°, Form X7} 149°, Form N7} 142° Mol BABRBRES
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