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Biopharmaceutical Studies on the Coprecipitate of
Metoclopramide-Polyvinylpyrrolidone

Jae Ick Yong, Bong Shin Yu

(Received Jun. 30, 1980)

In order to increase the solubility of metoclopramide, various ratio coprecipit-
ates with polyvinylpyrrolidone (M.W. 40,000) were prepared. The experiments
of the solubility, physicochemical characteristics were quantitatively developed.
The solubility increased as the ratio of metoclopramide to polyvinylpyrrolidone
in metoclopramide-polyvinylpyrrolindone coprecipitate increased.

In powder state, the dissolution rate of metoclopramide-polyvinylpyrrolidone
coprecipitate was greater than that of metoclopramide and metoclopramide-
polyvinylpyrrolidone physical mixture. Dissolution characteristics of non-disinteg-
rating disk with constant surfacearea was in accord with Noyes-Nernst equation.

The intrinsic dissolution rate, G, at 37°C was 3.98X 10-"M/cm?.-min for metoc-
lopramide, 2.26X10-® M/cm?-min for 1:5 metoclopramide-polyyinylpyrrolidone
coprecipitate, respectively. Accordingly, activation energy of metoclopramide
was 15,061cal/M, 9,178cal/M for 1:5 metoclopramide-polyvinylpyrrolidone
coprecipitate and the activation energy decreased as the coprecipitate was formed.

X-ray diffraction study revealed the fact that metoclopramide was crystalline,
in contrast, there was no crystallinity evident in the 1:5 metroclopramide-
polyvinylpyrrolidone coprecipitate. There was no difference between physical
mixture and coprecipitate in TLC, UV and NMR studies. From the comparision
between physical mixture and coprecipitate in IR spectrum, the interaction such
as association between metoclopramide and polyvinylpyrrolidone was considered.
But the association was easily dissociated in methanol solution. k

College of Pharmacy, Sookmyung Women’s University.

— 33—



34 Metoclopramide-PolyvinylpyrrolidonedtiL ol BHS} 4 42EM|EREY FH%E Vol.10, No.3

BEEYD BENEYe BHEEY BHE $504d4 SdBbelsl &9 BHR
B S/ 4AREFFEEE SRS,
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# % Metoclopramide(Dong Wah Pharm.), polyvinylpyrrolidone USP(K-30 M.W.
40,000 General Aniline & Film Co. Linden. N.J. U.S.A.), chloroform(E. Merck.
Darmstalt, West Germaﬁy); mefﬁanoI(E. Merck. Darmstalt, West Germany), buthanol
(E. Merck. Darmstalt, West Germany), acetic acid(E. Merck. Darmstalt, West Germ-
any), silicagel 60 F 254(E. Merck. Darmstalt, West Germany), methylcellulose(Wako
pure chemical industry), ethanol(E.Merck), boric acid(Wako pure chemical industry),
bromthymolblue(Wako pure chemical industry), heparin(2, 000units)

2/ A 2 R —rotary vacuum evaporator(Tokyo Rikakikai Co. LTD.), dissolution
tester (USP XIX Erweka-Apparatebau G.M. bH), spectrophotometer(Beckman DU
spectrophotometer), IR spectrophotometer(Perkin-Elmer 157), NMR spectrometer
(Varian HA-100D), pH meter(Fisher titrimeter), shaking water bath(Model WB-SH
International instruments Inc. Seoul. Korea), cliniéal centrifuge (Kokusan instrument
Co.), flash mixer(Type FMI, Mitamura Riken kogyo), sartorius solubility simulator
(Sartorius-Membranfilter Gm bH, W. Germany)

deibihel glgE-—Metoclopramide(MCP)8} polyvinylpyrrolidone 40,000(PVP)S] L
ZF1:2,1:5% 1:Hw/w)E Stupak®9 W o] we} chloroform»] ¥EMst1 REE T4
A EBEA I 1 BEE desiccator(H,S0,)e A deFo] D7tz Azste HTFEE 100-150
mesh2 zAsga HREE BB Fastgrt. '

HhEe Be&Wwel 3E—MCPs PVPS fRIsE 1:5(w/w)dl A& BAEN HERA o
o wiEstds.

¥Eﬁ$'Disk2| 8% —MCP 2 1:5MCP-PVPtk#2 247 500mg® 2 gt Stupak?2]
W el oel A 13mme] diskE ukSo] §kwl & dr] 3 paraffin wax®  #H7E3to plexiglas
holdersl 7|44 44 Azt -

MCP2| 8—MCP 100mg$ FEste 4ke] methanols] ¥#sti 54 (pH6.4)E 7}
ot} mlg Smege] HEE FEEste] 272mmol A BEEE HEste] HEdhEeE T4
in vitrod Fel A8 ZE HikPe) MCPEEY AT BXEY HEiRd A 7o

BRE Ax—BES 1:2, 1:59 1:9(w/w) MCP-PVP kel 47 274 (pH6.4)
100mlE st 200ml A& flaske] ¥ 37 3720.5°C 2= eb7]ol A A ebstad A 538 e of
23t & 1.0ml¥ # 3to] millipore filter(0.45p¢ pore size)z o 3kgt o 32 MCPigs
 WEstd o,
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BEREER HHEE BE-MCP, 1:5 MCP-PVPHHEE &% 4 1:5 MCP-PVPikjk
9] ¥rTE7E 100—150meshs]l 332 27 MCP 200mge] ol ek BEste] mAld 200
ml% 718t dissolution vessels| Y@ 3740.5°CE- -f2) 8 A 150r.p.mo = substed 10,20
30,40,50, 2 605 1.0ml# 33t o8 EzFel AALTZE #if st millipore filter® o 2}
g Bikde] MCPRES HIEsHH =t

JERER diske| FHEE AlFE—MCPsl 1:5 MCP-PVPE#H ] disk(BERK 13mm)E EiE
diski*»o] 2]ste] plexiglas holdere] 7]$] dissolution baskete] 1A Azl L8 AA S 200
mlE hpsfa 25°, 37° 2 50°Cefj A 150r.p.mo 2 mubst= A 10, 20, 30, 40, 50 2 60320
1.0ml¥ Heak #% FEY AA4E 23351 millipore filterz JEET Bikhe MCPiEES-
HIEst g e

T.L.C. —MCP 2 PVP # 20mg3} 1:5 MCP-PVPy4y 2 1:5 MCP-PVPHHIE) &
# 7} 100mg & methanol 5mle] 2313t 8- 5x20 silicagel 60 F,;, plated] spottings}e]
BERgE oL 8 WL buthanol : acetic acid : water(4:1: 1ol A BEIAZ oS 2408 Tol A
goldtgd e, x 1:5 MCP-PVPtykdsat 1:5 MCP-PVPYBLESYS BRES A3 4%
BES BB wRd A, £ 100megy HId® B3 Fo 2 MRkt

UV absorption speetra—MCP 10pg/ml, PVP 50pg/ml, 1:5 MCP-PVPItyidy 60psg/
ml = 1:5 MCP-PVP#EY oY 60ug/ml(Flke 0.5% methanolk¥iee BEFHSHAH
ol #1814 200~350nm A WHES WESHA ¢

X-Ray diffraction—Norelco X-ray diffractometer® 4 Cu Ka 30—50prop 1.5 Kv att
5b1 O.T.C.Z scan speed 20/min TFo] 4| MCP2} 1 : 5 MCP-PVPitit4y el X-ray diffraction
+ MERSHA .

IR spectra—Perkin-Elmer 157 IR spectrophotometer3- {#fsle] KBr diskie] f#kalo
MCP, PVP, 1:5MCP-PVPatiry 2 1:5 MCP-PVPHEKE S #3k IR spectra® #
Bstel e

NMR spectra—1 : 5 MCP-PVPityr#sl 1:5 MCP-PVPHHEE BA&YH 93t #Haish
STt

RKE2 mMAMCPRERE—E 1.9~2.3kge] 7743 HEEREE AT A5 A =l
ZEAM A3 AL BBHEMCPRET) Y BEE(1 .5 MCP-PVPYER EE&Y AR
1:5 MCP-PVPILbyy HERF) 02 1lro] 47 Sl o 2 oof RRERET 1247 AT o
S fEE HEd AFeEe . MCPEEBIER-S plasma 1.0mls) MCP 25mg, 0.1M
borate buffer sol. (pH8.0) 20ml = bromthymol blue soln. 2.0mlZE 9 3 chloroform 20
mlA o 7 3[E #%3ted wle] boric acid ethanol soln. 25mlE- 7}3t messflaske] Qo] =k
100ml=z stz MCPry} 0.2—25pg/ml7}t = =2 HFEse) 425nme) A BEEES Hieste BB
e 2HA skl et

% (plasma)ds MCPgERIE— MCP, 1:5 MCP-PVPY# 4% 2 1:5MCP-PVP

deyi S BaE kgwh 150mg(MCPa| =kak) S, 0.25% methyl cellulose¥giol 85&A) 7] stomach
tubeQ A} &8t ZBfuloh T #% 10, 20, 30, 60, 100 2 120%5<) A i 2.5ml% #REsH
ELAHESe) plasma 1,0mlA 7 8he] ARABE 97 LT bE) MCPHER (rmikel
aheh Aelshe] 425nmel A BB WiEstel Mo =¥ MCPREE Tehg s
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BREMNE-MCP BRES

R W ER
37407 Bxeoz Az 1:2,1:5 % 1:9 MCP-PVP

TY B W WRES TN | F 4% Axe Table 13 o

Table [ —Equilibrium Solubility of Metoclopramide in Powder State at 37°,150r.p.m.

Time(min) _

Test System 10 20 30 %0 180
MCP 0.200 0.267 0.320 0.387 0.480
1: 2MCP-PVP coprecipitate 1.040 1.174 1.254 1.254 1.254
1:5MCP-PVP coprecipitate 2.401 2.668 2.668 2.668 2.668

3.468 4.083 4.083 4,083 4.083

1: 9MCP-PVP coprecipitate

Table 1&uw ticyrhs] PVPY Fo] i@mate] wheh 1:2<1:5<1:99 JHo= ¥HM
B @mstg on] MCPS @@ n et 1: 2% 2.66%, 1:5& 5.56% 1:9¢ 8.5 BRE

Wing vepia ot

WERREC FHEE ME—MCPe PVPe Mptitrt 1: 52 syt HEOHREYS #
HEEE MCPE BBz 3o JER F#4E Fig. 1o dehigi=h

metoclopgamide dissolved M/L-1(°
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Figure 1—Dissolution rates of metoclopramide in powder state at 37°C. key: ®, pure metoc-

lopramide; A\,

1:5 MCP-PVP physical mixture? [J, 1:5 MCP-PVP coprecipitate.

Fig. 18] As}e] viehd upel zro] 1:5 MCP-PVP #EgyE Al olA = BHEES
Z7l= 60%e) A MCPxt}h o 2.1f%7) @m=lgla 1:5 MCP-PVPtirdyal Aol A& < 5.5
& wHEES] #BmE Jehlz Jvh = YEY BE&YA o A¥ plateau valued] HjE

e Alzke] 504701

SER R

el QA 2040l 22 JiyiAge] oF 2.5f%8] =3 WHEES

olel o] M & Y RFEZ 44T = MCPs 1:5 MCP-PVP %3
) BAY=Te e BHEEE Aol 3.

YE) BAWl 1A BHEES] %zt @ine hydrophobic MCPHIF<] RiF#ES 8
WA IlE wEE BEAERY $Hd Jldlde A e
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W] Aol Sl B $EEEA Fobshe A e wr) Hikelw) WLk R
EE SRS #Ye b ANBNoR AT #YR ot BWRE WHEES o wlade
Az Fe|d of MCP-PVPHL Y S #ilsts 5o MCP7E #he 2 fEiE=glr] o
F162hiq] Rom Fejgeh. webA 115 MCP-PVPIL#=t 1:5 MCP-PVPH R B

& owlams B oo JLagel el A WHURESE H4 2A ehda gleh. o)A
© PVPS gt 24 2 WHMES HinAdye dadel Hxl Zatel el slel A4
PVPY d&& ofm 548 Jebia &5 TR BRLe vias & 9 o & g

JEHamRDiske| FHEE R —MARRE A2 WHEE B Adda4 s Bilisle BT
9 K] A7k mEE W R EHSEE dagt. ohebal RERe] dAT M
f7sl2] & diskE EESIEE A (rotating dsk method)* MCPe] ¥EH&EM:S atstact.
¥%iilo] transport controlled typeg] &8¢ 4] Noyes-Nernst*® 0] # &5}, -

de/dt =SV « D/B(Cs—C) «rorerureetimiamiiiiiiiiiiiie it (1
de/dt, wRE 5 Cs, WBE S

S, BHELEY EE 5= 38y K

V, BB w5 D, WHEBIREG b, BEIES T

FmERe] dAsA fA=EE Fa D, Cs, 8 hs —Este Cx Csol nlste] S8 2poxm
2 Noyes-NernstX(1)& ()R 2 e Ke 227 0RHEET Bo) ot

de/dt =K’ « CS=EK tteerermer it e ee e (2)

—ET KA TN A MCPS ¥fEd 2% Aztel Het moltg =4 Fig.2, Fig.3¢] vjeh
W et

10

metoclopramide dissolved M/L, 10°
o

Figure 2—Dissolution rates of metoclopramide from metocloprmide disk.
key: A, 25°; ©,37°; [, 50°.
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Figure 3—Dissolution rates of metoclopramide from 1:5 MCP-PVP disk.
key: A25°C © 37°C ] 50°C

Fig. 23} Fig. 32 A3}% »w=l Noyes-Nernste] & dxd& & & slvh olFY 2R
71 OXEEHW(K)E 150r.p.m. 37°Col A WET ¢ BOARIEEIH Tod MCPe
5.3x10""M/min, 1:5 MCP-PVP% 2.97x10-°M/mine] <},

1:5 MCP-PVP #ZRy BEDAN A diskrl & Bigs 2z REES AsA 448 &
fom sheba HHSES BIET 4 gdglth. 53] (C<0.1 Cs)ql sink condition™ e 4]

d D W D
G= T (Cs=0)®) v 1 _Dess) W _Dis.r)

—SML=G st (Do) B2 K (7= X intrinsic rate of dissolution, GE& AE€Fd £ 3o
™ KEBRA A 37°C 150r.p.m. o A HE 200mlE FAN-S o 4AT A Az 605 F
obel HHIARAA &K 5) &L sssigdon G)Rdl Kate &5 3 & Table 14
vheR 9l E

Table I —Intrinsic Rate of Dissolution, G, at 37°C

Test system Intrinsic Rate of Dissolution M/cm?.-min

MCP 3.98%x10°7
1:5 w/w MCP-PVP coprecipitate 2.26% 1076

Table 19 #HHRE MCPxt 1:5 MCP-PVPityk4s9] intrinsic rate of dissolutione] 5.4
f& & Aoz vehty loh. o 2R RER Kete Emde & £ YU

EHEES BEd K3 2L vy MCPs 1:5 MCP-PVPitr4e] WHHE S 150r. p.
m.d A BEES 25°, 37° & 50°=2 3t &R 3 AIE Fig. 594 1/Td %5 logke] plot
24 Vet '
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Figure 4—Dependence of rate constant, K, of metoclopramide.
key: ©, pure metoclopramide; [, 1:5 MCP-PVP coprecipitate.

Fig. 49 f#J+ MCPsh 1:5 MCP-PVPit4pe] 7 A4ael et vl o2 v
WA 271893 MCPe) mgffice 1:5 MCP-PVP3I#S) ERmfLt 4 & Ao
2 e o =@ o] Hie MEZYY IEHL energy® A3% 3¢ Table Io
JehA g et

Table I —Activation Energy for Dissolution

Test System Activation Energy for Dissolution, cal/M
MCP 15,061
1:5 w/w MCP-PVP coprecipitate 9.178

Table M Aszte P B otat HHE(L energyst ZraT-& el Yot

T.L.C—MCP(Rs{# 0.29)¢} PVPE 2= 3t 1:5 MCP-PVPHHEY EAH= 1:5
MCP-PVP4&iksol B3t #E RS o)A & TLCH: {kste] #3I% 2+ Fig.6 # Fig.7
2t e},

Fig. 5¢] A=2}E ne 1:5 MCP-PVP#EH E&¥= 1:5 MCP-PVPH#e QoA &5
dg AE eha ol

% PVPe} MCPY £A1E #ad 4 glon BHENES & BiEdA= 1:5 MCP-PVP

3Pkl A= PVPsL MCPe 241 % ﬁ@’*"* & glot 1:5 MCP-PVPHEY Re¥= 5

= MCPe] &A1& &3 PVPE &l 4 ¢, zejzz Hypd A= MCPs PVPr

st RAREA ALete Aol WEN BAY A= MCPs PVP7 £& 4502 28
e Aeolet Azl

UV absorption spectra—MCPs} PVPS %= sto] 1: 5MCP-PVPti4y=} 1 : SMCP-
PVPyBy Eewe 913 UV absortion spectral Fig., 7z} e}, '
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Figure 5—Thin layer chromatogram of met- Figure 6—Thin layer chromatogram of met-
oclopramide test preparations. oclopramide test preparations after
Key: 1, pure metoclopramide; 2, solubility experiments.
pure polyvinylpyrrolidone (40, 000)3 : Key: 1, pure metoclopramide;. 2,
3, 1:5MCP-PVP physical mixturey pure polyvinylpyrrolidone(40,000)3
4, 1:5 MCP-PVP coprecipitate. 3, MCP-PVP physical mixture; 4,

MCP-PVP coprecipitale.

absorbance

®

" 1 i S
200 220 240 260 280 300 320 340 350
wavelength (nm)

Figure 7—Ultra violet absorption spectra of metoclopramide test preparations.
key: (@, pure polyvinylprrolidone; @, pure metoclopramide; @, 1:5:MCP-PVP
physical mixture and 1:5 MCP-PVP coprecipitate.
Fig. 79 Asto] Jebd vkl zbe] MCP+ 272nms} 307nme] A 22t HARIKES et
Wi PVPE 200nme] Al BABKIES Jebi o Qe oebdl MCPs PVPE £% o
Pattern-g Jehiglz 1:5 MCP-PVPYHERy E&wal 1:5 MCP-PVP3kitgol glol A &)
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Figure 8—Comparison of X-ray diffraction spectra.
key: 1, Pure metoclopramide} 2, 1:5MCPPVP coprecipitate.
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Figure 9—Comparison of Infra-red spectra.

key: @, Pure metoclopramide; @, MCP-PVP physical mixture; 3, MCP-PVP
coprecipitate; @, Polyvinylpyrrolidone 40, 000.

ol {kste] MCP} PVPHY fge] 44 #olxle Aoz Azl

X-Ray diffraction —MCPZ %= o 1:5 MCP-PVPILik#el X-ray diffractiong-
Fig. 84 epigcl. Fig. 89 A a3 nx MCPE iEdhigo| v} 1:5MCP-PVPibyL 4

md S & F sl
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IR spectra—MCPs} PVPS %@z so] 1:5 MCP-PVP#EAy E&#s} 1 1 SMCP-PVP
Sty W8k IR spectrad m}E Fig. 9o] el et}

— T 1 T 1 I T T T T ;' T T ?
1000 400 3 ' 2 ! ' )
200 00 00 100 >0., ’
250 -

100 He

50

0 9 8 76 54 3 3 1 0

aritsPer Million
Figure 10—NMR spectrum of 1:5 MCP-PVP coprecipitate.

£ T T v T T T T T 1 T T f
1000 400 300 200 00 0
500 0 o
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TR 8 765 3 5 T 0
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Figure 11—NMR spectrum of 1:5 MCP-PVP physical mixture.
Fig. 11 9 Fig. 129 &RE vl Eithst HEM BE&e] 593 Spectrum pattern
< bz 9o ® methanol W] A MCPs} PVP 9] ojg AL 44 A&
Roz Ass).

Fig. 94 e}l MCP IR spectrum-2 3340cm~s} 3270cm™'o| A= %E—ff amined] NH
HEEIRE. 3170cm~td} A E 4% amines] NHE#EIEE)" 2770—2930cm™ 1] A HgRH#ECH (b

5 3 1640cm~'z} 1625cm~'e] A EfF amides] > C=0 ffEEEHe 47t 221
PVP IR spectrum-g 1650cm~to] A >C=0{faiE gz} 29206m'1°1] A Reiite CH {higizEhy
T4 7t FalEe 3200-3500cm™ o] A < OH@{TE}E‘%—% PVPe| &A=l Koo K Aoz

Betsl ot

MCPs} PVPS] IR speotrumg W 2= & 48 Ba&%WS IR spectrums] 4% MCPsk
PVPe] A& BT & A #ipel Yol A& 3350cm~'sk 1650cm~1o] A < Bkt =
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431+ MCP<] amine groupz} PVP2] carbony I group

ol YojA L FEHY o o3 H
Al GRS 5 &8 2 Aom }ﬁﬁ% T et
NMR spectra—1: 5 MCP-PVP tybagar 15 MCP-PVPHE K449 NMR Spectra
£ Fig. 105 Fig. 116 vberudoh.
el meiBE Bx—1:5 MCP-PVPitii#e) RikE 7teh7]) $ise MCPE dx=
1:5 MCP-PVP#itdy, 1:5 MCP-PVPHHY) BAYS KR Kpfmstd mbREs W
%% Ade Fig. 129} 2o
10~
9
8_.

7

[

5—

44

3

24

coneentration of metoclopramide reg/ml inplasma

1
30 60 90 120

Time (min)

Figure 12—Concentration in plasma after oral administration of metoclopramide in rabbits

given 150mg kg-! (mean of 5 subjects). )
key: T1-T7, 1:5 MCP-PVP coprecipitatey A-A, 1:5 MCP-PVP physical mixture,

©-0Q, pure metoclopramide
Zo 1:5 MCP-PVP#%%OI A2 E hehie
o] 1:5MCP-PVPHHEY) BEY 2 v‘r%cﬂ MCPY] Jgel o}, =3 FamBRlkiEs =5 20
fyo = FAF Azk Vo 2 % &) #ETT A mﬂ 9ok, BrEiE e
1:5MCP-PVP:itdg0] Al el wh= 1 t}-So] 1:5MCP-PVP &34 E&Wo] o oh-5¢] MCP
o} $eol v}, '
Mg ZrARNE T3 gAlEe) 2980 LS Table Vo vebil Het
Table V¢ &89} o] Hhpuig= 1:5.MCP-PVP7} 2.30x 10 2min~'o 2 &— w21
Rifs S8 £RHs MCPA A9 4w =2 3% 41.4minojc}h, o} & Bakke 7
Segurat” 2] WITEME 45.2minz} A9 u] %3 e melI Yt

Fig. 12| A EE= niel o)z RIREL
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Table V—Elimination Constant and Half-Life of MCP in Plasma after Oral Administration i_n
Rabbits Given 150mg kg-!

Test System : Elimination Constant (min)-' Half-life(min)
MCP 1.67%10°2 41.4
1:5 w/w MCP-PVP physical mixture 2.01%x10-? 34.4
1:5 w/w MCP-PVP coprecipitate 2.30x 102 30.1
] ]

metoclopramided] WBBES Z714 771 $1ste polyvinylpyrrolidone (M. W. 40,000)x}
HWAS G ool T WEE, WELSUHE 2 R 4T mPRES KR 2
o vhgat 2L ERe dgt.
1. metoclopramide-polyvinylpyrrolidone Lol Al metoclopramided] @} g polyvinyl-
pyrrolidone o ¥ gl gl wet wREA F7hagle.
2. KHtHe] AT R diske] Wi4SES Noves-NernstRol o] sh¢l =
3. intrinsic rate of dissolution G= 37°Cej 4] metoclopramide® 3.98x 10~"M/cm?mins]
i, 1:5 metoclopramide-polyvinylpyrrolidone :¥p#y-2 2.26x10-°M/cm?mino] gl o}

4. j&tE: energy: metoclopramide 15,061cal/Mo] 2 1 :5 metoclopramide-polyvinyl-
prrolidonedtif -2 9,178cal/Me| o}, ko] A4 Hol ot ik 7b 748k
At ,

‘5. X-ray . diffraction2 metoclopramidel §E5Helsl st 1:5 metoclopramide-

polyvinylpyrrolidonedk 42 fEfkfol A oF.

6. IR spectrum$ #FEY BE&®a vastgd & o Lkl ol A metoclopramides)

polyvinylpyrrolidonefsl 4-FH &&o] ol Foizvti REAUIL o] FH-& methanol
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