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ABSTRACT 

C o p r e c i p i t a t e s  of Ampic i l l i n  t r i h y d r a t e  w i t h  a c r y l i c  

r e s i n  (Eudrag i t (R)  - RS) were prepared.  

d i s s o l u t i o n  rate s t u d i e s  of t h e  c o p r e c i p i t a t e s  and pu re  

a m p i c i l l i n  showed t h a t ,  t h e  c o p r e c i p i t a t e s  slowed down t h e  

release rate of  t h e  drug. B i o a v a i l a b i l i t y  s t u d i e s  i n  human 

s u b j e c t s  u s ing  u r ina ry  e x c r e t i o n  method i n d i c a t e d  a lower 

rate and e x t e n t  of drug a b s o r p t i o n  from t h e  tablet  fo r -u l a t ion  

c o n t a i n i n g  c o p r e c i p i t a t e d  drug,  as compared t o  t h e  t a b l e t s  

formulated f r o m  t h e  pure drug. 5 0 t h  t h e  i n - v i t r o  and t h e  

in-vivo r e s u l t s  suggest  that t h e  embeddment o f  a m p i c i l l i n  

t r i h y d r a t e  i n  Eudragit-RS by t h e  c o p r e c i p i t a t i o n  technique,  

show a g r e a t  promise i n  s u s t a i n i n g  t h e  drug’s  release i n  

a ma t r ix  c o n t r o l l e d  drug d e l i v e r y  system. 

Comparative 

-- 

I__- * Author t o  whom a l l  i n q u i r i e s  and correspondences 
should be d i r e c t e d .  
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INTRODUCTION 

LAUWO. AGRAWAL. AND EMENIKE 

Jus t  about four  decades ago, sus ta ined  release products  

were introduced as a new class of pharmaceutical products.  

These products have received a considerable  a t t e n t i o n  i n  recent  

years  ( 1  - 6 ) .  

The major objective of a sus t a ined  release product i s  t o  

a t t a i n  drug e f f i c a c y  and safe ty ,  by increas ing  t h e  durat ion 

of drug ac t ion  and reducing t h e  requi red  mul t ip le  dosing. 

Frequent dosing of drugs is of ten  accompanied w i t h  poor p a t i e n t  

compliance, which may lead t o  drug f a i l u r e ,  as poin ted  out by 

Por te r  (7, and drug r e s i s t a n c e  i n  t h e  case of a n t i b i o t i c s .  

Ampicil l in,  i s  a semisynthet ic  p e n i c i l l i n  which i s  acid 

r e s i s t a n t  and the re fo re  can be given oral ly .  Rela t ive ly  short 

b io logica l  ha l f  l i fe  t h e s  of 0.9 and 0.75 - 2 hours have 

been reported by D e t t l i  ( 8 )  and Ritsche l  (9) respec t ive ly .  

It  w a s  therefore  considered i n t e r e s t i n g  t o  design a sus ta ined  

release formulation of ampic i l l i n  by u t i l i z i n g  a selected 

a c r y l i c  res in ,  w i t h  an ob jec t ive  of improving p a t i e n t  

compliance and increas ing  t h e  e f f i c a c y  of t h e  drug. The 

re ta rdant  effects of a c r y l i c  r e s i n s  on drug release froa 

s o l i d  dosage forms have been repor ted  i n  t h e  pharmaceutical 

l i t e r a t u r e  (10 - 13). This paper d iscusses  t h e  r e s u l t s  

obtained f r a n  s t u d i e s  on sus ta ined  release ampic i l l i n  

formulation, and attempts t o  establish correlat ionship 

between t h e  i n - v i t r o  and in-* r e s u l t s .  

EXPERIMENTAL 

Materials: Ampicil l in t r i h y d r a t e  (Beecham Pharmaceuticals 

England) , a c r y l i c  r e s i n  - Budragit(R)-RS F’M (Rohm Phama 
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SUSTAINED RELEASE COPRECIPITATES 1377 

Darmstadt, West Germany), Microcrystall ine cel lulose-  

Avicel PH 101 (Fluka AG), Stearic acid (BDH-England) . The 

materials l isted above were used as received. A l l  other 

materials and chemicals used w e r e  obtained from standard 

sources and w e r e  of ana ly t i ca l  grade. 

Methods: 

1. 

ampici l l in  t r ihydra te  and a c r y l i c  r e s in  (Budragit-RS) i n  

drug: polymer r a t i o  of 2:l  and 1:l were prepared by dissolving 

together appropriate  quan t i t i e s  of the  drug and polymer i n  

methanol. The cosolvent w a s  evaporated at  roan temperature 

i n  a vacuum dess ica tor l  containing anhydrous calcium chlor ide.  

Prec ip i ta ted  ampici l l in  t r i hydra t e  alone w a s  s imi la r ly  

prepared. A f t e r  allowing drying t o  constant w e i g h t ,  a l l  

preparations w e r e  powdered and screened through a 1 5 0 ~ 1 ~  

sieve. Powder samples of p rec ip i t a t ed  drug, drug/polyaer 1 I 1 

and 2:l designated I, I1 and 111 respectively,  were selected 

for  d i sso lu t ion  rate studies.  

Preparation of drug-resin coprecipitates - Coprecipitates of 

2. Stabi l i ty  Studie3 

(a) T&: Methanolic solut ions of pure drug, prec ip i ta ted  

drug and i t s  coprec ip i ta tes  w e r e  spot ted on d 0.25 mm 

Silica G e l  G chromatographic p l a t e s  and developed by a 

solvent system of Ethylacetate: Formic acid: Methanol: 

Water (65: 5: 20: 10) as described by McGilveray et a1 (14) . 
A f t e r  drying, t h e  p l a t e s  were placed i n  an iodine tank. 

Detection of t he  spots  w a s  done by viewing the  p l a t e s  

under a U.V. lamp a t  254 nm. 
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13 78 LAUWO, AGRAWAL, AND EMENIKE 

(b) IR Spectra: Liquid p a r a f f i n  mulls  of t h e  drug and 

i ts  coprec ip i t a t e s  were prepared. 

of t h e  prepared mulls were scanned by us ing  Perkin Elmer 

Spectrophotmeter '  at slow speed t o  achieve t h e  maximum 

resolut ions.  

Inf ra - red  spectra 

3. Powder DisSOlutiOn 

The d isso lu t ion  of t h e  drug and i t s  coprec ip i t a t e s  

i n  powdered form w a s  carried out  by t h e  tape method as 

descr ibed by Goldberg et a1 (15) with a s l i g h t  modification. 

50 ng - f i n e  powder samples ( s i t e  0 - 150 wm) w e r e  spread 

e s s e n t i a l l y  i n  a mono-layer on t h e  adhesive side of a 

5.5 x 3.5 c m  cellotape The tape w a s  he ld  i n  a v e r t i c a l  

pos i t i on  3 cm from t h e  c e n t r e  of t h e  d i s so lu t ion  vessel  , 
w i t h  t h e  powder sample f ac ing  a 6.3 x 2.5 cm s t i r r i n g  paddle, 

The paddle speed w a s  50 1.p.m. and t h e  d i s so lu t ion  m e d i u m  

w a s  400 m l  of d i s t i l l e d  w a t e r  equ i l ib ra t ed  a t  30 O.S°C. 

A f t e r  15,30,60,90,120,150,180,210 & 240 minutes, 

withdrawn fran a fixed pos i t i on  i n  t h e  d i s so lu t ion  medium 

and replaced with equivalent  amount of d i s t i l l ed  w a t e r  

maintained at the  same temperature. 

3 

4 

5 m l  samples w e r e  

Assay of the  drug i n  t h e  samples w a s  based on t h e  

spectrophotometric method according t o  t h e  procedure 

descr ibed by Smith et al ,  (16). 

Sample so lu t ions  were adequately d i lu t ed  w i t h  pH 5.2 

buffer  containing 15 u g h 1  of copper I1 ions.  This  so lu t ion  

had been prepared by adding 1.5 m l  of a 0.393 I copper I1 

sulphate  pentahydrate so lu t ion  t o  98.5 m l  of d, buffer  

so lu t ion  formed by mixing 464 m l  (0.lM citric acid) w i t h  

536 m l  (O.ay! disodirua hydrogen phosphate). Each sample.. 
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SUSTAINED RELEASE COPRECIPITATES 

TABLE 1 

1379 

Ampicil l in Tablet Formulations: Q u a n t i t i e s  
used f o r  one tablet (mg) , 

Ingredien ts  Formulations 
T-I T- I1  T-I11  

~ m p  ic i 11 i n  100 200s 1 5 O Y  * 

Dextrose 40 40 40 

Avicel PH 101 208 208 208 

Stearic acid 2 2 2 -- 
450 400 Weight of each 350 

tablet 

* and ++ refer t o  c o p r e c i p i t a t e s  of 
ampic i l l i n  t r i h y d r a t e  and Eudragit  (R) - RS 
i n  (1:l) and (2: l )  respec t ive ly ,  

w a s  d ivided i n t o  two parts. One p a r t  w a s  incubated at 

75OC i n  a loose ly  stoppered tube  for 30 min, cooled t o  

r o o m  temperature i n  ice and t h e  absorbance w a s  measured 

at 320 nm aga ins t  t h e  un-incubated p a r t  i n  t h e  reference 

cell,  

4. Tablet  Formulation 

Three ampic i l l i n  t a b l e t  formulation T-I  , T-I1  and 

T-I11 conta in ing  pure drug, drug/Eudragit(R) - RS (1: 1) and 

( 2 :  1) coprec ip i t a t e s  respec t ive ly  were prepared. The 

details of t h e  tablet  formulations are given i n  T a b l e  1. 

Comprimates of 10 mm i n  diameter weighing 350, 450 

and 400 mg f o r  formulations T-1, T- I1  and T-I11 respec t ive ly ,  

w e r e  produced by d i r e c t  compression using a s ing le  punch 
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1380 LAUWO, AGRAWAL, AND EMENIKE 

5 t a b l e t t i n g  machine . Physical  properties of t h e  tablets 

such as hardness and f r i a b i l i t y  were sa t i s f ac to ry .  

5.  Tablet Dissolut ion 

Tablet d i sso lu t ion  w a s  carried out us ing  t h e  USP 

Method X w i t h  s l i g h t  modification. Tablet  sample w a s  

placed i n  t h e  USP-basket he ld  in 400 m l  d i s t i l l ed  water 

at  30 2 O.S°C* 

Assay of withdrawn samples w a s  carried out  as described 

above. 

least t h r e e  times. 

The basket  r o t a t i o n  speed w a s  100 r.p.m. 

A l l  d i s so lu t ion  experiments w e r e  replicated a t  

6 .  Bioava i l ab i l i t y  Studies:  

Eight heal thy m a l e  volunteers ,  20 - 28 years  old and 

weighing 66 - 68.5 kg w e r e  considered for t h i s  study. The 

volunteers  had ne i the r  h i s to ry  of gas t ro - in t e s t ina l  

disease or surgery,  nor kidney disorders .  A l s o ,  they 

w e r e  not on any kind of medication f o r  a t  least 2 weeks 

p r i o r  t o  t h e  s tudies .  The volunteers  fasted overnight ,  

but  allowed free access t o  water before  t h e  experiments. 

A f t e r  c o l l e c t i o n  of con t ro l  u r ine  samples, a s i n g l e  

dose equivalent t o  500 mg of ampic i l l i n  t r i h y d r a t e  frcm 

formulations T-1, and T-I1 each at  one t h e ,  w a s  given 

o r a l l y  t o  each subjec t  at  a f i x e d  t h e  along wi th  250 m l  

of w a t e r .  A f t e r  dosing, 100 m l  of water w a s  adminis tered 

a t  1, 2 and 3 hours, and each subjec t  w a s  given a uniform 

meal after 4 hours. Subjects t  exercise w a s  l i g h t  and 

their  movements were kept minimum. A balanced randunized 

crossover design for e igh t  sub jec t s  (17), w a s  employed i n  

6 
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SUSTAINED RELEASE COPRECIPITATES 1381 

these experiments such t h a t ,  s u b j e c t s  1 t o  4 rece ived  

formulation T-I, w h i l e  the  rest four ( 5  t o  8)  w e r e  given 

formulation T-116 i n  t h e  f i rs t  week. 

washout per iod  s u b j e c t s  1 t o  4 w e r e  given formulation T-I1 

w h i l e  subjec ts  5 t o  8 received formulation T-I. Urine 

samples w e r e  collected a t  specified time i n t e r v a l s  whi le  

recording t h e  t o t a l  volumes excreted. Drug assay  w a s  done 

according t o  t h e  procedure of Angelucci and Ba ld ie r i  (18) 

as follows: 0.1 m l  u r i n e  w a s  mixed w i t h  0.1 m l  of 20 96 

trichloroacetic acid solut ion.  4.8 m l  of pH 5.8 citrate 

buffer' conta in ing  15 S g b l  copper w a s  immediately added 

t o  t h e  so lu t ion ,  The f i n a l  pH w a s  5.2. A f t e r  thorough 

mixing and cent r i fuga t ion ,  t h e  supernatant w a s  d ivided 

i n t o  t w o  port ions.  

30 min. A f t e r  cooling, t h e  r e s u l t e d  stable acid degradation 

compound w a s  determined spectrophotametr ical ly  at 320 NIL 

agains t  t h e  un-incubated po r t ion  as a blank. 

A f t e r  a one w e e k  
6 

One por t ion  w a s  incubated at  7!?C for 

I n t e r p r e t a t i o n  of t h e  observed absorbances w a s  based 

on a slope and in te rcept  obtained by l i n e a r  regression 

ana lys i s  of a series of standard so lu t ions  w i t h  known drug 

concentrat ions i n  ur ine  which had been sampled shor t ly  

before  drug adminis t ra t ion,  

out separa te ly  for every test  subject .  

This  procedure w a s  carried 

RESULTS AND DISCUSSION 

Stabi l i ty  Studies:  Thin-layer Chranatographic s tud ie s  and 

Infra-Red spec t r a  gave no evidence of drug degradation or 

complexation i n  t he  prepared drug-polymer coprec ip i t a t e s .  
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1382 LAUWO. AGRAWAL, AND EMENIKE 

0 0.5 1.0 1.5 20 25 3.0 3.5 L O  
DISSDLUTION TIME (HOUM) C__i 

FIGURZ 1 . 
Dissolution Rate Profiles o f  Ampicil l in t r i h y d r a t e  C O ? r e C i  itrtes 
I &- = pure drug; 
T I I - + - - b -  = drug/Eudragit RS ( 2 : l )  

I1 - = drug/Eudragit RS 7.1: 1); 

On t h e  TLC - plate each of t h e  coprec ip i t a t e s  produced only 

one spot w i t h  Rf values  i d e n t i c a l  t o  that of t h e  pure drug. 

The IR spec t r a  of pure drug and of drug in polymer caprecipitates 

were iden t i ca l ,  ru l ing  out any poss ib l e  i n t e r a c t i o n  between 

t h e  drug and the  carrier. 

Dissolution Rate Studies:  Fig. 1, i l l u s t r a t e s  profiles of 

t h e  d i s so lu t ion  rate of ampic i l l i n  t r i h y d r a t e  a lone and t h e  

release p a t t e r n s  froan i t s  coprec ip i t a t e s  w i t h  a c r y l i c  r e s i n  - 
Gudragit(R)- RS, by employing the  t ape  method. 

d isso lu t ion  rate from powder I (pure drug) was r ap id  w i t h  

t h e  amount dissolved reaching 70 96 i n  t h e  first 3 an hour. 

The coprec ip i t a t e s  11 and I11 save t h e  s l o w e s t  release rates. 

The 70 96 d i s so lu t ion  obsPlrved w i t h  powder I (after % hour) 

The drug 
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SUSTAINED RELEASE COPRECIPITATES 1383 

w a s  not attained by c o p r e c i p i t a t e s  I1 and I11 even after t h e  

experiments were extended t o  four  hours. 

It i s  assumed t h a t  i n  t h e  c o p r e c i p i t a t e s  a considerably 

la rge  amount of ampic i l l in  w a s  p r e c i p i t a t e d  i n  f i n e  particles 

embedded i n  t h e  polymer matrix (19). Although water inso luble ,  

Budragit (*) -RS s w e l l s  i n  aqueous n a t u r a l  and ar t i f ic ia l  

d iges t ive  j u i c e s  rendering itself permeable t o  these  l i q u i d s  

(20). Apparently, the q u a n t i t i e s  of a c r y l i c  r e s i n  used w e r e  

not s u f f i c i e n t  t o  achieve 100 96 drug embeddment. The  m e c h a n i s m  

of drug release therefore ,  would probably be through direct 

d i s so lu t ion  of t h e  p a r t i a l l y  embedded drug by leaching 

mechanism and d i s so lu t ion  followed by d i f fus ion  of embedded 

drug v i a  t h e  m a t r i x  pores. 

of drug w i t h  w a t e r  inso luble  polymer (Budragit(*)-RS) as 

employed i n  t h e  present  study, retarded t h e  d i s so lu t ion  rate 

of ampic i l l i n  t r ihydrate .  Such a r e t a r d a t i o n  of t h e  release 

rate would probably form a basis of formulat ing a sus t a ined  

release sol id  dosage form. 

The technique of coprec ip i t a t ion  

Fig. 2 dep ic t s  t h e  release p r o f i l e s  of ampic i l l i n  from 

t a b l e t  formulations T-I,  T - I 1  and T-I11 conta in ing  t h e  pure 

drug, 1: 1 and 2:  1 drug/polymer c o p r e c i p i t a t e s  respect ively.  

About 95 % drug &issolution w a s  a t t a i n e d  after t w o  hours from 

formulation T - I  (pure drug).  Formulations T - I 1  and T-111 

showed a s i g n i f i c a n t  r e t a r d a t i o n  i n  t h e  drug release rate. 

As t h e  r a t i o  of t h e  r e s i n  w a s  increased i n  t h e  coprecipitate, 

t h e  release rate of the drug decreased (Fig. 2) .  

Drug Bioavai lab i l i ty :  Fig. 3 shows t h e  average amount of 

ampic i l l i n  excre ted  by e i g h t  volunteers  a f t e r  oral 
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1384 LAUWO, AGRAWAL, AND EMENIKE 

01 
0 1.0 20 3.0 LO 5.0 6.0 7.0 

DnSDUlTION TIME (HOURS) - 
FIGURE 2. 

Disso lu t ion  Rate P r o f i l e s  of Ampic i l l i n  T r i h y d r a t e  T a b l e t s  containing 
v a r i o u s  forms o f  the  drug. T-I = pure drug; T-I1  - = 
drug/Eudragit  RS ( 1: I ); T-I11 ---a -- .t3- - - = drug/Eudragft  RS ( 2: I 

adminis t ra t ion of tablet formulations T-I and T-11. The 

average increase rate of ur inary  drug concentrat ion i n  t h e  

i n i t i a l  1i hours w a s  about 0.42 a g b l / h o u r  for formulation 

T-I . Formulation T-I1 (drug coprec ip i ta te )  exhib i ted  an 

excret ion rate of 0.088 mg/ml/hour, an approximately f i v e  

t imes slower rate which was maintained four  a hours. While 

formulation T-I produced a peak excre t ion  o f  0.665 n g b l  

after hours, formulation T-11 had a peak of 0.600 mg/ml 

a t t a i n e d  after 10 hours, i nd ica t ing  a considerable  delay i n  

drug el iminat ion.  Both t h e  reduced rate of excretion and a 

r e l a t i v e l y  lower ur inary peak l e v e l  of t h e  drug i n  formulation 

T-I1  suggest a corresponding r e t a rda t ion  i n  drug absorpt ion 

rate, presumably due t o  reduced d i s so lu t ion  rate of t h e  drug 

from t h e  polymer matrix. 
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The amount of drug detected i n  t h e  u r i n e  after 24 hours 

w a s  i n s ign i f i can t ly  small. Renal clearance values  for t h e  

e i g h t  volunteers w e r e  c lo se ly  i n t e r r e l a t e d ,  and fe l l  wi th in  

t h e  normal to l e rances  ind ica t ing  normal kidney func t ion  and 

negl ig ib le  i n t e r  subjec t  v a r i a b i l i t y  i n  t h e  excre tory  system. 

Assuming normal kidney funct ion,  t h e  excreted cumulative 

amounts of about 38.3 and 32.2 I for formulations T - I  and 

T - I 1  respec t ive ly ,  w e r e  recorded and considered v a l i d  t o  

es t imate  comparative drug b i o a v a i l a b i l i t y  of t h e  d i f f e r e n t  

t w o  drug systems. A similar u r ina ry  drug recovery of about 

39.7 % fran a non-sustained 500 mg oral  dose of ampic i l l i n  

t r i h y d r a t e  had been obtained earlier by Loo et a1 (21) . 
The coprec ip i t a t ion  technique, as employed on 

ampic i l l in  t r i h y d r a t e  with Budragit(R)-RS and t h e  selected 

t a b l e t  formulations have produced a considerable  drug release 

re ta rda t ion ,  both in -v i t ro  and in-&. 
modification of  t h e  formulation and design, a desired oral 

sus ta ined  release dosage form may be formulated. I n  cases 

w e r e  t h e  drug s u f f e r s  a c i d  degradation or other i n s t a b i l i t y  

i n  t h e  g a s t r o i n t e s t i n a l  f l u i d s  , Budragit  (R) -RS would enhance 

s tabi l i ty ,  s ince  it i s  inso lub le  i n  aqueous f l u i d s  and 

e x h i b i t s  only l i t t l e  or l imi t ed  pH-independent g a s t r o i n t e s t i n a l  

f l u i d  permeabili ty.  

With appropr ia te  

AO<NOWLBM;EMENT 

The authors  wish t o  express their  profound g ra t i t ude  t o  

t h e  Head and Staff Members of Chemical Pathology Department, 

Ahmadu B e l l o  University Teaching Hospital ,  Zaria, Nigeria,  for 

their  invaluable  profess iona l  s e r v i c e s  in t he  B ioava i l ab i l i t y  

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

7/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



SUSTAINED RELEASE COPRECIPITATES 1387 

Studies.  Thanks t o  Beecham Pharmaceuticals Ltd., -gland, and 

to R o b  Pharaa GmbH-Darmstadt, FRG for generously supplying 

ampic i l l i n  t r i h y d r a t e  and Eudragit  (R) -RS re spec t ive ly  . 
FOOTNOTES 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

A vacuum of about - 6kp .~m’~  w a s  ensured by a vacuum 
pupp canpressor-type EB3A-Edwards High Vacuum 
(BOC Ltd),  Crawley, England, 

Perkin Elmer 710B I R  Spectrophotaneter,  Norwalk, 
Connecticut, U.S.A. 

Tesa f i l m ,  Beirsdorf AG, Hamburg, FRG. 

500 m l  PYREX-glass beaker (England) 

KORSH-BERLIN: TYPI-EKO (ERWEKA-Apparat ebau , FRG) 

Formulation T-I1 w a s  s e l ec t ed  f o r  t h i s  study 
following i t s  better in -v i t ro  r e t a rdan t  effect, 
while formulation T-I’II w a s  excluded. 

A mixture of 39.5 m l  (0.lM c i t r ic  acid) and 60.5 m l  
(0.m N a 2  HP04) formed 98.5 parts, while 0.393 9% 
CS04.§H20 so lu t ion  formed 1.5 p a r t s  of t h e  ci trate 
buffer.  
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