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124 PHARMACEUTICAL TECHNOLOGY, September 198 3 

The for gotten dosage form: 

enteric-coated tablets 

WALTER G. C HAMBLISS 

T HE RECENT INTRODUCTION of 
transdennal delivery systems and other 

controlled-release dosage forms has demon
strated the ingenuity of the pham1aceutical 
development scientist. The number of poten
tial dosage forms available for a new drug 
has never been higher. There is, however, 
one dosage form that appears to have been 
forgotten: the coterie-coated tablet. 

An entcric-coated tablet is designed to re
sist the dcst ructive act ion of the gastric nu id 
and to disintegrate in the intestinal tract. ' 
Reasons for applying an ente ric coat to a 
drug product include:' .. 

• preventing the drug's destruction by gas
tric enzymes or by the acidity of gastric 
fluid 

• preventing nausea and vomiting caused 
by the drug's irritation of the gastric 
mucosa 

• delivering the drug to its local s ite of 
action in the intestine 

• providing delayed action 
• delivering a drug primarily absorbed in 

the intestine to that site at the highest pos
s ible conce ntration. 

This presentation will review the history of 
this dosage form and examine the reasons 
for its apparent demise. 

Basic Studies 
Jn 1965, Schroeter published a review of 

over 60 materials that have been used as en
teric coating matcrials,4 referring to studies 
that found both favorable and unfavorable 
in vivo performances for tablets coated with 
those materials. The four basic types of c n
tcric coating materials are water-resistant 
fiJms, pH-sensitive films. materials digest
ed by intestinal nuid , and materials that 
s lowly swell and dissolve after exposure to 
moisture. 

2 
The pH-sensitive films have re

ceived the most attention in the literature. 
Indeed , e nteric products introduced recent
ly seem to be manufactured exclusively 
with this ty pe of coating.' 

pH-Sensitive Films 

As the name implies, pH-sensi tive film is 
directly affected by the pH of the GI tract. 

The film must be insoluble in gastric tluid 
but dissolve rapidly in intestinal tluid. Table 
I lists pH values found in the G I tract.'' The 
usuaJ pH of gastric f1uid ranges from I .0 to 

3.5. Fasting generally reduces the pH value 
to a level between I .2 and 1.8. and G I dis
eases and drugs such as histamine H-2 an
lagonisLs, amichol inergics, and antacids are 
also known to affect pH. 7 

Enterie films that are pH-sens itive consist 
of a long-chain polymer with ionizable car
boxyl groups. In the low-pH environment 
of the gastric fluid, the acid g roups arc un
ionized and arc therefore poorly water solu
ble. When the tablet empties from the stom
ach into the sma ll intestine, a dramatic 
change in pH occurs: ionization of the acid 
groups and , therefore, increased water sol
ubility occurs in the intestinal trac t as 
shown in the following equation: 

R - COOH + OH" ... R - coo· + H2O 

The equilibrium constant for Lhe reaction is 
a function of the pH o f the medium and the 
apparent PK. of the film . 1 The Hende rson
Hasselbach equation may be used to predict 
the ratio of the concentration of the ionized 
to un-ionized acid groups based upon the 
pH oflhe medium a11d the pK. of the film:7 

K _ 
1 

concentratio n (ionized) 
pH - P O - og concentration (un-ionized) 

Enteric films that are pH-sensitive should 
have a pK, between 4 and 6. At a pH level 
two units below the pK. of the acid groups. 
for instance, only I% of the acid groups on 
the polyme r will be ionized - which ex
plains the low solubi lity of the cote rie mate-

Tbble I: Range of pH values i11 the Gt tmct. 

GI Area pH Value 

Stomach 1.0- 3.5 
Duodenum 6.5- 7.6 
Jejunum 6.3- 7.3 
Ileum 7.6 
Colon 7.9- 8.0 
Rectum 7.8 

r ial in the gastric fluid . As pH is incrcase<.:l_ 
the equilibrium of the reaction shifts to th -
right. and the percentage of ionized aci<.J 
groups increases. 

In the intestine, pH exceeds Lhe pK
11 
of th~ 

acid group by two to four units. the pcrccn t_ 

age of ionized g roups approaches I 00 % 
a nd the polymer making up the film b~ . 
comes water soluble . 2 Ion izat io n of the aciu 
groups causes a charge repulsion within th~ 
polymer. leading to a stre tching of the po l} - _ 
mer chain. 8 Stretching Lhc chain a llows w ._'t. _ 

ter to penetrate to the tablet core. resulting, 
in tablet disintegration.' 

The pH-sensi tive film s that have been 
studied include shellac .

0 
ce llulose ace tate: 

phthalme. "1 
'
0 cellulose acetate succ in;ite . ,..,. 

half-e sters of the co polymer po lyvin y l 
methyl e ther/ maleic anhydride. '~ mcth _ 
acrylic acid/methyl methacryh1te copol _ 
mer, '0 polyvinyl acetate phthalatc.~' und hy _ 
droxypropyl methylccllulosc phthalatc . ~ 
Two of these polymers - shellac and cl!! I u -
lose acetate phthalate - will be discussed i 11 

detail in the fo llowing sectio ns. 
Shellac. Shellac, a long-chain polymer of 

esters of aleuriticacid. was introduced as an 
enteric coating material by Wruble i 11 

1930. 9 Although once used extensively in 
the industry. shellac is no longer the poly
mer of c hoice for entc ric-coated table t~. 
Shellac has an apparent pKJ between 6. 9 
and 7.5, a nd this high value leads to poor 
solubility of the film in the duodenum . 
where the pH is genera lly slightly acidic: 
delayed intestinal release of the drug may 
therefore occur.z 

The stability of shellac has also been crit i 
cized. Luce reponed that marked change:-. 
in disintegration times occurred in she llac
coated dicalcium phosphate tablets aft..:r 
storage at room te mperature for one year. 
Before storage, Lablcts disintegrated in in
testinal fluid within 50 min: a fter storage . 
they fa iled to disintegrate within 120 min . 
The stability of the dosage form may also be 
intluenced by the grade of shellac; ~everal 
grades arc commerc ially ava ilable. USP 
recognizes two basic grades: orange shellac 
(wax o r dcwaxed), and bleached or refined 
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Eastman C-A-P™ 
Enteric Coating Mater1al 

• 
e 1vers. 

Eastman C-A-P-Cellulose Acetate Phthalate-as an 
enteric coating can give your tablets an elegant, appealing 
finish. But there's more to the effectiveness of this free
flowing white powder than meets the eye. 

Because of their excellent enteric properties, coat
ings of C-A-P withstand prolonged contact with gastric 
juices but readi ly dissolve in intestina l fluids. So, one coat
ing material delivers both elegance and protection. 

Also, impressions made in the tablet are visible 
through the f inish, thus eliminating the need for printing 
the coated tablets. 

For more information about C-A-P for enteric coat
ings, contact Gunther Doerfert, 615-229-3797, or write 
him at Eastman Chemical Products, Inc., a subsidiary of 
Eastman Kodak Company, Kingsport,Tennessee 37662. 

Eastman~ C-A-P™ 
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shellac (wax or dewaxed).21 It has been re
ported that alcohol solutions of orange shel
lac arc more stable than arc corresponding 
solutions of bleached shellac: bleached 
shellac tends to estcrify faster because re
sidual chlorine lowers the pH_ n (The 1ablc1s 
in the study by Luce c ited ea rlie r used 
bleached shellac .) 

Cellulose acetate phthalate. Cellulose 
acetate phthalate (CA P) is a white, free
fl owing powder prepared by reacting a par
tial acetate ester of cellulose with phlhalic 
anhydride. The cellulose polymer used in 
the reaction has a molec ular weight be
tween 2000 and 8000. and the final product 
contains 30% to 36% combined phthalyl 
and 19% to 23.5% combined acctyl. Ap
proximately one-half of the available hy

droxy groups in the cellulose chain arc acct
ylated; one-fourth arc estcrified with one 
of the two phthalic acid groups. 1° Figure I 
shows the structure of cellulose and a repre
sentative structure o f CAP. n 

CAP. the most widely used cnicric coal
ing material . was introduced by Hiatt in 
1940. 11 

Couvrcur conducted an extensive 
study o f cnteric coating o f tablets and con
cluded that CAP combined all of the quali
ties required of a true e nteric coating. In
deed. Couvreur found that C AP was the 
only material testccl that responded exactly 
to the requirements . u 

Zatz and Knowles studied the effect of pH 
on CAP monomers. From pH 2 10 pH 4, the 
CAP monomers were observed 10 be in a 
compact form . As the pH changed from 4 10 
6. however. ionization of the acid groups 
occurred; the greatest effect o n film stabili 
ty was seen at pH 6. 24 

A controversy has developed in the litera
ture concerning the role of pancreatic ester
ascs in the disintegration of CAP-coated 
tablets. Bauer and Masucci attributed disin
tegration of CAP-coated tablets in slightly 
alkaline pancreatic fluid to the hydrolytic 
e ffect of the cstcrascs and not to a pH cf. 
fcct, " while Payne found thai a pancreatin 
concentration of 3 g/L had no signi(icant ef
fect on the in vitro dis integration time of 
CAP-coated tablcts.1

' 

Lo ng-te rm toxic iry studies in rats and 
dogs performed as early as 1944 showed 
that C AP was very safe . Rats had depressed 
growth rates, but no fatalities were a11rib
u1ed to ingestion of CAP. Dogs fed IO g of 
CAP dai ly showed no adverse affects after 
o ne year. 2

• 

Storage of CA P-coated dicalcium phm,
phatc tablets at room temperature for 12 
months caused no s ignificant change in dis
integration times.'~ Blythe ct al. . however. 

reported that the type of disintcgrant incor
porated into the tablet core affected the !lta
bility of the dosage form. On the one hand. 
they found that CAP-coated aspirin tablets 

containing starch as the dis intcgrant 
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showed marked changes in both in vitro and 
in vivo disintegration times after 18 months 
in storage. On the other hand. no change in 
disintegration times was observed afte r 
storage of CAP-coated aspi rin tablet~ con
taining guar gum as the disintcgrant. n 

Methods of Coating 

The oldest method of c ntcric coating in
volves manual pan coating. Conventional 
coating pans are constructed of stainless 
steel and range in diameter from 12 in . tu 60 
in . Pans arc available in doughnut , pear, 
and hexagonal shapes. and most arc 
equipped with an exhaust syia c tn and a 
humidity-controlled air sourcc. 2 The angle 
o f the axis and the rotation speed may be ad
justed as needed for a particular product.!> 

The conve ntional pan has a single front 
opening th rough which processing ai r en
ters. Side-vented pans provide a unidirec
tional flow of air through the bed and the 
pan's pe rforations . increasing coating 
c fficicncy.1

M 

Coating solutions may be added to the pan 
by either inte rmittent or continuou~ pro
ccssc.~. and new spray systems have largely 
replaced the conventional ladle technique for 
solution addition. A dusting powder such as 
talc or tnagncsium stcaratc may be added to 
the bed to prevent tablet ~ticking. The thick
ness of the coat depend~ upon the nature of 
the coating lilm.1 the physical properties of 
the specific tablet," and the desired in vitro/ 
in vivo release profile. 

The air suspension coater developed by 
Wurster i.uspends tablets in an ai rstrcam::-. 

the coating solution is sprayed onto the sus
pended tablets and is then dried by warming 
the airstrcam . T he major disadvanwgc of 
this coater is breakage and attrit ion of the 
tablets . Tablets coated in this way must 
therefore have sufficient hardness to with
stand collision with the walls of the coating 
chamber and with other tablets . i 

Evaluation of Enteric-Coated Tablets 

/ 11 vitro tests. The USP disintegration test 
for entcric-coated tablets first appeared in 
1955 in USP XV.'° It was modified in the 
second supplement to USP XV and has since 
remained unchanged . The test specifics that 
the tablets must remain intact in simulated 
gastric nuid TS at 37 °C for l hr. then disin
tegrate in s imulated intestinal fluid T S at 
37 °C within a time period not 10 exceed the 
limit specified in the individual monograph 
for the uncoated tablet plus 2 hr. 11 

As early as 1948. investigators reported 
that the pH of simulated intestinal nuid 
should he slightly acidic to correspond to 
the pH of intestinal fluid in the duodenum. 14 

Nonetheless. the pH of simulated intc:.tinal 
fluid TS in USP XX ( 1980) is alkaline (pH 
7 .5). '2 A variety of alternative artificial in
testinal fluids have been described in the lit-

l o a • • • -

craturc. the earliest by To pli:. in I 915. " The 
pH of these lluids have ranged from low 
values of 6 .8 .. and 6 .9 " tu a high of 8.5. 11 

Still. the only official simulated intc:.tinal 
fluid that is acidic (pH 6.8) i, found in the 
Brirish Pharmacopoeia.,.. 

/\ large numbe r o f repo rts fou nd in the lit
e rature demonstrate that good in vivo per
formance by an cntcric-coatcd tablet is not 
ensured simply by virtueofpa:.~ing the USP 
di~intcgrat ion test. "' 40 Tablets that have 
passed the test have sometimes been oh
:,ervcd to be excreted unchanged in the fc
cc~ of normal human subject~."' Other tab
le t:. have demonst ra ted poor re lative 
hioavailability as compared to the uncoated 
tablets."' '~·''' Wagner and colleagues. u:.ing 
the USP disintegration apparatu, and a pH 
6 . 9 buffer. found no direct relationship be
tween in vivo and in vi tro disintegration 

times. '1 
" '·" ' Rasmussen. however. reported 

a direct proportionality between in vitro and 
in vivo disintegration time:.. independent of 
tablet size and composition." 

Virtually no attent ion has been given to 
the use of a dis:.o lution tc:.t for e nteric
coatcd tablets : indeed. the latci.t USP doc, 
not contain an official method of evaluating 
the dissolut ion behavior of cntcric-coatcd 
tablets . '1 In a study by Emhil and Torosian. 
the USP procedure for uncoated tablets wa, 
adapted to study the dissolution of cntcric
coatcd aspirin rnblcts. The authors recom
mended a pretreatment period of 15 min in 
:.imulated gastric fluid. followed by db:.o 
lution in simulated intc:.t inal lluid . The 
Mudy showed that longer pretreatment p.:n
ods did not significantly alte r the dissolu
tion profile." 

In a study performed recently by the au
thor and co-worke rs. the di:.M>lution of dif
fe re nt c ntc ric-coatcd formu latio ns wa:. 
studied at pl-I 1.2, pH 6 .0. and pH 8.0 .4 ' 
The following c riteria were c,tablishcd to 

help in the selection o f the bc,1 coating ma-

CII OII 

~ H 

n 

0 0 
I 

c-<5 CII OCCII 

m, ¢ 

6 COOH 
CHOCCH 

O C I 
©rCOOft 0 

" 

Fig11re I : Chemical Mmcr11res of ce/f11/o.11• 

(A) and celfulo.ve acew re p/11/wlmc 

(CAP) (B). 
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We'll custom remanufac ture your 
o ld syste m on-site or at our plant 
in a fraction of the time it takes 
to buy a ne w one, plus save you 
up to 40% in the proces s. 
When it comes to sterilizers 
our philosophy is simple: ' 
waste not, want not. We 
use pressure vessels and 
dc-:>rs from your old 
sterilizer and test them to 
ASME specifications. All 
o ther parts are factory
new. We can also mod
ernize your present system 
by adding custom features 
that better suit your needs. 

Our expert technicians 
keep your design simple 
for greater efficiency and 

'-"- -,-,.,,,..,..,....., 
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reliability. You get only the features flexible and easy to program, Steritrol 
you need, without costly gadgets that© is able to handle jobs at all levels of 
do little to improve processing. What's · sophistication, from production line 
more, our systems have proven so to R&D applications. 
reliable we're able to offer you the For more information, call or write 

longest warranty in the Scientific Industries. We'll show you 
industry- three full years, how to put new !if e into your old 

We'll update your 
s terilizer to meet GMP 
require me nts and put 
it on a real-time bas is. 
Our Steritrol microcom
puter is a fail -safe system 
that eliminates operator/ 
equipment error, allows 
complete and reliable 
documentation, plus pro
vides you with many other 
~~~~~ht~s. Fully 
at the NLM and maybe 

Circle Rea~~j~~1~°t!ffiH·flc5, 75 

system. -~-~ ~--

r 
The bleril lze r &p ecidli,t. 

Scientific Industries, Inc. 
70 Orvi ll e Drive. Airport lnterndtional Plaza. 
Bohem ia,, NY 117 16 (5 16) 567,4700 

See us at INTERPHEX, Booth #3420 
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