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124 PHARMACEUTICAL TECHNOLOGY, Seplember 1 3 

The forgotten dosage form: 

enteric-coated tablets 

WALTER G . C HAMBLISS 

T HE RECENT INTROD UCTION of 
transdcm1al dcl ivery sy tcms and other 

controlled-release dosage fom1s has demon
strated the ingenuity of the pharmaceutical 
development scientist. The number of poten
tial dosage forms available for a new drug 
has never been higher. There is, however, 
one dosage fom1 thar appears to have been 
forgotten: the enteric-coated tablet. 

An enteric-coa1ed tablet is designed le> re
sist the desrructive acrion of the gastric nuid 
and Lo disintegrate in the intcslinal tract.' 
Reason for apply ing an cmeric coa1 to a 
drug produc1 include: '"' 

• preventing the drug's de !ruc tion by ga ·
tric enzymes o r by the acidi ty of gastric 
tluid 

• preventing nausea and vomi ling caused 
by the drug's irr ilali on of the gastri c 
muco a 

• delivering the drug to its loca l si te of 
action in the inte tine 

• providing delayed action 

• delivering a drug primarily ab ·orbcc.l in 
the intestine Lo that site at the highest po -
sible concentration. 

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

Basic Studies 
In 1965, Schroeter published a review of 

over 60 materials that have been used as en
te ric coating materials,' referri ng to studies 
that found both favorab le and un favorable 
in vivo performances fo r tablets coated with 
those materials. T he four basic types of en
tcric coaling materials a re water-res istant 
films. pH-sensitive film . materials d igest
ed by intesti nal nuid, and materials that 
lowly swell and dissolve after expo ure to 

moisture. : The pH-sensitive films have re

ceived the most attention in the literature. 
Indeed, enteric products introduced recen t
ly eem to be manufac tured exclusively 
with this type of coating .' 

pH- ensitive Films 
As the name impl ies, pH-sensi 1ivc film is 

di rectly affected by the pH of the GI tract. 

The film must be insoluble in gastric llu icl 
bu t dissolve rapid ly in inrcstinal nuid . Table 
I lists pH values fo und in the G I 1ract ." The 
usual pH of gastric llu id range from 1.0 to 

3 .5 . Fasting generally reduces the pH va lue 
to a level between 1.2 and 1.8. and G I dis
eases and drugs such as histamine H-2 an
tagonisrs, ant icholinergics. and antacids are 
a lso known to affect pH .7 

Enteric fi lms that are pH-sens itive consist 
of a long-chain polymer with ionizab lc car
boxyl g roups . In the low-pH environment 
of the ga tric tluid . the acid groups a rc un
ionized and arc therefore poorly water solu
ble. When the tablet empties from the stom
ach into the s mall in tes tine . a dramati c 
change in pH occurs : ionization of the acid 
group and, therefore, increased water . o l
ubili ty occurs in the intestinal trac t as 
shown in Lhc fo llowing equation: 

T he equili brium constant for th· rc11ctiun is 
a function of Lhe pH of the medium and the 
apparent pK. of Lhe film . ' The Henderson
Hasselbach equation may be used to predict 
the ratio of the concent ration of the ionized 
10 un-ionized acid groups based upon the 
pH of the medium and the pf(, of the film :' 

K _ 1 concent ration (ionized) 
pH - P • - ogconcentration (un-ionized) 

Enteric films that are pH -sensi tive sh uld 
have a pK. between 4 and 6. At a pH level 
two unit s below lhe pK, of the acid groups. 
for instance, only I % of the ac id groups on 
the polymer wi ll be ionized - which ex
plains the low solubility oftheentcric mate-

7bble I: Range of pH values in the GI tmct. 

GI Arca pH Value 

tomach 1.0- 3 .5 
Duodenum 6.5- 7.6 
Jejunum 6 .3- 7 .3 
Ileum 7.6 

o lon 7.9- 8 .0 
Rectum 7.8 

rial in the gastric lluicl . As pH b in rca~e<...1. 
the equi librium f lhc reaction s hifts to th -
right , and 1hc percentnge or ionized a · i.__t 
groups increa cs. 

In th intestine, p l-I exceeds the pK., ofth , 
acid group by two to four unit · . the pcrccn t. 

age of ionized g ro ups approac hes I 00 ''.
and the polymer making up th<.· film be
come · water soluble .1 Ionization of th<' aciu 
groups causes a charge repulsion wi th in th 
polymer. leading 10 a . tre t hing of 1he pol .'- , 
mer chain .8 Stre tching the chain allows w~~ 

te r to penetrale to the table! core. rcsu lt in ~ 
in 1ablct disi ntegration .' 

The p H-sensi t ive fi lms tha t have bc~·rt 
s tudied include shella ." cellulose ace tat 
phthalatc , "' 10 cellulose acetate succi na tc. ,.,. 
half-c ·tcr · of the copolymer p lyvin I 
merhy l e ther/ muleic anhydride, " mc th _ 
acrylic acid/methy l methacrylatc copn l _ 
mer. ''' polyv iny l acetate phthalatc /'' and h _ 
d roxypropy l meth y lccllulose phthalatc .: 
Two of thcs · polymers - sh Il a and ·ellu _ 
lose acetate phthal;itc - will be discuss •d in 
detai l in 1hc fo llowing sections. 

Shellac. Shellac, a long- hain polym rt>f 
esters ofalcuritic acid , was introduced as an 
e nte r ic coat ing material b Wrubl c in 
I 930. 9 Although once used ex te nsive! in 
the industry. shellac is no longer the pol) -
mer of c hoice for e nte ri -coa ted tablet, . 
She llac has a n apparent pK. between 6 . 9 
and 7 .5. and this high va lue leads to J)(l(>r 

so lub ility of the film in the duodenum . 
where the pH is generally lightly ac idic : 
de layed intest ina l rclea e of the drug may 
therefo re occur.' 

The stabili ty of shellac has also been criti 
·izcd . Luce reported that marked clwngc, 
in di sintegra rion rimes occurred in shcll:K·
coa tcd dica lcium phosphat e tablets afta 
storag at room temperature for one year 
Before ·toragc, table ts disi ntegrated in in
testinal ll u id within 50 min : after sto rage . 
1hcy failed to dis int grate with in 120 min 
The stability of the do age fom1 ma also Ile 
innuenced by the grade of shellac : ~ever:11 
grades a re comme rcia lly available . SP 
recogn izes two basi grades : o range . hc llac 
(wax o r dewaxed) , and bleached o r refined 
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Eastman C-A-P™ 
,ng Material 

t 
• 

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 readily dissolve in intestinal fluids. So, one coat
ing material delivers both elegance and protection. 

Also, impressions made in the tablet are visible 
through the finish 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™ 

NI .... < I lf.t'.,., a J,,r .,,~, . 

Circle Reader Service Cord No. 74 
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shellac (wax or dcwa11ed)." h has been rc
poned that alcoh I soluti ns or orange hcl
lae arc more stable than arc corresponding 
s lutions of bleac hed hella ; bleached 
shellac tend to csterify fa te r because re
sidual chlorine lowers the pH . :u (The tablet~ 
in the study by Luce c ited curlie r used 
bleached he lla .) 

Cellulose acetate phthalate. ellulose 
acetate phthalatc ( AP i a white. free
nowing powder prepared by reacting a par
tial acetate ester of cellulose with phthalic 
anhydride . The ce llulose polymer used in 
the rca tion has a molecular weight be
tween 2000 and 000, and the finul product 
contains 30% to 36 % combined phthalyl 
and 19 % to 23 .5 % combined acctyl. Ap
proximately one-half of the avai lable hy
droxy gr up in the cellulose chain arc acct
ylatcd ; one-fourth a rc esteri 1ed with one 
of the two phtha lic acid groups ."' Figure I 
shows the structure of cellulo and a rcpre
scmative structure fCAP_:, 

AP, the mo ·t widely used enteric coat
ing material. wa , introduced by Hiatt in 
1940 . 11 Cuuvrcur conducted an ex tensive 
study f enteric c ating of rnblct and con
cluded that CAP combined all of the quali 
ties required o a true enteric oa ting. In 
deed, uvrcur found that AP was the 
only material tested that responded exactly 
to the requirement . u 

Z,nzand Kn wle stud ied the effect of pH 
on AP monomers. rum pH 2 to pH 4 . the 

AP monomers were bservcd to be in a 
compact form . A the pH changed from 4 to 
6, however. ioniza1i n of the acid groups 
occurred ; the greatest effect on film stabil i
ry was seen at pH 6 . ' ' 

A c ntrovcrsy ha developed in the litera
ture concerning th role f pan rcatic estcr
ases in the disintcgra1jon of AP-coated 
tablets . Bauer and Masucci attributed dis in 
tegrntion of CAP-coated tablet in sligh1ly 
alkali ne pancrcati fluid 10 1hc hydrolytic 
effect of th e tcra. c a nd not 10 a pH ef
fect," while Payn · found thal a pancreatin 
concen tra1ion of g/L had no significant ef
fect n the in vitro disintegrmion time of 

AP-coated tablet .1' 
Long-term toxiciry studies in rat s and 

dogs performed as early as 1944 showed 
that AP wa · very safe . Rais h.id depressed 
growth r tcs, but no f'ataliti we re aurib
utcd 10 ingcsti n of AP. ogs fed 10 g of 

AP daily howed no adve rse affects after 
one ycar.2b 

1 rage of AP-coated di al cium ph11·
phate 1ablcts at room temperature for 12 
months caused no significant change in dis

integration time .. '" Blythe ct al. , however. 

reported thal th type of disintcgrant incor
porated into the tablet core affc 1ed the ta· 
bili1y f the do age~ nn . n 1hc one hand. 
th y fou nd 1ha1 AP-coated aspirin 1ablc1s 
containing s tarch as the disintcgrant 

PHARMACEUTICAL TECHNOLOGY, pt mber 1983 

showed marked changes in both in vitro and 
in vivo di integration times after 18 months 
in storage. On the othe r hand , no change in 
disintegration time~ was observed after 
storage of AP-coated a~pirin tablets on
taining guar gum as th disintegram :'' 

Methods of 'oating 

The old M me1hod of entcric coaung in
volves manual pan coating. Convc111ional 
coating pans a re constructed of s1ainlcss 
stee l and ra nge in diameter from 12 in . Ill 60 
in. Pans arc available in d ughnut , pear, 

and hexagonal shapes, and most arc 
equipped wilh an ex haus t sy. tem antl a 
hu midity-controlled air source .' The ungle 
of the a is and the rotation speed may be ad
ju tcd a · needed for a panicular product. " 

The conventional pan has a inglc front 
opening through which processi ng air en
ters. idc-vented pan · provide a unidirec
tional !low of air thr ugh the bed and the 
pan's pe r ora tions. increasing coa t ing 
cflicicncy. :M 

o.uing solution · muy be added to the p,111 
by ei ther intermittent or continuo u~ prn
ccssc.~. and new spray systems have largely 
replaced the conventional ladle technique for 
solution addition. A dusting powd ·r such as 
ta lc or mugncsium stearatc may be added to 
1he bed to prevent tablet sticking. The thick
ness of the coat depends upon the nature of 
the oating mm.' the physical propcnies of 
the specific tablet ," ,md the desired in vitro/ 
in vivo release profile . 

The air ~uspens ion oate r de e loped by 
Wurster uspcnds tab lets in an air tream ::,, 
the coating solution is sprayed onto the sus
pended tablets and is then dried by warming 
1hc airstream . Th major disadvanwgc of 
th is coa ter is breakage and attntion of the 
tablet s . Table t coated in thi s way must 
therefore have suflic icn1 hardness to wi th
tand coll ision with the walls of th coating 

chamber and with other tublcts. 2 

Eva lua tion of Ent r ic-Coated Tablets 

Irr vitro l e ts. The SP disi nteg ration test 
for entcric-coatcd table!~ first appcurcd in 
1955 in USP XV."' It was modified in the 
second supplement to USP XV and ha~ ~ince 
remained unchanged . The test spec ifics that 
the tablets mu t remain intact in s imulated 
gastric nuid T at 37 • · for I hr. then disin
tegrate in ~i mulated inte ·tinal nuid TS n1 

37 ° within a rime period not 10 xcccd the 
limit ~pcci fi cd in the individual mon graph 
for the uncoated tablet plus 2 hr. 11 

As cMly a 1948. invc ·tigators reponcd 
that th pH <> f simulated intestinal fluid 
sh ulcl he slightly acidic to correspond tu 
the pH of i111cstirrnJ fluid in the duodenum." 

oncthclcss. the pH of simulated inle~tinal 
nuid T in USP XX ( 1980) is alkulin · (pH 
7 .5) . 11 A variety of ah •rnativc anificia l in
testina l lluids have been de. cribcd in 1hc lit-

.. . - . ~ .. .. -

ernturc.thecarli•stb Toplbin 1915 ." Thc 
pH of these nuids hav • ranged from I w 
va lue~ or 6 .8" and 6.9" lO a high o f 8 .5." 

till. the only officia l simulmed imestinal 
nuid that is acidic (pH 6 .8) i, found in the 
British Plwrmacopneia ." 

A large numbe r or rcpom fou nd in the lil 
eratu re dcmunstrn tc that good in ivo pcr
forn1ance b an ent ·ri -coa1ed mblct i. nm 
cn~urcd simply by vi nuc r passing the U P 
dis1111egratillll ICSl. "'"0 T:tbl ClS that ha C 

pa 'Sed the test have 0111 'limcs been ob
served to be c crctcd un ·hanged in th ' c 
cc, of normal human ubjc ·t~ ."' thcr tab
le t~ ha e dcmon~tratcd p, or rc la1 ivc 
hiuavailability as compared to the un ·omcd 
Lablcll, ."' '' '° Wagn r and co lleague ·. using 
1he P dis integration apparatu., and a pH 
6. 9 buffer. fount! no direc t rclat ion~hip he
tween in vivo and in vi1rn di si ntegration 
time~ ."·"'·" Ra~m usscn. ho, • e r. rep< ncd 
a direct proponionality between in vi tro and 
in ivu disintegration tim s. ind pendent of 
tablet site and composi tion ." 

Virtu .i ll 11<1 aucntiun ha~ been gi e n In 

the u~c of a dii.~olu t ion te~ l for cn tcr k 
coa ted tablets: indeed. th · lat ·~l SP doc, 
1101 contain an oflicial method ofcvalua1i11g 
the dissolution behavior of ·n1c ric-cl1:ncu 
tahlct.-. ." In a study by Embil and Torosi:i n. 
the P procedure for uncoated tablet~ wa, 
;1daptcd to study the dissolution of cntcric
cmncd aspirin mblets. The authors rccom 
mended a pretreatment p-riod o f 15 min in 
~intulatcd ga.stri · flu id. followed b di~so 
lution in irnulatcd imc tin:11 nuid . Thi.' 
~tud showed thai longer pre treatment peri
ods did not s ignificantly :il l ·r the disso lu

tion profile ." 
In a Mud performed recent! b 1hc au

thor and co-workers . the di,~ulu tion of dif
fere nt en te ri c-coa tcd formu latio ns , as 
·tudicd at pH 1.2. pH 6.0. and pH 8.0. 11 

Th• following criteria , ere established to 
help in the. e lection of the best coating ma-

0 
I 

c110CC t1 

¢ 

c. --C) 6 C©I 
CHOCCH 

I 
0 

Fii;rire I: hemi/'11 / .\lruc·111rt•s of ce/111 /o." ' 
(A) mu/ ce/111/<m• at·(•tat l! p/11/wlau, 
( AP) (8 ). 
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Before you put 

your old sterilizer 
out to pasture, talk to 

the people at SI. 
- -. -- ~ .. --- . 

---- -------------
__ ___ .. . 

---- ·--- -:::-==.-

We'll custom remanufacture your 
old system on-site or at our plant 
in a fraction of the time it takes 
to buy a new one, plus save you 
up to 40% in the process. 
When it com s to t rilizers 
our phi lo ophy is simple: ' 
waste not, want not. We 
u e pressure vessels and 
d -:>rs from y ur old 
1eri lizer nd t l them to 

A ME sp ci ficali ns. All 
ther parts are factory

new. We can also mod 
rnize your pres nl ystem 

by adding custom features 
!hat better suil your needs. 

Our expert technicians 
keep your design simple 
for greater efficiency and 

------..,, 

~~ r 

r liability. You get nly th fea tures flexible and easy to program. Steritrol 
you n d. without co tly gadg t that® is able lo handle jobs at all levels of 
do little to improve proc sing. What's sophistication, from production line 
more, our ystems have proven so to R&D applications. 
reliabl we're able to offer you the For more information, call or write 

longest warrant y in the ci ntific Industries. We' ll show you 
industry- three full years. how to put new life into your old 

We'll update your 
sterilizer to meet GMP 
requirements and put 
it on a real-time basis. 
Our Steritrol microcom 
puter is a fai l· afe system 
that eliminates operator/ 
quipment error, allows 

comp] le and reliable 
documentation, plu pro 
vides you with many other 
a1i'l~~~~~s. Fully 
at t he NLM and may l>e 

Circle Rea~Gf~YJ,~'eBAfWd. 75 

system. 

The ,1e rllb.e.r ~1>cci,1l1-. t 

Scientific Industries, Inc. 
70 OrvillP Drive . Aiq>ort h11 ernallona l Plaza. 
Bohemia, NY 11 7 16 (5 16 ) 567 -4700 

See us at INTERPHEX, Booth "'3420 
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