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INTRODUCTION 

The t o t a l  c o n t r o l  o f  q u a l i t y  r e q u i r e s  t h e  o rgan ized  e f f o r t  o f  
an e n t i r e  company t o  assure t h e  s p e c i f i e d  qual  t y  i n  each l o t  of 

drug p roduc t  manufactured. The q u a l i t y  o f  o r a l  s o l i d  dosage forms, 

as w e l l  as any d rug  dosage form, must be b u i l t  i n  d u r i n g  p l a n t  

c o n s t r u c t i o n ,  p r o d u c t  research  and development, pu rchas ing  of 

m a t e r i a l s ,  p roduc t i on ,  t e s t i n g ,  i n s p e c t i o n ,  l a b e l i n g ,  s torage,  and 

d i s t r i b u t i o n .  It cannot be assumed t h a t  end-product t e s t i n g  a l o n e  

w i l l  ensure p r o d u c t  qua l  i ty. 

Near l y  a l l  drug substances d ispensed i n  t h e  o r a l  s o l i d  dosa- 

ge form a r e  s t a b l e  under o r d i n a r y  c o n d i t i o n s .  The e s s e n t i a l  q u a l -  

i t i e s  o f  a good compressed t a b l e t  a r e  c h a r a c t e r i z e d  by a number of  

s p e c i f i c a t i o n s .  These i n c l u d e  t h e  appearance, s i z e ,  shape, t h i c k -  

ness, we igh t  , homogeneity , s t a b i  1 i t y  , hardness, d i  sso l  u t i  on t ime,  

and d i s i n t e g r a t i o n  t ime .  The appearance, s i z e ,  shape, and t h i c k -  

ness of t h e  t a b l e t  a r e  g e n e r a l l y  used t o  d i s t i n g u i s h  and i d e n t i f y  

t h e  a c t i v e  i n g r e d i e n t s  which they  c o n t a i n .  The rema in ing  s p e c i f i -  

c a t i o n s  assure t h e  manu fac tu re r  t h a t  t h e  t a b l e t s  do n o t  v a r y  f rom 

a l l o w a b l e  l i m i t s  w i t h i n  t h e  same l o t  o r  f rom one p r o d u c t i o n  l o t  t o  

8 6 9  

Copyright @ 1989 by Marcel Dekker, Inc. 

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

6/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



a70 HANNA 

another. A l l  such qua l i t i es  are  designed t o  ensure a sa fe ,  thera- 
peutically effect ive o ra l  sol id  dosage form. 

QUALITY ASSURANCE SYS 

Since manufacturing produces the tab 
prime responsi bi 1 i t y  for  q u a l  i ty resu l t s .  
s i b i l  i t y  from manufacturing for  producing 

EM 

e t s ,  they should have 
Removal of the respon- 
a qual i ty  product 

resu l t s  in lackluster  product q u a l  i t y  performance. Qua1 i t y  as- 
surance, however, must es tabl ish control points t o  monitor the 
quali ty of the product as i t  i s  processed and on the f ina l  prod- 
uct. With experience, these control points are  located a t  the 
c r i t i c a l  points in the process f l ow .  These include raw mater ia ls ,  
in-process, complete processing, packaging l i n e ,  f inished product, 
and  s t a b i l i t y  m o n i t o r i n g .  

The quali ty assurance system i s  diagrammed in Figure 1 .  This 
System can vary i n  d e t a i l s ,  b u t  n o t  in pr inciple ,  from company t o  
company a n d  will depend on the nature and s ize  of the manufac- 
turing f a c i l i t y  and on the types of oral sol id  dosage form pro- 
duced , 

GOOD MANUFACTURING PRACTICES REQUIREMENTS 

Most governments promulgate regulations governing the manu- 
facture ,  processing, packaging, and dis t r ibut ion of finished 
pharmaceuticals. International standards have been published by 
the World Health Organization, b u t  each country prefers t o  pro- 
mulgate regulations that  f i t  i t s  own needs. Examples of such 
regulations i n  the United States a re  found in Part 2 1 1 ,  T i t l e  21 
of the Code of Federal Regulations, "Current Good Manufacturing 
Practices in Manufacturing , Processing , Packaging, or Holding of 
Drugs" (CG:4Ps). These regulations were or iginal ly  published in 
the Federal Register of June 2 0 ,  1963 by the Food and Drug Admin- 
i s t ra t ion  ( F D A ) ;  and over the past 1 2  years these regulations have 
been revised several times. On February 13, 1976,  the FDA 
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Storage of raw material 
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Trirufer of raw mabri.1 
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FIGURE 1 

Qua1 i t y  Assurance System 
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872 HANNA 

pub l i shed  i n  t h e  Federa l  R e g i s t e r  p roposa ls  f o r  r e v i s i n g  drug 
CGMPs t o  update them i n  l i g h t  o f  c u r r e n t  technology and t o  adopt  

more s p e c i f i c  requi rements t o  b e t t e r  assure t h e  q u a l i t y  o f  f i n -  

i shed  p roduc ts .  The f i n a l  r e g u l a t i o n  was p u b l i s h e d  i n  t h e  Federa l  

R e g i s t e r  on March 28, 1979. The c u r r e n t  CGMPs a r e  en fo rced  by t h e  

FDA i t  i s  on t h e  b a s i s  o f  these r e g u l a t i o n s  t h a t  t h e  FDA has 

i n s i s t e d  on t h e  p roper  manu fac tu r ing  o f  drugs. The r e g u l a t i o n s  
extend i n t o  t h e  area o f  f i n i s h e d  pharmaceut ica ls ,  b u i l d i n g s ,  

equipment , personnel ,  components , master  p r o d u c t i o n  and c o n t r o l  
reco rds  , b a t c h  p roduc t i on ,  p r o d u c t i o n  and c o n t r o l  procedures,  

p roduc t  c o n t a i n e r s  and t h e i r  components, l a b o r a t o r y  c o n t r o l s ,  

d i s t r i b u t i o n  reco rds ,  s t a b i l i t y ,  e x p i r a t i o n  d a t i n g ,  and c o m p l a i n t  

f i l e s ,  

Regu la t i ons  f o r  good manufactur ing p r a c t i c e s  d u r i n g  t a b l e t  

manufactur ing a r e  aimed a t  a s s u r i n g  t h a t  o n l y  those t a b l e t s  which 

have met t h e  e s t a b l i s h e d  s p e c i f i c a t i o n s  and a r e  packed and l a b e l e d  

under proper  c o n t r o l s  a r e  d i s t r i b u t e d .  

COMPENDIAL REQUIREMENTS 

Since t h e  f i r s t  o f f i c i a l l y  recogn ized  t a b l e t  appeared i n  t h e  

U.S. Pharmacopeia (USP I X )  (1916),  t h e  number has s t e a d i l y  i n -  

creased. P r e s e n t l y ,  t h e  USP X X I  and t h e  N a t i o n a l  Formulary  (NF) 

X V I  o f f i c i a l l y  recognizes 466 d i f f e r e n t  t a b l e t s .  S p e c i f i c a t i o n s  

pub l i shed  i n  t h e  o f f i c i a l  compendia a r e  designed t o  assure a 

pha rmaceu t i ca l l y  e l e g a n t  and t h e r a p e u t i c a l l y  e f f e c t i v e  dosage 

form. The accep tab le  l i m i t s  o f  d e v i a t i o n  a r e  dependent upon t h e  
s p e c i a l  problems a s s o c i a t e d  w i t h  t h e  p r o d u c t i o n  o f  t h e  p a r t i c u l a r  

t a b l e t .  I n d i v i d u a l  monographs f o r  t a b l e t s  i n c l u d e  t a b l e t  dosage- 

form u n i f o r m i t y  by e i t h e r  we igh t  v a r i a t i o n  o r  c o n t e n t  u n i f o r m i t y ,  

l i m i t s  on d i s i n t e g r a t i o n  t i m e  o r  d i s s o l u t i o n  bes ides t h e  s t a t e d  

drug q u a n t i t y .  It i s  a compendia1 requi rement  t h a t  any sampl ing 
w i t h i n  a s p e c i f i c  b a t c h  o f  t a b l e t s  would r e v e a l  t h e  t a b l e t s  t o  

be i n  compl iance w i t h  r e s p e c t  t o t h e  i n d i v i d u a l  monograph s p e c i f i -  

c a t i o n s .  
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QUALITY ASSURANCE 873 

A. U n i f o r m i t y  o f  T a b l e t s  Dosage U n i t s  

1.  Weight V a r i a t i o n  

2. Content U n i f o r m i t y  

B. D i s i n t e g r a t i o n  Time 

C .  D i s s o l u t i o n  T e s t  

RAW MATE R I AL S 

The s to rage  c o n d i t i o n s  o f  raw m a t e r i a l s  f o r  t a b l e t s  manufac- 

t u r i n g ,  p a r t i c u l a r l y  hyd roscop ic  substances, a r e  i m p o r t a n t .  Be- 

cause o f  t h e  g r e a t  number o f  p o t e n t i a l  sources o f  con tamina t ion ,  

s t r i c t  s a n i t a t i o n  o f  p l a n t  warehouse i s  an a b s o l u t e  n e c e s s i t y .  

Qua1 i t y  assurance shou ld  make p e r i o d i c  s a n i t a t i o n  i n s p e c t i o n s  and 

fo l l ow-up  t o  assure t h a t  d e f i c i e n c i e s  a r e  c o r r e c t e d .  

w i t h  raw m a t e r i a l s  f r o m  n a t u r a l  sources, f o r  example gum a r a b i c  

and t ragacanth.  S y n t h e t i c  raw m a t e r i a l s ,  on t h e  o t h e r  hand, a r e  

no rma l l y  f r e e  o r  low i n  m i c r o b i a l  con tamina t ion .  

An e x t e n s i v e  and v a r i e d  m i c r o b i a l  f l o r a  i s  u s u a l l y  a s s o c i a t e d  

A. Sampl i n g  o f  Raw M a t e r i a l s  

Samples o f  raw m a t e r i a l s  a r e  t o  be c o l l e c t e d  i n  c l e a n  con- 

t a i n e r s  u s i n g  a d i s i n f e c t e d  sampl ing " t h i e f "  o r  scoop, obse rv ing  
a s e p t i c  t echn ique  f o r  m i c r o b i o l o g i c a l  a n a l y s i s  o r  c l e a n  c o n t a i n e r  

and c l e a n  technique f o r  a n a l y t i c a l  l a b o r a t o r y .  The number o f  

c o n t a i n e r s  t o  sample i n  a g i v e n  l o t  can be determined by u s i n g  

fdIL-STD-105D. 

Samples a r e  t o  be l a b e l e d  as t o  l o t  number, r e c e i v i n g  number, 

s u p p l i e r ,  c o n t a i n e r  s i z e  and type,  name of raw m a t e r i a l ,  and da te  

of  r e c e i p t .  Samples a r e  then submi t ted  t o  q u a l i t y  assurance ana- 

l y t i c a l  and m i c r o b i o l o g i c a l  l a b o r a t o r i e s .  

B .  Chemical and M i c r o b i o l o g i c a l  A t t r i b u t e s  

I n  t h e  development o f  raw m a t e r i a l  s p e c i f i c a t i o n s ,  t h e  a n a l y t i c  

research and development chemist  shou ld  s t r i v e  f o r  t h e  f o l l o w i n g :  
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8 74  HANNA 

Ascertain which chemical , phys 
t e r i s t i c s  are  c r i t i c a l  f o r  assuring 
l o t  of raw materials t o  be used for  
material produced or  purchased. 

cal , and biological charac- 
reproducibil i ty from l o t  t o  
evaluating each l o t  of raw 

Establish the t e s t  methods and acceptable tolerance of the 
a t t r ibu tes  t o  be evaluated. 

Establish the suppl ie r ' s  a b i l i t y  t o  supply raw materials of 
consistent qual i t y  . 

Good raw material spesif icat ions must be writ ten in precise 
terminology, be complete, and provide d e t a i l s  of t e s t  methods, 
type of t e s t  instruments t o  use, manner of sampling, and proper 
idenkification. Figure 2 l i s t s  general t e s t s ,  l i m i t s ,  and other 
physical or chemical data for  raw materials related t o  ident i ty ,  
puri ty ,  s t rength,  and manner of qual i t y  assurance. 

The current FDA Good Manufacturing Practices ( G M P )  covering 
raw material handling procedures are found in the Code of Federal 
Regulations, T i t l e  2 1 ,  Section 211.42 .  I t  simply s t a t e s  t h a t  
"components" be received, sampled, tes ted ,  and stored in a rea- 
sonable way, t h a t  rejected material be disposed of , t h a t  samples 
of tested components be retained, and t h a t  appropriate records of 
these steps be maintained. I n  pract ice ,  the manufacturer will 
physically inspect and assign l o t  numbers f o r  a l l  raw materials 
received and will quarantine them u n t i l  they are  approved f o r  
use. Each raw material i s  sampled according t o  standard sampling 
procedures and i s  sent t o  the qual i ty  control laboratory for  
tes t ing according t o  the writ ten procedures. If acceptable, i t  i s  
moved t o  the release storage area and properly labeled t o  indi- 
cate the item number, name of material , l o t  number, date of 
release,  reassay date ,  and signature of a qual i ty  assurance 
inspector. I t  i s  re tes ted as necessary according t o  an established 
schedule t o  assure t h a t  i t  s t i l l  conforms t o  specif icat ions a t  
time of use. Qual i ty  assurance should reserve samples from act ive 
and inactive raw materials required t o  determine whether the 
material meets the establ ished specif icat ion.  These reserve 
Samples should be retained for a t  l e a s t  5 years. Approved compo- 
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A.  (Raw Material Name) 
1. Structural formula, molecular weight 
2. Chemical name(s) 
3 .  Item number 
4. D a t e  o f  issue 
5. 
6. signature o f  writer 
7. Signature o f  approval 

8. Samples 
1. Safety requirement 
2. Sample plan and procedure 
3. 
4. Reservation sample required 

1. Retesting schedule 
2. Reanalysis to be performed to assure, identity, strength, 

Date o f  superseded, if any, or new 

Sample size and sample container to be used 

C. Retest Program 

quality. and purity 

D. Specifications (wherever appl {cable) 
1. Description 
2. Solubility 
3. Identlty 

a. speclfic chemical testst organic nitrogenous basis: acld 
moiety or Inorganic salt tests: sulfato, chlorldr, 
phosphatr, sodlm, and potassium: spot organic and inorganic 
cheml cal tests 

b. infrared absorption 
c. ultraviolet absorption 
d. melting rangr 
e. congealing point 
1. boiling point or rangr 
g. 

a. 

thin-layer, paper, liquid, or gas chrcaatography 

general CoPlpleteness of solutions, pH, spoclflc rotatlon, 
nonvolatllo residue, ash, acld-lnsolublo ash, rosldur on 
ignition, loss on drying, wator contont, hrrvy mtals, 
arsenic, lrad, Iplrcury, selenlm, sulfato, chloridr, 
carbonator, a d d  valuo, iodlnr valur, saponlflcation valuo 
spocclal qurllty tests, particlo s l z r ,  crystalllnlty 
charactortstics, and polywrphlc f o r m  
specirl purlty tests, ferric In ferrous salts, peroxides and 
aldehydor in e t h w  and rrlated degradatlon products 

4. Purlty and qualtty 

b. 

c. 

A s s a y ,  calculated eithrr on anhydrous or hydrous basis 
Hlcroblal limits, especially for raw matrrlals from natural 
sources 

Comprndtal, USP, or NF referencrs 
Noncorrpendfal, detailed analyttcal procedurr, wights: dilutions; 
extractlonsi normal i ty: reagents; i n s t r m t a t l o n  used and 
procedure, if any; calculations 

List o f  prime suppliers and other approved alternative suppliers, 
if any 

5 .  
6. 

E. Test Procodurer 
1. 
2. 

F. Approved Suppl iers 
1. 
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8 76 HANNA 

nents s h a l l  be r o t a t e d  i n  such a manner t h a t  t h e  o l d e s t  s t o c k  i s  

used f i r s t .  Any raw m a t e r i a l  n o t  meet ing s p e c i f i c a t i o n s  must be 

i s o l a t e d  f rom t h e  acceptable m a t e r i a l s ,  l a b e l e d  as r e j e c t e d ,  and 

r e t u r n e d  t o  t h e  s u p p l i e r  o r  d isposed o f  p rompt l y .  To v e r i f y  t h e  

s u p p l i e r ' s  conformance t o  s p e c i f i c a t i o n s ,  f u r t h e r  s u p p o r t i n g  
assurance by means o f  o n - s i t e  p e r i o d i c  i n s p e c t i o n s  i s  p e r t i n e n t  

t o  t h e  t o t a l  q u a l i t y  o f  raw m a t e r i a l s .  Th i s  w i l l  assure t h a t  

c ross -con tamina t ion  does n o t  t a k e  p l a c e  due t o  i m p r o p e r l y  c leaned 

equipment o r  poor housekeeping p r a c t i c e s  s i n c e  contaminants may 
go undetected because s p e c i f i c a t i o n s  g e n e r a l l y  a r e  n o t  des igned 

t o  c o n t r o l  t h e  presence o f  u n r e l a t e d  t i i a t e r i a l s .  I n  genera l  , raw 

m a t e r i a l s  may be c l a s s i f i e d  i n t o  two b a s i c  groups: those t h a t  a r e  

a c t i v e  o r  t h e r a p e u t i c  i n g r e d i e n t s ,  and those t h a t  a r e  i n a c t i v e ,  

i n e r t  m a t e r i a l s .  

A C T I V E  OR THERAPEUTIC MATERIALS 

A.  A n t i b i o t i c s  

A n t i b i o t i c s  a r e  one o f  t h e  few drugs f o r  which t h e  o f f i c i a l  

a n a l y t i c  method appears i n  t h e  Code o f  Federa l  Regu la t i ons .  The 
USP XXI and NF X V I  r e f e r  t o  t h e  Code o f  Federa l  Regu la t i ons  f o r  

s p e c i f i c a t i o n s  and a n a l y t i c  methods g i v e n  i n  t h e  i n d i v i d u a l  
monographs f o r  each a n t i b i o t i c .  The Code o f  Federa l  Regu la t i ons ,  

T i t l e  21, Chapter 1 , P a r t s  436 t o  436.517 and P a r t s  442 and 455, 
con ta ins  t h e  a n a l y t i c  method s p e c i f i c a t i o n s  f o r  a l l  a n t i b i o t i c s  

approved f o r  human use i n  t h e  U n i t e d  States.  The number o f  t e s t s  
r e q u i r e d  v a r i e s  f rom one a n t i b i o t i c  t o  ano the r .  T e s t i n g  o f  an- 

t i b i o t i c  i s  g e n e r a l l y  per formed by chemical ,  m i c r o b i o l o g i c a l ,  o r  
b i o l o g i c a l ,  methods, or by a l l  t h r e e  methods. Cau t ion  must be 
e x e r c i s e d  d u r i n g  a n t i b i o t i c  raw m a t e r i a l  sampl ing f o r  t e s t i n g  t o  

assure t h a t  i t  i s  n o t  a l t e r e d  d u r i n g  t h e  sampl ing procedure.  The 

sample must be taken i n  a r e l a t i v e l y  d r y  atmosphere, r e l a t i v e l y  

f r e e  f rom d u s t  and f r e e  f rom b o t h  chemical and m i c r o b i a l  a i r b o r n e  

contaminat ion,  and ezposure must be reduced t o  a minimum d u r i n g  

sampling. Spec a1 a t t e n t i o n  shou ld  be g i v e n  t o  t h e  assay f o r  
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QUALITY ASSURANCE 877 

potency of a n t i b i o t i c  raw m a t e r i a l s .  S ince t h e  potency v a l u e  i n  

terms o f  micrograms p e r  m i l l i g r a m  o b t a i n e d  f o r  t h i s  m a t e r i a l  i s  

used i n  c a l c u l a t i n g  t h e  number o f  grams o r  k i l og rams  r e q u i r e d  f o r  

t h e  work ing fo rmu la  procedures,  i t  i s  recommended t h a t  a t  l e a s t  

two separa te  weighings o f  such a n t i b i o t i c  raw m a t e r i a l  powder be 

assayed on each o f  t h r e e  d i f f e r e n t  days ( s i x  d i f f e r e n t  assays 

u s i n g  s i x  d i f f e r i n g  we igh ings ) .  I f  a l l  t h e  i n d i v i d u a l  r e s u l t s  a r e  

n o t  w i t h i n  t h e  normal d i s t r i b u t i o n  o f  t h e  group o r  show t o o  much 

Var iance, a d d i t i o n a l  assays should be done u n t i l  a mean potency i s  

ob ta ined  w i t h  con f idence  l i m i t s  o f  ? 2.5% ( o r  b e t t e r )  a t  P = 0.005 

B. A c t i v e s  O the r  t h a n  A n t i b i o t i c s  

The c u r r e n t  e d i t i o n s  of t h e  USP X X I  and NF X V I  c o n t a i n  mono- 
graphs on most t h e r a p e u t i c a l l y  a c t i v e  m a t e r i a l s  used i n  t a b l e t  

manufactur ing.  S ince t h e r e  i s  such a wide v a r i a n c e  i n  t h e  n a t u r e  

o f  t h e  a c t i v e  i n g r e d i e n t s  used i n  t a b l e t  manu fac tu r ing ,  i t  i s  

imposs ib le  t o  summarize b r i e f l y  t h e  t e s t i n g  o f  t hose  raw m a t e r i a l s .  

One of t h e  must i m p o r t a n t  d e c i s  ons t o  be made i n  raw m a t e r i a l  

c o n t r o l  i s  t h e  degree o f  p u r i t y  t h a t  w i l l  be m a i n t a i n e d  f o r  each 

m a t e r i a l .  I t  i s  n o t  uncommon t o  f i n d  an a p p r e c i a b l e  v a r i a t i o n  i n  

t h e  degree o f  p u r i t y  between sa p l e s  o f  t h e  same raw m a t e r i a l  

purchased from d i f f e r e n t  commercial sources. The s e l e c t i o n  then  

must be one which r e s u l t s  i n  t h e  h i g h e s t  p u r i t y  p r a c t i c a l  f o r  each 

raw m a t e r i a l ,  c o n s i s t e n t  w i t h  s a f e t y  and e f f i c a c y  o f  t h e  f i n a l  

o r a l  dosage form,  A t y p i c a l  raw m a t e r i a l  c u r r e n t l y  e x i s t i n g  i n  a 

compendia has a p u r i t y  requi rement  o f  g e n e r a l l y  n o t  l e s s  t h a n  97%. 
I t s  s p e c i f i c a t i o n s  n o r m a l l y  c o n s i s t  o f  a d e s c r i p t i o n ,  s o l u b i l i t y ,  
i d e n d i f i c a t i o n ,  m e l t i n g  range, l o s s  on d r y i n g ,  r e s i d u e  on i g n i -  

t i o n ,  s p e c i a l  meta l  t e s t i n g ,  s p e c i f i c  i m p u r i t i e s  t h a t  a r e  p e r t i -  

nen t  t o  t h e  method of s y n t h e s i s  of  each i n d i v i d u a l  raw m a t e r i a l  

and assay. The methods of assay a r e  u s u a l l y  chemical  i n  n a t u r e .  
However, i t  shou ld  be i n d i c a t e d  t h a t  these compendia1 t e s t s  are 
i n tended  as t h e  minimum r e q u i r e d  from t h e  l e g a l  p o i n t  o f  v iew. 

Fo r  c e r t a i n  t a b l e t  p roduc ts ,  i t  may be necessary t o  o b t a i n  an 
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878 HANNA 

a c t i v e  ing red ien t  with spec ia l  s p e c i f i c a t i o n s  f a r  t i g h t e r  than 
those of t he  comparable compendia1 s tandard .  Raw m a t e r i a l s  cannot 
be adequately eva lua ted  and cont ro l  l e d  wi thoud spec ia l  instrument-  
a t i o n  such a s  spectrophotometry;  i n f r a r e d  spectrophotometry;  
po ten t iomet r ic  t i t r i m e t r y ;  colomn, g a s ,  paper ,  t h i n - l a y e r ,  and 
high-pressure 1 iqu id  chromatography; polarography; x-ray d i f -  
f r a c t i o n ;  x-ray f luorescence ;  spec t rophotof l  uorimetry;  ca lo -  
r imet ry ;  and r ad ioac t ive  t r a c e r  techniques.  No l e s s  demanding a r e  
the  t es t s  requi red  f o r  microbiological  a s s a y ,  pharmacological 
assay ,  and s a f e t y  t e s t i n g .  For c e r t a i n  t a b l e t  p roducts ,  even when 
highly p u r i f i e d  and we1 l - cha rac t e r i zed  raw m a t e r i a l s  a r e  involved,  
s p e c i f i c a t i o n s  should inc lude  add i t iona l  c r i t i c a l  f e a t u r e s  such 
a s  p a r t i c l e  s i z e ,  c r y s t a l  shape,  and o t h e r  p e c u l i a r i t i e s  such a s  
c r y s t a l  1 ine  versus  amorphous forms. Any of t hese  c h a r a c t e r i s t i c s  
could have an e f f e c t  on the s a f e t y  o r  e f f e c t i v e n e s s  of the f i n a l  
ora l  dosage form. I t  i s  a GMP requirement t h a t  a l l  raw m a t e r i a l s ,  
a c t i v e  o r  i n a c t i v e ,  be assigned a reassay  d a t e ,  meaningful o r  
i n d i c a t i v e ,  t h a t  would a s s u r e  p u r i t y  and potency. Tests a r e  per- 
formed a t  reassay  t imes t o  confirm continued s u i t a b i l i t y  of each 
raw m a t e r i a l .  

INACTIVE O R  INERT MATERIALS 

A .  Di luent  

B .  Binders 

C .  Lubricants  

6 .  Dis in t eg ra to r s  

E .  Coloring Agents 

F. Flavoring Agents 
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QUALITY ASSURANCE 

G. Sweetening Agents 

H. Coating Materials 

879 

C ONTA I N E R 

Compendium defines the container as that device that holds 
the drug and that is or may be in direct contact with the drug. 
The immediate container is that which is in direct contact with 
the drug at all times. The closure is a part of the container. 

Container components should not interact physically or chem- 
ically with tablet product to alter the strength, quality, or 
purity beyond the specified requirements. The compendium provides 
specifications and test procedures for light resistance: well- 
closed, tight-closed, and four different types of glass containers. 

Specifications and test methods are designed for containers 
on the basis o f  tests performed on the product in the container. 
The following features are to be considered in developing container 
specifications: 

Properties of container tightness 
Moisture and vapor tightness regardless o f  container construction 
Toxicity, chemical, and physical characteristics of materials 

Physical or chemical changes of container upon prolonged contact 

Compatibility between container and tablet 

needed in container construction 

with tablet 

Good Manufacturing Practices requires that stability date be 
submitted for any new drug substance for the finished dosage 
form of the drug in the container in which it is to be marketed. 

packs, especially in single-dosage containers, for tablet 
packaging has increased in the last 15 years. Obviously this is 
because o f  cost reduction in transportation and dispensing con- 

The use of plastics in rigid containers, film and blister 
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880 HANNA 

venience. P l a s t i c s  g e n e r a l l y  used i n  t a b l e t  packaging a r e  

po lye thy lenes ,  po lypropy lenes , c e l l u l o s e  p l a s t i c s ,  po lystyeene,  

and p o l y v i n y l c h l o r i d e .  Regardless o f  end use o r  f a b r i c a t i o n  method 

o f  polymer, a d d i t i v e s  must be compounded o r  dry-b lended i n t o  t h e  

base r e s i n .  These a d d i t i v e s  can be c l a s s i f i e d  as s t a b i l i z e r s ,  

p l a s t i c i z e r s  , 1 u b r i  cants  , c o l o r a n t s  , f i  11 e r s  , impact m o d i f i e r s  , 
and p rocess ing  a i d s .  Not a l l  polymers c o n t a i n  a l l  o f  t hese  t ypes  

of a d d i t i v e s .  Po lye thy lene  i s  one o f  t h e  most t h e r m a l l y  s t a b l e  

t h e r m o p l a s t i c s  a v a i l a b l e .  T h i s  means t h a t  p o l y e t h y l e n e  b o t t l e s  

o f t e r  t h e  b e s t  p o s s i b l e  p r o t e c t i o n  f rom breakage a t  an economical 

c o s t .  Th is ,  a long  w i t h  o t h e r  d e s i r a b l e  p rocess ing  and packaging 

p r o p e r t i e s ,  i s  t h e  reason why h i g h - d e n s i t y  p o l y e t h y l e n e  (HDPE) i s  

used f o r  most t a b l e t  packaging i n  p l a s t i c  b o t t l e s .  The Pharma- 

c e u t i c a l  Manufacturers A s s o c i a t i o n ,  t h e  S o c i e t y  o f  t h e  P l a s t i c s  

I n d u s t r y  and t h e  USP prepared a monograph f o r  p o l y e t h y l e n e  con- 

t a i n e r s  t o  be used f o r  d r y  d rug  packaging. T a b l e t s  a r e  p r o t e c t e d  

from adverse m o i s t u r e  c o n d i t i o n s ,  f o r  example, v i t a m i n s  and 

a s p i r i n  t a b l e t s ,  by t h e  use o f  a t a c k  seal  adhesive.  G e n e r a l l y  a 

s y n t h e t i c  r e s i n ,  emulsion-based m a t e r i a l  , such as f o r m u l a t e d  

p o l y v i n y l  emulsion adhesive,  i s  used. I t shou ld  be no ted  t h a t  Good 

Manufactur ing P r a c t i c e s  c l a s s i f y  packaging components, such as 

ca r tons ,  b o t t l e s ,  caps, f i l m  seal  , adhesives,  and l a b e l i n g ,  as 
raw m a t e r i a l s .  The re fo re  , a1 1 p r e v i o u s  qua1 i t y  assurance procedures 

f o r  raw m a t e r i a l s  a r e  t o  be f o l l o w e d  f o r  packaging components. 

IN-PROCESS 

Conformance t o  compendial s tandards as t h e  s o l e  b a s i s  f o r  

j u d g i n g  an o r a l  dosage fo rm t o  be p e r f e c t l y  s a t i s f a c t o r y  w i l l  be 

g r o s s l y  m is lead ing .  Obvious ly ,  a compendial monograph c o u l d  never  

cover a l l  p o s s i b i l i t i e s  which m i g h t  a d v e r s e l y  a f f e c t  t h e  q u a l i t y  

of a p roduc t .  The d i f f i c u l t y  l i e s  i n  p a r t  i n  t h e  f a c t  t h a t  o r a l  

dosage forms a r e  f r e q u e n t l y  produced i n  batches o f  hundred o f  

thousands o r  even m i l l i o n s  o f  t a b l e t s ,  so t h a t  t h e  numbers o f  

t a b l e t s  assayed a t  t h e  end o f  t h e  process i s  n o t  l i k e l y  t o  r e p r e -  

sen t  more than a t i n y  f r a c t i o n  o f  t h e  a c t u a l  p r o d u c t i o n .  
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QUALITY ASSURANCE 881 

There i s  a r e a l  and s i g n i f i c a n t  d i f f e r e n c e  between a f i n i s h e d  

tab1 e t  p roduc t  compendia s tandard  and manu fac tu r ing  qua l  i t y  as-  

surance procedure.  The CGMP guide1 i n e s  emphasize env i ronmenta l  

f a c t o r s  t o  m in im ize  c ross -con tamina t ion  o f  p roduc ts  , l a b e l i n g ,  and 

packaging e r r o r s ,  and t h e  i n t e g r i t y  o f  p r o d u c t i o n  and qua l  i t y  con- 
t r a l  records;  b u t  t h e y  do l i t t l e  t o  m in im ize  w i t h i n - b a t c h  and 

ba tch - to -ba tch  v a r i a t i o n  i n  t h e  o u t p u t  o f  p r o d u c t i o n .  There fo re ,  

i t  i s  an i m p o r t a n t  f u n c t i o n  o f  t h e  i n -p rocess  qual  i t y  assurance 

program t o  ensure t h a t  t a b l e t s  have u n i f o r m  p u r i t y  and qual  i t y  

w i t h i n  a b a t c h  and batch- to-batch.  

BEFORE START C H E C K I N G  

A. Environmental  C o n t r o l  and S a n i t a t i o n  

To assure t h a t  t a b l e t  dosage forms meet h i g h  s tandards o f  

q u a l i t y  and p u r i t y ,  an e f f e c t i v e  s a n i t a t i o n  program i s  r e q u i r e d  a t  
a l l  f a c i l  i t i e s  where such p roduc ts  a r e  manufactured. A success fu l  

e x t e r m i n a t i o n  program must be en fo rced  w i t h i n  and o u t s i d e  t h e  p l a n t  

t o  c o n t r o l  i n s e c t s  and roden ts .  People a r e  t h e  ma ins tay  o f  any 

p l a n t  housekeeping and s a n i t a t i o n  program. Consequent ly,  Personal  

c lean1 iness ,  p roper  h a i r c o v e r i n g ,  c l o t h i n g  w i t h  a p p r o p r i a t e  pockets  

should be demanded. F l o o r s ,  w a l l s ,  and c e i l l i n g s  should be r e s i s t -  

a n t  t o  e x t e r n a l  f o r c e s ,  capable o f  be ing  e a s i l y  c leaned,  and i n  
good r e p a i r .  Adequate v e n t i l a t i o n ,  p roper  temperature,  and p roper  
h u m i d i t y  a r e  o t h e r  i m p o r t a n t  f a c t o r s .  V e n t i l a t i o n  i n  g r a n u l a t i n g ,  

c o a t i n g ,  and compression departments i s  u s u a l l y  designed such as 

t o  be a b l e  t o  absorb and remove d u s t .  I n  such depar tmenta l  ope r -  

a t i o n s ,  d u s t  c o l l e c t o r s ,  a i r  f i l t e r s ,  and scrubbers t o  c l e a n  t h e  

a i r  a r e  checked on a r o u t i n e  schedule.  A i r  q u a l i t y  m o n i t o r i n g  and 

f o o t  candle measurements a t  t h e  work s t a t i o n  c o u l d  be an i n d i c a t i o n  
o f  t h e  adequacy o f  these elements.  

and under adequate p ressu re  t o  keep t h e  wa te r  f l o w i n g  c lean.  
D e i o n i z a t i o n  u n i t s  should be checked and changed f r e q u e n t l y  t o  

The water  supp ly  may be p o t a b l e  o r ,  d i s t i l l e d  o r ,  d e i o n i z e d  
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a82 HANNA 

d e l i v e r  water  o f  c o n s i s t e n t l y  h i g h  chemical and m i c r o b i a l  q u a l i t y  

as p e r  w r i t t e n  compendia1 o r  in-house s p e c i f i c a t i o n s .  

procedures t h a t  s p e c i f y  t h e  d e t a i l s  o f  t h e  t e s t i n g  procedures and 

schedules,  t h e  f o l l o w i n g :  

Qua1 i t y  assurance must rev iew  and check, based on w r i t t e n  

S a n i t a t i o n  

Cleaning records 

V e n t i l a t i o n  system: f i l t e r  c o n d i t i o n s  and changes; p ressu re  gage; 
h u m i d i t y  m o n i t o r i n g ;  temperature m o n i t o r i n g :  m i c r o b i a l  moni- 
t o r i n g ;  l i g h t  i n t e n s i t y ,  f o o t  candle measurement 

Water system: re leased  s t i c k e r  on p o i n t  o f  use o f  water  a f t e r  

check ing and r e l e a s e  f rom q u a l i t y  c o n t r o l  l a b o r a t o r i e s ;  p r o p e r  

f l u s h i n g  p e r i o d  and/or volume b e f o r e  wa te r  use. 

B. Manufactur ing Working Formula Procedures (MWFPs) 

Documentation o f  t h e  component m a t e r i a l s  and p rocess ing  s teps ,  

t o g e t h e r  w i t h  p r o d u c t i o n  o p e r a t i o n  s p e c i f i c a t i o n s  and equipment t o  

be used, make up t h e  MWFPs. 

A work ing fo rmu la  procedure should be prepared f o r  each b a t c h  

on o f  a ba tch  

cannot be 
s i z e  t h a t  i s  produced. To a t t e m p t  expansion o r  r e d u c t  

s i z e  by manual c a l c u l a t i o n s  a t  t h e  t i m e  o f  p r o d u c t i o n  
considered good p r a c t i c e .  

Q u a l i t y  assurance must r e v i e w  and check t h e  work ng fo rmu la  

procedures f o r  each p r o d u c t i o n  ba tch  b e f o r e  , d u r i n g  , and a f t e r  

p r o d u c t i o n  o p e r a t i o n  f o r :  

Signed and dated when i ssued  by a r e s p o n s i b l e  p r o d u c t i o n  person 

Proper i d e n t i f i c a t i o n  by name and dosage form, i t e m  number, l o t  

number, e f f e c t i v e  d a t e  o f  document, and r e f e r e n c e  t o  a super-  

seded v e r s i o n ,  i f  any, amount, l o t ,  and code numbers o f  each 

raw m a t e r i a l  u t i l i z e d  

Each s t e p  i n i t i a l e d  by two o f  t h e  opera to rs  i n v o l v e d  

C a l c u l a t i o n s  o f  bo th  a c t i v e  and i n a c t i v e  m a t e r i a l s  , e s p e c i a l l y  i f  
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QUALITY ASSURANCE 883 

there were any corrections for  100% potencies for  actives used 
Reassay dates of components used 
Starting and finishing times of each operation 
Equipment t o  be used and specification of i t s  setup 
Proper label ing of released components and equipment indicating 

product name, strength, l o t  number, and item number 

C .  Raw Materials 

Quality assurance must check i f  any released raw material i s  

t o  be taken t o  the production department in i t s  original container; 
such containers should be cleaned. However, most raw materials are 
weighed in a n  environmental control weighing area where they are 
transferred t o  a secondary container t h a t  on ly  c i rculates  inside 
the production department. This secondary container should also be 
properly labeled with a s t icker  that  bears a l l  the information t h a t  
was on the original container label.  Only released raw materials 
with proper reassay dates are allowed in the production department. 
Raw materials intended for  use in specif ic  products should be 
stacked and isolated together with proper ident i f icat ion,  name, 
dosage form, item number, l o t  number, weight, and  signatures. 

D. Manufacturing Equipment 

Quality assurance must ensure t h a t  manufacturing equipment 
be designed, placed, and  maintained in such a way as t o  f a c i l i t a t e  
tho rough  cleaning, be suitable for  i t s  intended use, and  minimize 
any contamination of drugs and t he i r  containers d u r i n g  manufacture. 
Manufacturing equipment and  utensils should be t h o r o u g h l y  cleaned 
and maintained in accordance with specific written directions.  
Whenever possible, equipment should be disassembled and thoroughly 
cleaned t o  preclude the carryover o f  d r u g  residues from previous 
operations. Adequate records of such procedures and  t e s t s ,  i f  any,  
should be maintained by quali ty assurance. I t  i s  good manufacturing 
practice t o  use l a b o r a t o r y  checks whenever possible t o  detect 

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

6/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



884 HANNA 

t r a c e  q u a n t i t i e s  o f  drugs i f  p roduc ts  c o n t a i n i n g  such drugs had 

been produced on a s p e c i f i c  equipment. 

ance personnel  should a s c e r t a i n  t h a t  t h e  p roper  equipment and 

t o o l i n g  f o r  each manu fac tu r ing  s tage a r e  b e i n g  used. Equipment 

must be i d e n t i f i e d  by l a b e l s  bea r ing  t h e  name, dosage form,  i t e m  
number, and l o t  number. Equipment used f o r  s p e c i a l  ba tch  p r o d u c t i o n  

should be comp le te l y  separated i n  t h e  p r o d u c t i o n  department,  and 

a1 1 dus t -p roduc ing  o p e r a t i o n s  shou ld  be p r o v i d e d  w i t h  adequate 

exhaust systems t o  p r e v e n t  c ross -con tamina t ion  and r e c i r c u l a t i o n  

of  contaminated a i r .  

Weighing and measur ing equipment used i n  p r o d u c t i o n  and 

qua1 i t y  assurance, such as d i s i n t e g r a t i o n  apparatus ( u n i t  and 

thermometer) , f r i a b i l i t y  t e s t e r s  , and balances,  shou ld  be c a l -  

i b r a t e d  and checked a t  s u i  tab1 e i n t e r v a l s  by a p p r o p r i a t e  methods; 

reco rds  o f  such t e s t s  shou ld  be ma in ta ined  by q u a l i t y  assurance. 

P r i o r  t o  t h e  s t a r t  o f  any p r o d u c t i o n  s tep ,  t h e  q u a l i t y  assur-  

E. Sampl i n g  Procedure 

Sampling procedures o f  f i n i s h e d  t a b l e t  p roduc ts  can be based 

e i t h e r  on a t t r i b u t e  i n s p e c t i o n  t h a t  grades t h e  p roduc t  as de fec -  

t i v e  o r  nonde fec t i ve  o r  i n s p e c t i o n  by v a r i a b l e s  f o r  percentage 
de fec t i ve .  The f o c a l  p o i n t  o f  any sampl ing p l a n  i s  t h e  accep tab le  

q u a l i t y  l e v e l  (AQL).  The second i m p o r t a n t  s t e p  i s  t o  dec ide on t h e  

i n s p e c t i o n  l e v e l  o f  t h e  sampl ing p l a n ,  which w i l l  determine t h e  

r e l a t i o n s h i p  between t h e  l o t  s i z e  and t h e  sample s i z e  (N/n) .  The 

p r i n c i p l e  purpose o f  t h e  sampl ing p l a n  i s  t o  assure t h a t  t a b l e t s  

produced a r e  o f  q u a l i t y  a t  l e a s t  as good as t h e  des igna ted  AQL. 

Th is  means t h a t  as l o n g  as t h e  f r a c t i o n  d e f e c t i v e  (r) i s  l e s s  t h a n  

t h e  AQL designated f o r  a s p e c i f i c  p r o d u c t i o n  procedure,  t h e n  a 

l a r g e  percentage o f  t h e  l o t s  o f  t a b l e t s  produced w i l l  be accepted. 

Sampling procedures f o r  i n s p e c t i o n  by v a r i a b l e s  f o r  percentage 

d e f e c t i v e  may be used i f  a q u a l i t y  c h a r a c t e r i s t i c  can be c o n t i n u -  

o u s l y  measured and i s  known t o  be n o r m a l l y  d i s t r i b u t e d ,  such as 

mean o f  t h e  sample o r  t h e  mean and s tandard  d e v i a t i o n  o f  t h e  
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QUALITY ASSURANCE 88 5 

sample. The assumption o f  a s p e c i f i c  d i s t r i b u t i o n a l  f o r m  i s  a spe- 

c i a l  f e a t u r e  o f  v a r i a b l e  sampl ing.  A separa te  p l a n  must be employed 

f o r  each q u a l i t y  c h a r a c t e r i s t i c  t h a t  i s  b e i n g  i nspec ted  o r  a common 

sampl ing p l a n  i s  used, b u t  t h e  a l l o w a b l e  number o f  d e f e c t s  v a r i e s  

f o r  each q u a l i t y  c h a r a c t e r i s t i c ;  t h a t  i s ,  no c r i t i c a l  d e f e c t s  a r e  

a l l owed  ( c ) ,  b u t  some m ino r  d e f e c t s  a r e  a l lowed.  A lso,  t h e  f r a c t i o n  

d e f e c t i v e  v i e l d e d  by a g i v e n  process mean and s tandard  d e v i a t i o n  

should be c a l c u l a t e d  t o  assure a normal d i s t r i b u t i o n  o f  sample 

s t a t i s t i c s .  

AFTER START CHECKING 

A. Bulk G r a n u l a t i o n  and/or  Raw M a t e r i a l s  Process ing 

Only re leased ,  p r o p e r l y  l a b e l e d  raw m a t e r i a l s  a r e  a l l o w e d  i n  
t h e  g r a n u l a t i o n  area.  Depending upon t h e  n a t u r e  o f  t h e  p roduc t ,  

qua1 i t y  assurance should check and v e r i f y  t h a t  t h e  temperature 

and h u m i d i t y  i n  t h e  area a r e  w i t h i n  t h e  s p e c i f i e d  l i m i t s  r e q u i r e d  

f o r  t h e  p roduc t .  If t h e  temperature and/or  h u m i d i t y  i s  beyond t h e  

s p e c i f i e d  l i m i t s ,  p r o d u c t i o n  i s  t o  be in formed and c o r r e c t i v e  

a c t i o n s  must be taken. 

s tep  i n  t h e  process,according t o  w r i t t e n  i n -p rocess  q u a l i t y  assu r -  

ance procedures.  

ment,the p r o p e r  a d d i t i o n  of i n g r e d i e n t , p r o p e r  m i x i n g  t ime,proper  

d r y i n g  time,and sc reen ing  w i t h  p roper  mesh s i z e  s ieves .  

A t  c e r t a i n  points,samples a r e  t o  be taken  f o r  t h e  q u a l i t y  con- 

t r o l  l a b o r a t o r y  f o r  potency assay o f  t h e  g r a n u l a t i o n  and any o t h e r  

t e s t i n g  t h a t  i s  necessary t o  ensure ba tch  u n i f o r m i t y .  

Drums o f  i n -p rocess  g r a n u l a t i o n  o r  raw m a t e r i a l s  a r e  l a b e l e d  

w i t h  p roduc t  name,item number,lot number,gross ,and t a r e  a r e  n e t  
weights  o f  t h e  con ten ts .  

The s p e c i f i e d  g r a n u l a t i o n  procedure i s  t o  be checked,at each 

Qua1 i t y  assurance should v e r i f y  and document t h e  p r o p e r  equ ip -  

B. Compression P rocess ing  

I t  i s  q u a l i t y  assu rance ' s  r e s p o n s i b i l i t y  t o  a s c e r t a i n  t h a t  a l l  

drums o f  g r a n u l a t i o n  o r  raw m a t e r i a l s  a r e  p r o p e r l y  l a b e l e d  and 
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886 HANNA 

s taged  in  the  compression machine s t ag ing  a r e a ,  t h a t  they a r e  
c l e a n ,  and t h a t  the compression machine i s  properly i d e n t i f i e d  a s  
t o  t h e  product ,  s trength,  item number, and l o t  number. 

The product ion process  begins w i t h  the setup of the compress- 
ion machine t o  prepare t a b l e t s  wi th in  the  s p e c i f i e d  l i m i t s  f o r  the 
p a r t i c u l a r  product.  Q u a l i t y  assurance  a t  each s t e p  i n  the setup 
procedures v e r i f i e s  the add i t ion  of g ranu la t ion  and/or  raw ma te r i a l s  
t o  the  t a b l e t  p ress  hopper and performs v isua l  appearance,  weight 
meassurement and hardness ,  f r i a b i l i t y ,  and d i s i n t e g r a t i o n  t e s t s  a s  
required t o  a d j u s t  the compression machine. Table t s  produced 
during the compression machine se tup  per iod a r e  r e j e c t e d  , accounted 
f o r ,  and destroyed.  

c o l o r ,  odor ,  t h i ckness ,  d iameter ,  f r i a b i l i t y ,  hardness ,  weight va r i a -  
t i o n ,  and d i s i n t e g r a t i o n  t ime a r e  widely used f o r  in-process  t a b l e t  
c o n t r o l s .  Such in-process  t es t s  a r e  designed t o  ensure  con t ro l  of 
problems t h a t  can a r i s e  during t a b l e t  g ranula t ion  o r  when raw 
ma te r i a l s  a r e  compressed i n t o  t a b l e t s .  These problems a r e  d i s t r i b -  
u t ion  of a c t i v e  m a t e r i a l s  i n  the t a b l e t ,  poor flow p r o p e r t i e s ,  
cross-contaminat ion,  laminat ion o r  capping of t a b l e t s ,  f a u l t y  
l u b r i c a t i o n ,  higher  o r  lower mois ture  con ten t ,  high propor t ion  of 
"powder". 

In-process sampling plans w i l l  r e q u i r e  a f a s t  measuring method 
s u i t e d  f o r  t e s t i n g  s i n g l e  u n i t s .  Weight, hardness , f r i a b i l i t y ,  and 
th ickness  can be measured r ap id ly .  The Cahn Instrument Co. and the 
Met t l e r  Instrument Corr.  *have automatic  balances t h a t  can ope ra t e  
in  the  weight range from below 1 t o  10 g a t  about 50 t a b l e t s  per  
minute,  thus making s i n g l e - t a b l e t  weighings easy and f a s t .  By using 
such in-process  automatic  we igh ings ,  t a b l e t s  from a f u l l  r evo lu t ion  
of a multiple-punch compression machine with more than one hopper 
can be weighed in  a few minutes t o  check f o r  uniform punch per- 
formance and var iance  between l e f t  and r i g h t  s i d e s  o f  the t a b l e t  
mac h i  ne . 

A v a r i a b l e  group of t e s t s  inc luding  t a b l e t  physical  appearance,  

* Cahn Instrument Company, C a l i f o r n i a ;  Me t t l e r  Instrument  Corp. , 
New Je r sey  
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QUALITY ASSURANCE a a i  

Good Manufacturing Practices requires tha t  in-process qua1 i t y  
assurance be adequately documented throughout a1 1 stages of manufac- 
t u r i n g .  Throughout  the compression run, in-process samples are re- 
moved, tes ted ,  and  d a t a  recorded on special forms as specified in 
the product's in-process monograph. The number of samples taken f o r  
tes t ing and  the type o f  t es t ing  i s  obviously dependent u p o n  the 
s i z e  of the batch and the type  of product. If deviation from the 
specified 1 imits occurs, the necessary correct ive action i s  taken, 
recorded, and a resample i s  taken and tested t o  determine whether 
the qual i ty  a t t r i b u t e  of the product i s  now w i t h i n  l imi t s .  I n  some 
instances,  as in the case of compendia1 weight variation or d is in-  
tegration time spec i f ica t ions ,  the deviation i s  such t h a t  a l l  
t ab le t s  produced prior t o  the corrective action a r e  i so la ted ,  
accounted f o r ,  and  rejected.  I n  some tab le t  compression machines , 
t ab le t s  are  ejected from more t h a n  one s ide.  
If t h i s  i s  the case,  samples must be taken, tes ted ,  and  recorded 
separately from a l l  sides of the compression machine. 

in-process samples are used f o r  col lect ing average run samples 
for the qual i ty  control laboratory f o r  f inal  batch analysis and  
re1 ease. 

ies the number of samples and  frequency of col lect ion,  f o r  each 
individual a n t i b i o t i c ,  tha t  must be collected and sent t o  the 
Qua1 i t y  Control  laboratory for  tes t ing and subsequent re lease 
of the batch. 

the ingenuity a qual i ty  assurance 
department can use i n  devising in-process control.  The following 
sampling and tes t ing schedule i s  often used for  in-process qual i ty  
assurance tab le t  production moni toring: 

I n  addition t o  the above, portions of the i n i t i a l ,  f ina l  , and 

For  an t ib io t ic  t a b l e t s ,  the Code of Federal Register specif-  

There i s  no l imit  as t o  

An i n i t i a l  a n d  f inal  sample i s  tested for  physical appearance, 
t a b l e t  weight, thickness,  diameter, hardness, f r i a b i l i t y ,  and 
d i  sin tegrat  i o n .  
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8 88 HANNA 

An h o u r l y  sample f o r  p h y s i c a l  appearance t e s t i n g .  

Every second hour sample i s  t e s t e d  f o r  t a b l e t  f r i a b i l i t y ,  hardness, 

t h i ckness ,  d iameter ,  we igh t ,  and d i s i n t e g r a t i o n .  

The homogeneity o f  t h e  p h y s i c a l  appearance o f  t a b l e t s  i s  

judged by v i s u a l  examinat ion and/or  i n s t r u m e n t a t i o n .  Speckled o r  
m o t t l e d  t a b l e t s  i n d i c a t e  improper  and incomp le te  b l e n d i n g  r e s u l t -  

i n g  i n  uneven d i s t r i b u t i o n  o f  i n g r e d i e n t s .  Co lo rs  o f  compressed 

and coated t a b l e t s  a r e  u s u a l l y  compared t o  a re ference s tandard.  

The sur face o f  coated t a b l e t s  i s  checked f o r  smoothness b e f o r e  

i m p r i n t i n g .  I n  some cases, d e t e r i o r a t i o n  o f  some t a b l e t  i n g r e d i e n t s  

may be gross and can be de tec ted  v i s u a l l y  o r  by odor ,  such as 

a c e t i c  a c i d  i n  hyd ro l yzed  a s p i r i n  t a b l e t s .  

A * 5 %  i s  u s u a l l y  a l l owed  f o r  t a b l e t  t h i ckness ,  depending 
on t h e  s i z e  o f  t h e  t a b l e t .  T a b l e t  t h i c k n e s s  may v a r y  f r o m  l o t  t o  

l o t  due t o  t h e  d i f f e r e n c e  i n  d e n s i t y  o f  t h e  g r a n u l a t i o n ,  t h e  

p ressu re  a p p l i e d  t o  t h e  t a b l e t s ,  o r  t h e  speed o f  t h e  compression 

machine. T a b l e t  t h i c k n e s s  and d iamete r  i s  i m p o r t a n t  t o  ensure i n  

f i l l i n g  equipment t h a t  uses t a b l e t  t h i c k n e s s  as i t s  c o u n t i n g  

mechanism. T a b l e t  t h i c k n e s s  i s  determined w i t h  a c a l i b e r  as i t s  

t h i ckness  gauge i n  m i l l i m e t e r s ,  f o r  examples, Ames* t h i c k n e s s  

gauge. 
T a b l e t s  must be f a b r i c a t e d  t o  w i t h s t a n d  c h i p p i n g ,  ab ras ion ,  

and breakage d u r i n g  t h e  expected t a b l e t  l i f e  under c o n d i t i o n s  o f  

s torage,  t r a n s p o r t a t i o n ,  and hand1 i n g .  The hardness o f  a tab1 e t  

i s  expressed as t h a t  f o r c e  r e q u i r e d  t o  break t h e  t a b l e t .  Hardness 

*Ames G., D i v i s i o n  o f  M i l e s  Labora to ry  Inc. ,  E l k h a r t ,  I n d i a n a  

Schleuniger ,  V i c o r  Corp., Marion, Iowa 

P f i z e r  Inc. ,  New York, New York 

Stokes, D i v i s i o n  o f  Pennwal t Corp., Warminster, Pennsylvania 

Roche L a b o r a t o r i e s  , D i v i s i o n  o f  Hoffman-LaRoche Inc . ,  N u t l e y ,  New 
Jersey 
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QUALITY ASSURANCE 889 

can be measured by t h e  Sch leun ige r *  (S t rong  Cobb), P f i z e r * ,  and 

t h e  Stokes* Hardness Testers .  The hardness va lues o f  t h e  S t rong  

Cobb i s  n o t  e q u i v a l e n t  t o  t h e  P f i z e r  o r  t h e  Stokes i ns t rumen t .  

A maximum b reak ing  l o a d  o f  f o u r  S t rong  Cobb u n i t s  o r  e q u i v a l e n t  

i s  e s s e n t i a l  i n  o r d e r  t o  ensure s u f f i c i e n t  hardness. E x c e p t i o n a l l y  

Sof t  t a b l e t s  may n o t  w i t h s t a n d  hand1 i n g ,  w h i l e  e x c e s s i v e l y  h a r d  

t a b l e t s  may c h i p  o r  f r a c t u r e  o r  n o t  d i s i n t e g r a t e  i n  t h e  r e q u i r e d  

p e r i o d  o f  t ime.  

f r i a b i l i t y .  The ins t rumen ts  a r e  designed t o  measure t h e  wear ing 

q u a l i t i e s  o f  t a b l e t s .  A number of t a b l e t s  a r e  weighed and p laced  

i n  t h e  t u m b l i n g  apparatus.  A f t e r  a g i v e n  number o f  r o t a t i o n s ,  t h e  

t a b l e t s  a r e  weighed; and t h e  l o s s  i n  we igh t  i s  a measure o f  t h e  

a b i l i t y  o f  t h e  t a b l e t s  t o  w i t h s t a n d  t h i s  t y p e  o f  wear. 

The Roche* F r i a b i l a t o r  rep resen ts  a d e v i c e  t o  de te rm ine  t a b l e t  

A c t u a l l y ,  i t  i s  a common p r a c t i c e  t o  t r i a l - s h i p  t a b l e t s  u s i n g  

d i f f e r e n t  methods o f  t r a n s p o r t a t i o n  t o  check t h e  t a b l e t ' s  a b i l i t y  

t o  w i t h s t a n d  t r a n s p o r t a t i o n  h a n d l i n g .  

p a r t  o f  any q u a l i t y  assurance o p e r a t i o n .  C o n t r o l  c h a r t s  may be 

c l a s s i f i e d  as a t t r i b u t e s  o r  v a r i a b l e  t ypes .  V a r i a b l e  c h a r t s  a r e  

based on t h e  normal d i s t r i b u t i o n  o f  a c t u a l  numer ica l  measurements 

Of  qua1 i t y  a t t r i b u t e s ,  w h i l e  a t t r i b u t e  c h a r t s  r e f e r  t o  some o t h e r  

a t t r i b u t e s  o f  q u a l i t y  t h a t  a r e  p resen t  o r  absent  i n  which each 

Sample i n s p e c t e r  i s  t e s t e d  t o  determine i f  i t  conforms t o  t h e  

requi rements.  V a r i a b l e  c h a r t s ,  o r  t h e  X ,  R (mean and range)  c h a r t s ,  

a r e  undoubtedly t h e  most g e n e r a l l y  used c h a r t s  i n  q u a l i t y  assurance 
o f  t a b l e t s .  The most common and usual  a p p l i c a t i o n  o f  v a r i a b l e  

c h a r t s  i n  t a b l e t  manufacture i s  i n  hardness and we igh t  c o n t r o l .  
R o u t i n e l y ,  i n -p rocess  r e s u l t s  a re  p l o t t e d  on a c o n t r o l  c h a r t  so 

t h a t  a complete p i c t u r e  o f  any p o s s i b l e  f l u c t u a t i o n  d u r i n g  t h e  

e n t i r e  compression o p e r a t i o n  can be r e a d i l y  de tec ted .  The c o n t r o l  

1 i m i t s  o r  process c a p a b i l i t y  can be determined by sampl ing,  meas- 
u r i n g ,  and r e c o r d i n g  we igh ts  i n  subgroups t h a t  cove r  t h e  com- 

P ress ion  o p e r a t i o n .  The range w i t h i n  each subgroup, t h a t  i s ,  t h e  

The use o f  c o n t r o l  c h a r t s  i s  i n c r e a s i n g l y  becoming an e s s e n t i a l  
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890 HANNA 

absolute number difference between the lowest and highest individ- 
ual t ab le t  reading, and the average number difference between the 
lowest and  highest individual t a b l e t  reading, and the average 
range are calculated f o r  the t o t a l  number of groups.  The average 
tablet-reading plots can detect movements towards 1 imits tha t  will 
a l l o w  making necessary corrections before 1 imit values a re  ex- 
ceeded. While the subgroup's sample range plots  will allow the 
monitoring of the sample range trend, an  increase in sample range 
values or general high v a r i a b i l i t y  indicates possible control 
problems. 

When the tablet-manufacturing process has been completed , the 
theoretical  yields t o  be expected from the formulation a t  d i f fe ren t  
stages of manufacture and the accountabili ty calculations are  
checked f o r  comparison w i t h  the practical  and the permissible 
yield 1 imits.  Such information i s  recorded on appropriate forms 
and any discrepancy must be reconciled i f  beyond process allowable 
variation. 

FINISHED PRODUCT 

A .  Specification 

Final tes t ing of tab le t s  i s  made in the qual i ty  control labo- 
ra tor ies .  These t e s t s  a re  designed t o  determine compl iance with 
Specifications.  Thus, the tes t ing  of the finished product f o r  
C O m p l  iance with predetermined standards prior t o  release of the 
tab le t s  for  packaging and subsequent d i s t r ibu t ion  i s  a c r i t i c a l  
factor  for  qua1 i t y  assurance. The purpose of establishing these 
specifications and  standarts i s  t o  ensure tha t  each t a b l e t  contains 
the amount of d r u g  claimed on the label , tha t  a l l  of the d r u g  i n  
each tab le t  i s  available f o r  complete absorption, tha t  the d rug  
i s  s table  i n  the formulation in i t s  spec i f ic  f inal  container f o r  
i t s  expected shelf  1 i f e ,  and  tha t  the tab le t s  themselves contain 
no toxic foreign substances. Normally, the design of t e s t  param- 
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QUALITY ASSURANCE 

Table 1 

891 

Qua1 i t y  Con t ro l  Phys i ca l  , Chemical , and M i c r o b i a l  A t t r i b u t e s  f o r  

t h e  Eva1 u a t i o n  o f  Tab1 e t s  
~ 

1. Appearance, odor,  c o l o r ,  t a s t e  
2. Hardness 

3. D i  s i  n t e g r a t  i o n  

4. F r i a b i l i t y  

5. Thickness u n i f o r m i t y  

6. Weight u n i f o r m i t y  

7. Assay o f  t h e  a c t i v e  i n g r e d i e n t  

8. M o i s t u r e  c o n t e n t  

9. L i g h t  s t a b i l i t y  

10. I d e n t i f i c a t i o n  t e s t s  f o r  t h e  a c t i v e  i n g r e d i e n t  and p o s s i b l e  

con tami nan ts  

11. Content u n i f o r m i t y  

12. D i s s o l u t i o n  

13. M i c r o b i a l  l i m i t s ,  e.g., t o t a l  m i c r o b i a l  count  

14. S t a b i l i t y  of  t h e  a c t i v e  i n g r e d i e n t  i n  t h e  fo rmu la  and 

marketed c o n t a i n e r  

e t e r s  , procedure,  and s p e c i f i c a t i o n s  a r e  done d u r i n g  p r o d u c t  

development. I t  i s  a good manu fac tu r ing  p r a c t i c e  t o  base such 
parameters on exper iences developed f rom seve ra l  p i l o t  and produc- 

i o n  batches. Fur thermore,  t h e  r e s u l t s  o f  t hese  s t u d i e s  shou ld  be 

sub jec ted  t o  s t a t i s t i c a l  a n a l y s i s  i n  o r d e r  t o  c o r r e c t l y  app ra i se  

the p r e c i s i o n  and accuracy o f  each procedure f o r  each c h a r a c t e r -  

i s t i c .  I n  t h e  l o n g  run ,  w i t h  a d d i t i o n a l  p r o d u c t i o n  exper ience  i t  

i s  p o s s i b l e  t h a t  s p e c i f i c a t i o n s  be m o d i f i e d  f o r  p e r f e c t i o n  and 

upgrade o f  p r o d u c t  s p e c i f i c a t i o n s .  The c o m p l e x i t y  o f  qua1 i t y  

c o n t r o l  t e s t i n g  o f  t a b l e t s  can be c l e a r l y  understood f rom t h e  

q u a l i t y  c o n t r o l  a t t r i b u t e s  o u t l i n e d  i n  Table 1.  
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892 HANNA 

B. Bu lk  T a b l e t s  T e s t i n g  

Each l o t  o f  t a b l e t s  shou ld  be t e s t e d  t o  ensure i d e n t i t y ,  q u a l i t y ,  

potency, and p u r i t y .  Qua l  i t y  assurance w i l l  a u t h o r i z e  t h e  r e l e a s e  
f o r  f u r t h e r  process ing based on a c t u a l  l a b o r a t o r y  t e s t i n g :  p h y s i c a l  , 
chemical , and/or  b i o l o g i c a l .  

t h e  dosage fo rm a p p l i e s  t o  a l l  manufacturers  o f  a s p e c i f i c  compendia 
t a b l e t  p roduc t ,  The manu fac tu re r  f r e q u e n t l y  employs a l t e r n a t i v e  
methods t h a t  a r e  more accurate,  s p e c i f i c ,  o r  economical t han  those 

i n  t h e  compendia. 

Tests  r e q u i r e d  by t h e  o f f i c i a l  compendia on t h e  i n g r e d i e n t s  and 

The manufacturer  i s  n o t  r e q u i r e d  t o  employ t h e  o f f i c i a l  

p r o d u c t  com- 

t h e  case o f  a 

s f o r  d e t e r -  

a n a l y t i c a l  procedures as l o n g  as t h e  q u a l i t y  o f  h i s  

requi rements.  However, i n  

urn procedures a r e  t h e  bas 

p l i e s  w i t h  t h e  compendium 

l e g a l  a c t i o n ,  t h e  compend 
m i n i n g  compl i ance. 

C. Qual  i t y  Assurance Dur ing  Packaging Opera t i on  

I f  t h e  q u a l i t y  c o n t r o l  l a b o r a t o r y  a n a l y s i s  conf i rms t h a t  t h e  
p roduc t  compl ies w i t h  s p e c i f i c a t i o n s  and q u a l i t y  assurance a u d i t  

of  manu fac tu r ing  o p e r a t i o n s  a r e  s a t i s f a c t o r y ,  t h e  b u l k  t a b l e t  
p roduc t  i s  r e l e a s e d  t o  t h e  packaging department and p r o d u c t i o n  

c o n t r o l  i s  n o t i f i e d .  P r o d u c t i o n  c o n t r o l  i ssues  a packaging form 

which c a r r i e s  t h e  name o f  t h e  t a b l e t  p roduc t ,  i t e m  number, l o t  
number, number of l a b e l s ,  i n s e r t s ,  packaging m a t e r i a l s  t o  be used, 

Operat ions t o  be performed, and t h e  q u a n t i t y  t o  be packaged. A 
copy of  t h i s  fo rm i s  s e n t  t o  t h e  s u p e r v i s o r  o f  l a b e l  c o n t r o l ,  which 
i n  t u r n  w i l l  count  o u t  t h e  r e q u i r e d  number o f  l a b e l s .  S ince l a b e l s  

may be s p o i l e d  d u r i n g  t h e  packaging o p e r a t i o n ,  a d e f i n i t e  number 
i n  excess o f  t h a t  a c t u a l l y  r e q u i r e d  i s  u s u a l l y  issued.  However, 

a l l  l a b e l s  must be accounted f o r  b e f o r e  i t s  d e s t r u c t i o n .  I f  t h e  

l o t  number and e x p i r a t i o n  d a t e  o f  t h e  t a b l e t s  p r o d u c t  a r e  n o t  go 

t o  be p r i n t e d  d i r e c t l y  on t h e  l i n e ,  t h e  l a b e l s  a r e  r u n  th rough  a 
p r i n t i n g  machine which i m p r i n t s  t h e  l o t  number and e x p i r a t i o n  da 
The l a b e l s  a r e  recounted and p laced  i n  a separa te  c o n t a i n e r  w i t h  

ng 

e. 
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QUALITY ASSURANCE 893 

proper  i d e n t i f i c a t i o n  f o r  f u t u r e  t r a n s f e r  t o  t h e  packaging d e p a r t -  

ment. The packaging department then  reques ts ,  acco rd ing  t o  t h e  

packaging form, t h e  p roduc t  t o  be packaged and a l l  packaging com- 

ponents , such as 1 abe ls  , i n s e r t s  , b o t t l e s  , caps , sea ls  , c a r t o n s  , 
and s h i p p i n g  cases, Q u a l i t y  assurance i n s p e c t s  and v e r i f i e s  a l l  

packaging components , equipment t o  be used f o r  t h e  packaging oper-  

a t i o n  t o  ensure t h a t  i t  has t h e  p roper  i d e n t i f i c a t i o n  and t h e  l i n e  

has been t h o r o u g h l y  c leaned and t h a t  a l l  m a t e r i a l s  f r o m  t h e  p r e v i -  
ous packaging o p e r a t i o n  have been comp le te l y  removed. Packaging 
opera t i ons  should be per formed w i t h  adequate p h y s i c a l  s e g r e g a t i o n  

from p roduc t  t o  p roduc t .  T a b l e t s  o f  s i m i l a r  shape should n o t  be 

Scheduled on t h e  n e i g h b o r i n g  packaging l i n e s  a t  t h e  same t ime .  

Qual i t y  assurance should p e r i o d i c a l l y  i n s p e c t  t h e  packaging 1 i n e  

and check f i l l e d  and l a b e l e d  c o n t a i n e r s  f o r  compl iance w i t h  w r i t t e n  

S p e c i f i c a t i o n ,  f o r  example, absence o f  g o r e i g n  drugs and l a b e l s ,  

adequacy o f  t h e  c o n t a i n e r s  and c l o s u r e  system, and accuracy o f  

l a b e l i n g .  Some packaging o p e r a t i o n s  , e s p e c i a l l y  those u s i n g  h i g h -  

speed equipments, a r e  f i t t e d  w i t h  automated t e s t i n g  equipment t o  

check each c o n t a i n e r  f o r  f i l l  and l a b e l  placement. A l t e r n a t i v e l y ,  

an o p e r a t o r  may v i s u a l l y  i n s p e c t  a l l  packages f e d  i n t o  t h e  f i n a l  

ca r tons .  Proper r e c o n c i l i a t i o n  and d i s p o s i t i o n  o f  t h e  unused and 

wasted l a b e l s  shou ld  occu r  a t  t h e  end o f  t h e  packaging o p e r a t i o n .  

Qual i t y  assurance should s e l e c t  f i n i s h e d  p r e s e r v a t i o n  samples a t  

random f rom each l o t .  The p r e s e r v a t i o n  samples should c o n s i s t  o f  

a t  l e a s t  t w i c e  t h e  q u a n t i t y  necessary t o  pe r fo rm a l l  t e s t s  r e q u i r e d  

t o  determine whether t h e  p roduc t  meets i t s  e s t a b l i s h e d  s p e c i f i c a -  

t i o n s .  These p r e s e r v a t i o n  samples should be r e t a i n e d  f o r  a t  l e a s t  

2 yea rs  a f t e r  t h e  e x p i r a t i o n  da te  and s t o r e d  i n  t h e i r  o r i g i n a l  

package under c o n d i t i o n s  c o n s i s t e n t  w i t h  p roduc t  l a b e l  i n g .  

Q u a l i t y  assurance should a l s o  s e l e c t  a f i n i s h e d  sample and send 

i t  t o  t h e  a n a l y t i c a l  c o n t r o l  l a b o r a t o r y  f o r  f i n a l  t e s t i n g ,  which i s  

u s u a l l y  an i d e n t i f i c a t i o n  t e s t .  

D. A u d i t i n q  

Good Manu fac tu r ing  P r a t i c e  r e q u i r e s  t h a t  t h e  manu fac tu r ing  

Process be adequate ly  documented th rouqhou t  a l l  staqes o f  t h e  
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894 HANNA 

opera t ion .  The h i s t o r y  of  each t a sk  from the s t a r t i n q  m a t e r i a l s ,  
equipment used, personnel involved i n  product ion and cont ro l  u n t i l  
completed packaging i s  complete,  should be recorded.  Preserva t ion  
samples a r e  t o  be s t o r e d  f o r  a t  e a s t  2 yea r s  beyond the  l abe led  
exp i r a t ion  d a t e  of each product .  The a r e a s  of record keeping a r e :  

Individual  components, raw mater 
Master formula 
Batch production 
Container and l abe l ing  
Packaging and l abe l ing  ope ra t ion  

a l s ,  and packaging 

Laboratory cont ro l  t e s t i n g ,  in-process  and f i n i s h e d  
Proper s ign ing  and da t ing  by a t  l e a s t  two ind iv idua l s  independent ly  

f o r  each opera t ion  i n  the proper  spaces  
Reconci l ia t ion  of m a t e r i a l s  suppl ied  with amount of t a b l e t s  pro- 

ced,  tak ing  i n t o  account a l lowable  l o s s  l i m i t s  

Before r e l eas ing  the product  f o r  d i s t r i b u t i o n ,  qua1 i t y  a s -  
surance should eva lua te  the batch records  of a l l  in-process  t es t s  
and con t ro l s  and a l l  t es t s  of t h e  f i n a l  product t o  determine 
whether they conform t o  s p e c i f i c a t i o n .  
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